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Monday, July22, 2013 

 Room C Room D Room E Room F 

 Chair: E. Castner Chair : E. Mamontov Chair: Thomas Voightmann 
 

C-CS Contributed  talks (20 mins. each)  
 
C-CS-1  F.  Varnik           C-CS-2 P. Habdas             
C-CS-3  V.  Chikkadi        C-CS-4 S. Roldan Vargas 
C-CS-5  F. Höfling           C-CS-6  M. Pica Ciamarra 
 
 
 
 

Chair: G. Franzese 

  8:30 – 9:00 IL-1  Christian Schröder  DBS -1   A. Sokolov W-HB -1  H. E. Stanley 

  9:00 – 9.30 IL-2  S. Greenbaum DBS -2  G. Schiro/ M. Weik  W-HB -2  C. Corsaro 

  9:30 – 10.00 IL-3  K. Harris DBS -3  J. Swenson W-HB -3  P. Poole 

10:00 – 10.30 IL-4  M. Paluch  DBS -4  H. Frauenfelder W-HB -4  Marivi Fernandez Serra  

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : G. Ruocco Chair : Alexei Sokolov Chair :  F. Varnik Chair : P. Poole 

11:00 – 11 :30 BP–1  W. Schirmacher DBS -5   M. Plazanet  
20 minutes each 

C-CS-7  P. Tierno            C-CS-8  Anna Maciolek 
C-CS-9  Gayatri Das         C-CS10  L. López Flore 
C-CS-11 M. Laurati          C-CS12  Sergei Egorov 

W-HB -5 F. Bresme 

11:30 – 12 :00 BP-2   M. Ramos DBS -6   E. Mamontov W-HB -6  F. Starr 

12:00 – 12:30 BP-3  A. Chumakov DBS -18  V. Conti Nibali (G. 
D’Angelo) 

W-HB -7  P. Gallo  

12:30 – 13:00 BP-4  G. Monaco DBS -8   R. Biehl W-HB -8  A. De Simone 
13:00 - 14:30 Lunch Break/Poster Session 1   (90 minutes) 

 Chair : G. Monaco Chair : S. Capaccioli Chair : Andrea Liu  Chair : P. Gallo  

14:30 – 15:00 BP-5  B. Rufflé DBS -9    F. Sterpone GJ -1  Bulbul Chakraborty W-HB -9    G. Galli 

15:00 – 15.30 BP-6  T. Franosch DBS -10  A. Cupane GJ -2  Shankar Ghosh W-HB -10  Diego Prada     (15 minutes) 
W-HB -11  R. Macovez      (15 minutes) 

15:30 – 16:00 BP-7   L. Comez DBS -11  A. Paciaroni GJ -3  Lei Xu W-HB -12   L. G. M. Pettersson 

16:00 – 16.30 BP-8   G. Baldi DBS -12  K. Tominaga GJ -4  M. Cristina Marchetti  W=HB-13   Richard Buchner 

16:30 - 17:00 Refreshment Break  (30 minutes) 

 Chair : A. Chumakov Chair : F. Sterpone Chair : E. Corwin Chair :  F. Starr 

17:00 – 17:30 BP-9   S. Corezzi 
 DBS -13  Daniela Russo GJ -5  A. Ikeda 20 minutes each 

W-HB -14  P. Cabrera-Sanfelix 
W-HB -15  Ronen Zangi  
W-HB -16  J. Faraudo 
W-HB -17  E. Guardia 
W-HB -18   G.B. Suffritti 
W-HB -19   J. Bonet Avalos  
W-HB -20   J. Marti Rabassa 
W-HB -21   F. Llovell Bellaterra 
W-HB -22   K.  Murata 

17:30 – 18:00 BP-10    J. Nickels DBS -14  T. Unruh GJ -6  V. Vitelli   

18:00 – 18.30 BP-11  T. Nakayama DBS -15  J. Dzubiella GJ -7  Ning Xu 

18:30 – 19:00 BP-12  S. Perticaroli DBS -16  K. Kämpf GJ -8  T. Haxton 

19:00 – 19:30  BP-13   T. Scopigno DBS -17  S. Cerveny GJ -9  J. Burton 

19.30 – 20.00    



   2 

 
 
 
 

Tuesday, July23, 2013 

 Room A Room B 

 Chair : P. Sollich Chair : J. Colmenero 

  8:30 – 9:00 C-CS-13  D. Bonn DV -1   M. Monkenbusch  

  9:00 – 9.30 C-CS-14  K. Schweizer  DV -2   M. Guenza 

  9:30 – 10.00 C-CS-15  M. Medina-Noyola DV -3   D. Vlassopoulos 

10:00 – 10.30 C-CS-16  E. Zaccarelli & C. Valeriani DV -4   Sanat Kumar 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : E. Zaccarelli Chair : M. Guenza 

11:00 – 11 :30 C-CS-17   P. Sollich DV -6   A. Arbe 

11:30 – 12 :00 C-CS-18  Zexin Zhang DV -7   B. Farago 

12:00 – 12:30 C-CS-19  B. Ruzicka DV -8   Dieter Richter 
12:30 – 13:00 
 

C-CS-20  M. Ballauff PDV -6  M. Zamponi 

13.00 – 13.30  C-CS-21  E. Bouchbinder PDV -7  A. Semenov 

13:30 - 15:00* Lunch Break/Poster Session 2  (90 minutes) 

 Chair :  B. Ruzicka Chair : A. Arbe 

15:00 – 15:30 C-CS-22  E. Bartsch PDV -8  Shi-Qing Wang 

15:30 – 16.00 C-CS-23  P. Royall PDV -9  G. Ianniruberto 

16:00 – 16:30 C-CS-24  Penger Tong  PDV -10    M. Beiner 

16:30 – 17.00 C-CS-25  S. Egelhaaf PDV -11  A. Nogales                          

17:00 – 17:30                                  Refreshment Break  (30 minutes) 

 Chair :  E. Bartsch Chair : Mario Beiner 

17:30 – 18:00 C-CS-26  P. Keim 20 minutes for each of the following talks 
PDV -12  R. Brás                       PDV –13  T. Shakirov                                      

PDV -14  R. Perez Aparicio       PDV -15   P. Bacova 

PDV -16  Hendrik Meyer   PDV – 17  Carlos A. Gracia Fernandez 
 
 

 
 
 

 

18:00 – 18:30 C-CS-27  F. Frahsa 

18:30 – 19.00 C-CS-28  A. Nicolas 

19:00 – 19:30 C-CS-29  J. Brader 

19.30 – 20.00 C-CS -30  P.  Kwasniewski                       (15 min) 
C-CS -31  H.J.  Schöpe                            (15 min) 
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Tuesday, July23, 2013 

 Room C Room D Room E Room F 

 Chair : Vincenzo Vitelli  Chair :  Lian Yu Chair: Karl Freed Chair: Yuri Feldman 

  8:30 – 9:00 GJ -10  S. Teitel AP-BioP-1  N. Correia P-BP -13   J. Douglas          
 

W-HB -23   S. V. Buldyrev   

  9:00 – 9.30 GJ -11  D. Durian AP-BioP-2  G. Cottone P-BP -14   A. Moreno W-HB -24  A. Nilsson 

  9:30 – 10.00 GJ -12  E. Corwin AP-BioP-3  A. Lerbret P-BP -15   I. Nyrkova W-HB -25   L. Tavagnacco  

10:00 – 10.30 
GJ -14  H. Hayakawa AP-BioP-4  S. Giuffrida P-BP-16  H. Mortazavi  (15 m) 

P-BP-17  F. Català Prat (15m) 
W-HB -26  F. Bruni 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : Stephen Teitel Chair : M. Descamps Chair :   A. Matic Chair : A. Nilsson 

11:00 – 11 :30 GJ -15  B. Tighe AP-BioP-5  A. Hédoux IL-5  J. Hunger W-HB -27  Yuri Feldman 

11:30 – 12 :00 GJ -16  Karen Daniels AP-BioP-6  Lian Yu IL-6  D. Blank W-HB -28  F. Aliotta 

12:00 – 12:30 GJ -17  Moumita Maiti AP-BioP-7  I. Bahar IL-7  T. Ishida W-HB -29  C. Mitterdorfer 

12:30 – 13:00 
 

GJ -18   A. Yodh AP-BioP-8  J. Ubbink IL-8  A. Gubarevich W-HB -30  D. Fioretto 

13:00 - 14:30* Lunch Break/Poster Session 2   (90 minutes) 

 Chair : D. Durian Chair : Josep Tamarit Chair :  M. Paluch Chair :  F. Aliotta 

14:30 – 15:00 GJ -19   Antina  Ghosh      
 

AP-BioP-9   K. Grzybowska   (25 minutes for each talk) 
IL-9   M.A. Gonzalez 
IL-10 Hyung Kim 
IL-11 R. Colby 
IL-12 A. Matic 
IL-13 L. Vega 

W-HB -31   D.  Matyushov 
15:00 – 15.30 GJ -20   I.  Tejada            

 
AP-BioP-11  M. Descamps W-HB -32  A.  Michaelides 

15:30 – 16:00 GJ -21  M. Schmiedeberg  
 

AP-BioP-12  I. Rietveld W–HB -33  N. Giovambattista 

16:00 – 16.30 
GJ -22   C. Heussinger      
 

AP-BioP-13  S. Khodadadi 
 W-HB -35  M-A. Ricci 

16:30 - 17:00 Refreshment Break  (30 minutes) 

 Chair :  Claus Heussinger Chair : R. Macovez Chair :  J. Wishart Chair : Daniele Fioretto 

17:00 – 17:30  
22 minutes for each talk : 

 
GJ-23  C. Goodrich (17:00-17.22) 
GJ-24  S. Kiesgen de Richter(17:22-17 :44) 
GJ-25  A. Nakahara   (17:44 -18:06) 
GJ-26  Hua Tong        (18:06 – 18:28) 
GJ-27  P. Olsson        (18:28 – 18:50)                                  
 

(22 minutes for each talk) 
AP-BioP-14  B. Rossi         
AP-BioP-15  C. Rodríguez  Tinoco 
AP-BioP-17  M.T.Viciosa   
AP-BioP-18  G. Bellavia    
AP-BioP-19  K.Kolodziejczyk   
AP-BioP-20  Z. Wojnarowska     
AP-BioP-21  A. Maiocchi 
 

IL-14 C. Margulis (20 minutes for each talk) 
W-HB -36  C. Cerdeiriña   
W–HB -37  A. Marco Saitta    
W–HB -38  M. Hakala 
W-HB -39  Lawrie Skinner 
W-HB -40  A. Orechhini 
W-HB -41  Anna  Frontzek 
W-HB -42  P. Ben-Ishai 
W-HB -43   M. Nagao  
W–HB -44  M. Pochylski    

17:30 – 18:00 IL-15 E. Castner 

18:00 – 18.30 IL-16 H. Shirota 

18:30 – 19:00 IL-17 Hansen J. Schmidt 

19:00 – 19:30  Il-18  E.  Shoifet      (15 mins) 
IL-19  Maiko  Kofu   (15 mins) 
IL-20  C. Iacob        (15 mins) 
IL-21  O. Vilaseca   (15 mins) 

19.30 - 20.00 
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Wednesday, July24, 2013 

 Room A Room B 

 Chair : Peter Keim Chair :  Alessandro Paciaroni 

  8:30 – 9:00 C-CS-32  G. Petekidis, DBS -19   L. Hong 

  9:00 – 9.30 C-CS-33  P. Schall DBS -23  Michael Pikal 

  9:30 – 10.00 C-CS-34  Ulf R. Pedersen            
 
 

DBS -21  P. Pissis 

10:00 – 10.30 
C-CS-36  M. Kohl                      (15 minutes) 
C-CS-37  Markus Franke            (15 minutes)  

DBS -22  S. Capaccioli 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : G.B. McKenna Chair : J.-M. Zanotti 

11:00 – 11 :30 PTF -1  R, Priestley DS-W -1   J. Teixeira   

11:30 – 12 :00 PTF -2  Keiji Tanaka  DS-W -2    M. Vogel 

12:00 – 12:30 PTF -3  O.K.C. Tsui DS-W -3  L.E. Bove 

12:30 – 13:00 
 

PTF -4  P. Green DS-W -4   S. Longeville 

13.00 – 13:30 PTF -5   A. Lyulin DS-W -5  G. Franzese 

13:30 - 15:00* Lunch Break/Poster Session 3   (90 minutes) 

 Chair :  Rodney Priestley Chair : L.E. Bove 

15:00 – 15:30 PTF -6  M. Wübbenhorst DS-W -6  D. Laage 

15:30 – 16.00 PTF -7  C. Lacabanne DS-W -7  J. Parelo 

16:00 – 16:30 PTF -8  Gi Xue  DS-W -8  J.-M. Zanotti 

16:30 – 17.00 PTF -9  A. Schoenhals DS-W -9   C. Masciovecchio 

17:00 - 17:30 Refreshment Break  (30 minutes) 

 Chair :  M. Wübbenhorst Chair : J. Teixeira 

17:30 – 18:00 PTF -10   C. Roth DS-W -10  F. Audonnet 

18:00 – 18:30 PTF -11   K Fukao DS-W -11  E. Charlaix 

18:30 – 19.00 PTF -12   J. Lipson DS-W -12   A. Faraone 

19:00 – 19:30 PTF -13   I. Takahashi DS-W -13   F. Caupin 

19.30 – 20.00 PTF -14   Y. Grohens DS-W -14   M.C. Bellissent-Funel 
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Wednesday, July 24, 2013 

 Room C Room D Room E Room F 

 Chair : Giancarlo Ruocco Chair :  T. Schrøder Chair :F.  Ritort Chair: H. Shirota 

  8:30 – 9:00 GJ-28 Jasna Brujic TV -2  D. Coslovich PC-Biosy -1  D. Morikis IL-22 A. Triolo 

  9:00 – 9.30 GJ-29  S. Schoenholz (9:00 –9:22)  
GJ-30   E. Sloutskin   (9:22 – 9:44)      
GJ-31  I. Zuriguel    (9:44 – 10:06) 
GJ-32  M. Palombo  (10:06 -10:28) 

TV -3  S. Urban PC-Biosy -2  J. Garcia Ojalvo IL-23 J. Wishart 

  9:30 – 10.00 TV -4  J. Fontanella PC-Biosy -3  A. Rizos IL-24 T. Putzeys 

10:00 – 10.30 TV -5  V. Brazhkin PC-Biosy -4  R. Pastor-Satorras IL-25 D. MacFarlane 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair :  K. Samwer Chair : Gilles Tarjus Chair :  D. Morikis Chair : A. Triolo 

11:00 – 11 :30 MG -1  A. Meyer TV -6  G. Floudas PC-Biosy -5  F. Ritort IL-26 E. Quitevis 
11:30 – 12 :00 MG -2  D.M. Demetriou TV -7 J. Fernández PC-Biosy -6  A. Moura IL-27 J. Sangoro 
12:00 – 12:30 MG -3  D. Crespo TV -8  A. Papathanassiou PC-Biosy-7  V. Samouillan  (20 m) 

PC-Biosy-8  W. Ellenbroek  (20 m 
PC-Biosy-9  I. Hamley      (20 m) ) 

IL-28 D. Bedrov 
12:30 – 13:00 
 

MG -4  T. Egami 
MG-13 J  Schroers (20 min) 

TV -9    A. Grzybowski IL-29  Agilio Padua  (30 mins) 
IL-30  M. Mierzwa    (20 mins)  

13:00 - 14:30 Lunch Break/Poster Session 3   (90 minutes) 

 Chair :  T. Egami Chair : George Floudas Chair: C. Maggi Chair : C. Schick 

14:30 – 15:00 SR -1  Wei Hua Wang TV -10  G. Schwartz AM-1   W. Poon Cr -1  J-U Sommer 

15:00 – 15.30 SR -2  Lina Hu TV -11  K. Niss AM-2   P. Cicuta  Cr -2  E. Zhuravlev 

15:30 – 16:00 SR -3  Hai-Bin Yu TV - 13   T. Schrøder AM-3   P. Malgaretti Cr -3  T. Ezquerra 

16:00 – 16.30 SR -4  S. Caponi TV -14  V. Novikov     
 
 

AM-4  C. Bechinger Cr -4  D. Zhou 

16:30 - 17:00 Refreshment Break  (30 minutes) 

 Chair :  Wei Hua Wang Chair : K. Niss Chair : C. Bechinger Chair :  T. Ezquerra 

17:00 – 17:30 MG -5   K. Samwer TP-GT -1  U. Buchenau AM-5   C. Cottin-Bizonne Cr -5  John Russo 

17:30 – 18:00 MG -6  Bo Zhang TP-GT -2  P.D. Gujrati AM-6  H. Wada Cr -6   G. Wilde 

18:00 – 18.30 MG -7  F. Faupel TP-GT -3  J. W. P. Schmelzer AM-7  R. Golestanian  Cr -7   I. Saika-Voivod 

18:30 – 19:00 MG -8  Gang Wang TP-GT -4  Prabhat Gupta AM-8   I.Pagonabarraga  (25 mins) Cr -8   M. Seidl 

19:00 – 19:30  MG -9   Jörg F. Löffler TP-GT -5  C. Meingast AM-9     J. Casademunt  (25 mins) 

AM-10    H. Wensink     (15 mins) 
AM -11   A. Butenko      (15 mins) 
AM -12   J. Bialké   (15 mins) 
AM-13     C. Maggi         (15 mins) 

Cr -9   S. Milner  

19.30 –  
MG-10  O. Haruyama     (20 mins) 
MG-11  J. Qiao              (20 mins) 
MG-12  P. Koziatek       (20 mins) 

 

Cr-10 M. Pieruccini       (30 mins) 
Cr-11  R. Sear       (10 mins) 
Cr-12  D. Martinez-Tong (10 mins) 
Cr-13  S. Prestipino       (10 mins) 
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Thursday, July25, 2013 

 Room A Room B 

 Chair : Peter Green Chair : Alois Loidl   

  8:30 – 9:00 PTF -15   Friedrich Kremer OE -1 J.-L. Barrat 

  9:00 – 9.30 PTF -16  Du Yeol Ryu, OE –17 G. Diezemann    

  9:30 – 10.00 PTF -17  Z. Fakhraai OE -3  R. Angelini 

10:00 – 10.30 PTF -18   D. Wöll OE -4  N. Israeloff 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : Friederich Kremer Chair : Gregor Diezemann 

11:00 – 11 :30 PTF -19  M.S. Chathoth OE -5  F. Corberi 

11:30 – 12 :00 PTF -20  A. Kyritsis OE -6  J.R. Gomez-Solano 

12:00 – 12:30 PTF -21  K Jacobs OE -7  A. Loidl 

12:30 – 13:00 
 

PTF -22  M. Krutyeva OE -8  A. Sarracino 

13.00 – 13:30 PTF -23  A. Serghei OE -9   T. Odagaki 

13:30 - 15:00* Lunch Break/Poster Session 4   (90 minutes) 

 Chair :  Andreas Schoenhals Chair :  Nathan Israeloff 

15:00 – 15:30 PTF -24   T. Kanaya OE -10  Y. Saruyama 

15:30 – 16.00 PTF -25   H. Huth OE -11 C. Maggi 

16:00 – 16:30 PTF -26   C. Ellison OE -12 1  J. Deseigne 

16:30 – 17.00 PTF -27   G. Boiteux OE -13  C. Cammarota 

17:00 – 17:30 PTF -28  Kim Johnston (transferred from DV) OE -14  E. Lippiello  (OE-16 A. Crisanti) 

17:30 – 18:00 PTF -29  Sangmin Jeon OE -15  L. Cristofolini  

  Conference Dinner Conference Dinner 
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Thursday, July25, 2013 

 Room C Room D Room E Room F 

 Chair :  Marcus Cicerone Chair : Isabelle Royaud Chair: H. Jain Chair :  Sindee Simon 

  8:30 – 9:00 SR -5  E. Rössler TP-GT -6   Ove Andersson I-NI -1  Himanshu Jain  D-ND -1  J. Mauro (Y Yue) 

  9:00 – 9.30 SR -6  P. Lunkenheimer TP-GT -7   O. Yamamuro I-NI -2   P. Maass D-ND -2  D. Leporini 

  9:30 – 10.00 SR -7  J. Dyre  TP-GT -8   A. Wurm I-NI -3 Aswini Ghosh D-ND -3  Hajime Tanaka 

10:00 – 10.30 SR -8  M. Sperl TP-GT -9 Yuanzheng Yue I-NI -4  C. Cramer-Kellers  D-ND -4  G. McKenna 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair :  E. Rössler Chair : Osamu Yamamuro Chair :  C. Leon Chair :  L. Pardo 

11:00 – 11 :30 SR -9    M. Cicerone TP-GT -10  T Pérez-Castañeda I-NI -5  K. Funke   LO -1  L. Cormier 

11:30 – 12 :00 SR -10  T. Blochowicz TP-GT -11  Jean-Luc Garden  I-NI -6  N. Greaves LO -2  O. Gereben 

12:00 – 12:30 SR -11  S. Hensel-Bielowka TG –GT-12  Marc  Ponçot I-NI -7  J. Habasaki  LO -3 G. Sesé 

12:30 – 13:00 
 

SR -12  S.S.N. Murthy  
 
 

TG –GT-13 Allison Saiter 
 
  

I-NI -8  A. Heuer (30 min) 
LO -4 J.-P. Gaspard 
 
   

I-NI -9  Simon Schnyder (15 min) 
I-NI-10 M. Bokova Escorne (15min) 
min) 

13:00 - 14:30 Lunch Break/Poster Session 4   (90 minutes) 

 Chair : P. Lunkenheimer Chair : Ove Andersson Chair : A. Heuer Chair :  T. Scopigno 

14:30 – 15:00 SR -13  L. Leuzzi TG-GT-14  K. Trachenko I-NI -11  S. Ramanathan  N-HF -1  G. Gruebel (NO) 

15:00 – 15.30 SR -14  M. Shahin Thayyil  TG-GT-15  Lianwen  Wang I-NI -12  A. Rivera Calzada N-HF -2  M. Jimenez Ruiz 

15:30 – 16:00 SR -15  I. Royaud              (20 minutes for each talk) 
 

TG-GT-16  Christina  Krause 
TG-GT-17  Yeong Zen Chua 
TG-GT-18  E. Andritsos 
TG-GT-19  Sergey Lyulin  
TG-GT-20  Roman Meier 
TG-GT-21 Yury Fomin 
 

I-NI -13 A. Tarancón N-HF -3 C. Schuessler-Langeheine 

16:00 – 16.30 SR -17  F. Puosi                I-NI -14 R. De Souza N-HF -4 N. Rohringer 

16:30 – 17:00 SR -18  C. Crupi         Break (16.30 – 16.40) Break (16.30 – 16.40) 
17:00 – 17:30 SR -20  B. Micko               I-NI -15  P. Heitjans  

30 minutes each 
N-HF -5   Yong Cai           
N-HF -6   P. Fuoss            
N-HF -7   E. Pontecorvo  

17.30 - 18.00  
I-NI -16  J. Kilner 
I-NI -17  C. Leon 

I-NI -18  P.  Demont  (15 minutes) 
18.00 – 18.30  I-NI -19 V. Mazur       (15 minutes) 

 Conference Dinner Conference Dinner Conference Dinner Conference Dinner 
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 Friday, July26, 2013 

 Room A Room B 

 Chair : E. Laredo Chair :  J.P. Gaspard   

  8:30 – 9:00 PTF -30  F. Barroso-Bujans  LO -5 F. Hippert 

  9:00 – 9.30 PTF -31  P. Huber LO -6   R. Evans 

  9:30 – 10.00 PTF -32  D. Cangialosi LO -7   M. Wilson 

10:00 – 10.30 PTF -33  M. Dionisio 
LO -8   A. Piarristeguy 

10:30 – 11.00 Refreshment Break  (30 minutes) 

 Chair : Didier Long Chair : M. Wilson 

11:00 – 11 :30 PTF -34  S. Napolitano LO -9   P.S. Salmon 

11:30 – 12 :00 PTF -35   D. Prevosto LO -10    L. Pusztai 

12:00 – 12:30 PTF -36   E. Laredo LO -11    G. Cuello 

12:30 – 13:00 
 

PTF -37  A. Siria  LO -12    M. Wilding 

13.00 – 13.30 PTF -38  F. Alvarez LO -13    L.C. Pardo 

13:30 - 15:00*  Lunch Break/Poster Session 5   (90 minutes) 

 Chair : S. Napolitano Chair :  M. Wilding 

15:00 – 15:30 PTF – 39  D. Long LO-21   M. Rovira       
 

15:30 – 16.00 PTF - 40  R. Zorn LO-14  Olga Russina     

16:00 – 16:30 PTF - 41  R.  Villey                                                (20 min each talk) 
PTF - 42  T. Corrales Iturriaga    
PTF – 43 F. Restagno  

LO-15   K. Nygård       

16:30 – 17.00 LO-16   E. Janai           

17:00 - 17:30 Refreshment Break  (30 minutes) 

 Chair : Reiner Zorn Chair: L. Pusztai 

17:30 – 18:00 20 minutes each for the following talks 
 
PTF – 44  Hyungju Ahn,          PTF - 45  C. Batistakis,             PTF – 46  R. Bowles  
PTF - 47 Hung Nguyen            PTF – 48 Rong Wang                 PTF – 49 Kipnusu Kiprop Wycliffe     
PTF - 50   Dhiraj Kumar Mahajan          PTF - 51  S. Ingebrigtsen 

LO-17   W. Kossack      

18:00 – 18:30 LO-18   A, Maciolek     

18:30 – 19.00 LO-19   A. Dunleavy     

19:00 – 19:30 LO-20   S. Pothoczki    
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13:05-13:30 OE-26  Kuniyasu Saitoh    UG -6  C. Schick  
 

TC -3  Aldo Fontana  

13:30 - 14:30* Lunch Break/Poster Session 5    (60 minutes) 
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Active Matter 
 

Invited talk 
AM-1 

Bacteria as active colloids 
 

Poon, Wilson1 

(1) Edinburgh University 
 
Most bacteria have sizes in the μm range – they are colloids; but they do things that ordinary colloids do 
not do: they grow, divide and swim. Bacteria are active colloids. In this talk, I will give examples of the 
new physics that emerge from studying bacteria as active colloids. Specifically, I will discuss the 
evolution of order in a growing 2D bacterial colony – an active nematic that may be at or near an ‘active 
jamming point’. Time permitting, I will also review results on the aggregation of motile bacteria and 
compare this with the aggregation of synthetic active colloids, especially the way clusters act as self-
organised unidirectional rotors.  

 
 

 
Invited talk 

AM-2 
Emergence of collective states in active colloids 

 
Cicuta, Pietro 1 

(1) Corpus Christi College, University of Cambridge  
 
Coupled oscillators can, under some conditions, synchronise. There are examples of this everywhere in 
natural phenomena, technology, and material properties.  A relatively unexplored area is the 
synchronisation of colloidal oscillators: these are micron-sized objects, coupled through hydrodynamic 
interaction.   There is reason to study these because physiologically similar structures are thought to 
enable fluid transport in various organs of living systems;   technologically it might be possible to 
construct very sensitive micro-resonators. Over the last few years we have worked in this area by 
developing an experimental platform: optical tweezers are used to create phase oscillators. This talk will 
present various strategies for making oscillators (active colloids), and the resulting collective behaviour of 
two or more of these driven elements. 

 
 

 
Oral 

AM-3 
Collective hydrodynamic speed up of molecular motors 

 
Malgaretti, Paolo1; Pagonabarraga, Ignacio1; Frenkel, Daan2 

(1) Universitat de Barcelona; (2) University of Cambridge 
 
We present simulations that reveal a surprisingly large effect of hydrodynamic coupling on the speed of 
thermal ratchet motors. The model that we use considers particles performing thermal ratchet motion in a 
hydrodynamic solvent. Using particle-based, mesoscopic simulations that maintain local momentum 
conservation, we analyze quantitatively how the coupling to the surrounding fluid affects ratchet motion. 
We find that coupling can increase the mean velocity of the moving particles by almost 2 orders of 
magnitude, precisely because ratchet motion has both a diffusive and a deterministic component. The 
resulting coupling also leads to the formation of aggregates at longer times. The correlated motion that we 
describe increases the efficiency of motor-delivered cargo transport and we speculate that the mechanism 
that we have uncovered may play a key role in speeding up molecular motor-driven intracellular 
transport.[1] 
 
[1] P.Malgaretti, I. Pagonabarraga & D. Frenkel, PRL. 109, 168101 (2012) 
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Invited talk 

AM-4 
Active Brownian motion of asymmetric particles 

 
Bechinger, Clemens1 

(1) Universitaet Stuttgart 
 
Self-propelled microswimmers that – similar to chemotactic bacteria and cells – autonomously steer 
through liquids, currently receive considerable attention from experimentalists and theoreticians because 
they allow detailed insights on how active matter organizes into complex dynamical structures. So far, 
most studies have concentrated on spherical or rod-like microswimmers and their motional behavior has 
been studied in great detail. In contrast, much less is known about asymmetrically shaped swimmers, 
whose trajectories strongly deviate from that of spherical ones because their mobility strongly depends on 
the orientation of the particle relative to its swimming velocity. We experimentally investigate the motion 
of L-shaped swimmers and observe an effective torque acting on the particles which results in a circular 
motion. We investigate this behavior both under bulk conditions and close to walls where the torque leads 
either to the reflection or a sliding along the wall. In addition, we study the self-propulsion of asymmetric 
particles in the presence of an external gravitational field. This leads to additional torques on the particle 
which leads to rather complex trajectories which may give useful insights into the gravitactical motion of 
microorganisms. 

 
 

 
Invited talk 

AM-5 
Experimental studies of active colloidal suspensions 

 
Cottin-Bizonne, Cécile1; Theurkauff, Isaac1; Palacci, Jeremie1; Ybert, Christophe1; Bocquet, Lydéric1 

(1) ILM / CNRS; (2) NYU 
 
We have investigated experimentally the non-equilibrium state of a dilute active colloidal suspension 
under gravity field. The active particles are phoretic swimmers that show self-propulsion in the presence 
of an added fuel hydrogen peroxide. We measure with optical microscopy the microdynamics of 
individual colloids and the global stationary state of the suspension under gravity. This yields a direct 
measurement of the effective temperature of the active system as a function of the particle activity, on the 
basis of the fluctuation-dissipation relationship [1]. We have also explored the phase behavior of a dense 
active suspension of phoretic self-propelled colloids. In addition to a solid-like and a gas-like phase 
observed for high and low densities, a novel cluster phase is observed at intermediate densities. This takes 
the form of a dynamical assembly of dense aggregates, with a stationary flux of self-propelled colloids 
going in and out the clusters. Although several scenario can be raised to account for these observations 
we show that the experimentally observed linear dependence of the mean cluster size versus the bare self-
propelling velocity is reproduced by a chemotactic aggregation mechanism, originally introduced to 
account for bacterial aggregation [2]. 
[1] J. Palacci, C. Cottin-Bizonne, C. Ybert, L. Bocquet Phys. Rev. Lett. 105 (2010) 088304. 
[2] I. Theurkauff, C. Cottin-Bizonne, J. Palacci, C. Ybert, L. Bocquet Phys. Rev. Lett. 108 (2012) 
268303. 
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Invited talk 
AM-6 

Bacterial gliding motility driven by helical flow of surface adhesions 
 

Wada, Hirofumi2; Chen, Husan-Yi1 

(1) National Central University; (2) Ritsumeikan University 
 
Gliding motility of Flavobacterium johnsoniae is believed to be driven by surface adhesive proteins that 
are propelled by unknown internal motors. Recently, those motility components are observed to travel 
along an endless closed loop on a cell surface. It is currently unknown how the bidirectional motion of a 
cell with velocities of similar magnitude of traveling proteins emerges. Inspired by this unique motility of 
F. johnsoniae, we propose a generic model for bidirectional motion of rigidly coupled many adhesins 
propelled in directions opposing with each other. Using stochastic simulations and a mean-field theory, 
we demonstrate that for a sufficiently large speed of adhesions, bidirectional motion arises through the 
spontaneous symmetry breaking, with velocities of similar magnitude to those of adhesins, in agreement 
with the experimental observations. The model also predicts that a weak enough asymmetry in the 
binding dynamics is sufficient to facilitate a directed motility owning to collective nature of many 
proteins propelled on the same cell body. Generic physical aspects of our model will be emphasized but 
the biological relevance of our analysis will also be discussed quantitatively. 

 
 

 
Invited talk 

AM-7 
Nonequilibrium behavior of active colloids 

 
Golestanian, Ramin 1 

(1) Oxford University  
 

Due to their force-free nature, interfacial phoretic transport mechanisms can be used to design self-
propelled active colloids. A class of such active colloids that self-propel will be introduced and their 
single-particle anomalous fluctuations will be discussed. When interacting via the gradient in the field 
that they also use for self-propulsion, they exhibit interesting collective effects such as instabilities and 
emergent dynamical behaviours. 
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Invited talk 
AM-8 

Emergent dynamic regimes in suspensions of self-propelled and self-phoretic colloids: spontaneous 
clustering and jammed states 

 
Pagonabarraga, Ignasi 1 

(1) Universitat de Barcelona  
 
There exist a variety of colloidal size objects which have the ability to self propel in a suspending 
fluid medium. Heterogeneous colloids with catalytic sites, or appropriately charged colloids can move as 
a result of the reactions which take place on parts of their surface. Also natural microorganisms, such as 
certain bacteria, can also swim as a result of their internal metabolism. 
In all these situations there is no external force which drives the objects. Nonetheless, since they displace 
in a viscous medium, the objects induce a flow which decays slowly and hence affect the motion of other 
suspended particles. Therefore, even the free motion of ensembles of such objects will exhibit peculiar 
features which arise from the dynamic correlations induced by the embedding medium. 
I will introduce model systems that account effectively for the mechanism of self-propulsion, rather than 
attempting at understanding the microscopic details that control intrinsic motion of small self-propelling 
individuals. Such an approach allows  to focus on the  features that characterize collective motion and 
pattern formation in these internally-driven driven systems. I will discuss how gravity affects the  
sediment formation of  self-propelling  suspensions and the role of hydrodynamically induced fluid flows. 
I will contrast this behavior with the one developed by  suspensions of self-phoretic colloids in (quasi)-2D 
configurations and  study the change in emerging patterns observed depending on the individual particle 
self-mobility.  I will characterize the transition from  a cluster phase to a jammed state. The former is 
characterized by an exponential cluster size distribution, with a characteristic size growing linearly with 
the colloid activity, while the density fluctuations grow as a power-law with an exponent depending on 
the cluster fractal dimension. The numerical study singles out the role of hydrodynamic interactions, 
showing that they work against cluster formation.  

 
 

 
Invited talk 

AM-9 
Spontaneous motility of actin lamellar fragments 

 
Casademunt, Jaume1; Blanch-Mercader, Carles1 

(1) Universitat de Barcelona 
 
We show that actin lamellar fragments driven solely by polymerization forces at the bounding membrane 
are generically motile when the circular symmetry is spontaneously broken. Motion results from a 
nonlinear morphological instability, similar to viscous fingering, with no need of molecular motors or 
global polarization. We base our nonlinear analysis on a conformal mapping formulation of a recently 
introduced Darcy-flow model [1]. We prove the nonlinear instability of the center of mass and find an 
exact and simple relation between shape and center-of-mass velocity. A complex subcritical bifurcation 
scenario into traveling solutions is unfolded, where finite velocities appear through a nonadiabatic 
mechanism. Examples of traveling solutions and their stability are studied numerically. Generalization to 
more realistic conditions is also discussed. 
 
[1]  A.C. Callan-Jones,  J.F. Joanny, J. Prost, Phys. Rev. Lett. 100 (2008) 258106. 
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Oral 
AM-10 

Meso-scale turbulence in living fluids 
 

Wensink, Rik1; Dunkel, Jörn4; Heidenreich, Sebastian3; Drescher, Knut6;  
Goldstein, Raymond E.4 ; Löwen, Hartmut2 ; Yeomans, Julia5 

(1) Université Paris-Sud 11 & CNRS; (2) Heinrich-Heine-University-Düsseldorf; (3) Physikalisch-
Technische Bundesanstalt; (4) University of Cambridge; (5) Oxford University; (6) Princeton University  

 
Turbulence is ubiquitous, from oceanic currents to small-scale biological and quantum systems. Self-
sustained turbulent motion in microbial suspensions presents an intriguing example of collective 
dynamical behavior amongst the simplest forms of life, and is important for fluid mixing and molecular 
transport on the microscale. Contrary to passive fluids it is not known which features of  turbulent flow in 
living matter are universal, and which generalizations of the Navier-Stokes equation are capable of 
providing an adequate description of active turbulence.  We address these issues by  combining 
experiments, particle simulations, and continuum theory to identify the statistical properties of self-
sustained turbulence in dense Bacillus subtilis suspensions in quasi-2D geometry [1]. The experimental 
results for the bacterial flow statistics agree well with predictions from a minimal model for self-propelled 
rods [2], suggesting that at high concentrations the collective motion of the bacteria is dominated by 
short-range interactions. To provide a basis for future theoretical studies, we propose a minimal 
continuum model for incompressible bacterial flow which reproduces many of the experimentally 
observed features. 
[1] H. H. Wensink, J. Dunkel, S. Heidenreich, K. Drescher, R. E. Goldstein, H.Löwen and J. Yeomans, 
PNAS 109, 14308 (2012). 
[2] H. H. Wensink and H. Löwen, J. Phys.: Condens. Matter 24, 464130 (2012).  

 
 

 
Oral 

AM-11 
Coiled to diffuse: Brownian motion of a helical bacterium 

 
Butenko, Alexander1; Amitai, Lee2; Pokroy, Boaz2; Sloutskin, Eli1 

(1) Bar-Ilan University; (2) Technion Israel Institute of Technology 
 
Brownian motion of spheres is one of the oldest fields in modern physics. However, many of common 
molecules, viruses and cells have rather complex shapes, such that both the rotational symmetry and the 
chiral symmetry are broken. Typically, when the diffusion rate of these complex objects is to be 
estimated, their shape is approximated by that of an ellipsoid, which is a crude approximation. The 
Brownian motion of chiral objects, such as a simple circular helix, was never quantitatively studied by a 
direct experimental technique. 
We employ real-time three-dimensional confocal microscopy to follow the Brownian motion of a fixed 
helically-shaped Leptospira interrogans (LI) bacterium (see Ref. [1]). We extract from our measurements 
the translational and the rotational diffusion coefficients of this bacterium. A simple theoretical model is 
suggested, perfectly reproducing the experimental diffusion coefficients, with no tunable parameters. An 
older theoretical model, where edge effects are neglected, dramatically underestimates the observed rates 
of translation. Interestingly, the coiling of LI increases its rotational diffusion coefficient by a factor of 5, 
compared to a (hypothetical) rectified bacterium of the same contour length. Moreover, the translational 
diffusion coefficients would have decreased by a factor of ~1.5, if LI were rectified. This suggests that the 
spiral shape of the spirochaete bacteria, in addition to being employed for their active twisting motion, 
may also increase the ability of these bacteria to explore the surrounding fluid by passive Brownian 
diffusion. 
[1] A. V. Butenko, E. Mogilko, L. Amitai, B. Pokroy &  E. Sloutskin, Langmuir 28 (2012) 12941 
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Oral 
AM-12 

Dynamical clustering and phase separation in suspensions of self-propelled colloidal particles 
 

Bialké, Julian1; Buttinoni, Ivo2; Kümmel, Felix2; Löwen, Hartmut1;  
Bechinger, Clemens2; Speck, Thomas1 

(1) Heinrich - Heine - Universität Düsseldorf; (2) Universität Stuttgart 
 
We study analytically and numerically a two dimensional system of self-propelled repulsive particles. At 
sufficient high densities, the system separates into large clusters and a dilute gas phase. To further 
understand the mechanism of this transition we analytically derive a simplified phase diagram for a 
minimal model. By introducing the slowdown of a particle due to its anisotropic environment as a 
measurable quantity, the picture of a cluster formation due to self-trapping is supported. Despite the 
approximations made in the analytical part the predicted phase diagram is quantitatively confirmed using 
computer simulations. To go one step further, we compare our simulations with a quasi 2d experiment, 
where carbon-coated Janus particles are propelled due to diffusiophoresis in a near-critical water-lutidine 
mixture. Although comparing with a minimal model, we see qualitatively the same behavior at high 
densities. 

 
 

 
Oral 

AM-13 
The unexpected behaviour of swimming-cells systems under the influence of external force fields 

 
Maggi, Claudio1; Maggi, Claudio1; Di Leonardo, Roberto1 

(1) University "Sapienza" of Rome 
 
Systems composed by self-propelled individuals, as swimming bacteria, may display a surprising 
behavior when compared to thermally equilibrated systems. Unexpected situations emerge when these 
systems are subject to external perturbations.  It was indeed shown that artificial micro-structures can 
rectify the motion of bacteria interacting with them [1]. Moreover adequately designed micro-objects can 
be driven unidirectionally by motile cells [2] . Recently it was also demonstrated that novel interaction 
mechanisms emerge between artificial particle surrounded by swimming bacteria [3] . These phenomena 
have made “active matter” a subject of profound interest for physicist since, in most of these cases, the 
interplay between the dynamics of the self propelled particles and the imposed external perturbation leads 
to a behavior that substantially differs from that of inanimated matter.  In this presentation I will review 
these results from a statistical-mechanics perspective introducing a number of novel theoretical tools for 
describing the properties of these active systems when perturbations are considered. 
[1] P. Galajda et al., J. Bacteriol. 189, 8704 (2007). 
[2] R. Di Leonardo al., PNAS, 107, 9541, (2010)  
[3] L. Angelani, C. Maggi et al., Phys. Rev. Lett., 107, 138302, (2011) 
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Poster 
AM-101 

Orientational order and clustering characterization of interacting spherical microswimmers. 
 

Francisco Alarcón and Ignacio Pagonabarraga 
Departament de FísicaFonamental, Universitat de Barcelona, Spain 

 
Collective motion is one of the most common and spectacular manifestation of coordinated behaviour [1]. 
Suspensions of self-driven micro-organisms are an example ofthese kind of systems, refereed to 
generically active matter. These systems are outof equilibrium, thus to analyse their behaviour it is not an 
easy task. Previous studies have addressed the analysis of coordinated behaviour using a variety of 
temporaldependent parameters, such as orientational [2] and nematic order parameters, temporal density 
fluctuations [3], mean cluster distance [4], mean square displacements[5] or even static parameters like 
pair correlation functions, or probability densityfunctions. 

We will make use of these quantitative measures to study systematically the collective motion that 
emerge from suspensions of interacting squirmers, a model swimmerat low Reynolds numbers. We will 
analyse the interplay between the direct interaction strength among squirmers and their hydrodynamic 
coupling. This analysis willallow us to predict in which range either swimming or direct squirmer 
interaction aredominant and the characteristic patterns they give rise to. We will describe how the 
competition between direct squirmer interaction and hydrodynamic coupling tunethe self assembly 
abilities of squirmer suspensions and identify a new regime of giantfluctuations. 

[1] T. Vicsek and A. Zafeiris, Phys. Rep. 517, 71 (2012). 
[2] A. A. Evans, T. Ishikawa, T. Yamaguchi, and E. Lauga, Physics of Fluids, 23(11):111702, (2011). 
[3] H.P. Zhang,A. Be’er, E.L. Florin and H.L. Swinney, PNAS, 107, 31:13626 (2010). 
[4] I. Buttinoni,J. Bialke,F. Kummel,H. Lowen,C. Bechinger and T. Speck, Phys. Rev. Lett. 110, 238301 
 (2013). 
[5] R. Golestanian, Phys. Rev. Lett. 102, 188305 (2009). 
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Aging, fluctuations, non-linear response, dynamic 
heterogeneities in Out of Equilibrium Systems 

 
Invited talk 

OE-1 
Dynamical correlations and viscosity divergence in sheared athermal suspensions near jamming 

BARRAT, Jean-Loui1 

(1) Université Joseph Fourier, Grenoble 
 
Computer simulations are used to study the microscopic dynamics of an athermal assembly of soft 
particles near the fluid-to-solid jamming transition [1,2,3]. Borrowing tools developed to study dynamic 
heterogeneity near glass transitions, a number of original signatures of the jamming transition at the 
particle scale are discovered. Single particle motion is superdiffusive, spatially heterogeneous, and 
displays a surprising non-monotonic behavior across the transition. In the solid phase, the dynamics is an 
intermittent succession of elastic deformations and plastic relaxations, which are both characterized by 
scale-free spatial correlations and system size dependent dynamic susceptibilities. In the liquid phase, the 
trajectories can be exploited to predict the density divergence of the viscosity in granular suspensions [3], 
in  qualitative agreement with experimental results [4]. 
[1] C. Heussinger &  J-L. Barrat Phys. Rev. Lett. 102, 218303  (2009) 
[2] C. Heussinger, L. Berthier &  J-L. Barrat, EPL  90, 20005 (2010) 
[3] B. Andreotti,  J-L. Barrat,,  & C. Heussinger Phys. Rev. Lett., 109, 105901 (2012) 
[4] F. Boyer, E. Guazzelli, O. Pouliquen, Phys. Rev. Lett. 107, 198301 (2011) 

 
 

 
Invited talk 

OE-2 
Structural relaxation and aging in glasses studied by x-ray photon correlation spectroscopy 

 

Ruta, Beatrice2; Chushkin, Yuriy2; Monaco, Giulio2; Cipelletti, Luca3; Pineda, Eloi5; 

 Bruna, Pere
5; Baldi, Giacomo1; Gonzalez Silveira, Marta4 

(1) Parco Area delle Scienze; (2) European Synchrotron Radiation Facility; (3) Université Montpellier 2;  
(4) Universitat Autònoma de Barcelona; (5) Universitat Politècnica de Catalunya 

 
Understanding physical aging in glasses is essential for technological applications as well as for 
fundamental research, since glasses are often considered as archetypes for systems far from 
thermodynamical equilibrium [1]. Notwithstanding, due to experimental limitations, no data directly 
probing the dynamics of realistic molecular glasses at a microscopic level are available so far. Here, we 
will report on the first experiments that follow at the atomic scale the relaxation and aging dynamics in a 
molecular glass former, a metallic melt, as the material gets frozen into a glass. Specifically, we show that 
the glass transition is accompanied by a dynamical crossover which leads to a complex hierarchy of aging 
behaviours in the glassy state [2]. These findings seem to be universal in structural glasses [3] and hold 
the promise to strongly improve the knowledge on the glassy state.  
In addition, we find clear similarities between our results in structural glasses and previous investigations 
on soft materials such as concentrated colloidal suspensions and polymeric gels [4]. Collectively, these 
findings suggest the notion of internal stress relaxation as a universal physical mechanism driving the 
dynamics of out of equilibrium materials. 
[1] P. G. Debenedetti & F. H. Stillinger, Nature 410 (2001) 259.  
[2] B. Ruta et al. Phys. Rev. Lett. 109 (2012) 165701.  
[3] B. Ruta et al. J. Chem. Phys. (2013) accepted. 
[4] L. Cipelletti, et al., Faraday Discuss. 123 (2003) 237. 
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Dichotomic Aging Behaviour in a Colloidal Glass 
 

Angelini, Roberta2; Zulian, Laura5; Fluerasu, Andrei7; Madsen, Anders3; Moussaid, Abdellatif 6; 

Ruocco, Giancarlo1; Zaccarelli, Emanuela 4; Ruzicka, Barbara2 

(1) CNR-IPCF, Istituto Italiano di Tecnologie, Università degli Studi di Roma "La Sapienza" ;  
(2) CNR-IPCF and Dipartimento di Fisica, Università degli Studi di Roma "La Sapienza";  

(3) European X-Ray Free Electron Laser; (4) CNR-ISC and Dipartimento di Fisica, Università degli Studi  
di Roma "La Sapienza"; (5) Dipartimento di Fisica, Università degli Studi di Roma "La Sapienza"; ( 

6) European Synchrotron Radiation Facility; (7) Brookhaven National Laboratory 
 
Anomalous dynamics in disordered arrested soft materials is characterized by non exponential intensity 
autocorrelation functions following the Kohlrausch-Williams-Watts function with exponent βQ>1. This 

compressed  behaviour (βQ >1) contrasts the more commonly encountered stretched exponential 

behaviour (βQ <1). Several models explaining this type of phenomenology in aging soft materials 

underline the importance of internal stresses in these systems. Our study concerns an unexpected 
dichotomic aging behaviour observed in a colloidal glass investigated through X-Ray Photon Correlation 
Spectroscopy and Dynamic Light Scattering. In the full aging regime the intensity autocorrelation 
functions are non exponential  with exponent βQ. We show that for spontaneously aged samples a 

stretched behaviour (βQ <1) is found. Surprisingly, a compressed behaviour (βQ >1) and a hyper-

diffusive dynamics appear only when the system is rejuvenated by application of a shear field. Analogies 
between the compressed behaviour induced by shear in this colloidal glass and by temperature in 
structural glasses are emphasized. 
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Fluctuations in confined disordered systems 

 
Israeloff, Nathan1; Rumberger, Brant1; Dura, Joseph2 

(1) University; (2) NIST 
 
Several lines of indirect evidence from dynamic or nonlinear susceptibilities indicate a weak growth in 
the cooperative length scale on approach to the glass transition. Various fourth-order correlation 
functions, such as the variance of the ordinary correlation function, have been used to study the size and 
time-scale of dynamically correlated regions in colloidal glasses and simulated molecular glasses. 
However, measuring these correlation functions in molecular glasses is very challenging due to the small 
(nm) length scales on which the correlated dynamics are expected to occur. We use electrostatic force 
microscopy techniques to probe dielectric fluctuations in polymer nanoparticles, and ion fluctuations in a 
proton-exchange-membrane, Nafion, which contains a complex network of conductive channels. We 
analyze fourth-order statistical fluctuations in both the frequency and time domains, in order to determine 
spatio-temporal correlation lengths and their temperature dependences. Surprisingly the ion dynamics in 
Nafion exhibits glass-like dynamical correlations, which can be understood in terms of spatially 
heterogeneous dynamics.  
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Large-deviations and condensation of fluctuations in equilibrium and off-equilibrium systems 
 

Corberi, Federico1; Gonnella, Giuseppe2; Piscitelli, Antonio2; Zannetti, Marco1 

(1) University of Salerno (Italy); (2) University of Bari (Italy)  
 
We present the exact calculation of the large deviation function of the spontaneous fluctuations of 
macroscopic observables (such as energy, exchanged heat etc...) in the equilibrium or non-equilibrium 
regime of classical systems described by solvable models of Statistical Mechanics, as the spherical model 
and others. We show the existence of singularities in the distributions which in some cases may be 
attributed to a phenomenon of condensation of fluctuations resembling the Bose-Einstein condensation: 
Large fluctuations can only be developed when a macroscopic fraction is provided by a single mode 
(usually the one with k=0). We discuss the relevance and generality of such a behavior and its 
implications.  
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Fluctuations, linear response and currents in non-equilibrium systems 

 

Gomez-Solano, Juan Ruben1 

(1) Universitaet Stuttgart 
 
We present, from an experimental point of view, recent concepts of statistical mechanics for systems 
away from thermal equilibrium. We focus on two systems where the mean injected and dissipated 
energies are of the order of thermal fluctuations: 1) a colloidal particle driven by external non-
conservative forces [1,2] and 2) a colloidal particle embedded in an aging gel after a temperature quench 
[3,4]. We analyze these experiments in the context of the fluctuation-dissipation theorem and the 
fluctuation theorem. Finally we briefly discuss some problems and new directions relevant for 
experiments on stochastic thermodynamics. 
 
[1] J. R. Gomez-Solano, A. Petrosyan, S. Ciliberto, R. Chetrite, & K. Gawędzki, Phys. Rev. Lett. 103 
(2009) 040601. 
[2] J. R. Gomez-Solano, A. Petrosyan, S. Ciliberto & C. Maes, J. Stat. Mech. (2011) P01008. 
[3] J. R. Gomez-Solano, A. Petrosyan & S. Ciliberto, Phys. Rev. Lett. 106 (2011) 200602. 
[4] J. R. Gomez-Solano, A. Petrosyan & S. Ciliberto, EPL 98 (2012) 10007. 
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Nonlinear dielectric response of supercooled liquids 
 

Alois, Loidl1; Thomas, Bauer1; Peter, Lunkenheimer1; Stephan, Kastner1 

(1) University of Augsburg 
 
Theory and experiments on spin glasses and orientational glasses have shown that linear response is blind 
to hidden order in amorphous matter and that only nonlinear susceptibilities provide detailed insight into 
critical dynamics and diverging length scales on approaching the freezing transition. Consequently, in 
recent years the investigation of the nonlinear dielectric response of glass-forming matter has attracted 
increasing interest. Nonlinear dielectric spectroscopy can be performed by measuring and comparing the 
difference Δε of high- and low-field permittivity or by the application of a high ac voltage and the 
determination of the higher harmonics of the permittivity.  
In the present work, we provide broadband data on the high-field permittivity, as well as on the higher 
harmonics of the dielectric susceptibility of a number of glass formers for almost 8 decades in frequency 
also covering a broad temperature range [1]. We find significant differences in the nonlinear behavior of 
the excess wing when compared to the α process, which has some far-reaching implications on possible 
microscopic explanations. In the higher harmonics, we discover clear evidence for a hump-like feature 
close to the loss maximum of the linear response, which has been interpreted as experimental evidence for 
an increasing cooperativity on approaching the glass transition.  
[1] Th. Bauer, P. Lunkenheimer, S. Kastner, A. Loidl, unpublished, arXiv: 1208.2227 
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Brownian ratchet in a thermal bath driven by Coulomb friction 

 
Sarracino, Alessandro1; Gnoli, Andrea1; Gradenigo, Giacomo1; Puglisi, Andrea1; Petri, Alberto2;  

Dalton, Fergal2; Pontuale, Giorgio2 

(1) ISC-CNR and Universita' Sapienza di Roma; (2) ISC-CNR 
 
The rectification of unbiased fluctuations, also known as ratchet effect, can be obtained under statistical 
non-equilibrium conditions [1]. Here we propose a new ratchet model where a thermal bath solicits the 
random rotation of an asymmetric wheel, which is also subject to Coulomb friction [2] due to solid-on-
solid contacts. Numerical simulations and analytical calculations demonstrate the net drift induced by 
friction. If the thermal bath is replaced by a granular gas, the well known granular ratchet effect [3-6] 
intervenes. The granular effect acts in the opposite direction with respect to the friction-induced torque, 
resulting in the inversion of the ratchet direction as the collision rate increases. We have realized a 
granular ratchet experiment where both the ratchet effects are observed [7]. Our discovery paves the way 
to the realization of micro and sub-micrometer Brownian motors in equilibrium fluids driven by Coulomb 
friction. 
 
[1] P. Reimann, Phys. Rep. 361 (2002) 57.  
[2] P.-G. de Gennes, J. Stat. Phys. 119 (2005) 953. 
[3] P. Eshuis, K. van der Weele, D. Lohse and D. van der Meer, Phys. Rev. Lett. 104 (2010) 248001. 
[4] G. Costantini, A. Puglisi and U. Marini Bettolo Marconi, Phys. Rev. E 75 (2007) 061124.  
[5] B. Cleuren and R. Eichhorn, J. Stat. Mech. (2008) P10011. 
[6] J. Talbot, R. D. Wildman and P. Viot, Phys. Rev. Lett. 107, (2011) 138001.  
[7] A. Gnoli, A. Petri, F. Dalton, G. Gradenigo, G. Pontuale, A. Sarracino, and A. Puglisi,  
arXiv:1211.4209 
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Non-linear dielectric responses of glass formers under temperature modulation 
 

Odagaki, Takashi1; Saruyama, Yasuo2 

(1) Tokyo Denki University; (2) Kyoto Institute of Technology 
 
Dynamic and thermodynamic properties observed in the vitrification process can be understood, in a 
unified manner, on the basis of the free energy landscape (FEL). Since the FEL depends on the 
temperature, responses to temperature modulation must contain rich information of the FEL. We present a 
theoretical analysis of a new experimental technique which measures nonlinear responses under 
temperature modulation. After introducing a general framework for the nonlinear response, we present a 
detailed analysis of dielectric response under temperature modulation. Exploiting a simple model for 
glass formers, we show that the real part of the nonlinear susceptibility at the static limit becomes a cusp 
below the cross-over temperature and its curvature changes at the glass transition temperature. We also 
show that three characteristic temperatures, Vogel-Fulcher, glass transition and cross-over temperatures, 
can be determined from the analysis of the linear and non-linear dielectric responses. We find a new 
characteristic temperature T3 which signifies divergence of the third moment of the waiting time 
distribution and can be detected by additional peaks in the imaginary part of the second order 
susceptibility [1]. 
 
[1] T. Odagaki, M. Kuroda and Y. Saruyama, J. Phys. Soc. Jpn. 81(2012) 104714. 
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Temperature Modulated Dielectric Measurement as a Tool to Study Non-linear Response  

around the Glass Transition Temperature 
 

Saruyama, Yasuo1; Urushidani, Masahiro1; Yao, Haruhiko1 

(1) Kyoto Institute of Technology 
 
Temperature dependence of the relaxation time of the alpha process of glass forming materials has been 
studied extensively.  Most of those studies are based on an idea that the relaxation time is constant at each 
temperature or changes slowly accompanying the aging effects.  In this study attention is paid to kinetics 
of the response of the relaxation time to quick temperature change.   
A new experimental technique, temperature modulated dielectric measurement (TMDE), has been 
developed in the authors’ laboratory.  In TMDE the dielectric response from the sample is measured 
modulating the sample temperature sinusoidally with time.  The dielectric response contains nonlinear 
component with the frequencies (fE + fT) and (fE - fT) as well as the linear component with the frequency 
fE, where fE and fT are the frequencies of the electric field and the temperature, respectively.  If the 
response of the relaxation time to the temperature modulation is delayed, the non-linear response will be 
dependent on fT.  The fT dependence was observed [1].  It was found that the delay time characterizing the 
response of the relaxation time exhibited much weaker temperature dependence than the relaxation time 
estimated from the linear component.  This result suggested that the delay time should be attributed to a 
process different from the ordinary alpha relaxation.   
 
[1] A. Harada, T. Oikawa, H. Yao, K. Fukao and Y. Saruyama, J. Phys. Soc. Jpn. 81 (2012) 065001 
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Off-equilibrium dynamics of gel-forming and glassy systems: dynamic heterogeneity and  
fluctuation dissipation relation 

 
Maggi, Claudio1; Maggi, Claudio1; Gnan, Nicoletta1 

(1) University "Sapienza" of Rome 
 
Many systems of wide theoretical and practical interest -like supercooled liquids, colloids, polymers, etc.- 
exhibit complicated structural and dynamical features. In particular, the motion of the constituting 
elements of these systems (atoms, macromolecules,  monomers, etc.,) might be characterized by large 
spatial heterogeneities displaying large fluctuations in space. Parallel to that these system easily fall out of 
the thermodynamic equilibrium in many situations. In this talk, I will present the results of a novel 
experiment aimed to characterize directly the dynamical heterogeneity in off-equilibrium nanoparticle [1] 
colloidal suspensions. In addition to that I will report on the experimental studies testing the off-
equilibrium fluctuation-dissipation relation in an aging colloidal system [2] and the conceptual problems 
arising from these works. This discussion will be complemented by some recent theoretical/numerical 
results [3,4] individuating a subclass of system with simpler aging dynamical properties. I will 
underlining how these findings suggest new promising routes to follow in the experimental study of 
supercooled liquids gels and glasses.  
 
[1] C. Maggi et al., Phys. Rev. Lett., 109 (2012)  097401 
[2] C. Maggi et al. Phys. Rev. B 81 (2010) 104201, 
[3] N. Gnan, C. Maggi, et al. Phys. Rev. Lett. 104 (2010) 125902 
[4] N. Gnan, C. Maggi, et al. Phys. Rev. Lett. 110, (2013) 035701  
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Experimental evidence of a modified fluctuation-dissipation relation in a liquid crystal during a  

quench near a critical point 
 

Deseigne, Julien1; Ciliberto, Sergio1; Caussarieu, Aude1 

(1) ENS Lyon 
 
A large set of out-of-equilibrium systems violate experimentally the well-known fluctuation-dissipation 
theorem [1, 2]. The recent theoretical surge of generalized fluctuation-dissipation relations aim at getting 
a deeper insight into the mechanisms at stake in out-of-equilibrium processes [3, 4, 5, 6]. Here, we test 
experimentally one of those relations [6] through the orientation fluctuations of the director of a nematic 
liquid crystal during a quench near the critical point of the Fréedericksz transition. We  reveal the first 
experimental evidence that such a relation holds in an aging liquid crystal. Indeed, whereas the 
fluctuation-dissipation theorem is violated for the long time scales of the aging dynamics, a modified one 
derived from the generalized relation in [6] holds at any time scale. We will describe the future 
perspectives on the comprehension of the out-of-equilibrium mechanisms into our system by 
characterizing the spatio-temporal fluctuations of the local orientation of the director.    
[1] S. Joubaud, B. Percier, A. Petrosyan & S. Ciliberto, Phys. Rev. Lett. 102 (2009) 130601. 
[2] S. Toyabe et al., Phys. Rev. Lett. 104 (2010) 198103. 
[3] M. Baiesi, C. Maes & B. Wynants, Phys. Rev. Lett. 103 (2009) 010602. 
[4] T. Speck & U. Seifert, Europhys. Lett. 74 (2006) 391. 
[5] J. Prost, J-F Joanny & J. M. R. Parrondo, Phys. Rev. Lett. 103 (2009) 090601. 
[6] G. Verley, R. Chétrite & D. Lacoste, J. Stat. Mech. 10 (2011) P10025. 
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A thermodynamic perspective on equilibrium and non-equilibrium dynamics 
 in glass forming liquids 

 
Cammarota, Chiara3; Biroli, Giulio2; Cavagna, Andrea1; Giardina, Irene1; Gradenigo, Giacomo2;  

Grigera, Tomas4; Parisi, Giorgio5; Verrocchio, Paolo3 
(1) CNR; (2) IPhT/CEA,Saclay; (3) IPhT/CEA,Saclay and LPTMC/UPMC,Paris; (4) INIFTA;  

(5) Sapienza 
 
Aging and non-equilibrium dynamics data represent the overwhelming part of experimental observations 
in glassy systems. These systems promptly fall out of equilibrium when temperature decreases below the 
so called glass transition temperature Tg, hence experiments are mainly able to probe the non-equilibrium 
physics instead of the thermodynamical features. This notwithstanding, a thermodynamic theory of the 
glass formation has been developed in the last decades. This theory is aimed at eventually encompass in 
the same theoretical picture the thermodynamics and the particular dynamical behavior of glassy systems; 
however, such a final unitary description is still under construction.  
In this talk I will present a recent numerical study of a biased dynamics in glassy systems, some thought 
experiments on the equilibrium and non-equilibrium dynamics in the new framework of systems with 
pinned particles, and a new thermodynamic interpretation of the aging phenomenology. Through the 
results of these studies, I will illustrate the emerging connection between glassy thermodynamics, slow 
heterogeneous dynamics, and aging phenomena. The final picture reveals, in accordance with the 
thermodynamic approach, a glassy dynamics ruled by the ephemeral phase coexistence of many hidden 
metastable states. 
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Heat flux probability and non-equilibrium fluctuation-dissipation theorem 

 

Lippiello, Eugenio1; Baiesi, Marco3; Sarracino, Alessandro2 

(1) Second University of Naples; (2) University of Rome "La Sapienza"; (3) University of Padova 
 
We use the generalization of the Fluctuation-Dissipation theorem, which holds in quite generality in non-
equilibrium systems, to express heat flux in terms of correlation and response functions.  
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Heterogeneous and anisotropic dynamics of a 2D gel 
 

Cristofolini, Luigi1 

(1) University of Parma 
 

The talk shall report on recent results obtained by interfacial rheological techniques [1,2] and by X-ray 
Photon Correlation Spectroscopy (XPCS) [3] on a bidimensional gel formed by a Langmuir monolayer of 
gold nanoparticles: The 2D geometry is peculiar, as it allows a continuous and controlled variation of the 
density of the gel. The dynamics is anisotropic, confined in the plane of the interface. The good quality of 
the XPCS data allows the characterization of dynamical heterogeneity by measuring- for the first time in 
an XPCS experiment- the 4.th order correlation function g (4)(t,τ). A superdiffusive regime can be 
identified on the nano scale, and the relaxation parameters can be controlled over a wide range. The 
XPCS results are compared with those from Tracking Microscopic techniques, which access the same 
phenomena in the direct space. The process of gellification can be schematized in 3 different steps: 
flocculation, network formation and compaction. The forming network shows the onset of a non-gaussian 
(Levy) distribution of features. The characterization of this hierarchy of features by means of different 
microscopies (SEM, AFM & optical techniques) may guide the fine tuning of certain parameters of 
practical relevance, such as mechanical strength or film porosity.  
[1] D. Orsi, G. Baldi, P. Cicuta, L. Cristofolini Coll. and Surf. A: 413, 71–77 (2012); 
[2] D. Orsi, A. Vezzani, R. Burioni, A. Pucci, G. Ruggeri, L. Cristofolini Coll. And Surf A (subm.); 
[3] D. Orsi, L. Cristofolini, G. Baldi, and A. Madsen, Physical Review Letters 108, 105701 (2012) 
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Fluctuation relation for weakly ergodic aging systems 

 
Crisanti, Andrea 1 

(1) Dipartimento di Fisica, Universita' di Roma "La Sapienza"  
 
A fluctuation relation for aging systems is introduced and verified by extensive numerical simulations. 
It is based on the hypothesis of partial equilibration over phase-space regions in a scenario of entropy 
driven relaxation. The relation provides a simple alternative method, amenable of experimental 
implementation, to measure replica symmetry breaking parameters in aging systems. The connection with 
the effective temperatures obtained from the fluctuation-dissipation theorem is discussed. 
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Nonlinear response of simple stochastic models of relaxation 
 

Diezemann, Gregor1 

(1) Universität Mainz 
 
 
I will discuss the nonlinear response of stochastic models with a dynamics that can be described by a 
master equation. The theoretical results will be exemplified using two simple models and will be 
discussed with possible relations to recent experiments on supercooled liquids[1] in which a peak in the 
modulus of the cubic response as a function of frequency has been observed[2]. The existence of this 
peak has been interpreted as an indication for the existence of 'glassy correlations' and has been related to 
a length scale. One very simple model that will be discussed is a model of dipole reorientations in an 
asymmetric double well potential and it is found that a peak in the nonlinear response occurs only in a 
very narrow temperature range and only for non-vanishing asymmetry. Outside this temperature regime, 
the response decays monotonuosly from its static value to the high-frequency limit. The second model 
considered is a trap model with a Gaussian density of states. Results will be presented for a special class 
of dynamical variables with exponential dependences on the trap energies chosen in such a way that 
different specific choices yield the same linear response. The cubic response, however, strongly depend 
on the specific choice of the dynamical variable and both, a peak as a function of frequency or 'trivial' 
monotonous behavior can be reproduced. 
 
[1] G. Diezemann, Phys. Rev. E 85 (2012) 051502, J. Chem. Phys. 138  (2013) 12A505 
[2] C. Crauste-Thibierge et al., Phys. Rev. Lett. 104 (2010) 165703 
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Time dependent correlations in a supercooled liquid from fluctuating nonlinear hydrodynamics 
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(1) Jawaharlal Nehru University 
 
We solve numerically the equations of nonlinear fluctuating hydrodynamics (NFH) for the super cooled 
liquid. The time correlation of the density fluctuations in equilibrium obtained here shows quantitative 
agreement with molecular dynamics(MD) simulation data. We study the slowing down of the relaxation 
dynamics of the liquid with decreasing temperature. We observe that the relaxation time shows a power 
law divergence at low temperature but at very high densities the divergence is removed. 
The dynamic evolution of a supercooled liquid in the free energy landscape is studied using the time 
dependence of density fluctuations obtained from the solutions of the equations of nonlinear fluctuating 
hydrodynamics (NFH), . A crossover from a continuous fluid type dynamics to that of hopping between 
different free energy minima is observed as the liquid is increasingly supercooled. Our results are also in 
agreement with equilibrium density functional analysis of the same system. The solutions of the NFH 
equations are analyzed to introduce complimentary density of voids in the supercooled liquid state and its 
static and dynamic correlations are computed. Nature of relaxations of vacancy correlation are observed 
to be similar to that of the density fluctuations. 
The correlation of density fluctuations at two different times is also studied for understanding the 
evolution of the non equilibrium states. The aging time dependence follows a modified stretched 
exponential form with a relaxation time which is dependent on the aging time. This is similar to the 
behavior seen in the aging data of dielectric response functions of a typical glass forming liquid. 
[1] Bhaskar Sen Gupta, Shankar P. Das and Jean-Louis Barrat.   
Physical Review E 83, 041506 (2011). 
[2]  Bhaskar Sen Gupta, L. Premkumer and Shankar P. Das  Physical Review E 85, 051501 (2012). 
[3] Bhaskar Sen Gupta, and Shankar P. Das.  J. Chem Phys. 136, 154506 (2012). 
[4] Bhaskar Sen Gupta, and Shankar P. Das. Int. J. Mod. Phys. B   26, 1250146 (2012) 
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Generalized Fluctuation-Dissipation Relation and Effective Temperature Upon Heating  
a Deeply Supercooled Liquid 

  
Gnan, Nicoletta1; Maggi, Claudio1; Parisi, Giorgio1; Sciortino, Francesco1 

(1) Università di Roma "Sapienza" 
 
Almost all liquids can form glasses if cooled fast enough; in this process, the liquid system falls out of 
equilibrium displaying time dependent thermodynamic properties. During this aging process we can 
rigorously define a time-scale dependent  effective temperature (Teff) by measuring the correlation and 
the response function thus extending the fluctuation-dissipation relation (FDR) to the off-equilibrium 
regime [1]. 
In the talk I will report on new numerical results on the off-equilibrium dynamics of an atomic liquid [2] 
obtained by extensive GPU-based simulations.  
I will show that a generalized FDR applies upon instantaneously increasing the temperature of a deeply 
supercooled liquid. This has the same two-step shape of the relation found upon cooling the liquid, but 
with opposite violation, indicating a Teff that is lower than bath temperature. 
 Teff measured displays a clear time dependence; further analysis indicates that T_eff coincides to a good 
approximation with the internal temperature obtained by an extended (off-equilibrium) thermodynamic 
framework based on the potential energy phase-space decomposition. 
It will be discussed how our numerical results suggest new and promising experimental routes to follow 
in the future studies of the FDR in glassy systems. 
[1] N. Gnan, et al. Phys. Rev. Lett. 104, (2010) 125902 
[2] N. Gnan, et al. Phys. Rev. Lett. 110, (2013) 035701 
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Statistical mechanics of a-thermal magnets and vertex models 
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(1) Universite de Pierre et Marie Curie; (2) Universite de Geneve; (3) Universite de Montpellier 2 
 
In geometrically frustrated magnets, the tendency to order locally is hampered by a structural restriction 
which gives rise to a macroscopic degeneracy of the ground state. This leads to interesting collective 
phenomena such as topological phase transitions [1], algebraic correlations and slow dynamics [2]. In this 
talk I will focus on a paradigmatic system presenting all these features: spin-ice in the square lattice.    
Very recently, artificial spin-ice (ASI) samples made of elongated ferromagnetic islands sitting on square 
lattices have been realised by nano-lithography [3]. In a way similar to granular materials, the elementary 
building blocks of these artificial magnets are mesoscopic. The lack of thermal fluctuations in ASI 
prevents the observation of the expected ground state. This has been a major experimental challenge in 
the field until the protocol proposed by Morgan et al. [4]. In these as-grown ASI samples thermalization 
proceeds during the slow growth of the magnetic islands.  
In this work we confront the equilibrium and out-of-equilibrium behavior of a simplified version of the 
more realistic dipolar spin-ice, the sixteen-vertex model coupled to a usual equilibrium thermal bath [1,2], 
the one of as-grown ASI samples [4,5]. 
We study the vertex model by Monte-Carlo simulations and  an analytic approach based on the cavity 
method developed in [2]. Numerical and analytical calculations agree and both reproduce quantitatively 
population measurements performed in ASI [4,5], showing thus the relevance of the sixteen-vertex model 
in this context. We perform a number of predictions concerning the equilibrium phases, the correlations 
and the nature of the fluctuations in the model. These can be tested in the lab and seed light into the 
thermodynamics of ASI.   
[1] L. Foini, D. Levis, M. Tarzia and L. F. Cugliandolo, arXiv: 1210.8361 (2013) to appear in J. Stat. 
Phys.  
[2] D. Levis and L. F. Cugliandolo, EPL 97 (2012) 30002. 
[3] R. Wang el al., Nature 439 (2006) 303. 
[4] J. Morgan et al., Nature Phys. 7 (2010) 75. 
[5] J. Morgan et al., Phys. Rev. B 87 (2013) 024405. 
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Experimental determination of the temporal evolution of dynamical heterogeneities in metastable  

colloidal fluids during solidification 
 

Golde, Sebastian3; Franke, Markus2; Schöpe, Hans Joachim1 

(1) Max Planck Institute for Polymer Research; (2) Johannes Gutenberg-Universität; (3) Graduate  
School Materials Science in Mainz 

 
An interesting property of the metastable melt is that it exhibits spatial heterogeneous dynamics [1]. The 
dynamics can be understood as an accumulation of mobile and immobile particles. Recent computer 
simulations suggested that the local structure and the local dynamics of the metastable melt are correlated 
to each other [2]. In order to investigate these phenomena we used highly cross-linked polystyrene 
particles dispersed in a good solvent 2-ethylnaphtalene serving as a good hard sphere like model system. 
The local dynamics in the metastable colloidal melt were measured with our recently new designed 
multispeckle correlation spectroscopy (MSCS) setup which performs space- as well as time-resolved 
dynamic light scattering. The solidification kinetics was measured using an advanced time-resolved laser 
light Bragg scattering setup. 
The correlation between the particle dynamics and the solidification kinetics could be quantified by 
analyzing the temporal evolution of the local particle dynamics, the ensemble averaged dynamic structure 
factor and the solidification kinetics. 
[1] L. Berthier & G. Biroli, Reviews of Modern Physics, 83, 2011 
[2] T. Kawasaki & H. Tanaka, Journal of Physics-Condensed Matter, 22, no. 23, 2010 
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Experimental study of aging kinetics and its final state 

 
Kobayashi, Mika1; Tanaka, Hajime1 
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Aging of glasses is a non-equilibrium process where a glassy system evolves towards a more “stable” 
state, however, the nature of the final (metastable) state and even its existence have not been clear. We 
succeeded in observing an “equilibrated” glassy state by calorimetric experiments on water/salt mixtures 
and the results did not depend on the thermal history [1]. In addition, aging kinetics at different annealing 
temperatures obeys a scaling law. We propose that the final state of aging may be a quasi-equilibrium 
metastable liquid at least for a temperature not far from the glass transition temperature Tg. Thus, the 
final state we observed here may be regarded as the supercooloed liquid state obtained by infinitely slow 
cooling (a quasi-equilibrium path), indicating that the glass transition temperature is determined solely by 
a kinetic crossover and not an intrinsic property of the system.   
[1] M. Kobayashi & H. Tanaka, in preparation (2013).  
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Vapor-deposited ultrastable glasses have been annealed at temperatures slightly above the glass transition 
temperature. The resulting glass exhibits two clear heat capacity overshoots with different onset and 
fictive temperatures, corresponding to the coexistence of two glassy states with different kinetic and 
thermodynamic stabilities. In the case of toluene films, the nature of the transformed glass depends on the 
annealing temperature above Tg, suggesting a non-ergodic transformation of the ultra-stable glass which 
produces an out of equilibrium super-cooled liquid. This behavior is possibly related to the slow 
transformation time observed in the ultrastable glass, 105 times slower than the structural relaxation time 
(τα) of supercooled liquid toluene. Other factors such as the transformation mechanism, which depends on 
the thickness of the films, can also play a role in these observations.  The effect of aging on these films 
has also been studied.  
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We report on glassy dynamics and aging behavior in a 2D stripe-forming system free of topological 
defects. Numerical simulations based on model B with Coulomb interactions were performed for a wide 
range of noise strengths. The autocorrelation function of the local stripe orientation obeys the scaling 

form Cθt ,tw~tw
− b⋅ft /t w, typical for glassy dynamics, and we argue that the relaxation time of 

the orientation fluctuations diverges. Spatial correlations are anisotropic, exhibiting a fast decay parallel 
to the stripes and an emerging power-law behavior in the perpendicular direction. We also investigate 
aging effects in other modulated phases, such as a hexagonal system in 2D and a lamellae-forming system 
in 3D. 
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Using molecular dynamics computer simulations, we study the aging dynamics of amorphous SiO2. 
Starting from fully equilibrated configurations at high temperatures the system is quenched to 
temperatures which are below Tc. We then observe the resulting microscopic dynamics as a function of 
the waiting time tw, the time elapsed since the temperature quench.  We use single particle trajectories to 
identify "jumps" when the particle's average position changes over a short time interval significantly 
compared to its fluctuations.  We find that the only tw -dependent microscopic quantity is the number of 
jumping particles per unit time. Similar to previous studies for fragile glass formers, we show here for the 
strong glass former SiO2 that neither the distribution of jump lengths nor the distribution of times spent in 
the cage are tw-dependent [1].  We therefore find a surprising similarity of the jump dynamics of fragile 
and strong glass formers. 
[1] K. Vollmayr-Lee, R. Bjorkquist & L.M. Chambers, Phys. Rev. Lett. 110  (2013) 017801. 
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We investigate dynamic heterogeneities in floating grains by experiments. In experiments, we distribute 
grains on water and generate standing wave by shaking the bottom of container. The grains are driven by 
standing wave and interact with other grains through the capillary forces. In our experiments, we fix the 
shaking amplitude and frequency. Thus, the area fraction of floating grains is the most important 
parameter. Because the grains are transported by convection, its displacements can be decomposed into 
two parts, i.e. displacements by convection and fluctuation. We subtract the displacements by convection 
from grains’ displacements and find that the mean square displacements show crossovers from sub-
diffusion to normal diffusion, where the crossover time diverges near the jamming point. We introduce 
the mobility of floating grains and estimate time scales from the dynamic susceptibility defined as the 
variance of mobility. We also introduce the four-point correlation function and measure the dynamic 
correlation length of floating grains. Both the time scale and the dynamic correlation length diverge near 
the jamming point, and the dynamic critical exponent obtained from our experiments corresponds to the 
previous works of driven granular systems [1].  
 [1] C. Sanli, K. Saitoh, S. Luding, and D. van der Meer, “Dense heterogeneous flow of cohesive floaters 
on capillary ripples: A comparative study on morphological and conventional approaches to understand 
dynamic heterogeneities”, in preparation. 
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Non-equilibrium molecular dynamics simulations were performed to study the thermodynamic, structural, 
and dynamical properties of the single-component Lennard-Jones and the Kob-Andersen binary Lennard-
Jones liquids[1]. Both systems are known to be strongly correlating [2], i.e., have strong correlations 
between equilibrium thermal fluctuations of virial and potential energy. Such systems have good 
isomorphs, i.e., curves in the thermodynamic phase diagram along which structural, dynamical, and some 
thermodynamic quantities are invariant when expressed in reduced units. The SLLOD equations of 
motion were used to simulate Couette shear flows of the two systems [3]. We show analytically that these 
equations are isomorph invariant provided the reduced strain rate is fixed along the isomorph. Since 
isomorph invariance is generally only approximate, a range of shear rates were simulated to test for the 
predicted invariance, covering both the linear and non-linear regimes. For both systems, when represented 
in reduced units the radial distribution function and the intermediate scattering function collapse for state 
points that are isomorphic. The strain-rate dependence of the viscosity, which exhibits shear thinning, is 
also invariant along an isomorph. Our results extend the isomorph concept to the state-state non-
equilibrium situation of a shear flow, in which the phase diagram is three dimensional because the shear 
rate defines the third dimension. 
[1] L. Separdar et al., Submitted to J. Chem. Phys. 
[2] U. Pedersen et al., J. Non-Cryst. Solids 357 (2011) 320 
[3] D. J. Evans and G. P. Morriss, Phys. Rev. A 30 (1984) 1528 
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There is growing evidence that the flow of driven amorphous solids is not homogeneous, even if the 
macroscopic stress is constant across the system [1, 2, 3]. Via event driven molecular dynamics 
simulations of a hard-sphere glass, we provide first direct evidence for a correlation between the 
fluctuations of the local volume-fraction and the fluctuations of the local shear rate [4]. Higher shear rates 
do preferentially occur at regions of lower density and vice versa. The temporal behavior of fluctuations 
is governed by a characteristic time scale, which, when measured in units of strain, is independent of 
shear rate in the investigated range. A detailed comparison, however, reveals serious inconsistencies. In 
particular, the amplitude of the fluctuations of the shear rate seems to be decoupled from that of density, a 
feature which is rather unexpected within shear concentration coupling theory picture. An alternative 
interpretation of our observations is also discussed invoking dynamic heterogeneity [3]  
[1] F. Varnik, L. Bocquet, J.-L. Barrat, L. Berthier, Phys.Rev. Lett. 90, 095702 (2003). 
[2] R. Besseling, L. Isa, P. Ballesta, G. Petekidis, M.E. Cates and W. C. K. Poon, Phys. Rev. Lett. 
105,268301 (2010). 
[3] S. Mandal, M. Gross, D. Raabe, and F. Varnik, Phys.Rev. Lett. 108, 098301 (2012). 
[4] V. Schmitt, C. M. Marques and F. Lequeux, Phys. Rev.E 52, 4009 (1995) 
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A defining mechanical property of amorphous materials is the existence of a yield stress - in the case of 
soft materials, flow occurs only when the applied stress exceeds a threshold value. Understanding the 
mechanisms of yielding and subsequent flow is important for a variety of rheological applications. In this 
context, it has been recently proposed that spatially correlated plastic events drive the flow of such 
materials, implying that spatial confinement would impact the nature of dynamical properties. 
Using numerical simulations, we investigate [1] the response behaviour of a model glass, confined 
between rough walls, using different stress fields in Couette and Poiseuille flow geometries. For Couette 
flow, one observes that the time-scales for the onset of flow diverges as the applied stress is decreased. 
Further, a pronounced creeping regime is seen near the yield stress, which is associated with strong 
spatio-temporal heterogeneity in dynamics.  In the case of the Poiseuille flow, we observe that the 
threshold stress at which steady flow is observed, is larger compared to the case of Couette flow. Thus, 
we demonstrate that the response of the confined glass depends on the spatial nature of the imposed stress 
field - its interplay with the correlated occurrence of plastic events determine the threshold for yielding, as 
predicted by a recently introduced flow model [2]. 
[1] P. Chaudhuri and J. Horbach, submitted (2013). 
[2] P. Chaudhuri, V. Mansard, A. Colin, and L. Bocquet, Phys. Rev. Lett. 109, 036001 (2012). 
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Colloidal gel networks are disordered elastic solids that can form even in extremely dilute particle 
suspensions [1]. Similarly to other network-forming soft materials, including many with important 
biological function [2] or technological potential [3], they can locally restructure via breaking and 
reforming inter-particle bonds. This allows for yielding, self-healing and adaptive mechanics under 
deformation. Although controlling the link between local restructuring and mechanical response bears 
enormous potential for designing smart nano-composites, there is at present little understanding of how 
local bond changes affect the dynamics of the gel network and the stress transmission through it. Here, 
using numerical simulations of a model system [4] and a space-resolved analysis of the relationship 
between its structure and dynamics, we show that bond breaking has non-local consequences and induces 
cooperative relaxation of the gel network over distances up to a few times the average mesh size. This 
provides explicit microscopic insight into why non-local constitutive relations are required to rationalize 
the non-trivial mechanical response of colloidal gels [5]. 
[1] P. J. Lu, E. Zaccarelli, F. Ciulla, A. B. Schofield, F. Sciortino, D. A. Weitz. Nature 453, 499 (2008). 
[2] O. Lieleg, J. Kayser, G. Brambilla, L. Cipelletti, A. R. Bausch. Nature Materials 10, 236 (2011). 
[3] C. Yan, A. Altunbas, T. Yucel, R. P. Nagarkar, J. P. Schneider, D. J. Pochan. Soft Matter 6, 5143 
(2010). 
[4] E. Del Gado, W. Kob. Soft Matter 6, 1547 (2010). 
[5] J. Goyon, A. Colin, G. Ovarlez, A. Ajdari, L. Bocquet. Nature 454, 84 (2008). 
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We propose a new approach to the physics of glass-forming structural liquids, based on the introduction 
of conserved volume fields, defined via the Voronoi tessellation of the fluid configurations. These fields 
encode naturally fluctuations of the density which imply moments of the distribution of arbitrarily high 
order, and are therefore not accounted for by the structure factor, nor by any perturbative approach. We 
show that another collective field, of vectorial character, and termed “geometrical polarization”, is 
conserved. It describes the local anisotropies of the surrounding of particles in a fluid. The relevance of 
these fields for a finer description of glass-forming liquids will be shown, by showing that the structural 
relaxation in supercooled liquids involves substantial dynamical coupling between density and volume 
fields. The outline of a generalized mode-coupling approach, where these volume fields are incorporated, 
will also be discussed. 
Ref: J. Farago, A.N. Semenov and S. Frey, submitted to PRL. 
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We have investigated the dynamic heterogeneities of soft thermosensitive microgels suspensions. The 
microgels can be designed with various softnesses, depending on the cross-linker density. More 
importantly, the particles radius in the suspension, and therefore their volume fraction, can be reversibly 
tuned with temperature, which provides a unique way to explore the phase behavior on the same sample. 
The suspensions heterogeneous dynamics was first characterized by looking at the thermal fluctuations of 
probe particles, since the microgels were almost index matched, and thus impossible to visualize under 
the microscope. When approaching the glass transition, the dense colloidal suspensions were found to 
develop a spatially heterogeneous dynamics, featured by fast and slow domains coexisting through the 
sample, on relatively short time scales. We have characterized the distribution of these domains of 
different dynamics through the sample, at equilibrium and out-of-equilibrium [1]. In suspensions with 
particles exhibiting a higher cross-linking density, and thus visible under the microscope, we have 
measured spatial correlations through the sample using image correlation techniques. A growing 
correlation length of these domains was extracted with increasing volume fraction [2]. 
[1] R. Colin, A. Alsayed, J.-C. Castaing, R. Goyal, L. Hough, & B. Abou, Soft Matter 7 (2011) 4504. 
[2] R. Colin, A. Alsayed, C. Gay & B. Abou, submitted (2013). 
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We extend the Percolation of Free Volume Distribution (PFVD) model developed by Long and co-
workers to deal with polymer blends dynamics close to the glass transition. The dynamical model 
incorporates an extension of the Flory Huggins model to the case of compressible blends for calculating 
the driving forces. Spatial dynamics follows then from an Onsager like description. The model is solved 
on a 2D lattice corresponding to spatial scales of about a few tens to 100 nm and a resolution 
corresponding to the scale of dynamical heterogeneities, allowing to study inter-diffusion mechanisms of 
species in polymer blends close to Tg, in particular during the process of phase separation. We deal with 
non-entangled polymers having a degree of polymerization smaller than 50 typically. In the course of 
spinodal decomposition, we observe slow structures building, which coexist with fast ones. Domains are 
found to grow like the logarithm of the time. We study also the reverse process, after the temperature is 
increased again in the totally miscible range. We observe a temporal asymmetry between the aging and 
the rejuvenation dynamics: the slow domains melt much faster than the elapsed time required to build 
them during the separation process and total miscibility is recovered after a much shorter time.  
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The issue of effective temperature for driven out-of-equilibrium systems has been subject of a number of 
theoretical and numerical studies (see, e.g., [1-3] and references therein). The effective temperature 
reflects the fluctuations of the system at large time scales, relevant for the slow structural relaxation. In 
order to measure the time-scale dependent temperature, different thermometers with tunable time scale 
have been introduced [2-3]. In the present study, we use the thermometer introduced in [2], a massive 
tracer particle whose average kinetic energy reflects the temperature associated with its momentum 
fluctuations. In Ref. [2], the effective temperature is measured for a binary Lennard-Jones mixture [4] 
sheared homogeneously using Lees-Edwards boundary condition. In this study, we shear the system using 
solid walls, thus introducing spatial inhomogeneity in structural relaxation, and investigate the effect of 
the walls on the local temperature in the system. The presence of the walls also provides a natural way to 
access spatial correlations in the system [5]. 
[1] L. F. Cugliandolo, J. Kurchan, and L. Peliti, Phys. Rev. E  55, 3898–3914 (1997). 
[2] L. Berthier, J.-L. Barrat, J. Chem. Phys. 116, 6228 (2002). 
[3] P. Ilg, J.-L. Barrat, EPL 79, 26001 (2007). 
[4] W. Kob, H. C. Andersen, Phys. Rev. E 51, 4626–4641 (1995). 
[5] N. Hamidi-Siboni, D. Raabe, J.-L. Barrat, F. Varnik (in preparation).  
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The Lorentz model is a simple model for transport in porous materials, where a point-like tracer explores 
the space between an array of quenched spherical obstacles. It was shown in previous computer 
simulations, that in the vicinity of the localization transition, the remaining void space becomes fractal, 
thus transport is drastically hindered and anomalous dynamics emerges. 
In the case where one considers only trajectories on the percolating cluster, sub-diffusive motion, 
characterized by a mean square displacement proportional to t^(2/d_w), is found to follow an exponent of 
d_w=4.81, known as the walk dimension. Employing extensive molecular dynamics simulation, both for 
ballistic and Brownian motion of the tracer particle, we investigate the spatio-temporal dynamics in terms 
of the intermediate scattering functions (ISF). Covering different time and length scales simultaneously, 
these functions are sensitive to both the underlying spatial fractal and the anomalous transport. Our 
simulations close to the critical density show slow, strongly nontrivial decay of the ISF, comparing well to 
results from a mode-coupling approach. [1] 
Furthermore, we conduct simulations probing the response of the tracer particle to an external force. A 
nonlinear connection between external force and tracer response is anticipated. 
[1] M. Spanner, S.K. Schnyder, F. Höfling, Th. Voigtmann, and T. Franosch, Soft Matter 9, 1604-1611 
(2013) 
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Swift Heavy Ions (SHI, M>20mp., Е>1 MeV per nucleon) lose more than 90% of their energy (1-10 
keV/nm) to excitation of the electron subsystem of a target. The subsequent energy and momentum 
transfer to the lattice has the crucial importance to structure transformations in SHI tracks. This transfer 
can be hardly described in terms of the macroscopic models because of the nanometric spatial and 
femtosecond-picosecond temporal scales of the process.  
The presented microscopic model consists of three different approaches combined together to describe the 
kinetics of a relaxing SHI track. A Monte Carlo (MC) is used to simulate electronic excitations stimulated 
by SHI penetration as well as further kinetics of appearing fast electrons. This MC is also taking care of 
the secondary electron ionization cascades and Auger-decays of deep holes. Further diffusive electron 
transport is accounted for by means of molecular-kinetic method tracing temporal and spatial evolutions 
of the density of electrons in a track. The accompanying energy and momentum exchange with the lattice 
is calculated basing on the dynamic structure factor (DSF) formalism describing the collective response 
of target atoms. The kinetics of the atomic ensemble is traced with the Molecular Dynamics (MD) 
allowing also self-consistent calculations of the DSF. 
The obtained little heating (~100K) of tracks of gold ions in LiF crystals agrees well with the experiment-
based estimations. 
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Recently we proposed a model for a "Cooee bitumen" [1]. The model contains four different molecules 
and reproduce the general features of bitumen. From extensive molecular dynamics simulations which 
use a GPU-based software [2], it was shown [1] that the model captures the correct viscosity and 
diffusivities of real bitumen solutions. In this talk, I will show results for the diffusive dynamics of each 
molecule, the autocorrelation function of the stress, and the rotational dynamics. These different degrees 
of freedom do not relax on the same time scale due to the complex structure of bitumen. It leads to 
dynamical heterogeneities as in a glass [3]. Moreover, these time scales are modified as the chemical 
composition changes, that is to say as bitumen ages. The long-time dynamics is shown to be controlled by 
the formation of nanoaggregates [1,4,5] composed of stacks of asphaltene molecules. I will give a 
detailed account for the kinetics of these aggregates and discuss how their formation can be controlled by 
different additives; this in turn will control the mechanical properties of the bitumen itself. 
[1] J. S. Hansen, C. A. Lemarchand, E. Nielsen, J. C. Dyre & T. Schrøder, J. Chem. Phys. Submitted 
(2013). 
[2] N. Bailey et al, in preparation. See www.rumd.org. 
[3] L. Berthier & G. Biroli, Rev. Mod. Phys. 83 (2011) 587. 
[4] L. Zhang & M. L. Greenfield, J. Chem. Phys. 127 (2007) 194502. 
[5] O. C. Mullins et al, Energy & Fuels 26 (2012) 3986. 
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The presence of fluctuating local relaxation times, τr(t), has been used for some time as a conceptual 
tool to describe dynamical heterogeneities in glass-forming systems. However, until now no general 
method is known to extract the full space and time dependence of τr(t) from experimental or numerical 
data. Here we report on a new method for determining a local phase field φr(t) which represents the 
time integral of the local relaxation rate 1/τr(t), starting from snapshots of the positions of the particles 
in a system [1]. We apply the method to data from numerical simulations of glass-forming liquids, both 
in the aging and in the supercooled regime. We find that at long distance scales dynamical 
heterogeneities are well described by fluctuations of the phase field, and that this description becomes 
better as the system becomes more glassy. This is consistent with predictions based on postulating the 
presence of a continuous symmetry in the dynamics of the system. We determine probability 
distribution functions and power spectra of the local relaxation rates, and study their variation with 
temperature and, in the case of aging systems, with waiting time. Since φr(t) and 1/τr(t) are 1-time 
quantities, we speculate that it might be possible to quantify dynamical heterogeneities in terms of 2-
point correlations, instead of the 4-point quantities, such as g4(r,t), S4(q,t), and , that are generally 
used today.  
 
[1] G. A. Mavimbela, H. E. Castillo and A. Parsaeian, arXiv:1210.1249. 
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Understanding the dynamics of polymer chains in confined states is still crucial in the field of soft 
condensed matter. Dynamic heterogeneity is widespread in the confined system and could strongly alter 
the overall dynamics, such as in the experimental case of a free surface or a held fixed region. In this 
work, we show the dynamic heterogeneity in the freeze-dried polystyrene system by using a combination 
of fluorescence nonradioactive energy transfer (NRET) method, TMA, and PALS. The NRET data shows 
that the interchain distance could be altered by other the primitive solution concentration of the freeze-
dried PS or the thickness of the free-standing film. Striking similarity of interchain packing density effect 
on the Tg is found in both the freeze-dried systems and free-standing films. The application of stress can 
induce the glass flowing. We applied a uniaxial stress on the freeze-dried PS, a shear-induced flow is 
curried in the region with reduced interchain packing density. The polymer chains in this region show 
increased segmental mobility, which prompts the shear-induced solid-to-fluid transition to happen well 
below the bulk glass transition temperature. 
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In the lattice Lorentz model, a single tracer particle performs a next-neighbor hopping dynamics in the 
presence of a certain fraction of frozen hard obstacles. Here, the symmetric random walk of the tracer is 
disturbed when a strong step force is switched on. It pulls the particle along one lattice direction and 
drives the system far from equilibrium. For this process, we focus on the time-dependent velocity as 
primary response variable. The calculation is exact to first order in the obstacle density and holds for 
arbitrarily large forces. In particular, we show that the nonlinear mobility in the stationary state becomes 
non-analytic in the driving force. Furthermore we demonstrate that the stationary velocity is approached 
exponentially fast for any finite values of the force. This result is in striking contrast to the power-law 
relaxation predicted within linear response due to the power-law decay of the velocity autocorrelation 
function in equilibrium [1]. We discuss the range of validity of our analytic results by comparison to 
Monte Carlo simulations. 
[1] T. M. Nieuwenhuizen, P. F. J. van Velthoven, and M. H. Ernst, Phys. Rev. Lett. 57, 2477 (1986) 
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Until now, many substances of pharmacy have been developed especially in the crystalline state for 
obvious reasons of stability. Either by accident or design, they may also exist in a total or partially 
amorphous state. Due to its higher free energy, the amorphous form of a drug often shows an improved 
solubility, accelerated dissolution and bioavailability promoting therapeutic activity when compared to its 
crystalline state. The development of active substances in the amorphous form thus offers an interesting 
route and has motivated a strong interest in the last decade. However, these forms are inherently unstable 
physically which is a significant concern from a pharmaceutical perspective. Molecular mobility is 
generally recognized to be a key parameter governing physical stability. It can be assessed in situ by 
dielectric relaxation spectroscopy, a powerful and non invasive tool. We will discuss some of the most 
relevant aspects characterizing the complex dynamics of amorphous pharmaceuticals belonging to the 
family commonly referred to as profens which can have a significant influence on crystallization 
processes and stability. 
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Bioprotection by sugars is a relevant topic due to its implications in many fields. Here we report on 
results obtained on binary water/sugar and ternary protein/water/sugar systems, in a wide range of 
temperature, at different water content and homologues disaccharides. The data presented come from a 
complementary set of Molecular Dynamics simulations and FTIR measurements. The peculiar effect of 
trehalose on protein and matrix dynamics, and the key role of the residual water in regulating both of 
them, are pointed out. Results are also discussed in the light of data from a larger set of experimental 
techniques, on different time and space scales, providing a consistent picture of bioprotection from the 
atomistic to the macroscopic level.  
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How strongly does trehalose interact with lysozyme in the solid state? 
 

Lerbret, Adrien1;  Affouard, Frédéric 2; Hédoux, Alain 2; Krenzlin, Stefanie 3; Siepmann, Jürgen 3; 
Bellissent-Funel, Marie-Claire 4; Descamps, Marc 2 
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Therapeutic proteins are usually very labile in solution and are therefore conserved in glassy matrixes 
composed of stabilizing excipients and a residual amount of water. To shed some light on the protein-
matrix interactions in such systems, we performed molecular dynamics (MD) simulations on amorphous 
matrixes of (i) the model protein lysozyme (L), (ii) the bioprotectant trehalose (T), and (iii) the 1:1 (in 
weight) lysozyme/trehalose mixture (LT), at hydration levels h of 0.0, 0.075 and 0.15 (in g of water/g of 
protein or sugar) [2]. We also supplemented these simulations with inelastic neutron scattering (INS) 
experiments on the L, T and LT lyophilized (freeze-dried) samples [1]. The computed densities and free 
volume distributions indicate that trehalose improves the molecular packing of the LT glass with respect 
to the L one. Accordingly, the low-frequency vibrational density of states (VDOS) and the mean-square 
displacements (MSDs) of lysozyme reveal that it is less flexible – and thus less likely to unfold – in 
presence of trehalose. Furthermore, at low contents (h=0.075), water systematically stiffens the 
vibrational motions of lysozyme and trehalose, whereas it increases their MSDs on the nanosecond (ns) 
time scale. Trehalose also slows down significantly the relaxation of lysozyme-water hydrogen bonds 
(HBs). Overall, our results suggest that the stabilizing efficiency of trehalose in solid matrixes arises from 
its ability to (i) form many HBs with proteins in the dry state and (ii) make stable on long (> ns) time 
scales the HBs formed by water with proteins. 
[1] A. Lerbret, F. Affouard, A. Hédoux, S. Krenzlin, J. Siepmann, M.-C. Bellissent-Funel & M. 
Descamps, J. Phys. Chem. B 116 (2012) 11103. 
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Bioprotection is a widely studied topic with many possible applications in agro-industrial and medical 
fields. Saccharides, and in particular trehalose, are among the molecules most useful to attain effective 
bioprotection. However, the underlying mechanisms are not clear and their elucidation is a challenging 
focus of many researches. Many hypotheses have been outlined, which generally hold true in specific 
systems or in the time- or space-scale of specific experiments. With the aim to overcome the differences 
and bring together different points of view, we report on results obtained on binary sugar/water and 
ternary protein/sugar/water systems, in a wide range of water content and temperature and in different 
space-scales, from a complementary set of techniques (Infrared Spectroscopy, Small Angle X-ray 
Scattering and Calorimetry). The collected results provide a consistent description of the bioprotection by 
sugars from the atomistic to the macroscopic level, suggesting that bioprotection can be explained in 
terms of a strong coupling of the protein surface to the matrix via extended hydrogen-bond networks. 
Their properties would be defined by all the components, and, in particular, would be strongly dependent 
on water content. The reported data show how carbohydrates having similar hydrogen-bonding 
capabilities exhibit different efficiency in preserving biostructures, and that difference on local 
homogeneity of the samples have to be taken into account. 
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Analysis of protein denaturation and bioprotection mechanisms by Raman spectroscopy 
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The contribution of Raman spectroscopy to the analysis of protein denaturation process and to the 
description of bioprotection mechanisms will be shown from in-situ investigations of model proteins 
during their exposition to different kinds of stress, in presence and not of disaccharides. Raman 
spectroscopy investigations carried out in the 5 – 300 cm-1 spectral range, provide information on the 
coupling of protein-solvent dynamics, and on the structural organization of the hydrogen-bond network in 
the solvent during the denaturation process. Experiments simultaneously carried out in the 800 – 1800 
cm-1 fingerprint region of the protein gives the opportunity to monitor conformational changes in model 
proteins in relation with the structural and dynamical changes in proteins and solvent. Comparison 
between denaturation processes induced by different kinds of stress will be presented. Using D2O as 
solvent leads to the analysis of the solvent-accessible surface area in absence and in presence of sugar. 
The use of D2O also provides information on interactions between water/solutes and buried residues of 
the native proteins which become exposed to the solvent during the denaturation process. These 
experiments give a detailed description of the bioprotection mechanisms at the molecular level 
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Amorphous organic solids (glasses) have received attention for their applications in pharmaceutical and 
electronic technologies and for their unusual crystallization behavior.  Recent studies have discovered fast 
modes of crystal growth that emerge as organic liquids are cooled to become glasses, both in the bulk and 
at the free surface, leading to growth rates orders of magnitude faster than predicted by standard models 
[1,2].  These phenomena are unknown or uncommon for inorganic and polymeric glass-formers; they are 
relevant for developing stable organic glasses against crystallization. We report recent studies to 
understand these phenomena by relating them to bulk relaxation and surface diffusion [3], by observing 
their dependence on crystal polymorphs [1], and by perturbing and inhibiting them with polymer 
additives [4]. 
References: 
1.  Sun, Y.; Xi, H.; Ediger, M. D.; Richert, R.; Yu, L. J. Chem. Phys. 2009, 131, 074506. 
2.  Sun, Y.; Zhu, L.; Kearns, K. L.; Ediger, M. D.; Yu, L. Proc. Natl. Acad. Sci. U. S. A. 2011, 108, 

5990. 
3.  Zhu, L.; Brian, C.; Swallen, S. F.; Straus, P. T.; Ediger, M. D.; Yu, L. Phys. Rev. Lett. 2011, 106, 

256103. 
4.  Cai, T.; Zhu, L.; Yu, L. Pharm. Res. 2011, 28, 2458. 
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Protein Dynamics and Relevance to Computer-Aided Drug Discovery 
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Protein dynamics plays a key role in molecular events in the cell. Significant efforts in computational 
biology have been invested in understanding and modeling conformational dynamics. Our lab has 
introduced elastic network models and spectral graph theoretical analysis methods for exploring the 
structural dynamics of large biomolecular systems or allosteric machines. These methods found utility in 
many applications and helped us gain insights into the intrinsic, structure-encoded ability of proteins to 
favor specific reconfigurations of target proteins in the presence of substrate/ligand binding. Another, 
more conventional method of approach has been to perform molecular simulations, not only in water, but 
in the presence of probe molecules representative of drug fragments. These two approaches have proven 
to nicely complement each other, providing us information on the allosteric dynamics of target proteins, 
and on their druggability, respectively. These recent progresses now permit us to efficiently predict 
alternative conformers that are likely to be stabilized upon ligand- or drug-binding,1,2 and use them in 
conjunction with established docking methods for an accurate assessment of target druggability as well as 
maximal binding affinity.3  Recent applications to targets such as murine double mutant-2, protein 
tyrosine phosphatase 1B (PTP1B), lymphocyte function-associated antigen 1, vertebrate kinesin-5 (Eg5), 
and p38 mitogen-activated protein kinase illustrate the utility of the method. New tools are now being 
implemented our software suite,4 to allow users to make a quick assessment of the druggability of protein 
targets and identifying allosteric or novel sites for drug binding, before embarking into more costly drug 
discovery and development efforts.  The analysis usually yields multiple potential binding sites on a given 
target, along with a series of collective modes of motions (including those relevant to allosteric signaling). 
We will discuss the utility of identifying such multiple binding sites and multiple modes of motions on 
selected targets toward designing polypharmacological strategies for targets showing multidrug 
resistance.  
References 
1.  Bakan A, Bahar I (2009) The intrinsic dynamics of enzymes plays a dominant role in 
determining the structural changes induced upon inhibitor binding. Proc Natl Acad Sci U S A. 
106:14349-54.  
2. Meireles L, Gur M, Bakan A, Bahar I. (2011) Pre-existing soft modes of motion uniquely defined 
by native contact topology facilitate ligand binding to proteins. Protein Sci. 20:1645-58.  
3. Bakan A, Nevins N, Lakdawala AS, Bahar I. (2012) Druggability Assessment of Allosteric 
Proteins by Dynamics Simulations in the Presence of Probe Molecules. J Chem Theory Comput. 
8:2435-2447. 
4. Bakan A, Meireles LM, Bahar I.  (2011) ProDy: protein dynamics inferred from theory and 
experiments. Bioinformatics 27:1575-7.  
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Over the last years, we have investigated the plasticization and antiplasticization of amorphous matrices 
consisting of carbohydrate polymers by polar additives of low molecular weight, including water, polyols 
and disaccharides [1,2]. In this, we have specifically focused on the structure of the glassy state as 
revealed by positron annihilation lifetime spectroscopy (PALS). Recently, we have extended our 
investigations to matrices consisting of proteins, in particular gelatin [3], and chemically-modified 
carbohydrates. We present novel results on protein and modified carbohydrate matrices for ternary 
systems with water and with disaccharides or polyols. For both classes of systems significant changes in 
the plasticization and antiplasticization regimes are observed, which we attempt to link to the differences 
in molecular structure of the biopolymers. Furthermore, we investigate to which extent the relation 
between molecular packing and dynamic modes as previously established for the carbohydrate-based 
matrices holds for the protein- and chemically-modified carbohydrate matrices, with focus on the 
performance of biopolymer-based matrices in encapsulation and biostabilization. 
[1]. S. Townrow, M. Roussenova, M.-I. Giardiello, A. Alam & J. Ubbink, J. Phys. Chem. B 114 (2010) 
1568. 
[2] M. Roussenova, M. Murith, A. Alam & J. Ubbink, Biomacromolecules 11 (2010) 3237. 
[3] M. Roussenova, J. Enrione, P. Diaz-Calderon, A.J. Taylor, J. Ubbink & M.A. Alam, New J. Phys. 14 
(2012) 035016. 
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Transformations of poorly water-soluble crystalline pharmaceuticals to the amorphous form is one of the 
most promising strategies to improve their oral bioavailability. We present a novel way of stabilization of 
amorphous anti-inflammatory drug - celecoxib (CEL) - against recrystallization by preparing binary 
amorphous celecoxib-octaacetylmaltose (CEL-acMAL) systems by quench-cooling of the molten phase. 
We find that CEL in the amorphous mixture with acMAL is characterized by a much better solubility than 
pure CEL. We report very promising results of the long-term measurements of stability of the CEL-
acMAL binary amorphous system with small amount of stabilizer during its storage at room temperature. 
Moreover, we examine the effect of adding acMAL on molecular dynamics of CEL in the wide 
temperature range both in the supercooled liquid and glassy states. We find that the molecular mobility of 
the mixture of CEL with 10wt% acMAL in the glassy state is much more limited than that in the case of 
pure CEL, which correlates with the better stability of the amorphous binary system [1]. 
[1] K. Grzybowska, M. Paluch, P. Wlodarczyk, A. Grzybowski, K. Kaminski, L. Hawelek, D. 
Zakowiecki, A. Kasprzycka, I. Jankowska-Sumara, Mol. Pharmaceutics 9 (2012) 894 
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The industrial formulation processes used to prepare drugs impose high energy mechanical constraints 
which involve dynamic aspects in addition to temperature or pressure variations. These specific 
perturbations are, for example, the frequency of the shocks upon milling or the rate of desolvatation 
during spray drying or freeze-drying. Dynamic aspects are also clearly important during extrusion. 
Materials which are driven by dynamic stresses undergo modifications of their physical state which affect 
solubility and bioavailability: amorphizations, or recrystallizations, accelerated aging or rejuvenation, 
interconversions between polymorphic crystalline states... Physical and chemical stabilities can be 
modified either in the bad or good direction [1]. In this presentation we illustrate the variety of 
modifications that can be observed. Basically they are non equilibrium phase transformations for which 
no general framework is available. Some operational rationalizations however emerge which offer poss 
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Pharmaceutical glassy solid dispersions are single-phase materials designed to improve the bioavailability 
of active pharmaceutical ingredients (API). These solid dispersions are different from mechanical 
mixtures of an amorphous API and an amorphous excipient. They are mainly prepared by spray drying of 
solutions, giving rise to an API dispersed at the molecular level in a polymer matrix, i.e. a raw material in 
the form of a homogeneous amorphous phase. In most cases, such amorphous materials are studied by 
differential scanning calorimetry (DSC), as the observation of a glass transition (Tg) proves that they are 
a glass and therefore amorphous. By contrast, X-ray diffraction is rather seldom used to characterize solid 
dispersions beyond the observation of the absence of Bragg peaks. 
For the case of cefuroxime axetil/copovidone it will be demonstrated how a combination of DSC and X-
ray diffraction can be used to characterize and patent a solid dispersion and how to distinguish it from a 
mechanical mixture of an amorphous API and an amorphous excipient. 
Keywords: pharmaceutical solid dispersions, glassy state, glass transition, short-range order, pair 
correlation function. 
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The structural stability of the protein based medicine in the extreme conditions is of great challenge for 
pharmaceutical industry. Polyhydroxy compounds, including carbohydrates (sugars) and sugar-alcohols, 
are well-known cryo- and lyo-protectors, which minimize destabilization of proteins and biological 
systems during freezing and drying processes. However, freeze-destabilization of proteins is commonly 
observed even in presence of sugars. Several mechanisms proposed for freeze-destabilization of proteins, 
including different freeze-concentration effects, cold-denaturation, and destabilization of proteins due to 
interfaces between ice crystals and remaining unfrozen solution. Our recent finding reveals sub-micro 
inhomogenety in concentrated sorbitol-water mixtures.  While neither ice nor sorbitol crystallize, sharp 
interfaces develop when the system is cooled below its glass transition temperature. The nature of these 
interfaces and their impact on stability of proteins using Small Angle Neutron Scattering will be 
discussed. 
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Low-frequency Raman scattering measurements have been here employed for the characterization of 
networking properties of cyclodextrin nanosponges, a new class of cross-linked polymeric materials built 
up from natural oligosaccharides cyclodextrins. A detailed inspection of the low-wavenumber vibrational 
dynamics of these polymers is carried out, focusing on the modifications occurring on the so-called 
Boson Peak, with the aim of providing physical descriptors correlated to the cross-linking degree and 
elastic properties of the material [1,2]. The results seem to suggest that the stiffness of cross-linked 
polymers can be successfully tuned by acting on the type and the relative amount of the cross-linker 
during the synthesis of a polymer matrix, predicting and controlling their swelling and entrapment 
properties. The proposed experimental approach is a useful tool for investigating the structural and 
physicochemical properties of novel polymeric nanomaterials to be used for biomedical and 
pharmaceutical applications. 
[1] A. Mele, F. Castiglione, L. Malpezzi, F. Ganazzoli, G. Raffaini, F. Trotta, B. Rossi, A. Fontana, J. 
Incl. Phenom. Macrocycl. Chem., 69 (2011) 403 
[2] B. Rossi, S. Caponi, F. Castiglione, S. Corezzi, A. Fontana, M. Giarola, G. Mariotto, A. Mele, C. 
Petrillo,  F. Trotta, G. Viliani, J. Phys. Chem. B 116 (2012) 5323. 
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Pharmaceutical products are typically formed by crystalline drugs that are poorly water-soluble and show 
limited bioavailability. On the contrary amorphous forms show improved solubility. However, since the 
amorphous state has higher energy than their crystalline counterpart it may undergo crystallization during 
processing, storage, and use of the product. One of such products is celecoxib, a nonsteroidal anti-
inflammatory drug with a strong tendency to crystallize at room temperature [1].  Recently, vapor-
deposition has emerged as a unique methodology to produce ultrastable glasses (UG) with 
thermodynamic stabilities that cannot be reached by conventional cooling procedures from the liquid [2]. 
In this presentation, we report the formation of ultrastable glasses of celecoxib, produced from the vapor 
phase at 0.85 Tg. We investigate the stability of the ultrastable glass against crystallization using 
Differential Scanning Calorimetry and X-ray Diffraction and compare its behavior with conventional 
celecoxib glasses obtained from the liquid. We also explore new approaches to increase growth rate in 
order to accelerate production of the stable phase.  
[1] K. Grzybowska et al. J. Phys. Chem. B 2010, 114, 12792–12801 
[2] S. F. Swallen et al.  Science 315, 353-356 2007. 

 
 

 

http://www.springerlink.com/content/0923-0750/69/3-4/


   37 

Oral 
AP-BioP-17 

Changes in the phase transitions and transport properties of an intrinsically ibuprofen ionic liquid 
 

Viciosa, M. Teresa4; Santos, Gonçalo1; Costa, Alexandra3; Branco, Luis C.3;  

Dionísio, Madalena3; Correia, Natália2 

(1) REQUIMTE/CQFB, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa; (2) Unité  
Matériaux et Transformation (UMET), Université Lille 1; (3) REQUIMTE/CQFB, Faculdade de Ciências  

e Tecnologia, Universidade Nova de Lisboa; (4) CQFM - IN, Instituto Superior Técnico, Universidade  
Técnica de Lisboa 

 
Among the large number of applications of ionic liquids (IL), a special attention was devoted more 
recently to the intrinsic combination of ionic liquids with active pharmaceutical ingredients (API). The 
thus obtained IL_API, that may preserve or enhance the original biological and therapeutic activity of the 
API, has arisen as a potential strategy to overcome underlying difficulties of the API such as the low 
water solubility or the possibility of conversion between polymorphs. 
In this work, a novel ionic liquid having ibuprofenate as anion has been studied calorimetrically to 
investigate its thermal transformations. As it was expected, the intrinsic pairing of the API with the IL 
counterion, has originated significant changes in the thermal properties of the API such as a significant 
increase of the glass transition temperature. 
Dielectric relaxation spectroscopy has been used to probe the molecular mobility and to determine the 
transport properties of this novel ionic liquid. The diffusion coefficients and the mobility of the charges 
carriers were estimated in the IL_API supercooled state; furthermore the water influence was evaluated. It 
was observed a VFT-like temperature dependence of these quantities for both dried and hydrated 
material. 
Acknowledgement  
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There are a number of chemical compounds that readily convert to other isomers when their crystalline 
structure is lost (e.g., during melting or dissolution). This phenomenon involving the proton transfer 
reaction is known as tautomerization reaction. The proton migration becomes an important problem 
especially in pharmaceutical industry because there is a growing interest in amorphous drugs, 
characterized by better solubility and bioavailability. Recently, it has been shown that preparation of the 
amorphous pharmaceutical, in which tautomerization takes place, leads to the state which is chemically 
different than its crystalline counterpart. The proton transfer reaction can strongly affect the molecular 

dynamics of drug, its re-crystallization tendency and biological activity1,2,3. Herein, we present the 
effect of tautomerization on the molecular dynamics, physical stability and solubility of hypoglycemic 
agents from sulfonylurea group studied by means of experimental (dielectric spectroscopy, rheological 
measurements, infer-red technique, HPLC, and differential scanning calorimetry) and computational 
methods. 
1Z. Wojnarowska, Y. Wang, A.P. Sokolov, M. Paluch, Phys. Rev. E 86, (2012) 067104 
2Z. Wojnarowska, P. Wlodarczyk, K. Kaminski, K. Grzybowska, L. Hawelek, M. Paluch, J. Chem. Phys. 
133 (2010) 094507 
3Z. Wojnarowska, K. Grzybowska, K. Adrjanowicz, K. Kaminski, M. Paluch, L. Hawelek, R. Wrzalik, 
M. Dulski, W. Sawicki, J. Mazgalski, T. Tukalska, T. Bieg T. Mol. Pharmaceutics, 7 (2010) 1692 
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In recent years we observe a great interest in research on amorphous drugs and their physicochemical 
properties such as dissolution rate, solubility, physical and chemical stability or mechanical effects. 
However, as an amorphous pharmaceuticals so far are not very common, because amorphous state is not 
thermodynamically stable, and these substances tend to recrystallization. One of such pharmaceutically 
active ingredients, characterized by low physical stability is sildenafil - popular substance using in 
treatment of erectile dysfunction and to reduce the symptoms of pulmonary arterial hypertension. Our 
research has shown that the substance in supercooled liquid phase shows a strong tendency to 
recrystallization. The question is: "What are the molecular events responsible for the stability of the 
amorphous substance?" In order to find an answer to this question was carried out molecular dynamics 
analysis of sildenafil in the glassy phase, supercooled liquid and crystallization kinetics was studied. 
Crystallization kinetics of sildenafil was monitored under isothermal and non-isothermal conditions. 
Based on the analysis of the kinetics of crystallization using Avrami model for an obtained characteristic 
parameters of the crystallization process, such as crystallization rate constant k and exponent n, 
identifying the mechanism of nucleation. In addition, the activation energy was determined by 
crystallization process to obtain comparable values irrespective of the analysis method. In order to 
determine the stability of sildenafil in the glassy phase extended model Adam – Gibbs was applied and 
the prediction has been verified by X-ray structural studies. 
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Pharmaceutical manufacturing processes (milling, drying, extrusion …) may lead to a variety of physical 
state conversions of materials [1,2]. These modifications, which may affect solubility and physical 
stability of the compounds, can have a strong impact on the bioavailability of drugs. We present the 
investigation of the solid state amorphization by milling of a model active pharmaceutical ingredient 
(API) with the specific objective to get insight in the characteristics of the amorphous state. Combination 
of temperature modulated DSC and X-ray investigations allows following the progressive transformation 
of the material as well as the specificities of the end product. We demonstrate that high energy milling 
may amorphize the API. Systematic ageing investigation gives us a deeper understanding on the energy 
landscape of the amorphous end product thus obtained. It reveals exclusive features which may 
dramatically impact reactivity and stability. De-vitrification observed upon reheating have also 
calorimetric signatures which reveal peculiar re-crystallization processes which depend on the 
nanostructure of the material at different stages of milling. 
[1] J-F Willart, M. Descamps, Mol. Pharmaceutics, 5, (2008), 905-920.  
[2] J-F Willart, L. Carpentier, F. Danède, M. Descamps, J. Pharm. Sci., 101, (2012) 1570-1577. 
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 The phenomenon of atropisomerism and, more general, that of enantiomerism is at the upmost attention 
in medicinal chemistry, for the obvious critical issue of chirality in biological processes. This scientific 
area has received a renewed attention in recent years with emphasis on the kinetics of interconversion 
between the conformationally hindered molecular species. When no counterpart would exist for the 
presence of atropisomerism in the system, the major interest for the applications in pharmaceutical field is 
that atropisomeric molecules could co-crystallize with some solid state disorder. In this way, the 
advantage of an increasing solubility may arise from the increasing number of thermodynamically 
different molecules (conformational disorder) without implying an amorphous preparation in the solid 
state. After a brief overview on some specific imaging molecule (iomeprol), the results cover the 
investigation on the polymorphic transitions of iomeprol by using DSC and WAXS in the scanning mode. 
Then, the molecular disorder and conformations in the solid crystalline state is elucidated. An analysis of 
the short-range neighbor interactions is also presented on the basis of the spectroscopic Raman 
investigation. The comparison of the structural, spectroscopic and thermodynamic results is afforded with 
the aim of providing potential guidelines for the implementation of atropisomerism phenomenon in the 
case of contrast media.      
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Micro-Raman spectroscopy of Pharmaceuticals and Bio-pharmaceuticals induced by 
manufacturing stresses 

 

Paccou, Laurent1; Guinet, Yannick1; Hubert, Sebastien2; Briancon, Stephanie2;  

Puel, Francois1; Hédoux, Alain1 

(1) Université de Lille 1; (2) Université Lyon 1 
 
The analysis of transformations of several molecular compounds exposed to various environmental 
conditions and various types of stress which can occur throughout the production cycle of APIs will be 
presented. The methods for analyzing the whole Raman spectrum of molecular systems, including the 
phonon spectrum, will be described to show the capabilities Raman spectroscopy to detect, identify 
polymorphic forms, during phase transformations and to determine their degree of transformation. A 
special emphasis will be given to mapping of samples after tablet manufacturing [1], and to the micro 
analysis of phase transformation kinetics of pharmaceuticals and biopharmaceuticals induced by 
manufacturing stresses (dehydration, pressurizing, dehydration, lyophilization) in order to show the 
contribution of micro-Raman spectroscopy to the description of the mechanisms of phase transformations. 
Experiments in presence of excipients will be presented for deciphering physical mechanisms by which 
excipients inhibit phase transformation of pharmaceuticals and biopharmaceuticals induced by 
manufacturing stresses. More specifically, Raman mapping collected in-situ during a freeze-drying cycle 
will be shown, to describe protein-ice and protein-solute interactions and inherent conformational changes 
of biopharmaceuticals.  
[1] S. Hubert et al. , Int.  Jour of Pharma. (2011) 420 pp76– 83 
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Cosolutes affect structure and dynamics of myoglobin-trehalose amorphous systems:  

a FTIR and MD study 
 

Giuffrida, Sergio1; Cottone, Grazia1; Cordone, Lorenzo1 

(1) Università degli Studi di Palermo 
 
Trehalose is particularly valued for its high efficiency in protecting biostructures against adverse 
environmental conditions, although its preservation mechanism is still debated. Experiments and 
simulations on carboxy-myoglobin showed that protein dynamics is highly inhibited in a low-water 
trehalose matrix, the inhibition being markedly dependent on the amount of residual water. Trehalose 
effects have been related to its hydrogen-bond (HB) properties, which can be studied by FTIR 
measurements and MD simulations. A deeper understanding of the role of water molecules and HB 
networks in the structure and dynamics of these systems could shed light on the working mechanism of 
trehalose. This could be attained by knowingly altering the properties of the matrix HB networks by 
adding suitable solutes. To this aim, protein/trehalose/water and trehalose/water systems have been 
studied with the addition of a set of Hofmeister salts, either structure-making or structure-breaking. 
FTIR measurements, through the study of the water association band, points out the existence of different 
classes of water molecules, whose ratio is altered by chaotropic and kosmotropic solutes. MD simulations 
in analogous systems points out how these salts influence the HB network and the interrelation between 
trehalose, water and protein, thus affecting the protein internal dynamics (atomic fluctuactions on ps/ns 
time scale) and the distribution of water and trehalose around the protein.  
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Molecular dynamics of itraconazole at ambient and high pressure 

 

Tarnacka, Magdalena2; Kamiñski, Kamil2; Adrjanowicz, Karolina3; Grzybowska, Katarzyna2; 

Ko³odziejczyk, Karolina2; W³odarczyk, Patryk2; Hawe³ek, ￡ukasz2; Garbacz, Grzegorz1; Paluch, 

Marian2 

(1) University of Greifswald; (2) University of Silesia; (3) NanoBioMedical Centre 
 
Comprehensive molecular dynamics studies of vitrified and cryomilled itraconazole (Itr) were performed 
at ambient and elevated pressure. DSC measurements yielded beside of melting and glass transition 
observed during heating and cooling of both samples two further endothermic events around T=363 K 
and T=346 K [1]. The nature of these transitions was investigated using X-ray diffraction, broadband 
dielectric spectroscopy and Density Functional Theory calculations. The X ray measurements indicated 
that extra ordering in itraconazole is likely. Basing on calculations and theory derived by Letz et al [2] the 
transition observed at T=363 K was discussed in the context of formation of the chiral nematic 
mesophase. Dielectric measurements demonstrated that except for structural relaxation process, there is 
also slower mode above the glass transition temperature in the both vitrified and cryomilled samples. For 
the dielectric data collected at elevated pressure, the pressure coefficient of the glass transition 
temperature was evaluated as well as the evolution of  the steepness index versus pressure was 
determined. 
[1] K. Six, G. Verreck, J. Peeters, K. Binnemans, H. Berghmans, P. Augustins, R. Kinget, G. Van der 
Mooter, Thermochimica Acta 376 (2001) 175 
[2] M. Letz, R. Schilling, A. Latz, Phys. Rev. E 62 (2000) 5173 
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Preservation of myoglobin in crowded and glassy environments: a comparison between  

gelatin and trehalose effects 
 

Semeraro, Enrico F.1; Giuffrida, Sergio1; Bellavia, Giuseppe2; Cupane, Antonio1 

(1) Università degli Studi di Palermo; (2) Université Lille 1 
 
Biopreservation is a relevant topic both for its technological applications and for the challenges in 
understanding the mechanisms at its basis, either in vitro or in vivo. Trehalose is widely studied for its 
efficiency, which has been suggested to rest either on specific sugar-biomolecule interaction or on 
alteration of the matrix physical properties. High molecular-weight polymers are also utilised as 
biomaterial stabilisers, but their preservation effects are likely to depend only on crowding effects. 
Studies in crowded systems with trehalose can shed light on the relation between these two types of 
bioprotection. With this aim we present a study on myoglobin in gelatin (hydrolysed collagen), trehalose 
or gelatin/trehalose matrices with calorimetry (DSC) and UV-Visible Spectroscopy. Gelatin was chosen 
as crowding agent for its diffusion in biological systems and its resistance to denaturation.   
DSC measurements, performed at various water contents, pointed out that, at variance with trehalose 
matrices, gelatin-containing systems act as stabilisers only at very low water content. Spectroscopy 
measurements on systems subject to long sustained stress allowed to differentiate massive denaturation 
from functional denaturation, showing that trehalose is more effective in the long-range and against 
functional denaturation, while gelatin provides a better performance against abrupt massive denaturation 
and/or aggregation.  
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Dynamics as a function of temperature and pressure for an antiprotozoal drug 
 
Romanini, Michela1; Capaccioli, Simone3; del Barrio, Maria1; Prevosto, Daniele2; Tamarit, Josep Lluis1 

(1) Universitat Politecnica de Catalunya; (2) Institute for Chemical and Physical  
Processes, CNR-IPCF; (3) Università di Pisa 

 
It has been recently shown that the antiprotozoal drug (3-(2-methyl-5-nitroimidazol-1-yl)-propan-1-ol) 
crystallizes into a triclinic structure in which the asymmetric unit is formed by two different molecular 
conformations and two of each conformer make up a tetramer held together by hydrogen bonding. In 
addition, by cooling the melt at normal (Tm = 333 K) or high-pressure, no recrystallization is observed so 
a glass transition is found at Tg = 235 K (at normal pressure) upon reheating.  
The dynamics of this antiprotozoal drug has been studied by means of dielectric spectroscopy as a 
function of pressure and temperature. Together with the main slowest relaxation involving translation and 
rotation of the entire molecule, several secondary relaxations have been found. The combination of 
pressure and temperature variables provides more insights into the molecular dynamics as well as crystal 
growth of this pharmaceutical compound. Characteristic parameters like fragility and activation energy 
will be described as a function of pressure. In addition, we will detail the changes of the crystallization 
kinetics as a function of pressure 
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Diffusion of Organic Glasses 

 
Brian, Caleb; Yu, Lian 

University of Wisconsin-Madison 
 

Surface mobility influences many processes in condensed matter, including crystal growth, catalysis, and 
the evolution of nano-structures.  A fundamental measure of surface mobility is the in-plane surface 
diffusion coefficient Ds. While Ds has been measured extensively for metals and semiconductors, no 
data existed for organic solids until recently1.  Understanding surface diffusion in organic solids is 
relevant for many areas of current research and development, including fast surface crystal growth2, 
the formation of ultra-stable glasses by vapor deposition3, the nature of surface mobility in polymer 
glasses, and soft materials for biomedical and electronic applications. Using the method of surface-
grating decay, we measured the surface diffusion of Nifedipine, a similar organic glass former to the 
previously studied Indomethacin, but a much faster crystallizer.  We also examined the effect of 
bulk aging on surface diffusion.  We found that surface diffusion in these organic glasses is at least 
one million times faster than bulk diffusion, that surface diffusion is the leading mechanism of 
surface evolution for organic glasses at micrometer to nanometer length scales, and that bulk aging 
has little effect on surface diffusion.  These results are analyzed in reference to two recently 
proposed models of surface mobility4,5. 

 
(1)  Zhu, L.; Brian, C.; Swallen, S.; Straus, P.; Ediger, M.; Yu, L. Phys. Rev. Lett. 2011, 106, 1. 
(2)  Sun, Y.; Zhu, L.; Kearns, K. L.; Ediger, M. D.; Yu, L. Proc. Natl. Acad. Sci. 2011, 108, 5990. 
(3)  Swallen, S. F.; Kearns, K. L.; Mapes, M. K.; Kim, Y. S.; McMahon, R. J.; Ediger, M. D.; Wu, T.; 

Yu, L.; Satija, S. Science 2007, 315, 353. 
(4)  Stevenson, J. D.; Wolynes, P. G. J. Chem. Phys. 2008, 129, 234514. 
(5)  Capaccioli, S.; Ngai, K. L.; Paluch, M.; Prevosto, D. Phys. Rev. E 2012, 86, 051503.  
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Nano-confinement tuning of biomolecules for bio-medical applications 
 

Russo, Daniela 1; Aoun, Bachir ; Gonzales, Miguel 1; Pchelovska, Svitlana 1 
(1) Institut Laue Langevin 

 
Individual biomolecules can be encapsulated, preventing possible self-aggregation, isolate some 
allosteric conformational states, protecting them from microbial degradation, and somewhere for drug 
preservation and delivery. Confinement can be achieved by the presence of other stable macromolecules 
or by the wall of a cage as silica matrix, pores or nanotubes. Molecular dynamics simulations have been 
used to study the confinement packing characteristics of small hydrophilic and hydrophobic bio-
molecules [1] in carbon nanotubes (CNT). The self-diffusion coefficients and radial densities of 
confined peptides and water molecules were calculated. The results shown that in CNT with a diameter 
smaller than 15 Å, biomolecules can hardly penetrate. With a diameter of 20 Å, hydrophilic peptides fill 
the CNT quick and easily, and organize themselves in geometrical configurations which remind the 
confined water structural organization [2]. The hydrophilic peptides adopts a corona like structural 
organization with a thickness of 3 Å and a minimal distance from the CNT walls equal to 2Å. In this 
geometry all water molecules are segregated in the central part of the nanotube. The hydrophobic 
molecules converge slower into the CNT acquiring a different configuration always accompanied by 
water segregation. New opportunities for interesting applications such as intelligent drug delivery can be 
envisaged. [1] D. Russo et al , JACS 133(13) 4882-4888 (2011), Chem Phys Letters, 517(1-3) 80-85 
(2011). [2] Kolesnikov A. et al. (2004). Physical Review Letters, 93(3), 035503.   
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Water-type polyamorphism exhibited by SnI4 

 
Kazuhiro Fuchizaki 

Department of Physics, Ehime University, Matsuyama 790-8577, Japan 
 
Recent studies revealed that the thermodynamic anomalies of water can be ascribed to critical 
fluctuations around the liquid-liquid critical point (LLCP) [1]. Although the LLCP scenario definitely 
gives us a coherent theoretical basis for the phenomena, it is still a conjecture unless the LLCP is 
experimentally identified. To address this latter issue is quite difficult for water because the 
hypothesized LLCP is located below its homogeneous nucleation temperature. Searching for a 
substance other than water may provide a possible route to identifying a LLCP. Among the candidates, 
substances in which the local structures of thermodynamically stable liquids could be actually observed 
by in situ measurements are quite rare. In addition, in the latter substances, only phosphorous has a first-
order transition between the liquids. However, its LLCP is supposed to be located in a negative pressure 
region. Here, we report a slight but definite density change [2] between the two liquid states in SnI4 
found by in situ x-ray absorption measurement. A mean-field calculation based on the appropriate 
models suggests that the LLCP is located at ~1.3 GPa, 970 K [3]. Experimental access to the region is 
of relative ease. 
 
[1] K. Stokely, M. G. Mazza, H. E. Stanley, and G. Franzese, Proc. Natl. Acad. Sci. 107, 1301 (2010). 
[2] K. Fuchizaki, N. Hamaya, and Y. Katayama, J. Phys. Soc. Jpn. 82, 033003 (2013). 
[3] K. Fuchizaki, N. Hamaya, T. Hase, and Y. Katayama, J. Chem. Phys. 135, 091101 (2011). 
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Boson peak and Sound Dispersion  
( Honouring W. Schirmacher) 

 
 
 
 

Invited talk 
BP-1 

Vibrational anomalies of glasses and the boson peak 
 

Schirmacher, Walter 1,2 

(1) Dipt. di Fisica, Universit'a "La Sapienza"; (2) Fachbereich Physik, Universität Mainz 
 
The talk starts with a model-independent explanation of the enhancement of the density of states (boson 
peak) of glasses with respect to the Debye expectation, relying only on symmetry arguments. The boson 
peak is shown to mark the crossover between a frequency regime of wave-like excitations to a random-
matrix-type regime. It is also explained why the boson peak and the related anomalies appear in the same 
wavenumber regime as van-Hove singularities in crystals.  
 
In the remainder of the talk the boson-peak-related vibrational anomalies are addressed in the light  
of heterogeneous-elasticity theory. In this approach elasticity theory is generalized to allow for spatial 
fluctuations of the shear modulus. Depending of the statistics of these fluctuations two effective-medium 
theories for the calculation of the macroscopic frequency-dependent shear modulus can be derived, the 
self-consistent Born approximation (SCBA, Gaussian statistics) and the coherent-potential approximation 
(CPA, Non-Gaussian statistics). The SCBA describes accurately the vibrational anomalies of a recent 
large-scale simulation of a soft-sphere glass. Within heterogeneous-elasticity theory the boson-peak 
enhancement is confined to a value of 2 for Gaussian statistics. This is not so in the general case, to be 
treated in CPA. For example the anomalies in SiO2 (with boson-peak enhancement of ~ 5) can be 
described with an inverse-power-law distribution.  
 
In the presence of locally unstable spots the SCBA including anharmonic interactions describes a 
transition to marginal stability .  The presence of marginal stable regions in the glass is shown to lead to a 

ω3/2 frequency dependence of the sound attenuation and the density of states below the boson peak 
frequency. Evidence for the existence of such a frequency dependence comes from the mentioned large-
scale simulation and recent photo-acoustic measurements. 
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Boson peak and low-temperature properties of isomeric butanol glasses 

 

Ramos, Miguel Angel1; Hassaine, Merzak1; Jiménez Riobóo, Rafael J.3; Krivchikov, Alexander I.2; 

 Sharapova, I.V.
2; Korolyuk, Oksana A.2 

(1) Universidad Autonoma de Madrid; (2) B. Verkin Institute for Low Temperature Physics and  
Engineering of NAS Ukraine; (3) Instituto de Ciencia de Materiales de Madrid 

 
We have recently measured [1] the specific heat, the thermal conductivity, and the longitudinal and 
transverse sound velocities of glasses at low temperatures for the different isomers of butanol (n-butanol, 
sec-butanol and isobutanol), as well as the low-temperature specific heat for the crystals of n-butanol, 
isobutanol and tert-butanol. Whereas the elastic constants both for crystals and glasses are found to be 
almost independent of the position of the hydrogen bonds, the thermal properties at low temperatures of 

these glasses at a few Kelvin (around the “boson peak” in the reduced specific heat Cp/T 3 or around the 

“plateau” in the thermal conductivity) are found to vary strongly [1]. We will further discuss these results 
in the context of previous results found [2] in other monohydroxy alcohols as propanol and ethanol. Our 



   45 

experiments clearly contradict other works or models claiming a simple Debye scaling of the boson peak. 
On the other hand, data analysis based upon the soft-potential model and its extensions allows us to 
estimate the Ioffe-Regel limit in these glasses, finding a correlation with the boson peak position, in 
agreement with that previously reported by other groups. 
[1] M. Hassaine, M.A. Ramos, A.I. Krivchikov, I.V. Sharapova, O.A. Korolyuk, and R.J. Jiménez-
Riobóo, Phys. Rev. B 85 (2012) 104206. 
[2] M.A. Ramos, C. Talón, R.J. Jiménez-Riobóo and S. Vieira, J. Phys.: Condens. Matter 15 (2003) 
S1007. 
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The role of disorder in the thermodynamics and atomic dynamics of glasses 
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The low-temperature thermodynamic properties of glasses are accepted to be anomalously different from 
those of crystals due to the inherent disorder of the glass structure. At temperatures of ~10K, the heat 
capacity of glasses shows an excess relative to that of the corresponding crystals. The excess heat 
capacity is related to a distinct feature in the spectrum of the atomic vibrations: At frequencies of ~1THz, 
glasses exhibit an excess of states above the Debye level of acoustic waves, the so-called ‘‘boson peak.’’ 
These anomalies are universally observed for all glasses. However, numerous studies still do not 
converge to a unified answer how disorder causes the excess of heat capacity and the boson peak. 
We measured the density of states (DOS) of various glassy and crystalline polymorphs of SiO2. While the 

heat capacity and the DOS differ for crystals with different topology and for glasses with different 
density, for glasses and crystals with matched densities they are nearly the same. Namely, the DOS of the 
glassy and crystalline counterparts have the same number of the excess states; these states are located at 
the same frequencies and provide the same heat capacity. 
These results show that glasses have the larger heat capacity than crystals not due to disorder, but due to 
their typically lower density, and that the boson peak is not a glass-specific feature: It denotes the states 
present in any crystal but shifted to lower energies for glasses with lower densities.  
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High frequency dynamics in disordered systems 

 
Monaco, Giulio1 

(1) University of Trento 
 
It is largely accepted that disordered systems are characterized by a short range order usually very similar 
to that of the corresponding crystalline phase at the same density. It is less clear to what extent dynamic 
properties of disordered systems and crystals can be compared. In particular, high-frequency collective 
excitations reminiscent of phonons in solids exist as well in disordered systems. They are usually 
discussed in terms of relaxation processes characteristic of the disordered state.  
We discuss here a quantitative comparison of the collective excitations in some examples of liquids, 
glasses and their corresponding crystals. We show that liquids and glasses exhibit acoustic excitations of 
both longitudinal and transverse polarization at frequencies strictly related to those of the corresponding 
crystals. The only relevant difference between liquids, glasses and crystals appears in the broadening of 
the excitations: an additional disorder-induced contribution comes into play in the case of liquids and 
glasses, which we show to be related to the distribution of local structures around the average one. The 
static structure factor can be used to estimate quite precisely this disorder-induced contribution.  
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The fate of short wavelength sound waves in glasses 
 

Rufflé, Benoit1 

(1) University of Montpellier 
 
The propagation and attenuation of hypersonic waves in glasses remains a subject of considerable 
interest. It ties, among others, to the thermal conductivity anomaly, to quasilocal vibrations and the boson 
peak, and to the existence of a noisy nonaffine displacement field at sufficiently short scales. The current 
understanding of sound properties in glasses is reviewed. Particular emphasis is made on experimental 
methods giving access to the sound attenuation in the hypersonic region, i.e. Brillouin light scattering, 
picosecond optical techniques and inelastic x-rays scattering.  
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Franosch, Thomas1 
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Transport in disordered solids may be strongly influenced by the presence of frozen scatterers. For 
example, the Boson peak is likely to be a consequence of the scattering of sound modes of spatial 
inhomogeneities giving rise to a non-analytic frequency dependence of the effective modulus.  
Here we investigate a related problem, where the sound waves are replaced by a diffusive mode which in 
term corresponds to the motion of a particle in an array of randomly distributed scatterers. For hard 
obstacles the system is known as the Lorentz model originally introduced to describe electron transport in 
metals.   At sufficiently high scattering densities a localization transition occurs accompanied by 
anomalous transport. Directly at the transition the mean-square displacement grows subdiffusively for 
arbitrarily long times. We elucidate the transition in terms of computer simulations for ballistic as well as 
Brownian tracer particles and compare to predictions from scaling theory [1] as well as a recently 
developed exact low-density expansion [2]. In particular, we discuss the velocity-autocorrelation 
functions displaying long-time anomalies due to repeated encounters with the same scatterer.  
[1] M. Spanner, S.K. Schnyder, F. Höfling, Th. Voigtmann, and T. Franosch, Soft Matter 9 (2013) 1604 
[2] T. Franosch, F. Höfling, T. Bauer, and E. Frey, Chem. Phys. 375 (2010) 540. 
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Density of States and Acoustic Dissipation in Molecular Systems: From Liquid to Glass 
 

Comez, Lucia1; Fioretto, Daniele4; Masciovecchio, Claudio2; Monaco, Giulio3; Paciaroni, Alessandro4 

(1) IOM-CNR; (2) 4Sincrotrone Trieste, Area Science Park; (3) European Syncrotron Radiation Facility;  
(4) Dipartimento di Fisica di Perugia 

 
Combined Brillouin spectra collected at visible, ultraviolet, and x-ray frequencies are used to reconstruct 
the acoustic loss of prototypical systems over the wide frequency range between 0.5 GHz and 5 THz. 
Passing from the liquid to the glassy phase [1-3], this property is found to be linearly dependent on the 
tagged-particle susceptibility measured by incoherent neutron scattering up to 1 THz, giving evidence of a 
relation between acoustic power dissipation and density of states. A simple but general formalism is 
presented to quantitatively explain this relation, thus clarifying the connection between the quasi-elastic 
component observed in neutron scattering experiments and the fast relaxation dynamics probed by 
Brillouin scattering [1,2]. This opens up a new way of looking at the fast dynamics of liquids and glasses. 
[1] L. Comez, G. Monaco, C. Masciovecchio, A. Paciaroni,  A. Gessini, F. Scarponi, G. Ruocco, and D. 
Fioretto, Phys. Rev Lett. 106, 155701 (2011). 
[2L. Comez, G. Monaco, C. Masciovecchio, A. Paciaroni, A. Gessini, F. Scarponi, G. Ruocco, and D. 
Fioretto, J. Non Cryst-Solids. 357, 515 (2011). 
[3] L. Comez, S. Corezzi, A. Orecchini, A. Paciaroni, C. Petrillo, F. Sacchetti, S.C. Santucci, and D. 
Fioretto, J. Mol. Liq. 176, 76 (2012). 
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I will present the results of a series of inelastic x-rays scattering experiments performed on vitreous silica 
at various densities [1-3] and on its parent polycrystalline aggregates [4], α–quartz and α–cristobalite. The 
comparison of the experimental results with ab-initio numerical calculations provides compelling 
evidence of a transition, in the glass, from the isotropic elastic response at long wavelengths to a 
microscopic regime as the wavelength decreases below a characteristic size ξ of a few nanometres, 
corresponding to about 20 inter-atomic distances. The glass behaves elastically as a continuum medium at 
large wavelengths, λ >> ξ. As the wavelength gets close to ξ, the atomic vibrations feel the microscopic 
details of the structure and eventually their spectrum becomes almost indistinguishable from that of the 
corresponding polycrystal of similar density. This similarity in the spectrum of the glass and the 
corresponding polycrystal indicates that the glass vibrations closely resemble those of the polycrystal, 
with excitations related to the acoustic and optic modes of the crystal. A coherent description of the 
experimental results is obtained assuming that the length ξ corresponds to the size of spatial 
heterogeneities in the elastic modulus of the glass. 
[1] G. Baldi, V. M. Giordano, G. Monaco, & B. Ruta, Phys. Rev. Lett. 104, (2010) 195501. 
[2] G. Baldi, V. M. Giordano, & G. Monaco, Phys. Rev. B 83, (2011) 174203. 
[3] M. Zanatta et al., Phys. Rev. B 81, (2010). 
[4] G. Baldi, M. Zanatta, E. Gilioli, V. Milman, K. Refson, B. Wehinger, B. Winkler, A. Fontana, & G. 
Monaco, Phys. Rev. Lett. (submitted). 
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Stress-induced modification of the boson peak scaling behavior 
 

Corezzi, Silvia1 

(1) Universita' di Perugia  
 

The density of vibrational states in a binary reactive mixture has been measured by Raman scattering (i) 
on cooling the unreacted mixture well below its glass transition temperature and (ii) after quenching to 
very low temperature the mixture at different times during isothermal polymerization. These different 
paths to the glassy phase are able to generate glasses with different amounts of residual stresses, as 
evidenced by the departure of the elastic moduli from a Cauchy-like relationship. We find that the scaling 
behavior of the boson peak with the properties of the elastic medium – as measured by the Debye 
frequency – holds true in a stress-free condition and breaks down in the presence of residual stresses [1]. 
Not only do these findings indicate that deviations from the Debye scaling law for the boson peak 
originate in the presence of residual stresses inside the sample, they are also able to reconcile the 
apparently conflicting results presented in literature. 
 
[1] S. Corezzi, S. Caponi, F. Rossi & D. Fioretto, submitted to Phys. Rev. Lett. 
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Vibrational dynamics in proteins have been the subject of increasing interest in recent years both as a 
probe of the local elstic environment and for a potential role in chemical barrier crossing in enzyme 
catalysis. One class of vibrational motions in proteins are those associated with the so-called boson peak. 
In this study we use coherent neutron scattering to show the phonon-like contribution to the boson peak in 
a protein. Coherent neutron scattering helped to connect features of the protein secondary structure to the 
phonon-like motion in the boson peak. Our analysis reveals however, that only a fraction of the intensity 
in the boson peak can be assigned to coherent-phase scattering of acoustic-like vibrations with the 
majority of the modes being attributed to the contribution of random-phase motions. This is different 
from what is observed in many glass forming materials, and we ascribe the difference to the more 
heterogeneous distribution of local elastic constants in proteins relative to molecular glass formers.  
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Type-I clathrate compounds as phonon-glass thermoelectric materials 
 

Nakayama, Tsuneyoshi1 

(1) Max Planck Institute for the Physics of Complex Systems 
 
The high performance of thermoelectricity is achieved for materials with the lowest possible thermal 
conductivity, the highest possible electrical conductivity and the highest possible Seebeck coefficient. In 
this frame, G. A. Slack proposed in 1995 the “phonon-glass electron-crystal” concept exploring efficient 
thermoelectric materials. Type-I clathrate compounds with the chemical formula II8III16IV30 are 

attracting a great deal of interest as potential thermoelectric materials satisfying these conditions. It is 
remarkable, though networked cages on scaffolding take crystalline cubic-structure, that these compounds 
emerge glass-like phonon-thermal conductivities “depending on” the positional symmetry of rattling 
guest ions in cages. In addition, these materials show glass-like density of states observed in terms of 
specific heats and inelastic neutron scattering experiments, providing the remarkable broad-peak at 0.5 
THz frequencies almost identical to those observed in structural glasses, the so-called Boson peak [1]. 
The point is why these clathrate compounds without topological disorder show almost identical 
dynamical and thermal properties to those of structural glasses. This talk presents, after surveying 
experimental situations on these compounds, theoretical interpretation and implications on the emergence 
of glass-like properties observed in type-I clathrate compounds containing off-center rattling guest ions in 
cages.  
[1] T. Nakayama and E. Kaneshita, J. Phys. Soc. Jpn, vol.80, 
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Role of secondary structure in ridigity of proteins 
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Combining light and neutron scattering spectroscopy we analyse the boson peak (BP) and the longitudinal 
sound velocity (cL) of proteins to relate their rigidity to secondary structure. This topic received 

tremendous interest in recent years [1]. Myoglobin and bovine serum albumin (BSA) (α-helices), 
immunoglobulin G (β-protein), green fluorescent protein (GFP) (β-barrel), lysozyme (α+β structure) and 
β-casein (random coil) are chosen to represent different secondary structures. Our results show a clear 
relationship: the β motif is a stiffer structural unit than the α-helix in both dry and hydrated states. This 
difference appears not only in the rigidity of the protein, but also in the amplitude of fast picoseconds 
fluctuations. Our data includes recognition of the role that protein size plays in the hydration- and 
temperature (100-298K)- induced variations in rigidity and dynamics. We also point out effects 
determined by chemical composition and by presence of backbone, comparing BP and cL data of proteins 

to those obtained for polypeptides (PolyGlutamic Acid) and for mixtures of amino acids reproducing the 
molecular composition of BSA and GFP. A characteristic correlation length scale of the BP has been 
estimated for all the samples investigated; we finally suggest a connection of the collective vibrational 
modes to the secondary structure elements in proteins.  
[1] S. Keten, Z. Xu, B. Ihle, M. J. Buehler, Nature materials 9 (2010) 359. 
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Vibrational dynamics in glasses probed by broadband photo-acoustics 
 

Scopigno, T. 1 

(1) Dipartimento di Fisica, Universita di Roma ``La Sapienza” 
 
Recent years have seen an impressive development in the understanding of GHz to THz vibrational 
dynamics in amorphous materials. I will discuss here emerging scenarios for the connection of the Boson 
Peak with collective acoustic dynamics in strong and fragile glassy materials, in the light of Walter’s 
theoretical efforts to rationalize recent experimental and numerical evidences.  
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Collective modes in heterogeneous media: the case of 1-Methyl-3-octylimidazolium chloride glass 

 

Izzo, Maria Grazia2; Cazzato, Stefano2; Wehinger, Björn3; Gessini, Alessandro1; Matic, Aleksandar2 

(1) Sincrotrone Elettra Trieste; (2) CHALMERS UNIVERSITY OF TECHNOLOGY; (3) European  
Synchrotron Radiation Facility 

 
The existence of structural heterogeneities in ionic liquids (ILs) or glasses is well established from 
experiments as well as computer simulations [1]. The profile of the Vibrational Density of States (VDOS) 
reveals, moreover, a complex dynamical behavior with a broad feature at frequencies higher than the 
Boson Peak (BP), which can be related to resonant modes. Here we present the first investigation of 
mesoscopic dynamics of an IL in the glassy state by Inelastic X-ray Scattering. A quantitative comparison 
of experimental findings with a theoretical model is proposed, aimed at accounting for the influence of 
the medium heterogeneities, as well as for the occurrence of localized vibrational modes, on the 
propagation and damping of acoustic-like waves. In particular we show how the introduction of resonant 
modes naturally leads to the introduction of spatial fluctuations of the elastic constant [2] and vice-versa. 
Moreover, only a model including both effects can correctly reproduce simultaneously the observed 
VDOS and the acoustic modes behavior. This shows that neither the effect of elastic constant fluctuations 
nor the simultaneous presence of localized modes can be neglected when trying to understand the origin 
of the BP by extrapolating the VDOS from the acoustic modes behavior in the mesoscopic region.  
[1] A. Triolo, O. Russina, H.-J. Bleif and E. Di Cola, J. Phys. Chem. B 111 (2007) 4641. 
[2] W. Schirmacher, M. Wagener, Solid State Commun. 86 (1993) 597. 
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The EPR study of vibrational density of states in glassy and crystalline ethanol 
 

Rakvin, Boris 1; Merunka, Dalibor 1; Jokic, Milan 1; Kveder, Marina 1 
(1) Ruder Boskovic Institute  

 
 
The current understanding of difference in the vibrational density of states in disordered versus crystalline 
matrices has accepted an excess of low frequency contributions in the former type of materials as the 
origin of low-temperature anomalous behavior of glassy systems in general [1-2]. In this context, electron 
spin coupling with disordered/glassy/boson peak modes was shown to provide a sensitive tool to study 
low temperature departure of molecular dynamics from the Debye behavior [3-4]. Here we present how 
the electron paramagnetic resonance (EPR) spectroscopy of nitroxyl radicals incorporated in glassy and 
crystalline ethanol can contribute to evaluate the extent of molecular disorder/geometrical frustration. 
This phenomenon is related to the difference in the vibrational density of states of the solid ethanol 
matrix. Specifically, we present the effective electron spin-lattice and electron spin-spin relaxation data in 
the temperature interval from 80 – 5 K. By isotope replacement technique we confirm that the sensitivity 
of the approach relies on the electron spin/spectral diffusion effects. In addition, the application of high 
field EPR is commented on regarding Boson peak detection. 
[1] C. Talon, Q. W. Zou, M. A. Ramos, R. Villar, and S. Vieira, Phys. Rev. B 65 (2001) 012203; 
[2] B. Ruta, G. Baldi, V.M. Giordano, L. Orsingher, S. Rols, F. Scarponi and G. Monaco, J. Chem. Phys. 
133 (2010) 041101; 
[3] M. Kveder, D. Merunka, M. Jokić, J. Makarević and B. Rakvin, Phys. Rev. B 80 (2009) 052201; 
[4] D. Merunka, M. Kveder and B. Rakvin, Chem. Phys. Lett. 515 (2011) 19. 
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Colloids and Colloidal Systems 
 

Oral 
C-CS-1 

Non-monotonic effect of confinement on the glass transition 
 

Varnik, Fathollah1; Mandal, Suvendu1; Raabe, Dierk2 

(1) Ruhr-Universität Bochum; (2) Max-Planck-Institut für Eisenforschung 
 
Glass transition in confinement has been subject of intense studies (see, e.g., [1-3] and references therein). 
For extremely confined hard spheres, recent theoretical work predicts the glass transition packing fraction 
to be a non-monotonic function of the distance between the walls [4]. Here, we test this prediction via 
event driven MD simulations of a model hard sphere glass [5]. The confinement introduces a new length 
scale competing with the local near ordering for plate separations comparable to the diameter of the 
particles. For all packing fractions investigated, we find non-monotonic variations of diffusion coefficient 
with wall-to-wall separation. Extrapolating this data to the limit of vanishing diffusion coefficient, we 
extract the phase diagram for the glass transition of the confined model. The results obtained from our 
simulations are qualitatively in line with theoretical predictions [4,5]. These findings may used to tailor 
properties of amorphous solids without any change of the composition or chemistry but only by changing 
the geometric confinement. 
[1] F. Varnik, J. Baschnagel, K. Binder, Phys. Rev. E 65, 021507 (2002). 
[2] J. Baschnagel, F. Varnik, J. Phys.: Condens. Matter 17, R 851 (2005). 
[3] F. Varnik, K. Binder, Int. J. Mat. Res. 100, 1494 (2009). 
[4] S. Lang, V. Botan, M. Oettel, D. Hajnal, T. Farnosch, and R. Schilling Phys. Rev. Lett. 105, 125701 
(2010). 
[5] S. Mandal, S. Lang, R. Schilling, M. Oettel, D. Raabe, T. Farnosch, and F. Varnik (submitted). 
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Local elastic response of dense colloidal suspensions 

 

Habdas, Piotr1; Anderson, Doug2; Schaar, David2; Hentschel, George2;Hay, Jason2; Weeks, Eric R2 

(1) Saint Joseph's University; (2) Emory University 
 
Using microscopic magnetic beads we locally perturb dense colloidal suspensions at volume fractions 
close to the colloidal glass transition.  Thus, we study the response of a dense colloidal suspension to a 
local force. For small forces, we find a linear relationship between the force and the displacement, 
suggesting the medium is elastic, even though our colloidal samples macroscopically behave as non-
Newtonian fluids. Since our studies are conducted in the vicinity of the colloidal glass transition we 
interpret this as a measure of the strength of colloidal caging.  The strain field of the colloidal particles 
surrounding the magnetic probe appears similar to that of an isotropic homogeneous elastic medium with 
a Young’s modulus E that rises as the glass transition is approached, and a Poisson ratio σ equal to 1/2.  
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Nature of plastic instabilities in sheared colloidal glasses 
 

Chikkadi, Vijayakumar2; Chikkadi, Vijayakumar2; Schall, Peter1 

(1) University of Amsterdam; (2) Weizmann Institute of Science 
 
The nature of plastic instabilities that are responsible for the flow of glasses has been a topic of much 
current interest. Soft glasses made of dense colloidal suspensions have been used as model systems to 
understand the flow of glasses. Using the technique of confocal microscopy we have tracked individual 
particles in three dimensions and time. These trajectories are used to determine the local strain and non-
affine displacements that identify plastic rearragements [1]. It has been shown that plastic rearrangement 
of particles generate a long-ranged quadrupolar strain field, and the interaction between such plastic 
events give rise to a scale free flow of glasses [2]. Here, we have investigated the nature of such plastic 
events or instabilities in the early stages of deformation and in the steady state flow. The plastic 
rearrangements are observed to be isolated events in the early stages of deformation, or at small strains. 
However, beyond a plastic strain a bifurcation occurs giving rise to highly correlated plastic events. 
Further, we will highlight the spatial organisation of these plastic events in the homogeneous and shear 
banded flows. 
[1] M. Falk and J. Langer, Phys. Rev. E 57, (1998) 7192. 
[2] V. Chikkadi et al, Phys. Rev. Lett. 107, (2011) 198303. 
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Gelling on heating 

 
Roldan Vargas, Sandalo1; Kob, Walter2; Smallenburg, Frank 1; Sciortino, Franceco1 

(1) UniversitÃ  di Roma La Sapienza ; (2) CNRS and UniversitÃ© Montpellier 2 
 

 
We investigate a binary mixture of patchy particles conceived to form a gel on heating. Due to the design 
of the particle interactions (notably the number and geometry of the patches as well as their interaction 
energies) our system forms a gel upon increasing the temperature. If the temperature is increased even 
further the gel melts again and the system re-enters into a fluid state.  Using molecular dynamics 
simulations we present a detailed study on the static and dynamic properties of this binary mixture as a 
function of temperature and density. We further show that our numerical results are in good agreement 
with the thermodynamic properties analytically calculated by the thermodynamic perturbation theory 
developed by Wertheim. 
[1]  S. C. Glotzer and M. J. Solomon, Nature Mater. 6, 557 (2007). 
[2] N. Kern and D. Frenkel, J. Chem. Phys. 118, 9882 (2003). 
[3] M. Wertheim, J. Stat. Phys. 42, 459 (1986). 
[4]  S. Roldán-Vargas, W. Kob, F. Smallenburg, and F. Sciortino, in preparation. 
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Dynamic scaling of the slow relaxation in a critical binary mixture 
 

HÃfling, Felix1; Dietrich, Siegfried1; Chakraborty, Dipanjan1 

(1) MPI for Intelligent Systems 
 
A binary mixture near its consolute point exhibits critical fluctuations of the local composition. The static 
properties of the mixture are well described by the Ising universality class in three dimensions [1], the 
dynamic properties involving conservation of particles, energy, and momentum are classified as “model 
H”.  So far, theoretical work on the critical dynamics has focused mainly on transport coefficients, while 
studies of the slow relaxation dynamics of the spatially resolved order parameter have remained elusive. 
We present numerical results for the dynamic structure factor of a symmetric binary Lennard-Jones 
mixture near its demixing transition. To this end, we have performed extensive molecular dynamics 
simulations in the microcanonical ensemble, employing the immense computing resources of high-end 
graphics processors [2]. Our simulations cover large systems of 70,000 particles and more than 4 non-
trivial orders of magnitude in time. We explore the crossover of the wavenumber-dependent relaxation 
time from diffusion-like to critical behaviour and find nice agreement with theoretical predictions.  
Further, dynamic scaling of the full time dependence of the critical relaxation is tested and dynamic 
scaling functions are deduced. 
[1] S. K. Das, J. Horbach, K. Binder, M. E. Fisher, and J. V. Sengers, J. Chem. Phys. 125 (2006) 024506. 
[2] P. Colberg and F. Höfling, Comp. Phys. Comm. 182 (2011) 1120. 
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Jamming and elasticity of compressible microgel particles 

 
Pica Ciamarra, Massimo1; Romeo, Giovanni2 

(1) SPIN-CNR; (2) Italian Institute of Technology @ CRIB 
 
Microgels are colloidal particles made of a polymer gel swollen in a solvent. These particles are soft, and 
in dense suspensions they shrink and deform. The dependence of the particle size on concentration is 
peculiar to these soft suspensions, and it is not observed neither in atomic nor in the majority of colloidal 
systems. This peculiarity makes difficult to understand the dependence of their viscoelastic properties on 
concentration [1]. Here we describe the elasticity of compressed microgel suspensions starting from a 
core–shell model for the single particle [2], effectively linking the macroscopic and the sub-particle 
scales.  The mechanical properties of the inner core and of the outer corona are described via the mean 
field Flory theory, and via the Alexander–de Gennes model for polymer brushes, respectively. The model 
successfully reproduces experimental measures for the concentration dependence of the elastic shear 
modulus of three different sets of microgel particles, up to a constant factor. We rationalize this factor in 
the jamming perspective, considering that the shrinking of the particles on compression makes the 
geometrical features of dense microgel suspensions concentration independent. 
[1]  J.J. Lietor–Santos, B. Sierra–Martın and A. Fern andez-Nieves, Phys. Rev. E 84, (2011) 060402(R). 
[2]  Frank Scheffold, Pedro Díaz-Leyva, Mathias Reufer, Nasser Ben Braham, Iseult Lynch, and James L. 
Harden, Phys. Rev. Lett. 104, (2010) 128304. 
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Depinning and Collective Dynamics of Magnetically Driven Colloidal Monolayers 
 

Tierno, Pietro1 

Universitat de Barcelona  
 
We study the collective dynamics of interacting paramagnetic colloids transported via a magnetic ratchet 
effect above a modulated periodic potential [1]. Upon increasing the modulation frequency, the particles 
undergo a series of dynamic transitions, from a continuous smectic flow to a disorder flow, and later enter 
into a two phase flow regime, ending in a complete pinned state. In the disordered phase, the system 
organizes into density waves due to traffic jams, as in granular systems, while the two phase flow regime 
shows strong similarities with plastic flow in vortex matter. Finally, it is shown that induced attractive 
interactions between the moving colloids lead to enhancement of the particle current due to formation of 
condensed chains traveling along the modulated landscape [2]. 
 
[1] P. Tierno, S.V. Reddy, T.H. Johansen, & T. M. Fischer, Phys. Rev. E 75 (2007) 041404; P. Tierno, P. 
Reimann, T. H. Johansen, & F. Sagués, Phys. Rev. Lett. 105 (2010) 230602. 
[2] P. Tierno, Phys. Rev. Lett. 109 (2012) 198304.  
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Phase behaviour, structure and aggregation of colloids immersed in near-critical solvents 

 
Maciolek, Anna1; Mohry, Thomas 1; Dietrich, Siegfried1 

(1) Max-Planck-Institute for Inteligent Systems 
 
We study stability and thermodynamic properties of a colloidal suspension with a phase-separating 
solvent, such as a binary-liquid mixture with a miscibility gap. We focus on the near-critical region of a 
solvent, where the critical fluctuations drive the divergence of the correlation length. As a consequence, 
the adsorption properties of the colloids become important and the effective so-called critical Casimir 
forces (CCFs) acting between the colloids emerge. The range and the strength of the CCFs are easily and 
reversible tunable by temperature and the bulk ordering field. Within an approach in terms of effective 
one-component colloidal systems we analyze colloidal aggregation due to CCFs and thus allude to 
previous experimental studies which are still under debate. Concerning the phase diagram, the phase 
segregation into two phases, one being rich and the other poor in colloidal particles, is investigated and 
the limitations of the effective approach, which is commonly used, are discussed. 
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Unveiling the complex glassy dynamics of square shoulder systems: simulations and theory 
 

Das, Gayatri 1; Das, Gayatri 1; Gnan, Nicoletta1; Sciortino, Francesco2; Zaccarelli, Emanuela2 

(1) Sapienza Univarsità di roma; (2) Sapienza Univarsità di roma 
 
Dynamical arrest in soft matter systems has revealed in the last few years a wealth of novel glass states 
with associated distinctive dynamics [1,2,3]. In this work we report the results of extensive molecular 
dynamics (MD) simulations, supplemented by Mode Coupling Theory (MCT) [4] calculations, for the 
Square Shoulder (SS) model, a purely repulsive potential where the hard-core is complemented by a finite 
shoulder. For the one-component version of this model, MCT [5] predicted the presence of diffusion 
anomalies both upon cooling and upon compression and the occurrence of glass-glass transitions. In the 
simulations, we focus on a non-crystallizing binary mixture, which, at the investigated shoulder width, 
shows a non-monotonic behavior of the diffusion upon cooling but not upon isothermal compression.  In 
addition, we find the presence of a disconnected glass-glass line in the phase diagram, ending in two 
higher-order singularities. These points generate a logarithmic dependence of the density correlators as 
well as a subdiffusive behavior of the mean squared displacement, although with the interference of the 
nearby liquid-glass transition. We also perform novel MCT calculations using as input the partial 
structure factors obtained within MD, confirming the simulation results. The presence of two hard sphere 
glasses, differing only in their hard core length, is revealed, showing that the simple competition between 
the two is sufficient for creating a rather complex dynamical behavior. Finally we have detected the 
presence of a special locus in the phase diagram occurring at a certain distance to the glass-glass 
transition where the influence of the liquid-glass boundary does not yet interfere with the glass-glass one. 
Along this line, the system displays invariant dynamics at all length and time scales. 
[1] K. N. Pham, A. M. Puertas, J. Bergenholtz, S. U. Egelhaaf, A. Moussaid, P. N. Pusey, A. B. Schoeld,   
      M. E. Cates, M. Fuchs, and W. C. K. Poon, Science 296 (2002) 104. 
[2] F. Sciortino, Nature Materials 1 (2002) 145. 
[3] C. Mayer, E. Zaccarelli, E. Stiakakis, C. N. Likos, F. Sciortino, A. Munam, M. Gauthier, N.    
      Hadjichristidis, H. Iatrou, P. Tartaglia, Nat. Mater. 7 (2008) 780. 
[4] G. Das, N. Gnan, F. Sciortino, and E. Zaccarelli, Unveiling the complex glassy dynamics of square  
      shoulder systems: simulations and theory, submitted, (2013). 
[5] M. Sperl, E. Zaccarelli, F. Sciortino, P. Kumar, and H. E. Stanley, Phys. Rev. Lett. 104 (2010) 
145701. 
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Molecular-Brownian Correspondence in the Hard-sphere Dynamic Universality Class 

 

López Flores, Leticia1; Chávez Páez, Martín 2; Ruíz Estrada, Honorina1; Medina Noyola, Magdaleno 2 

(1) Benemérita Universidad Autónoma de Puebla; (2) Universidad Autónoma de San Luis Potosí 
 
We perform systematic simulation experiments on model systems with soft-sphere repulsive interactions 
to test the predicted dynamic equivalence between soft-sphere liquids with similar static structure [1]. For 
this we compare the simulated dynamics (mean squared displacement, intermediate scattering function, α-
relaxation time, etc.) of different soft-sphere systems, and determine the equivalence between them and 
with the hard-sphere liquid. We then show that the referred dynamic equivalence does not depend on the 
(Newtonian or Brownian) nature of the microscopic laws of motion of the constituent particles, and 
hence, applies independently to colloidal and to atomic simple liquids. In addition, we verify another 
more recently-proposed dynamic equivalence [2], this time between the dynamics of a Brownian fluid 
and the long-time dynamics of the corresponding atomic liquid, i.e., the atomic system whose particles 
interact with the same interaction potential. 
[1] P. E. Ramírez-Gonzalez, et. al., Phys. Rev. Lett., 107 (2011) 155701.  
[2] L. López-Flores, et. al., Europhys. Lett. , 99 (2012) 46001. 
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A glass close to a rough surface 
 

Laurati, Marco1; Hein, Matthias1; Mutch, Kevin1; Egelhaaf, Stefan1 

(1) Condensed Matter Physics Laboratory, HHU Düsseldorf 
 
Glasses are investigated in the presence of a few layers of 'frozen' particles, which are permanently 
attached to the container wall [1]. In the presence of this topological constraint, the structure and 
dynamics of the colloids are investigated using confocal microscopy. The dynamic correlation functions 
not only depend on the particle density, but also the distance from the frozen particles. The dynamics 
significantly slow down close to the frozen particles and thus reveal a spatial correlation length, in 
addition to the spatially heterogenous dynamics discussed previously. 
[1] M. Hein, K. J. Mutch, M. Laurati and S. U. Egelhaaf, in preparation (2013). 
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Effect of solvent quality on the dispersibility of polymer-grafted spherical nanoparticles in polymer 

solutions 
 

Egorov, Sergei1; Binder, Kurt2 

(1) University of Virginia; (2) University of Mainz 
 
In this work, lattice-based self-consistent field theory is used to study structural properties of individual 
polymer-grafted spherical nanoparticles and particle-particle interactions in polymer melts and solutions 
under variable solvent conditions. Our study has focused on the depth of the minimum of the potential of 
mean force between the two brush-coated nanoparticles. We also addressed the corresponding radial 
density profiles of free and grafted chains around a single nanoparticle in order to clarify the extent of 
correlation between the depth of the minimum and the parameter characterizing the interpenetration 
between the profiles of free and grafted chains. Although a simple one-to-one correspondence between 
these two quantities has not been established, we do find common trends. In particular, if the solvent 
conditions for free and grafted chains differ, the interpenetration parameter typically exhibits a broad 
minimum when varying the volume fraction of free chains. This corresponds to a region where the 
magnitude of the minimum depth exceeds thermal energy, leading to particle aggregation.  
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Direct Measurement of the Free Energy of Aging Hard-Sphere Colloidal Glasses 

 

Bonn, Daniel 1; Zargar, Rojman 1; Nienhuis, Bernard 2; Schall, Peter 1 

(1) Van der Waals-Zeeman Institute; (2) Institute for Theoretical Physics 
 

 
The nature of the glass transition is one of the most important unsolved problems in condensed matter 
physics. The difference between glasses and liquids is believed to be caused by very large free energy 
barriers for particle rearrangements; however so far it has not been possible to confirm this 
experimentally. We provide the first quantitative determination of the free energy for an aging hard-
sphere colloidal glass. The determination of the free energy allows for a number of new insights in the 
glass transition, notably the quantification of the strong spatial and temporal heterogeneity in the free 
energy. A study of the local minima of the free energy reveals that the observed variations are directly 
related to the rearrangements of the particles. Our main finding is that the probability of particle 
rearrangements shows a power law dependence on the free energy changes associated with the 
rearrangements, similarly to the Gutenberg-Richter law in seismology. 

 
 



   58 

 
Invited talk 

C-CS-14 
Activated dynamics, decoupling, kinetic arrest and yielding in dense suspensions of nonspherical 

colloids 
 

Schweizer, Ken1; Zhang, Rui2 

(1) University of Illinois; (2) Northwestern University 
Based on mode coupling and nonlinear Langevin equation ideas, we have developed microscopic theories 
for single particle translational and rotational activated relaxation, shear elasticity, kinetic arrest and 
yielding of dense suspensions of uniaxial colloids. The unifying concept is a dynamic free energy surface 
which determines the barrier-hopping trajectories that result in physical bond breaking and/or cage 
escape. Competing repulsive and attractive forces, particle aspect ratio and chemical heterogeneity (Janus 
colloids) result in new types of ideal dynamic arrest phase diagrams involving double (repulsive and 
attractive) glasses, plastic glasses and/or gels. For low aspect ratio repulsive or weakly attractive particles, 
two-step activated relaxation is predicted resulting in strong translation-rotation decoupling and a stress-
induced sequential unlocking of rotational and translational caging constraints (double yielding). 
Relaxation rates are non-monotonic functions of both aspect ratio and attraction strength at high 
concentrations, and decoupling universally weakens as attractions grow but in a strongly volume-fraction-
dependent manner. For large enough attractions, colloid concentration and/or aspect ratio, translational 
and rotational motion becomes strongly coupled resulting in one-step cooperative hopping. Quantitative 
comparisons of the theory to recent linear and nonlinear viscoelasticity experiments will be presented. 
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Equilibration and aging in a soft-sphere glass-forming liquid 

 

Medina-Noyola, Magdaleno1; Sanchez-Diaz, Luis E.1; Ramirez-Gonzalez, Pedro E.1 

(1) Universidad Autonoma de San Luis Potosi 
 
The recently-developed non-equilibrium extension of the self-consistent generalized Langevin equation 
theory of irreversible relaxation [1] is applied to the description of the isochoric irreversible processes 
(equilibration or aging) that follows a sudden temperature quench of a glass-forming soft-sphere liquid 
constrained to remain spatially uniform. We first consider the case in which the final temperature is zero, 
so that the process mimics the spontaneous isochoric equilibration (or aging) of the hard-sphere liquid. 
The theory predicts that for finite waiting times t the plot of the alpha-relaxation time as a function of 
volume fraction f exhibits two regimes, corresponding to samples that have fully equilibrated within this 

waiting time (f smaller than f(c)(t)) and to samples for which equilibration is not yet complete (f larger  

than f(c)(t)). The crossover volume fraction f(c)(t) increases with t but saturates to a value near 0.582. We 
next consider the case in which the fixed volume fraction f is larger than 0.582, so that there will be a 

temperature T(a)(f) below which the system becomes dynamically arrested; the initial temperature is 

assumed to be well-above T(a)(f), but the final temperature T may be larger or smaller than T(a)(f). The 
theoretically predicted scenario is found to be qualitatively identical to the previous one, with 1/T playing 
the role of f in the hard-sphere case. This two-regime scenario is consistent with the corresponding 
simulation results. 
[1] P. E. Ramírez-González and M. Medina-Noyola, Phys. Rev. E (2010) 82, 061503; ibid. 061504 
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Avalanches during crystallization of a glass of hard spheres 
 

Valeriani, Chantal2 ; Zaccarelli, Emanuela1; Sanz, Eduardo2; Poon, Wilson3;  

Pusey, Peter3; Cates, Mike3 

(1) CNR ISC and Dipartimento di Fisica, Sapienza Universita' di Roma; (2) Universidad  
Complutense de Madrid; (3) University of Edinburgh 

 
We identify the role of avalanches (a subset of particles breaking out of their cages and undergoing large 
and correlated displacements) in unraveling the microscopic mechanism of high concentration, 
diffusionless crystallization[1] from a constrained aged glass of monodisperse hard-spheres. 
For these amorphous states, constrained ageing[2] causes an ehnancement of glassiness, similarly to what 
happens in polydisperse systems where a particle-size distribution slows down crystallization. We also 
characterize avalanches, determining whether their nature within a glass is affected by polydispersity.  
[1] E. Zaccarelli et al Phys. Rev. Lett. 103, 135704 (2009; E. Sanz et al Phys. Rev. Lett. 106, 215701 
(2011). 
[2] C. Valeriani et al J. Phys.: Condens. Matter 23, 194117 (2011). 
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High--order jamming crossovers and density anomalies 

 

Sollich, Peter1; Pica Ciamarra, Massimo2 

(1) King's College London; (2) Universita di Napoli Federico II 
 
We demonstrate the existence of high--order jamming crossovers in systems of particles with repulsive 
contact interactions, which originate from the collapse of successive coordination shells. At zero 
temperature, these crossovers induce an anomalous behavior of the bulk modulus, which varies non--
monotonically with the density, while at finite temperature they induce density anomalies consisting in an 
increased diffusivity upon isothermal compression and in a negative thermal expansion coefficient. We 
rationalize the dependence of these crossovers on the softness of the interaction potential, and relate the 
jamming crossovers and the anomalous diffusivity through the investigation of the vibrational spectrum 
[1]. 
[1] See arXiv:1209.3334 and arXiv:1210.3177 
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Dynamics, dynamical heterogeneities and cooperative rearrangements in attractive and  
repulsive colloidal glasses 

 

Zhang, Zexin1; Zhang, Haibo1; Yunker, Peter2; Yodh, Arjun2 

(1) Soochow University; (2) University of Pennsylvania 
 
Many properties of colloidal glasses depend on the details of constituent inter-particle potentials. For 
example, while repulsive colloidal glasses form when the packing fraction of repulsive colloids is made 
sufficiently large, the addition of a small short-range attraction to colloids in a repulsive glass can lead to 
the formation of so-called attractive glasses, which exhibit many new glass physics. Exploration of the 
similarities and differences between the two glasses holds promise to elucidate universal aspects of the 
glass transition. In this contribution, we use novel colloidal experiments and molecular dynamics 
computer simulations to directly compare how attractive and repulsive inter-particle potentials affect 
dynamics and cooperative rearrangements in colloidal glasses. We found cooperative rearrangements and 
heterogeneous dynamics in both types of glasses. However, compared to repulsive glasses; attractive 
glass dynamics are heterogeneous over a wider range of time and length scales. Additionally, clusters of 
cooperative rearranging particles are observed to form string-like structures in repulsive glasses and 
compact structures in attractive glasses. Thus, our work demonstrates explicitly that glassy dynamics 
depend on the particle interaction, and it may hold the key to tune the properties of glasses in general. 
[1] K. N. Pham et al. Science 296, (2002) 104 
[2] F. Sciortino. Nat. Mat. 1, (2002) 145 
[3] T. Eckert & E. Barsh. Phys. Rev. Lett. 89, (2002) 125701 
[4] E. Zaccarellia & W. C. K. Poon. Proc. Natl. Acad. Sci. 106 (2009) 15203 
[5] C. L. Klix, C. P. Royall, & H. Tanaka. Phys. Rev. Lett. 104, (2010) 1657  
[6] Z. X. Zhang, P. J. Yunker, P. Habdas & A. G. Yodh. Phys. Rev. Lett. 107, (2011) 208303  
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Results obtained on dilute suspensions of a charged colloidal clay, Laponite, are presented. The existence 
of competing attractive and repulsive terms in the interactions, combined with the anisotropy of the face-
rim charge interactions and with the discotic shape of Laponite, produce a very rich phase diagram 
including a nontrivial aging dynamics towards multiple arrested states. The comparison between 
experiments, theory and simulations permits to identify the nature of two different disordered arrested 
states of gel and glass, obtained respectively for low (Cw < 2.0 %) and high (Cw ≥ 2.0 %) clay 

concentrations in salt free water conditions.  
The arrested state at low concentrations is governed by attractive interactions and the first experimental 
evidence of the phase diagram of patchy colloids [1] is found with empty liquid and equilibrium gel 
respectively distinguished for Cw < 1.0 % and 1.0 % < Cw < 2.0 % [2].  

On the other side a Wigner glass [3] state, governed by the electrostatic repulsion, is identified at high 
concentration (Cw ≥ 2.0 %). Moreover very recent results show that in the glassy state the local structures 

and the interactions among the colloidal particles are still evolving, originating an interesting dichotomic 
behaviour [4].  
[1] E. Bianchi et al. Phys. Rev. Lett. 97 (2006) 168301.  
[2] B. Ruzicka et al. Nature Materials 10, (2011) 56.  
[3] B. Ruzicka et al. Phys. Rev. Lett. 104, (2010) 085701. 
[4] R. Angelini et al. submitted to Phys. Rev. Lett. (2013). 
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We present a study of the dynamics of dumbbell-shaped colloids. The thermosensitive dumbbell-shaped 
microgels consist of a solid polystyrene core and a thermosensitive shell of cross-linked poly(N-
isopropylacrylamide). These colloidal particles are nearly monodisperse as shown by cryogenic 
transmission electron microscopy. The aspect ratio L* defined by the ratio of the center distance L and 
the diameter D is ca. 0.24. Due to the thermosensitive shell, the effective volume fraction can be varied 
by temperature and high volume fractions can be achieved easily [1]. Oscillatory experiments in the linear 
viscoelastic regime and flow curves up to volume fractions of nearly 0.7 have been obtained. In 
particular, the formation of a plastic crystal is found as predicted by simulations. This is shown from 
rheological evidence and by the Bragg-reflections visible for volume fractions larger than ca. 053. For 
higher volume fraction a glassy state is formed. All data demonstrate that these particles present a novel 
model system for the study of the rheology of slightly anisotropic particles. 
[1] F. Chu, M. Siebenbürger, F. Polzer, C. Stolze, J. Kaiser, M. Hoffmann, N. Heptner, J. Dzubiella, M. 
Drechsler, Y. Lu, M. Ballauff, Synthesis and Characterization of Monodisperse Dumbbell.Shaped 
Microgels, Macromol. Rapid Comm. 33 (2012) 1042. 

 
 

 
Invited talk 

C-CS-21 
Simple nonlinear equation for structural relaxation in glasses 

 

Bouchbinder, Eran1 

(1) Weizmann Institute of Science  
 
A wide range of glassy and disordered materials exhibit complex, non-exponential, structural relaxation 
(aging). We propose a simple, analytically solvable, nonlinear rate equation of the form 
dδ/dt = a[1 − exp(b δ)] , 
To describe glassy relaxation, where δ is the normalized deviation of a macroscopic variable from its 
equilibrium value. Analysis of extensive experimental data shows that this equation quantitatively 
captures structural relaxation in response to both positive (heating) and negative (cooling) temperature 
jumps, where a and b exhibit systematic variation with the initial and target temperatures. The analysis 
explicitly demonstrates that structural relaxation carries long-time memory of its thermal history and 
hence that it cannot be accurately described by a single non-equilibrium variable. A rationalization of the 
proposed equation in terms of a two-state model is offered, allowing to estimate the activation energies 
and volumes scales associated with structural relaxation [1]. 
[1] I. Kolvin & E. Bouchbinder, Phys. Rev. E 86 (2012) 010501(R). 
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Introducing short-ranged depletion attraction by addition of non-adsorbing polymer to colloidal dis-
persions shifts the colloid glass transition to higher values. In addition, an attractive glass line emerges 
which meets the receding repulsive glass line leading to a fluid pocket at intermediate polymer concen-
trations. This re-entry effect allows preparing freely flowing dispersions at unusually high particle 
packing as shown by dynamic light scattering and rheology [1]. Employing hard-sphere (HS) like poly-
styrene (PS) microgel colloids in a good solvent fluid states could be achieved up to volume fractions ϕ ≈ 
0.69 by addition linear PS (Rg = 12 nm; attraction range δ = Rg/Rcolloid = 0.085). Since theory [2] 

predicts that the fluid pocket increases as δ is reduced, a similar system with an attraction range of δ = 
0.059 was studied. We find that the re-entry region increases up to ϕ = 0.715. These observations are 
quailtatively in agreement with theory, but deviate in detail from predictions for HS colloids where an 
effect of only a few percent is predicted. In addition, for HS PMMA colloids fluid volume fractions of 
only up to 0.62 on adding PS chains with δ = 0.09 were reported. As possible origins for this exceptional 
behaviour of PS microgels an interplay of several factors like particle softness, particle deswelling, 
formation of compact clusters (possibly crystal nuclei precursors) and polymer non-ideality are discussed. 
[1] N. Willenbacher, J. S. Vesaratchanon, O. Thorwarth and E. Bartsch, Soft Matter 7, 5777 (2011). 
[2] K. Dawson, G. Foffi, M. Fuchs, W. Götze, F. Sciortino, M. Sperl, P. Tartaglia, Th. Voigtmann, and E. 
Zaccarelli, Phys. Rev. 63, 011401 (2001). 
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We will consider the role of local structure in dynamical arrest. Due to the simplicity in their interactions, 
 colloidal model systems form an ideal complement to computer simulation in tackling these problems 
[1]. We use a novel structural analysis to tackle dynamical arrest [2] and report recent developments [3] 
here. We find that in the range of model systems we identify, each possess a unique long-lived polyhedral 
structure. While each is based on five-membered rings, only in one case is this the Icosahedron, originally 
popularized by Frank [4]. These structures are highly correlated with dynamical heterogeneity, and can 
even be used to drive dynamical arrest albeit in a biased simulation technique we have recently developed 
[5]. Now that structural changes across the glass transition have been identified, we pose the question : 
can vitrification be thought of as a structural phase transition with first order characteristics?  
[1] A Ivlev, H Lowen, G Morfill & CP Royall “Complex Plasmas and Colloidal Dispersions : Particle-
Resolved Studies of Classical Liquids and Solids”, World Scientific 2012.  
[2] CP Royall, SR Williams, T Ohtsuka, and H Tanaka, ‘Direct observation of a local structural 
mechanism for dynamic arrest’, Nature Materials, 7, 556-561, (2008). 
[3] A Malins, J Eggers, CP Royall, SR Williams and H Tanaka,    “Identification of long-lived clusters 
and their link to slow dynamics in a model glass former” accepted by J. Chem. Phys.  online at  
ArXiV:1203.1732 (2012). 
[4] FC Frank  "Supercooling of Liquids" Proc. R. Soc. Lond. A. 215, 43-46 (1952). 
[5] T Speck, A Malins and CP Royall “First-Order Phase Transition in a Model Glass Former: Coupling 
of Local Structure and Dynamics”, Phys. Rev. Lett. 109 195703 (2012). 
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Finding a relationship between structural properties and transport coefficients in liquids and glassy 
systems is an interesting but challenging problem in condensed matter physics. In 1996, Dzugutov [1] 
proposed a universal scaling law for dense liquids, which connects the normalized diffusion coefficient 
D* with the excess entropy S per molecule relative to an ideal gas, D*=A exp(S), where A is a numerical 
constant. In contrast to the large number of numerical studies, experimental investigations of the universal 
scaling law are rare. In this talk, I will report the first experimental study of the scaling law via 
simultaneous measurements of the diffusion coefficient and pair correlation function in monolayer 
suspensions of colloidal particles [2]. The colloidal monolayers offer many advantages over atomic or 
molecular fluids and have served as a model system to study a range of interesting problems in two-
dimensional soft matter physics. It is found that the universal scaling law holds well for highly charged 
polystyrene spheres suspended at an air-water interface, where the strong electrostatic interactions play a 
dominant role. For monolayer suspensions of hard-sphere-like particles, where the hydrodynamic 
interactions (HIs) become important, deviations from the universal scaling law are observed. The 
experiment reveals an interesting way to include the HIs into the universal scaling law of diffusion. 
This work was supported by the Research Grants Council of Hong Kong SAR. 
[1] M. Dzugutov, Nature (London) 381, 137 (1996). 
[2] X. G. Ma, W. Chen, Z. R. Wang, Y. Peng, Y. L. Han and P. Tong, Phys. Rev. Lett. (to appear). 
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Potential energy landscapes (PEL) provide a theoretical framework which has proven to be very 
powerful, e. g., for understanding the dynamics of glasses. We experimentally studied the dynamics of 
individual as well as interacting colloidal particles in 1D and 2D random and periodic potential energy 
landscapes [1-4], which were optically generated by laser light fields [5]. The particle trajectories were 
followed over many orders of magnitude in time using video microscopy and the particle dynamics 
characterised using different parameters, such as the mean squared displacement, the van Hove function 
or the non-Gaussian parameter. The dynamics are initially diffusive and then, at intermediate times, show 
an extended sub-diffusive regime before diffusive motion is reestablished at long times. They thus show 
some resemblance to the dynamics of glassy systems. 
[1] R.D.L. Hanes et al., Soft Matter 8 (2012) 2714. 
[2] R.D.L. Hanes & S.U. Egelhaaf, J. Phys.: Condens. Matter 24 (2012) 464116. 
[3] C. Dalle-Ferrier et al,, Soft Matter 7 (2011) 2064. 
[4] F. Evers et al., in preparation. 
[5] R.D.L. Hanes, M.C. Jenkins & S.U. Egelhaaf, Rev. Sci. Instrum. 80 (2009) 083703. 
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Using positional data from video-microscopy of a two-dimensional colloidal system we determine the 
wave-vector-dependent normal mode spring constants in the supercooled fluid and glassy state, 
respectively. The emergence of rigidity and the existence of a displacement field in amorphous solids is 
discussed. Continuum elastic theory is used in the limit of long wavelengths to analyze the bulk and shear 
modulus of this amorphous system as a function of temperature. The onset of a finite static shear modulus 
upon cooling marks the fluid/solid transition. This provides an opportunity to determine the glass 
transition temperature TG in an intuitive and precise way [1]. 

Using a local mean square displacement with respect to the nearest neighbours we are able to show that 
particles in a local high symmetry configuration have slower dynamics. Calculating the potential energy 
from the positions of the colloids we can map the dynamical heterogeneities to a structural quantity. 
Areas with large frustration show more local dynamic and vice versa [2]. 
[1] C. Klix, F. Ebert, F. Weysser, M. Fuchs, G. Maret, P. Keim, Phys. Rev. Lett. 109, 178301 (2012) 
[2] S. Mazoyer, F. Ebert, G. Maret, P. Keim, Euro. Phys. Jour. E, 34, 101 (2011) 
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The viscoelastic properties of dense dispersions under time dependent flows provide insights into the 
slow structural dynamics close to the colloidal glass transition. Memory effects can be tested by already 
simple time dependences like start-up shear flow, flow reversal (‘Bauschinger effect’), and shear 
cessation.  
We present predictions from a schematic model of mode coupling theory (MCT) for these rheological 
protocols and  compare them with experiments on model core-shell microgels, event-driven simulations 
of hard-disk mixtures, and molecular-dynamics simulations of hard-sphere mixtures [1,2]. The utilised 
schematic model is motivated by the microscopic ITT-MCT approach to the stress response of flow-
driven systems and covers incompressible and homogeneous flows neglecting hydrodynamic interactions.  
[1] C. P. Amann, F. Weysser, M. Fuchs, M. Siebenbürger, M. Krüger, and M. Ballauff, Overshoots in 
stress-strain curves: Colloid experiments and schematic mode coupling theory, J. Rheol. 57, 149 (2013). 
[2] F. Frahsa, A. K. Bhattacharjee, J. Horbach, M. Fuchs, and Th. Voigtmann, On the Bauschinger effect 
in supercooled melts under shear: results from mode coupling theory and molecular dynamics 
simulations, J. Chem. Phys. 138, 12A513 (2013). 
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 In spite of their extreme diversity, amorphous solids, ranging from jammed emulsions and colloidal 
suspensions to molecular glasses, all feature an elastic response at low shear. When the shear stress is 
increased, flow sets in and fluidises the material via local shear transformations involving a few particles. 
This simple picture of an elastic matrix accommodating local rearrangements of particles is known to 
capture essential features of the flow. 
However, since local particle rearrangements induce long-range elastic deformations, cooperative effects 
are of primary importance in these materials, as opposed to to simple liquids. Therefore, we investigate 
flow properties numerically with a mechanically-consistent mesoscopic model [1,2,3] that allows to 
observe these effects and recover part of the complex spatio-temporal dynamics left behind by mean-field 
models. The model is implemented in two dimensions, with a tensorial stress, and includes (coarsened) 
convection; stress redistribution induced by local shear transformations, shear rejuvenation, and the 
circumstantial occurrence of shear localisation are all well accounted for. 
 To quantify the flow cooperativity, we study correlation lengths in simple shear geometry, and show that 
these length scales decay with increasing shear rates, regardless of the degree of sophistication of the 
model. 
Spatial correlations lead to striking effects when the driving  is strongly inhomogeneous, as is the case in 
confined channel flows. Indeed, Goyon and co-workers [4] recently demonstrated that nonlocal 
interactions may be crucial to understanding the rheology of soft jammed materials, in particular in that 
geometry. To study this point, we simulate a channel flow, which allows us to compare our numerical 
results directly to experimental data for emulsions, with encouraging results. More precisely, shear rate 
fluctuations are observed in seemingly quiescent regions, as found experimentally by Jop et al. [5],  and 
the velocity profiles in confined flows at high applied pressure  deviate from those predicted by bulk flow 
measurements. On the other hand, we suggest a different physical origin for the large deviations observed 
when walls have rough surfaces, associated with  “bumps” of the particles  against the asperities of the 
walls.  
References 
[1] G. Picard, A. Ajdari, F. Lequeux & L. Bocquet, Physical Review E, 71.1, 010501 (2005) 
[2]  K. Martens, L. Bocquet & J.L. Barrat, Soft Matter, 8, 4197 (2012). 
[3] A. Nicolas, J.L. Barrat, submitted to Physical Review Letters (2013). 
[4]  J. Goyon, A. Colin, G. Ovarlez, A. Ajdari & L. Bocquet, Nature,  454, 84 (2008). 
[5] P. Jop, V. Mansard, P. Chaudhuri, L. Bocquet & A. Colin, Physical Review Letters,  108, 148301 
(2012). 

 
 

 



   66 

Invited talk 
C-CS-29 

Recent developments in dynamical density functional theory 
 

Brader, Joseph3; Schmidt, Matthias1; Krüger, Matthias2; Reinhardt, Johannes3 

(1) University of Bayreuth; (2) University of Stuttgart; (3) University of Fribourg 
 
The classical density functional theory (DFT) provides a virtually unchallenged framework for the study 
of equilibrium properties in inhomogeneous liquids. Given this success it is natural to seek a similar 
method for investigating nonequilibrium dynamics in the presence of a time-dependent external force 
field. For Brownian dynamics a simple, approximate dynamical density functional theory (DDFT) has 
been derived [1], however, when applied to driven systems the DDFT can yield unphysical results [2]. In 
this talk I will first discuss some recent applications of the standard DDFT to address the shear rheology 
of colloidal liquids [3] before proceeding to outline situations for which this standard approach breaks 
down [2]. I will then present a new method to address these difficulties - power functional theory - which 
appears to provide a true generalization of DFT for nonequilibrium situations (assuming Brownian 
dynamics) which goes beyond the adiabatic approximation [4]. Within this new framework the current, 
rather than the density, acts as the central variable and an equation of motion for the current results from 
minimization of a dynamical generating functional.    
[1]  U. M. B. Marconi and P. Tarazona, J.Chem.Phys. 110 (1999) 8032.  
[2]  J. M. Brader and M. Krüger, Mol.Phys. 109 (2011) 1029. 
[3]  J. Reinhardt and J. M. Brader, ArXiv:1301.5245 
[4]  M. Schmidt and J.M. Brader, ArXix:1301.2526   
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Colloidal suspensions of spherical particles presenting hard-sphere like interactions are the simplest and 
most widely studied systems of soft condensed matter. They can be treated as model systems for testing 
fundamental theories, regarding e.g. crystallization [1] or the glass transition [2]. Despite the long history 
of both theoretical and experimental research, the dynamic behavior of hard sphere suspensions still lacks 
a complete understanding. 
We report here the absence of an arrested, non-ergodic state upon reaching 59% volume fraction which is 
the commonly accepted colloidal glass transition concentration (Φg) [3] predicted by mode coupling 

theory for hard-sphere suspensions. A deviation of the structural relaxations from this prediction is seen 
already at lower concentrations and points towards a slowing-down governed by the reduction in free 
volume. We evidence that the long time behavior is not related to self-diffusion and suggest stress 
relaxations being responsible for the observed dynamics. Surprisingly, at Φg there is an abrupt transition 

to an ergodicity-restoring collective avalanche-type dynamics hence carrying a strong signature of the 
otherwise circumvented arrested state. 
[1] P. N. Pusey & W. van Megen,  Nature 320.6060,  pp. 340–342. (1986) 
[2] P. N. Pusey & W. van Megen. Phys. Rev. Lett. 59, pp. 2083–2086. (1987) 
[3] G. L. Hunter & E. R. Weeks, Rep. Prog. Phys. 75, 066501 (2012). 
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The first order freezing transition is one of the most important non-equilibrium phenomena in physics and 
there have always been a great interest to understand this physical phenomenon. 
We here focus on the dynamics of a suspension of colloidal hard spheres (HS) over a wide range of 
concentration including crossing the fluid – crystal phase transition point using dynamic light scattering 
techniques.  
For the equilibrium fluid state we observe a universal scaling of the space time correlation function of 
longitudinal particle currents [1, 2] (CCCF) giving an universal description of the cooperative particle 
dynamics – a compression mode that is independent of the structural arrangement and of the observed 
length scale. Analysing its properties as function of volume fraction we observe a divergence at a volume 
fraction identical with the freezing point within experimental noise. 
Crossing the freezing volume fraction the scale invariance of the CCCF over the observed range of length 
scale is lost and the dynamics becomes heterogeneous in space and time once the fluid is in the 
metastable state. At particular time and length scales corresponding to the average particle distance the 
decorrelation of the current slows down significantly: there is resistance to free diffusion. This resistance 
increases and spreads to other length-scale with increasing metastability indicating that the fraction of 
particles in these non-equilibrium collective modes increases. 
[1] W. van Megen, V. A. Martinez, and G. Bryant,  PRL 103, 258302 (2009) 
[2] M. Franke, S. Golde and H. J. Schöpe: AIP Conf. Proc., at press 2013. 
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The yielding  of hard sphere glasses under steady and oscillatory shear has been studied by probing the 
interplay of Brownian motion and shear-induced diffusion at varying oscillation frequencies. Stress, 
structure and dynamics are followed by experimental rheology and Browian Dynamics simulations. 
Brownian motion assisted cage escape dominates at low frequencies while escape through shear-induced 
collisions at high ones, both related with a yielding peak in G′′. At intermediate frequencies a novel, for 
HS glasses, double peak in G′′ is revealed reflecting both mechanisms. At high frequencies and strain 
amplitudes a persistent structural anisotropy causes a stress drop within the cycle after strain reversal, 
while higher stress harmonics are minimized at certain strain amplitudes indicating an apparent harmonic 
response. In steady shear we probe similar shear-induced structural anisotropy which builds up during a 
start-up shear and is related with a stress overshoot. The magnitude of the latter depends on the shear rate 
and volume fraction.  
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Soft materials such as suspensions and pastes show remarkable relaxation phenomena; because these 
occur at conveniently accessible length and time scales, this allows unique insight into the relaxation of 
matter. We investigate the role of microscopic correlations in the relaxation: In three dimensions and real 
time, we track the motion of individual particles in colloidal and granular model systems, and we 
visualize correlations in the affine and non-affine particle displacements. When the material relaxes under 
small applied stress, it flows neither macroscopically uniform nor strongly localized: We observe system-
spanning strain correlations that reveal a novel mechanical criticality at the transition from rigidity to 
flow. These correlations are isotropic when thermal rearrangements dominate at small applied stress, but 
become anisotropic when the applied stress increases. These new, anisotropic correlations cause the flow 
to localize, and ultimately lead to failure of the material. While our colloidal model systems allow direct 
imaging of these critical strain fluctuations, we expect very similar mechanisms to hold for other soft 
materials as well as atomic and molecular amorphous materials. 
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We investigate a coarse-grained model motivated by effective potentials of a detailed model of DNA 
functional particles. Inspired by the structural diversity of water and carbon we focus on colloids with 
four DNA strands in a tetrahedral symmetry. We find that the colloidal systems share structural features 
with their atomic analogue. This includes: i) hexagonal and cubic diamond phases, ii) amorphous 
structures iii) fullerenes exemplified by clusters of dodecahedra, and iv) graphene sheets when attaching 
three DNA strands in a plane.  These structure form spontaneous in Monte Carlo simulations, and in some 
cases without being the thermodynamical stable state. We identify the parameter space where various 
structures are both kinetic and thermodynamically assessable. 
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We study the dynamics of Brownian particles in the vicinity of a wall. We determine the spatial and 
directional dependence of the relaxation times that we link to structural properties. By using Brownian 
dynamics simulations, we first observe the slowdown of the dynamics of spherical particles at small 
temperatures or high densities. In our model system, the particles interact via finite-ranged repulsive 
interactions. In the limit of small overlaps the dynamics of the soft spheres corresponds to the 
overdamped dynamics of hard spheres (cf. [1]). We determine the relaxation time as a function of 
temperature, pressure, distance to the wall, and direction of motion. 
Firstly, the dynamics in the vicinity of the wall is compared to the dynamics in the bulk. Secondly, we 
investigate the influence of anisotropic correlations close to walls [2,3] on the particle relaxation.  
[1] N. Xu, T. K. Haxton, A. J. Liu, and S. R. Nagel, Phys. Rev. Lett. 103 (2009) 245701. 
[2] K. Nygard et. al., Phys. Rev. Lett. 108 (2012) 037802. 
[3] B. Goetzelmann, A. Haase, and S.Dietrich, Phys. Rev. E 53 (1996) 3456.  
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A complete understanding of the solidification process is one of the long standing problems in condensed 
matter physics. There are two possible scenarios: In crystallization the metastable melt rearranges into a 
long range ordered solid state (crystal) while in vitrification the short range order is maintained (glass). 
We investigated the solidification scenario in suspensions of gravity matched colloidal hard spheres (HS). 
Using advanced time resolved static light scattering [1] as well as advanced time and space resolved 
dynamic light scattering techniques [2] we analyzed the similarities and differences of these two kinds of 
solidification processes. 
We confirm that crystallization of colloidal HS is mediated by transient precursors [3,4] (compressed, 
structurally heterogeneous clusters) – which can be regarded as structural heterogeneities. From our 
analysis we are able to show that the process of precursor nucleation is not limited to crystallization alone 
- but rather seems to be a fundamental mechanism in the solidification process at least for a colloidal hard 
sphere model system. 
Furthermore a detailed analysis of the time evolution of the structural as well as the dynamic properties of 
the solidifying samples clearly shows that the dynamical and the structural properties are highly 
correlated: Structural and dynamical heterogeneities develop synchronously. 
[1] S. Iacopini, T. Palberg, H. J. Schöpe: J. Chem. Phys. 130, 084502 (2009). 
[2] S. Golde, M. Franke and H. J. Schöpe: AIP Conf. Proc., in press 2013 
[3] H. J. Schöpe,G. Bryant, W. van Megen Phys. Rev. Lett. 96, 175701 (2006). 
[4] T. Schilling, H. J. Schöpe, M. Oettel, G. Opletal, I. Snook: Phys. Rev. Lett. 105, 025701 (2010). 
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The densities of random solid packings of spheres, prepared by most common protocols, range from the 
“random loose packing” (RLP) limit to the “random close packing” (RCP) limit, where the volume 
fractions of spheres are 0.55 and 0.64, respectively.  However, the physical meaning of these limits is still 
unknown. 
We employ analytical centrifugation and confocal microscopy to study non-crystalline colloidal frictional 
sediments, prepared by centrifugation from a thermodynamically- equilibrated suspension of simple hard 
spheres. We demonstrate that our system allows the density and the entropy of these solid packings to be 
tuned in a controllable way, between the RLP and the RCP limits, by changing the density of the initial 
fluid. The most random fluids, where the volume fraction of colloidal spheres approaches zero, form RLP 
packings; this suggests the RLP limit to be interpreted as the maximally-random jammed (MRJ) density 
of frictional spheres (see Ref. [1]), for which the number of mechanically stable structures is maximized. 
Moreover a critical packing density exists, where all fluid states in our suspensions get extinguished. This 
critical density coincides with the well-known RCP limit, allowing the RCP and the RLP limits to be 
mutually related by a simple fully-deterministic computer model, which perfectly reproduces our 
experimental results. 
[1] L. E. Silbert, Soft Matter 6 (2010) 2918. 
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A solution is presented for the problem of growth of a single droplet and the heat transfer between it and a 
vapor - gas mixture. The effect of interphase heat transfer on condensation relaxation of supersaturated 
vapor was studied with the use of the results obtained. The bulk condensation of vapor from a vapor–gas 
mixture after instantaneous creation of a supersaturated state was investigated. The kinetic equation for 
the droplet size distribution function was used for the mathematical description of the condensation 
relaxation process and our method [1] of direct numerical solution was used in order to solve this 
equation. Based on analytical and numerical modeling of the process, the scaling relations that relate the 
condensation relaxation time and the number density of droplets from the nucleation rate at the initial 
moment of time are derived. We compared results obtained for general formulation and for certain 
simplifying assumptions on the droplets’ temperature for different concentrations of a non-condensable 
gas. It was shown that possibility of use of simplifying assumptions depends on gas concentration. The 
accuracy of the one-temperature model increases with the dilution of vapor by a non-condensing gas. 
Otherwise, the use of the assumption about the equality of the droplet temperature and the saturation 
temperature is justified, first of all, for the description of the condensation process in a pure vapor. 
This work was supported by the RFBR, projects No 13-08-00962 and No MK-6180.2012.8. 
[1] N.M. Kortsenshteyn, E.V. Samuilov, and A.K. Yastrebov, International Journal of Heat and Mass 
Transfer, 52 (2009), No3-4, 548–556. 
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The synthetic clay Laponite is a model for disk-like colloids.  In water this colloidal particles form 
colloidal suspension, which is in a liquid-like state. After aging for some time Laponite suspension forms 
higher-order structure by the electrostatic interaction between the particles. Due to the formation of 
higher-ordered structure the mobility of Laponite particles decreases gradually and finally the system 
changes to an arrested state, which is in a solid-like state. This phenomenon is known as aging of 
Laponite suspension. So far many investigations have been done in the literature. In our research we have 
investigated the time evolution of the higher-ordered structure developing during aging by using static 
light scattering. The light scattering intensity I(q) increases with aging time and ionic strength for all 
samples.  From this scattering intensity, we have evaluated the structure factor for various aging times. 
Here, the structure factor is associated with the spatial correlation of Laponite particles, and is evaluated 
by dividing the I(q) by the form factor which is given by the Fourier transform of the shape of Laponite 
particles. 
On the basis of the above analysis, the structure factor is found to increase with increasing aging time for 
all cases. This suggests that Laponite systems have an inhomogeneous structure and the inhomogeneity is 
much more enhanced upon the increase in ionic strength. Detailed mechanism of the increase in the 
inhomogeneity will be discussed in the presentation. 
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In this contribution, we present experimental results on the elastic properties of a two-dimensional 
colloidal glass former. Given that glasses are solids, one expects a mechanical behavior similar to that of 
crystals, i.e., glasses exhibit a finite shear modulus. Using positional data from video microscopy [1], we 
study the displacement field and connect it to the dynamical matrix D via the equipartition theorem [2]. 
The resulting dispersion relation of the systems hints at structural change upon decreasing the temperature 
in the glassy state. Next, this data is used to derive the Lamé coefficients and the corresponding moduli 
from thermally excited modes in the long wavelength limit [3] using continuum elasticity theory. We 
consider finite size and time effects and find the expected frequency dependence of the shear modulus. By 
cooling the system, the significant increase of the shear modulus allows us to determine the glass 
transition temperature precisely. Following the method described in [4], we compute the short wavelength 
excitations in our system and analyse the density of states as well as the structure of modes. 
[1] F. Ebert, P. Dillmann, G. Maret & P. Keim, Rev. Sci. Instr. 80 (2009) 083902. 
[2] P. Keim, G. Maret, U. Herz & H. H. von Grünberg, Phys. Rev. Lett. 92 (2004) 215504. 
[3] H. H. von Grünberg, P. Keim & G. Maret, Phys. Rev. Lett. 93 (2004) 255703. 
[4] A. Gosh, V. K. Chikkadi, P. Schall, J. Kurchan & D. Bonn, Phys. Rev. Lett. 104 (2010), 248305. 
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Swollen polystyrene microgel particles (PS-MGs) in a good solvent represent an alternative model system 
to standard PMMA colloids. They can be used to study thermodynamic and dynamic behaviour of 
(nearly) hard spheres [1]. In contrast to PMMA particles parameters like refractive-index, density and 
softness can be controlled by their crosslinking-density which controls swelling. 
While the influence of softness on thermodynamic properties is well understood, its detailed influence on 
particle dynamics is still unclear. It has been shown, that a slight amount of softness does not significantly 
affect glass transition dynamics [1]. However, it is by no means clear whether this holds true for particle 
dynamics at the first order freezing transition as well. 
For this purpose the “current current correlation function” (CCF) has been extracted  from dynamic light 
scattering data. Van Megen et. al. could demonstrate that the CCF of PMMA-particles shows a 
characteristic scaling behaviour below the freezing-point, while metastable dispersions show deviations 
[2]. Schoepe and co-workers could ratify these findings by using highly crosslinked (1:10) PS-MGs [3]. 
Here we present an analogous study on slightly softer PS-MGs (1:50) and discuss deviations from the 
hard sphere results. 
[1] T. Eckert & E. Bartsch, Faraday Discuss. 123 (2003) 51. 
[2] W. van Megen, V. A. Martinez & G. Bryant, Phys. Rev. Lett. 103 (2009) 258302. 
[3] M. Franke, S. Golde & H. J. Schoepe, AIP Conf.  Proc. in press (2013). 
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The Mode Coupling Theory (MCT) gives a good qualitative description of several systems near the glass 
transition. For colloidal suspensions of hard spheres a lot of work has been done comparing experiment to 
MCT calculations. For suspensions of charged colloids, [1] is the only publication, which compares 
experimental results (dynamic light scattering) to MCT and they only present results for one system at a 
few different volume fractions. We proceed further with two other charged systems using two different 
experimental techniques. 
Fluorescently-labeled PMMA particles in a CHB-Decalin mixture at sizes between 1µm and 2µm with 
moderate charges are examined using confocal microscopy. For a snapshot of up to 10000 particles, this 
gives us the whole space information, which allows the calculations of any interesting quantities like 
structure factor, mean square displacement, bond order parameters etc. 
Polystyrene (PS) particles in deioinized water at sizes between 100 nm and 300nm are more charged and 
can form glasses already at volume fractions of about 5%. However, due to the strong light scattering of 
PS particles the only available technique is diffusing wave spectroscopy (DWS), see eg. [2]. 
Unfortunately, DWS can only give us information about the dynamics of the system, not about its 
structure. 
For systems of one particle size it turned out that even very polydisperse charged systems do crystallize at 
the timescale of several hours. Therefore we use binary mixtures where crystallization is suppressed. 
[1] Ch. Beck, W. Härtl, and R. Hempelmann, J. Chem. Phys., 111(17):8209-8213, 1999 
[2] A. Meller and J. Stavans, Phys. Rev. Lett. 1992, 68, 3646-3649 
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We present a computer simulation study of the phase behavior of two-dimensional classical particles 
repelling each other through an isotropic core-softened potential [1-3]. As in the analogous three 
dimensional case [1-3], a reentrant-melting transition occurs upon compression, along with a spectrum of 
water-like anomalies in the fluid phase. However, in two dimensions in the low density part of the phase 
diagram melting is a continuous two-stage transition, with an intermediate hexatic phase. All available 
evidence supports the Kosterlitz-Thouless-Halperin-Nelson-Young scenario for this melting transition. 
On the other hand, at high density part of the phase diagram one first-order transition takes place. We 
expect that such a phenomenology can be checked in confined monolayers of charge-stabilized colloids 
with a softened core.  
[1] Yu. D. Fomin, N. V. Gribova, V. N. Ryzhov, S. M. Stishov & Daan Frenkel, J. Chem. Phys. 129, 
064512 (2008). 
[2] N.V. Gribova, Yu.D. Fomin, V.N. Ryzhov, Daan Frenkel, Phys. Rev. E 79, 051202 (2009). 
[3] Yu. D. Fomin, E. N. Tsiok, and V. N. Ryzhov, J. Chem. Phys. 135, 234502 (2011). 
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Recent advances in synthesis and experimental realisation of highly monodisperse adjustable dumbbell 
suspensions allow access to a wide area of the parameter space [1,2,3]. This gives rise to interesting 
theoretical questions on suspension equilibrium relaxation, which we approach employing Brownian 
Dynamics (BD) simulations and linear response theory. The particular focus of this study are bulk 
structure and near-equilibrium transport coefficients of colloidal dumbbell suspensions. We investigate 
the experimentally accessible colloid packing fractions and anisotropy parameters comprehensively for a 
better understanding of material properties. 
We present results on frequency-dependent rotational and translational self-diffusion coefficients as well 
as shear viscosities from linear response relaxations. Furthermore we investigate the relation of these 
dynamical properties to the corresponding microstructure. In addition we present preliminary results of 
non-equilibrium simulations imposing oscillatory and steady simple shear flow. All results are compared 
to the hard sphere reference system as well as available experimental scattering and rheology data. 
[1] Vega, C. et al. J Chem Phys 1992, 96, 9060–9072. 
[2] Marechal, M.; Dijkstra, M. Phys Rev E 2008, 77, 061405. 
[3] Chu, F. et al. Macromol Rapid Comm 2012, 33, 1042-1048.  
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Recent simulation work has shown that attraction has a highly non-trivial effect on the properties of dense 
liquids. In mean time, experiments have demonstrated that the phase behavior of a dense attractive 
colloidal suspension is richer and more complex than that of a repulsive one. For example, at sufficiently 
high packing density, repulsively-interacting colloids can form repulsive glass. Adding a small, short-
range attraction to this repulsive glass can surprisingly melt it into an liquid. Increasing the attraction 
further, the system comes back to another glass, i.e. a attractive glass. However, there is few studies on 
how the strength of attraction affects the properties of the colloidal glass. Here, we take advantage of the 
flexible parameter setting in molecular dynamics simulations to symmetrically vary the attraction 
strength. We truncate the standard Lennard-Jones model at different cutoff distances to obtain various 
attractions. We seek to understand the influence of the attraction on the microscopic structures and 
dynamics of colloidal glass. We found attraction has little influence on the static structures. By contrast, 
attraction greatly affect the dynamical structures and dynamics both quantitatively and qualitatively. We 
further examine generality of this transition behavior. 
[1] L. Berthier & G. Tarjus. Phys. Rev. Lett. 103, (2009) 170601 
[2] J. Toxvaerd & J. C. Dyre. J. Chem. Phys. 134 (2011) 081102 
[3] E. Zaccarellia & W. C. K. Poon. Proc. Natl. Acad. Sci. 106 (2009) 15203 
[4] K. N. Pham et al. Science. 296, (2002) 104 
[5] L. J. Kaufman1 and D. A. Weitz, J. Chem. Phys. 125, (2006) 074716 
[6] C. L. Klix, C. P. Royall, & H. Tanaka. Phys. Rev. Lett. 104, (2010) 1657  
[7] Z. X. Zhang, P. J. Yunker, P. Habdas & A. G. Yodh. Phys. Rev. Lett. 107, (2011) 208303  
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We investigate mixing effects on the glass state of binary colloidal hard sphere mixtures with large size 
asymmetry (size ratio 1:5) using rheology and confocal microscopy in the quiescent state and under shear. 
The rheology in the linear regime shows glass softening and melting at intermediate mixing ratios when 
mixing a system of large spheres with an increasingly large relative volume fraction of small spheres 
[1,2,3]. This can be related to a glass-glass transition, where the large component, initially caged by the 
large spheres, becomes caged by the small ones. During the transition, the free volume increases due to a 
shift in random close packing and induces an acceleration of the dynamics. Our observations are in 
agreement with mode-coupling theory (MCT) predictions [3]. In the non-linear response, a strong 
reduction of the yield strain is observed in the glass softening regime [2], as a result of increasingly larger 
available free volume for deformation. A comparison to one-component systems shows that glasses are 
stabilized at higher available free volumes in the mixtures, possibly due to attractive interactions. The 
results of rheology are compared to measurements of the dynamics of particles under shear. 
[1] T. Sentjabrskaja, D. Guu, P.M. Lettinga, S.U. Egelhaaf and M. Laurati, AIP Conf. Proc., accepted 
(2013), http://arxiv.org/submit/644336 
[2] T. Sentjabrskaja, E. Babaliari, J. Hendricks, M. Laurati, G. Petekidis and S.U. Egelhaaf, submitted to 
Soft Matter (2012), http://arxiv.org/submit/644510 
[3] T. Sentjabrskaja, M. Laurati, S.U. Egelhaaf, E. Babaliari, G. Petekidis and T. Voigtmann, in 
preparation. 
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Heterogeneous nucleation and microstructure formation are of extraordinary importance for material 
science. Unfortunately these processes are merely understood. 
Monodisperse suspensions of colloidal spheres with known interaction are terrific model systems to 
investigate phase transition kinetics.  
We study heterogeneous nucleation and the microstructure evolution using colloidal model systems with 
hard sphere like interaction by Confocal Laser Scanning Microscopy (CLSM) giving the possibility to 
follow the phase transition kinetics in real space with single particle resolution. 
We investigate heterogeneous nucleation on fcc(111) patterned substrates. Varying the lattice spacing of 
the substrate we observe a transition from a commensurable to an incommensurable situation.  
By an extensive real space analysis we locate crystalline particles in individual crystals, determining 
crystal sizes and shape during nucleation and growth.  
Our study shows a significant influence of the substrate properties on the morphology and crystallization 
speed.  
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Using PMMA particles with PHSA as stabilizing layer dispersed in mixtures of organic solvents serious 
deviations from the ideal HS behaviour have been observed recently [1, 2].  
Using highly cross linked polystyrene particles dispersed in the good solvent ethylnaphtalene an optical 
and gravity matched colloidal model system with HS like interaction can be realized [3, 4]. We performed 
a careful and comprehensive characterisation of our colloidal model system giving us the possibility to 
determine the particle volume fraction with an accuracy better than 0.01.  
Analyzing different physical properties (sedimentation velocity, equilibrium phase behaviour, 
crystallization kinetics, equilibrium lattice constant, glass transition dynamics, collective diffusion, short 
time diffusion) over a large volume fraction range (0.01 up to 0.74) we can show that this highly cross 
linked polystyrene particles monitor HS behaviour over the entire concentration range. 
[1] W. C. K. Poon, E. R. Weeks and C. P. Royall, Soft Matter 8, 21 (2012) 
[2] C. P. Royall, W. C. K. Poon and E. R. Weeks, Soft Matter 9, 17 (2013) 
[3] A. Kasper, E. Bartsch and H. Sillescu, Langmuir, 14, 5004, (1998) 
[4] M. Franke, A. Lederer, H. J. Schöpe, Soft Matter 7, 11267 (2011) 
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Dielectric measurements on mixtures of two amphiphiles, octanoic acid (OA) and bis(2-ethylhexyl)amine 
(BEEA), have been performed at room temperature in the mHz-GHz frequency range, showing that the 
conductivity of the mixtures can be up to seven orders of magnitude higher than that of the neat liquids 
[1]. The viscosity of the OA:BEEA mixtures also increases up to four orders of magnitude with respect to 
the pure components. The observed features might depend on the formation of suitable  OA/BEEA 
adducts [2]. Along with the role of breaking and reforming of hydrogen bonds in the system, steric factors 
have to be considered in order to account for the observed effect on the conductivity, which is less evident 
or absent if different binary mixtures of amphiphilic molecules are studied [3,4]. A deeper understanding 
of the link between the structure of the chosen surfactant molecules, their arrangement at the nanoscale 
level, and the macroscopic conductivity might help to design novel materials with enhanced 
performances. 
 
[1] P. Calandra, V.T. Liveri, P. Riello, I. Freris, A. Mandanici, J. Coll. Interf. Sci. 367 (2012) 280. 
[2] P. Calandra, A. Mandanici, V.T. Liveri, M. Pochylski, F. Aliotta J. Chem. Phys. 136 (2012) 064515. 
[3] P. Calandra, A. Ruggirello, A. Mele, V.T. Liveri, J. Coll. Interf. Sci. 343 (2010) 149. 
[4] P. Calandra. A. Mandanici, V.T. Liveri, RSC Advances (2013). 
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The gelation of ionic liquids (IL) with ceramic nanoparticles is a way to obtain a self-standing electrolyte 
membrane that can be used in various electrochemical applications such as Li-batteries, solar cells and 
fuel cells. In the case of Li-batteries the gel electrolyte would combine the beneficial properties of an 
IL/Li-salt solution (high ionic conductivity, wide thermal and electrochemical window, low vapor 
pressure and nom-flammability) with the mechanical rigidity of the gel. However, there is still a big gap 
in the understanding on what mechanisms are controlling the stability of colloids in ILs, in particular in 
the case of IL/Li-salt solutions.  
In this work, we have investigated the interactions and stability in dispersions  of colloidal fumed silica 
(Aerosil 200) and the ionic liquids 1-butyl-3-  methylimidazolium tetraflouroborate (BMImBF4) as a 
function of the Li salt  concentration (LiBF4). With the use of Photon correlation spectroscopy and 
Raman spectroscopy the  aggregation and the interactions in the dispersions are, were investigated. We 
found that the addition of salt increases the stability of the dispersions, resulting in smaller agglomerates 
of silica particles and higher gelation concentrations  in the presence of Li salt. This increased stability 
is  explained by the formation of a more stable solvation layer, where Li ions  accumulate on the 
surface[1]. 
 [1] J. Nordström, L. Aguilera, and A. Matic, Langmuir 28, 4080 (2012). 
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Crystals must deform to fit on curved surfaces.  The energy cost associated to such deformations consists 
of both stretching and bending contributions. According to Euler’s theorem and the Euler characteristic of 
the surface, the minimum energy configuration contains geometrically necessary topological defects, all 
of which share an elementary building block: the disclination. The elastic cost of a disclination in a 
crystalline membrane is very high, but buckling and/or the proliferation of boundary scars can reduce it 
considerably. We briefly discuss the structural transitions and the microstructure dynamics undergoing 
the continuous mechanical deformation of curved crystalline shells as a function of effective bending 
rigidity, sample size, and geometry. The quasi-static deformation of these structures is characterized by 
intermittent dynamics with collective particle reorganizations mediated by the proliferation and dynamic 
delocalization of defects. At large deformations we eventually observe structural failure phenomena such 
as the melting or the cavitation of the crystal shells. 
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We have simulated the dynamics of a two dimensional system of hard ellipses by event-oriented 
molecular dynamics in NEV ensemble. Various quantities namely longitudinal and transverse velocity 
auto-correlation functions, translational and rotational diffusion mean squared displacements, pressure, 
intermediate self scattering function, radial distribution function and angular spatial correlation have been 



   77 

obtained and their dependence on packing fraction is characterised. Despite absence of prominent 
positional ordering, the orientational degree of freedom behaves nontrivially and exhibits interesting 
features. Slowing down is observed in the angular part of the motion near isotropic-nematic phase 
transition. It is shown that above a certain packing fraction the rotational mean squared displacement 
exhibits a three stage temporal regime including a plateau. Comparison to 2D system of hard needles is 
made and it is shown that from positional viewpoint, the ellipse system is more ordered. 
[1]  J. Vieillard-Baron, J. Chem. Phys. 56, 4729 (1972). 
[2] J. A. Cuesta, C. F. Tejero and M. Baus, Phys. Rev. A, 39, 6498 (1989). 
[3] K. J. Strandburg, Rev. Mod. Phys. 60, 161 (1988) 
[3] J. A. Cuesta and D. Frenkel, Phys. Rev. A 42, 2126 (1990). 
[4] D. Frenkel and J. F. Maguire, Phys. Rev. Lett.47, 1025 (1981). 
[5] D. Frenkel and J. F. Maguire, Mol. Phys. 49, 503 (1983). 
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Recent simulations on the long-time structural relaxation decay in liquid crystals (LCs) of hard calamitic 
(rod-like) and discotic colloidal particles are shown. In spite of the substantial differences in the 
equilibrium phase behavior between LCs of calamitic and discotic particles, we observed interesting 
similarities in their rattling-and-jumping diffusion and two-step relaxation dynamics [1-5]. To diffuse 
along the broken 1D (smectic) or 2D (columnar) symmetry direction, a particle must overcome a free-
energy barrier of the order of a few kBT, depending mostly on the packing of the system, but also on the 
particle anisotropy and on the rotational degrees of freedom. Due to the combined action of transient 
cages and permanent periodic free-energy barriers, this diffusion presents a non-Gaussian behavior, 
which makes the long-time structural relaxation decay of equilibrium smectic and columnar LCs similar 
to that of out-of-equilibrium supercooled liquids.  
 
More specifically, at very short times, the particles freely diffuse in the cage formed by their nearest 
neighbors. At this stage, the system shows a Gaussian behavior with a linear mean square displacement 
and a fast exponential decay of the correlation functions. As soon as the particles feel the presence of the 
surrounding cage, the diffusion slows down significantly, deviations from Gaussianity are observed, and 
the mean square displacement develops a plateau whose time extension increases with density and/or 
particle anisotropy. As time passes, an increasing number of particles jumps from a column to another (or 
from a layer to another), hence contributing to recover a homogeneous dynamics which results into a 
second diffusive regime. At the beginning of the long-time diffusion, which indicates the end of the cage 
regime, the deviations from Gaussian behavior start to decrease and go exponentially to zero. By contrast, 
the in-column or in-layer dynamics is similar to that typical of one- or two-dimensional dense fluids, 
respectively, with a relatively fast decay of the correlation functions. 
 
Interestingly enough, in smectic LCs, stringlike clusters composed of inter-layer rods moving 
cooperatively along the nematic director are observed. These strings consist mostly of two or three rods, 
although clusters of more than five rods have also been observed at different aspect ratios [1-2].  
 
References 
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[4] S. Belli, A. Patti, R. van Roij, and M. Dijkstra, J. Chem. Phys., 2010, 133, 154514. 
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Paramagnetic Micro-ellipsoids: from Catalytic Motors to Janus Composite 

 
Tierno, Pietro1 ; Güell, Oriol1 ; Sagués, Francesc1 ; Albalat, Rosa1 

(1) Universitat de Barcelona  
 

We realized anisotropic paramagnetic ellipsoids by stretching liquefied spherical particles previously 
embedded in a polymeric deformable thin film [1]. We demonstrate how particles anisotropy can be used 
to precisely guide chemically powered colloidal propellers [2]. Further on, suitable modification of the 
fabrication method allows achieving Janus paramagnetic ellipsoids with unique dynamics and assembly 
behavior [3]. 
[1] P. Tierno, J. Claret, F. Sagués & A. Cebers, Phys. Rev. E 79 (2009) 021501. 
[2] P. Tierno, R. Albalat & F. Sagués, Small 16 (2010) 1749. 
[3] O. GÄuell, F. Sagués & P. Tierno, Adv. Mater. 23 (2011) 3674. 
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(1) University of Science and Technology of China; (2) Chinese University of HongKong  
 
Crystallization is an important process in condensed matter physics.  Recent studies reveal a far more 
complex picture than classical nucleation theory (CNT):  crystal nuclei are composed of metastable solids 
while their formation is mediated by precursors[1-5]. With confocal microscopy,  we experimentally 
study the symmetry and density evolutions in the crystallization of  soft-repulsive colloidal systems, 
which develop into different stable solids.  Crystal embryos tend to emerge from relatively-ordered liquid 
structures that behave as precursors of solids. These precursors exhibit local orders close to FCC, HCP 
and BCC, and subsequently convert to these meta-stable crystalline structures. Throughout the precursor-
to-solid conversion, interestingly, there always exist  kinetic transformation pathways from HCP-like 
precursors to BCC and FCC solids. The dominant pathway results in the dominant metastable solid at 
early nucleation stage.  Moreover,  in sharp contrast to CNT, we find a decoupling between density and 
symmetry evolutions during this conversion.  More surprisingly, the experiment reveals that nucleation 
rarely starts from most dense regions in the system. 
 
[1] J. R. Savage etal, Phys. Rev. Lett. 102, 198302 (2009).    
[2] T.Schilling, etal, Phys. Rev. Lett. 105, 25701(2010).    
[3] W. Lechner, etal, Phys. Rev. Lett. 106, 85701 (2011).    
[4] T. Kawasaki, H. Tanaka, Proc. Nat. Acad. Sci. 107, 14036 (2010).    
[5] J. Russo, H. Tanaka, SCIENTIFIC REPORTS 2, 505, (2012).  

 
 

 



   79 
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Cr-1 

Polymer Crystallization: Ordered Structures in Complex Systems 
 

Sommer, Jens-Uwe1 ; Luo, Chuanfu1 

�1) Leibniz-Institut für Polymerforschung Dresden  
 
The crystallization of long chain molecules requires two ordering processes which take place 
simultaneously: Transition of each chain from the randomly coiled state into the partially folded and 
extended state, and the growth of many chains forming a regular crystalline structure. This leads to 
complex crystallization and nucleation pathways which usually result in non-equilibrium meta-stable 
states. Large scale molecular dynamics simulations are presented which allow to investigate molecular 
details of single lamellar growth out of an entangled polymer melt. Using a variant of a self-seeding 
techniques we are able to simulated single lamellar growth from entangled polymers melts containing 
chains of 1000 repeat units. Spatial-temporal measures of the state of order are introduced to detect 
precursor states of crystallizing chains during the crystallization pathway [1]. We have applied primitive 
path analysis to calculate the local entanglement properties during crystal growth. In general two 
competitive processes, a slow decrease of average entanglement length during cooling caused by 
stiffening of chains and a strong increase during crystallization, can be observed. In both homogeneous 
and heterogeneous nucleation, disentanglement occurs via forming folds from locally unentangled 
segments and continues in post-crystallization processes (slow reorganization), in particular during 
annealing [2].  
[1] C.-F. Luo and J.-U. Sommer, Macromolecules 44, 1523 (2011) 
[2] C.-F. Luo and J.-U. Sommer, ACS Macro Lett. 2, 31 (2013) 

 
 

 
Invited talk 

Cr-2 
Kinetics of nucleation and crystallization of poly(e caprolactone) (PCL) ¿ carbon nano-tubes 
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(1) University of Rostock; (2) Leibniz Institute of Polymer Research Dresden 
 
Characterization of nucleation and crystallization kinetics in the range of temperatures from melting point 
to below glass transition temperature is of interest for theoretical and application purposes. It was shown 
earlier that both crystal nucleation and growth can be simultaneously probed in relatively fast 
crystallizing polymers (poly(ε-caprolactone), PCL) by means of fast scanning calorimetry [1]. This 
technique allows generation and investigation of highly metastable states of materials by heat treatments 
of small (nanogram) samples and simultaneous measurement of the corresponding heat flow. It was of 
high interest to extend this study also on the additionally nucleated materials as far as nucleating agents 
are widely applied for modification of semi-crystalline polymer properties. 
In this work the development of different structures with annealing time has been followed from 
microseconds to hours. Latent heat of crystallization on heating and overall enthalpy change was analysed 
for different temperatures. Under certain consideration the crystallization and even nucleation kinetics 
were extracted. Current work significantly broadened the range of observable time and temperature in 
addition to existing [3] data for nucleated PCL. The influence of nucleating additives (multi-wall carbon 
nano-tubes, MWNT) on crystallization kinetics was quantified. The effectiveness of agent was judged in 
the range of temperatures where crystallization is possible. 
[1] Zhuravlev, E., J.W.P. Schmelzer, B. Wunderlich and C. Schick, Polymer, 2011. 52: p. 1983-1997. 
[3] Müller, A., Z. Hernández, M. Arnal and J. Sánchez, Polymer Bulletin, 1997. 39(4): p. 465-472. 
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Semicrystalline polymers are present in our everyday life in such a way that about two-thirds of the 
annual production of synthetic polymers mainly consists on this type of material. The amorphous phase in 
a semicrystalline polymer can be considered as self-confined within the restricted environment imposed 
by the crystalline phase[1]. This particular case of confinement in which both confining and confined 
phase are the same material shifts the glass transition toward higher values. Here, we will review different 
experiments performed in hydrogenated and deuterated polymers including dielectric and neutron spin 
echo measurements. The results suggest that the dynamics of semicrystalline polymers occurs in a 
homogeneous scenario similar to that valid to describe the dynamics of amorphous polymers. 
Accordingly, the intermolecular cooperativity is expected to be rather similar in both amorphous and 
semicrystalline polymers. The reduced segmental mobility of the semicrystalline polymer is restricted to 
well differentiate regions, probably in the crystal amorphous interfa       
dielectric segmental relaxation in semicrystalline polymers can be attributed to the averaging effect of 
measuring a homogeneous relaxation with similar stretching exponents over an inhomogeneous 
environment. 
[1] A. Sanz, A. Nogales, T.A. Ezquerra, M. Soccio, N. Lotti & A. Munari, Macromolecules 43 (2010) 
671. 
[2] A. Sanz, A. Nogales, T.A. Ezquerra, M. Soccio, N. Lotti & A. Munari. Macromolecules 44 (2011) 
8124. 
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Zhou, Dongshan1; Jiang, Jing1; Wei, Lei1; Xue, Gi1 

(1) Nanjing University  
 
Ultrafast differential scanning calorimetry (UFDSC) with scanning rate up to 1,000,000 K/s has already 
been used to study the kinetics of crystallization and phase transition of some polymers and liquid 
crystal.[1-2] Recently, we developed stage type UFDSC (ST-UFDSC) with comparable controlled 
heating and cooling rates to the UFDSC mentioned above. ST-UFDSC enables sample treatment and 
measurement integrated with microstructural characterization, say, micro-confocal Raman scattering 
spectroscopy. As an example, we investigated the Raman spectroscopy of PET, PLLA and PCL at 
different crystallization stage obtained by programed rapid cooling and heating processes. Although the 
Raman spectroscopy is not acquired during rapid heat treatments, the structure is assumed to remain by 
ultrafast quench below the glass transition temperature, when the Raman spectroscopy is collected. Minor 
structure evolution was captured by the Raman spectroscopy or surface enhanced Raman scattering 
(SERS) spectroscopy. We expect that the combination technique can be also used to investigate dynamic 
relaxation behaviors of metastable states obtained by ultrafast heat treatments. 
[1] E. Zhuravlev & C. Schick, Thermochim Acta 505 (2010) 1. 
[2] J. Jiang, E. Zhuravlev, Z. J. Huang, L. Wei, Q. Xu, M. J. Shan, G. Xue, D. S. Zhou, C. Schick & W. 
Jiang, Soft Matter 9 (2013) 1488-1491. 
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Russo, John1; Tanaka, Hajime2 

(1) Institute of Industrial Science, University of Tokyo; (2) Institute of Industrial Science 
 
During crystallization the liquid loses both its translational and orientational symmetry, but how the 
symmetry breaking occurs microscopically is still a matter of debate. Recent studies have shown that in 
many systems the homogeneous nucleation process occurs in two steps, with nuclei forming from 
amorphous precursors. In this talk we are going to show that the use of two order parameters provides a 
simple unifying framework to describe the crystallization process in seemingly different systems, also 
highlighting a link between the crystallization and vitrification phenomena. As an example, we will 
compare the crystallization process in the hard-sphere fluid (Ref. [1]) with the one occurring in water 
(Ref. [2]). 
[1] J. Russo & H. Tanaka, Scientific Reports 2 (2012) 505. 
[2] J. Russo & H. Tanaka, in preparation (2013). 
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Both, the system size and the time scale of computational studies on nucleation rates normally differ by 
several orders of magnitude from those within reach of experimental studies. Thus, for a meaningful 
comparison of computational and experimental results, the nucleation rates have to be extrapolated over 
several orders of magnitude, which necessitates accurate coverage of the nucleation rate data over the 
complete accessible range.  
In this contribution, data on the liquid undercooling behavior of several pure metals including Nickel and 
Gold obtained directly by applying a statistical analysis are presented. Variations of rates and sample 
volumes allowed to expand the range of nucleation rates that are experimentally sampled to cover more 
than six orders of magnitude, allowing for the first time a direct comparison with the results of Monte 
Carlo simulations that have been conducted by J. Horbach et al. [1]. The present experimental results are 
discussed concerning the applicability of classical nucleation models and the importance of homogeneous 
nucleation in experiments and concerning the direct comparison with atomistic simulations. Additionally, 
based on the nucleation rate data, the nucleation barriers and the interface excess free energy densities are 
obtained after applying classical nucleationtheory.  
[1] J. Bokeloh, R.E. Rozas, J. Horbach, G. Wilde, Phys. Rev. Lett. 107 (2011) 145701.  
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Nucleation for deeply supercooled liquids remains not well understood.  In simulation, nucleation is often 
studied by using the size n of the largest stable-phase embryo in the system as the order parameter.  The 
resulting free energy F(n) typically has a maximum, indicating that a free energy barrier must be 
overcome for nucleation to occur.  Even though F(n) depends on system size, it has been used to study, 
e.g., the liquid-gas transition, where F(n) becomes monotonically decreasing near the spinodal [1]; 
crystallization in bulk Lennard-Jones, where despite a monotonically decreasing F(n) at deep 
supercooling, crystallization still appears to be first order [2]; and nucleation in gold nanoparticles, where 
F(n) seems to be important in determining limits of stability, although it is not clear how it can be used to 
determine the nucleation rate [3].  Motivated by these challenges, we report results on heterogeneous 
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nucleation in an Ising model, where ambiguities arising in defining the work of embryo formation are 
avoided [4].  We find that the nucleation barrier remains finite and accurately predicts the nucleation rate 
down to the limit of metastability.  In light of these results, we re-examine nucleation in LJ clusters and 
bulk.   
[1] P. Bhimalapuram, S. Chakrabarty, and B. Bagchi, Phys. Rev. Lett. 98 (2007) 206104 
[2] H. Wang, H. Gould, and W. Klein, Phys. Rev. E 76, (2007) 031604 
[3] E. Mendez-Villuendas, I. Saika-Voivod, and R.K. Bowles, J. Chem. Phys. 127 (2007) 154703 
[4] B. Scheifele, I. Saika-Voivod, R.K. Bowles, and P.H. Poole, arXiv:1208.1013v1 
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Crystallization studies demonstrate hidden structural order in amorphous ice 

 

Seidl, Markus 1; Amann-Winkel, Katrin1; Handle, Philip H.1; Zifferer, Gerhard2; Loerting, Thomas1 

(1) University of Innsbruck; (2) University of Vienna 
 
Studies on the nature of amorphous ices are considered as one of the most promising approaches to gain 
new insight into the behavior of water and, therefore, may also provide the basis for further development 
of theories [1]. An important question is whether high-density amorphous ice (HDA) represents a true 
glass rather than, e.g., a nanocrystalline material [2]. 
Here we investigate the isobaric transformation behavior of “unannealed” (uHDA) [3] and “expanded” 
(eHDA) [4] high-density amorphous ice up to 0.20 GPa. eHDA exhibits higher thermal stability and 
crystallizes to a single ice phase only, whereas uHDA always yields a mixture of ice phases. In particular, 
hexagonal ice grows from uHDA, whereas this phase never crystallizes from eHDA. This suggests that 
hidden structural elements resembling hexagonal ice remain after pressure-induced amorphization of 
hexagonal ice at ≈80 K to produce uHDA. In contrast, eHDA appears to be a truly glassy material. 
Experiments at ≥0.30 GPa suggest that the hidden structural order in uHDA can be attributed to 
nanocrystalline domains. 
[1] T. Loerting, N. Giovambattista, J. Phys.: Condens. Matter 18 (2006) R919. 
[2] T. Loerting, V.V. Brazhkin, T. Morishita, Adv. Chem. Phys. 143 (2009) 29. 
[3] O. Mishima, L.D. Calvert, E. Whalley, Nature 310 (1984) 393. 
[4] K. Winkel, M.S. Elsaesser, E. Mayer, T. Loerting, J. Chem. Phys. 128 (2008) 044510. 
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Scott T. Milner and Michael P. Howard, Department of Chemical Engineering, Penn State University, 
University Park PA  16802 
To make predictions about flow-induced crystallization in semicrystalline polymers, it is helpful to start 
with a simple and reasonable story of quiescent nucleation.  For several representative polymer systems, 
mounting evidence suggests nucleation proceeds via a "rotator" mesophase.  For polyethylene (PE) this 
rotator phase has been reasonably well characterized in oligomeric waxes, where it can be 
thermodynamically stable in a narrow range of temperatures between crystal and melt.  We have studied 
the rotator phase as well by simulations, to gain a clearer picture of its structure and degree of order.  We 
combine this information with a theory of the interfaces between crystal or rotator phase and the 
disordered melt, to compute free energy barriers for each candidate nucleus, and find the rotator phase is 
competitive for PE.  Next, we turn to flow-induced crystallization experiments on a most commonly 
studied polymer, polypropylene (iPP).  Examining data, we find the quiescent nucleation behavior 
suggests heterogeneous nucleation.  We construct a simple model of nucleation against a flat, Hamaker-
matched interface, which ultimately relates the reduced heterogeneous barrier to the homogeneous barrier 
via the contact angle.  In this way, we find free energy barriers roughly compatible with observed 
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quiescent nucleation rates.  Finally, with this picture of quiescent nucleation in hand, we can make 
estimates of the effect of flow in reducing the entropy of chains in the melt and hence the nucleation 
barrier, and find a magnitude of flow effect in rough agreement with observations. 
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Cooperative motion is viewed as a problem of energy barrier crossing for conformational rearrangement 
to occur. The readjustment energy threshold per monomer, ζ, labelling the state of a Cooperatively 
Rearranging Region (CRR), is not fixed but fluctuates because it depends on the actual CRR 
conformation. This implies that in a mobile CRR, an entropy contribution must be associated to its 
monomers (each with given energy E): this entropy is related to all possible states that a CRR may be in, 
compatibly with the energy of its monomers (ζ ≤ E). 
A thermodynamic potential for the description of the cooperative conformational fluctuations in polymers 
is then derived. Following the same procedure outlined in a previous version of the model [1], albeit with 
significant improvement, the distribution p(ζ) of the CRR population in the different states is found. The 
average number of monomers forming a CRR corresponds to the Lagrange multiplier associated with the 
constancy of the average excess chemical potential barrier which needs be crossed for rearrangement. 
The analysis of relaxation data in semi-crystalline polymers, such as those obtained by ordinary 
mechanical or broadband dielectric spectroscopy [2,3], yields the size of the CRRs and indicates that 
increasing the average CRR size is connected with an increase of the relative density of high energy 
states. A thermodynamic criterion for crystallization arrest is also suggested [4]. 
 
[1] M. Pieruccini, T.A. Ezquerra, Eur. Phys. J. E 29, 163 (2009) 
[2] P. Calandra, M. Pieruccini, S. Sturniolo, Thermoch. Acta 522, 135 (2011) 
[3] A. Linares, A. Nogales, A. Sanz, T.A. Ezquerra, M. Pieruccini, Phys. Rev. E 82, 031802 (2010) 
[4] M. Pieruccini, A. Flores, Coll. Pol. Sci. 288, 365 (2010) 
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Estimation of the scaling of the nucleation time of a crystal with volume when the 

 nucleation rate does not exist 
 

Sear, Richard1 

(1) University of Surrey 
 
Recent experimental results for aspirin crystallisation [1], and simulation results on a lattice model with 
quenched disorder [2] are not consistent with a nucleation rate that is in the thermodynamic limit. This 
has consequences, if the rate is not in the thermodynamic limit, the time for nucleation will not 
necessarily scale as one over system size. Here, I show how to analyse data for nucleation times to test for 
the existence of a well defined nucleation rate. I also show how to estimate the scaling of the nucleation 
time with the number of nucleation sites. The prediction is that the farther the system is from the 
thermodynamic limit, the more rapidly the nucleation time varies with system size. To make this 
prediction, I use extreme-value statistics. I also show how nucleation data can be analysed to extract 
information on the heterogeneity in the surfaces nucleation is occurring on. 
[1] Y. Diao,et al., J. Am. Chem. Soc. 133 (2011) 3756. 
[2] R. P. Sear, J. Phys. Cond. Matt. 24 (2012) 052205; R. P. Sear, Cryst. Growth Design, in press. 
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Crystallization of PLLA confined in ultrathin films, competition of finite size effects  

and irreversible chain adsorption 
 

Martinez-Tong, Daniel2; Vanroy, Bram3; Chattopadhyay, Basab1; Geerts, Yves1;  

Wübbenhorst, Michael3; Nogales, Aurora2; Napolitano, Simone4 

(1) Laboratory of Polymer Chemistry, Faculté des Sciences, Université Libre de Bruxelles (ULB);  
(2) IEM-CSIC; (3) ATF, Department of Physics, KULeuven; (4) Polymer and Soft Matter Dynamics,  

Faculté des Sciences, Université Libre de Bruxelles (ULB) 
 
Confined at the nanoscale level, polymers crystallize much slower than in bulk, and in some cases the 
formation of ordered structures results inhibited within extremely long experimental timescales [1]. Here, 
we report on the thickness dependence of the crystallization behaviour of thin poly(L-lactide) (PLLA) 
films (< 300 nm), capped between two aluminium (Al) layers. The cold crystallization kinetics was 
monitored by means of dielectric relaxation spectroscopy, following the reduction in dielectric strength 
during annealing in isothermal experiments. We exploited a new analytical method assessing the impact 
of irreversible chain adsorption and permitting to disentangle finite size and interfacial effects. In line 
with previous literature, the conversion time increased upon reduction of the thickness and crystallization 
was inhibited in films thinner than 10 nm. Moreover, following recent literature on the impact of 
confinement on the structural relaxation [2-3] we analyzed the thickness dependence of the dielectric 
strength and obtained the gradient in segmental mobility inside our capped films. We conclude that 
irreversible adsorption of chains onto the Al electrodes ultimately leads to a reduction in molecular 
mobility compared to the bulk.  
[1] Capitan, M. J.; Rueda, D. R.; Ezquerra, T. A. Macromolecules 2004, 37, 5653.  [2] Rotella, C.; 
Wübbenhorst, M.; Napolitano, S. 2011. Soft Matter, 7, 5260-5266. [3] Napolitano, S; Wübbenhorst, M, 
Nature Communications, 2, 260 
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The mean-field theory of Baus and coworkers is employed to analyze the fast, adiabatic decay of a 
supercooled liquid in a closed vessel, which often represents the first stage of the solidification process. 
By imposing a further constraint on either the system volume or pressure, I use the maximum-entropy 
method in order to quantify the fraction of liquid that is transformed into solid as a function of 
undercooling and of the amount of an immiscible gas that could possibly be also present in the vessel. 
The outcome of the calculation is contrasted with the behavior of water and with that of other liquids. 
Upon looking at the implications of thermal and mechanical insulation for the energy cost of forming a 
solid droplet in a liquid, I identify one situation where the onset of solidification inevitably occurs near 
the wall in contact with the thermal bath. 
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Optimizing the assembly pathway of a hierarchically structured cristal 
 

Haxton, Thomas1; Whitelam, Stephen1 
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Much is known about crystallization of isotropic components into close-packed crystals, whose 
thermodynamic stability and kinetic accessibility are controlled by a single interaction.  However, many 
crystals have hierarchical structures stabilized by a combination of isotropic and anisotropic interactions.  
By simulating crystallization of one such structure, a porous square lattice with four monomers per unit 
cell, we optimize crystallization as interactions and assembly pathways are broadly varied.  Three types of 
pathway can be selected while maintaining crystal stability: a direct pathway via single-monomer 
addition, two-step pathways via unstructured aggregation, and hierarchical pathways via the formation of 
intermediate building blocks.  Although weak nonspecific association enhances yield, crystallization via a 
metastable liquid impedes yield, in stark contrast to the crystallization of isotropic components.  
Moreover, although the target crystal is organized hierarchically, the direct pathway outperforms 
hierarchical pathways.  By comparing these results with thermodynamic calculations, we establish two 
design rules for optimizing crystallization: (1) make the free energy gap between the target crystal and the 
most stable fluid phase comparable to the thermal energy, and (2) ensure that no other dense phases or 
fluids of incomplete building blocks fall within this gap [1]. 
[1] T. K. Haxton and S. Whitelam, Soft Matter 8 3558 (2012) and Soft Matter in press (2013) 
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 Recently we predicted the existence of a new phenomenon [1]: Cooling by heating .If 
temperature is suddenly raised at the surface of a sphere, the temperature in the interior initially 
decreases. The effect is expected to be largest close to the glass transition temperature of the perturbed 
material. Here we give the first numerical proof of existence of the effect by performing molecular 
dynamics simulations of a supercooled Kob-Andersen binary mixture of Lennard-Jones particles forming 
a droplet consisting of 500.000 particles. We show that the phenomenon is real, even when inertia cannot 
be disregarded. Furthermore, the simulations reveal that as the temperature in the interior drops 
accompanied by a drop in density, the increased mobility of the particles induces crystallization, 
beginning in the centre of the sphere. 
 This is a new mechanism for freezing of droplets that could give new insight into cloud formation. 
[1] J. J. Papini, S. Toxvaerd , T Christensen and J. C. Dyre, Phys. Rev. X  2, 041015(2012). 
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Heterogeneous nucleation in colloidal model systems 
 

Schöpe, Hans Joachim2; Engelbrecht, Andreas1; Franke, Markus1; Lederer, Achim1 

(1) Johannes Gutenberg Universität Mainz; (2) Max-Planck-Institut für Polymerforschung 
 
Most solids consist of crystals and their material properties are highly controlled by the crystallization 
kinetics. Controlling crystal nucleation and growth is of great interest in condensed matter physics and 
material science. Container walls and impurities are almost omnipresent making heterogeneous 
nucleation the dominant process at low metastabilities biasing the material microstructure. 
Notwithstanding its relevance heterogeneous nucleation is not well understood. 
One promising approach to the problem is offered by the study of colloidal suspensions. In colloids the 
particle interactions can be experimentally adjusted to include short (hard spheres, HS) and long ranged 
(charged spheres, CS) repulsions. We studied the kinetics of homogeneous and wall induced 
heterogeneous nucleation in as well as seed induced nucleation (inoculation) in colloidal CS and HS [1-
3]. Using light scattering as well as microscopy techniques a comprehensive analysis of the crystallization 
process is obtained. We can show that the competition of heterogeneous and bulk crystallization is altered 
significantly with the nature of the particle interaction. 
[1] M. Franke, A. Lederer and H. J. Schöpe, Soft Matter 7, 11267 (2011) 
[2] A. Engelbrecht, R. Meneses and H. J. Schöpe, Soft Matter 7, 5685 (2011) 
[3] A. Engelbrecht and H. J. Schöpe, Soft Matter 8, 11034 (2012) 
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For glasses of several organic molecules with low molecular weight (e.g., o-terphenyl), crystal growth 

rates up to 105 times faster than predicted by models have been reported [1–4]. This fast mode of crystal 
growth is activated near the glass transition temperature Tg and reaches deep into the glassy state. 

Therefore, it is characterized as diffusionless in contrast to diffusion-controlled growth in the liquid. All 
models developed to explain this fast crystallization process so far [1–3, 5–8] show deficiencies in 
explaining its rich phenomenology. 
One approach to gain a better understanding of the mechanism causing fast crystal growth is to study the 
influence of molecular structure on the occurrence of this growth mode. Thus, we here present results on 
the crystallization kinetics of three tris-naphthylbenzene isomers in the liquid and in the glassy state. We 
find that at least two of the isomers show fast crystal growth below their Tg. 

[1] T. Hikima, Y. Adachi, M. Hanaya, M. Oguni, Phys. Rev. B 52 (1995) 3900. 
[2] Y. Sun, H. Xi, S. Chen, M.D. Ediger, L. Yu, J. Phys. Chem. B 112 (2008) 5594. 
[3] M. Hatase, M. Hanaya, M. Oguni, J. Non-Cryst. Solids 333 (2004) 129. 
[4] H. Ishida, T. Wu, L. Yu, J. Pharm. Sci. 96 (2007) 1131. 
[5] T. Hikima, M. Hanaya, M. Oguni, J. Non-Cryst. Solids 235–237 (1998) 539. 
[6] H. Tanaka, Phys. Rev. E 68 (2003) 011505. 
[7] T. Konishi, H. Tanaka, Phys. Rev. B 76 (2007) 220201. 
[8] J.D. Stevenson, P.G. Wolynes, J. Phys. Chem. A 115 (2011) 3713. 
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Ice Nucleation near the Liquid-Liquid Phase Transition in Simulations of Supercooled Water 
 

Buhariwalla, Connor4; Bowles, R.K.1; Saika-Voivod, I.2; Sciortino, F.3; Poole, P.H.4 

(1) University of Saskatchewan; (2) Memorial University of Newfoundland; (3) Universita di  
Roma La Sapienza; (4) St. Francis Xavier University 

 
Recent free energy simulations of supercooled water using the ST2 potential have confirmed the 
existence of a liquid-liquid phase transition (LLPT) in this water model [1,2].  However, the influence of 
the LLPT on the nucleation of ice in this model has not been quantified, in particular, the influence on the 
height of the nucleation barrier.  To address this question, we carry out umbrella sampling Monte Carlo 
simulations of ST2 water to evaluate the free energy barrier for the formation of ice Ic and Ih.  We 
estimate the nucleation barrier over a wide range of temperature and pressure in the supercooled region of 
the phase diagram straddling the so-called Widom line, and approaching the region of the critical point 
associated with the LLPT.  Our results reveal a crossover in the behavior of the nucleation barrier as the 
liquid changes from the high density to low density forms. 
[1] Y. Liu, J.C. Palmer, A.Z. Panagiotopoulos, and P.G. Debenedetti, J. Chem. Phys. 137, 214505 (2012). 
[2] P.H. Poole, R.K. Bowles, I. Saika-Voivod, and F. Sciortino, J. Chem. Phys. 138, 034505 (2013). 
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Olsen, Andreas Elmerdahl1; Albrechtsen, Dan Elmkvist1; Dyre, Jeppe 1; Schrøder, Thomas B.1 

(1) Roskilde University 
 
It has been shown [1] that for liquids exhibiting strong correlation between its NVT virial and potential 
energy equilibrium fluctuations, one can, to a good approximation, define isomorphic curves in the 
density-temperature phase diagram, along which structure, dynamics, excess entropy, heat capacity etc. 
are all invariant.  
We investigate this behavior via MD-simulations in the FCC-crystalline state for Lennard-Jones systems 
and show that the strong correlation here is even more pronounced than for the liquid. This implies that 
isomorphic curves exist in the crystal phase, as well. We confirm this by studying the following predicted 
invariance: (1) The structure via the radial distribution function and structure factor, (2) short-ranged 
dynamics via the velocity autocorrelation function, (3) long-ranged dynamics via mean-square 
displacement of crystal vacancies, (4) aging via the relaxations of the system after instantaneous jumps 
between isomorphic state points. In all cases we compare the results with similar results along isochors 
and isotherms. 
In addition we investigate sodium-chloride in the crystal phase modeled by a potential consisting of a 
Lennard-Jones and a Coulomb term in a FCC structure. This system does not have strong correlation, and 
does not have well-defined isomorphs. 
[1] N. Gnan et al. J. Chem. Phys., 131, 234504 (2009). 
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A statistical mechanical model for cooperative conformational fluctuations: relaxation and plastic 
response in semicrystalline polymers 

 

Pieruccini, Marco 1 

(1) C.N.R. Istituto Nanoscienze  
 

 
A recently developed statistical mechanical model [1] (see ref.[2] for a first account) allows to highlight, 
from the direct analysis of relaxation data in semicrystalline polymers, the connection between the 
emergence of conformational constraints and the increasing average size of the cooperatively rearranging 
regions (CRR). The model is an extension of the Adam-Gibbs scheme of glass forming liquids, in the 
sense that the energy threshold ζ above which the thermodynamic fluctuations may drive conformational 
readjustment, is now envisaged as a fluctuating quantity itself, because it depends on the actual CRR 
conformation. 
In the present contribution, the statistical mechanical approach to the relaxation data analysis will be 
briefly outlined. Examples from dynamical mechanical spectroscopy (DMS) and broadband dielectric 
spectroscopy (BDS) will be discussed in this framework, in order to point out: 
The connection between the width of the relaxation spectrum and the height of the energy threshold ζ 

The connection between CRR size, z, and chemical potential Δμ = z-1 ζ 
The connection between CRR size and the density of states allowing for readjustment 
As the model suggests, the presence of a stress field reduces the average height of the readjustment 
energy threshold and the CRR size as well. This is the basis on which the comparison between 
conformational relaxation features and results of microhardness measurements for poly(ethylene 
terephthalate) is discussed [3]. 
 
[1] M. Pieruccini, invited talk to this conference 
[2] M. Pieruccini, T.A. Ezquerra, Eur. Phys. J. E 29, 163 (2009) 
[3] M. Pieruccini, A. Flores, F.J. Baltá-Calleja, Mech. Mat. (submitted) 
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New NMR approaches for the study or reorientational relaxation processes in organic solids 
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Laboratory, Harwell Science Campus  

 
The study of cooperative relaxation processes in polymers is fundamental for the understanding of many 
of their properties, most notably the glass transition. Nuclear Magnetic Resonance relaxometry provides a 
number of possible approaches to study molecular dynamics in solids, but most of them aren’t suitable for 
the characterization of such relatively slow processes. 
In this work a new approach to this analysis is presented. By relying on the geometric properties of 
dipolar interaction, a new model for the study of purely reorientational dynamics in solids containing 
proton pairs is developed [1]. The model is then applied to the study of alpha relaxation in Nitrile 
Butadiene Rubber [2] and poly(butadiene) and compared with previous results. Though there’s still room 
for improvement, the new model proves a fast, consistent and reliable way of interpreting NMR dipolar 
signals in presence of motions with a single fitting parameter. The technique requires only the use of 
common NMR equipment and a very quick fitting step. The software developed for the purpose of 
performing these fits, EDDIE [3], is also presented. EDDIE has been released to the public as open source 
and is available for download to anyone who has an interest in it. 
 
[1] Sturniolo S, Pieruccini M., J. Mag. Res. 223 (2012):138-147 
 
[2] Sturniolo S, Pieruccini M, Corti M, Rigamonti A., Solid State Nucl. Mag. Res. (2013) [Epub ahead of 
print] 
[3] https://sites.google.com/site/eddienmr/home 
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Identification of water types during the rehydration of a dehydrated 
CaFe-layered double hydroxide 

 
Bugris, V. 1; Haspel, H. 1; Kukovecz, Á. 1; Kónya, Z. 1; Sipos, P. 1; Pálinkó, I. 1 

(1) University of Szeged 
 
It is well-known that LDHs lose their layered structure upon heat treatment. This way, 
partially crystalline mixed metal oxides are created. Nevertheless, after rehydration the 
layered structure is regained. This is the so-called memory effect. 
While the steps of the dehydration are known, those of the rehydration are not. In this 
contribution the rehydration process of a dehydrated CaFe-LDH is described using the 
combination of various methods, such as differential scanning calorimetry (DSC), 
thermogravimetry (TG), X-ray diffractometry (XRD) and dielectric relaxation spectroscopy 
(DRS). During rehydration water molecules entering into various positions help to reconstruct the original 
structure. This process is easily followed by the DRS method. 
The CaFe-LDH was prepared with co-precipitation. Heat treatment leading to 
dehydration was followed by TG, while rehydration in atmospheres of controlled humidity 
values was monitored by DSC and the major steps of both processes were identified. For 
studying the rehydration procedure the dehydrated samples were kept under preset vapour 
contents (11%, 43%, 62%, 75% relative humidity values) in the temperature range from 173 K to 283 K. 
Then, the DRS spectra were registered at these temperatures and the various forms of bound water were 
identified and the corresponding relaxation times were 
determined. The combination of these methods was capable of identifying the various forms of water 
molecules crucial in establishing the layered structure, and at the same time quantitative energy data on 
the steps of rehydration were gained as well. 
 
Acknowledgements: This research was funded by grant NK 106234 from the 
National Science Foundation of Hungary and the programs TÁMOP-4.2.2.A-11/1/KONV- 
2012-0047 and TÁMOP-4.2.4.A/1-11-1-2012-0001, competitions identification A2-ACSJD- 12-0286. 
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(1) Université Montpellier; (2) CNRS, Laboratoire Charles Coulomb UMR 5221; (3) IMPMC-CNRS 

UMR 7590, Université Pierre et Marie Curie 
 
Vitreous silica v-SiO2 has been extensively studied over large pressure (P) and temperature (T) ranges. 
Several anomalous physical properties were discovered. In particular, the compressibility does not show 
the P and T dependencies observed in most solids. Several models, supported by numerical simulations, 
have been proposed which rely on the intertetrahedral flexibility of the silica network allowing strong 
structural modifications with T and P. Recent publications revealed that v-SiO2 submitted to high P in a 
He atmosphere exhibits a surprisingly small change in volume. This was interpreted as a considerable 
reduction of compressibility, leading to an apparent bulk modulus B around 110 GPa near ambient P. 
However, another value of B = 36.5 GPa can be calculated from the longitudinal (vL) and transverse (vT) 
sound velocities and the density, all known at ambient P. Here we show that this large difference in 
compressibilities must relate to the open structure of v-SiO2 allowing He to penetrate the network in the 
static limit. In an open system, the static measurement underestimates the compressibility by a term due 
to the gas charging. We will present volume changes measurements and Brillouin light-scattering (BLS) 
measurements of the sound velocity for the longitudinal and transverse acoustic modes as a function of P 
up to 6 GPa in He atmosphere. It is found that the anomalous B minimum in the acoustic bulk modulus is 
to a large extent hindered by the penetration of helium atoms into the silica network. The acoustic bulk 
modulus is found almost less than half the static one demonstrating that He continues penetrating v-SiO2 
up to our highest investigated P. An estimate of the amount of He entering v-SiO2 is derived from the 
measured refractive index, leading to the unexpected value of more than 1 mole of He per mole of SiO2 
at 6 GPa. 

http://publish.aps.org/search/field/author/Coralie%20Weigel
http://publish.aps.org/search/field/author/Alain%20Polian
http://publish.aps.org/search/field/author/Mathieu%20Kint
http://publish.aps.org/search/field/author/Benoit%20Ruffl%C3%A9
http://publish.aps.org/search/field/author/Marie%20Foret
http://publish.aps.org/search/field/author/Ren%C3%A9%20Vacher
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C. Weigel, A. Polian, M. Kint, B. Rufflé, M. Foret, R. Vacher, Phys. Rev. Lett. 109, 245504 (2012). 
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Hidden polymorphs drive vitrification in B2O3 
G. Ferlat, A.P. Seitsonen, M. Lazzeri, F. Mauri 

IMPMC-Université P. et M. Curie 
B2O3 shows remarkable anomalies as compared to other glass-formingsystems. First, B2O3 never 
crystallises from the melt unless pressure isapplied, an intriguing behaviour known as the crystallisation 
anomaly.Second, the glassy form is abnormally different from the knowncrystalline phases (density, rings 
statistics) [1]. Finally, with onlytwo known crystalline phases, the polymorphism in B2O3 is 
surprisinglypoor as compared to e.g. SiO2. This motivated us to search for new B2O3polymorphs. Using 
topological tools (decoration of three-fold networks)and ab-initio calculations, we generated 25 new 
polymorphs of low energy[2]. Most of the obtained crystals have similar energies and densitiesat ambient 
pressure. This configurational degeneracy (at a densitytypical of that of the glass) is likely responsible for 
the ease ofvitrification. The new crystals share many of the glass properties (lowdensity, high amount of 
boroxol rings). Further, the energy degeneracyof the polymorphs is lifted under pressure, unveiling the 
origin of thecristallisation anomaly.   
[1] G. Ferlat et al., Phys. Rev. Lett., 101, 065504 (2008) 
[2] G. Ferlat et al., Nature Materials, 11, 925 (2012). 
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Search for fast precursor processes of the water glass transition: Neutron scattering Debye-Waller  
factor and 2H-NMR spin-lattice relaxation 

 
Amann-Winkel, K3; Low, F.1; Geil, B.2; Fujara, F.1; Loerting, T.3 

(1) Institut für Festkörperphysik, TU Darmstadt; (2) Institut für Physikalische Chemie,  
Georg-August-Universität Göttingen; (3) Institute of Physical Chemistry, University of Innsbruck 

 
We search for fast precursor processes of the water glass transition. Two experimental methods are 
applied which are well proven to be able to identify ns (or faster) small amplitude reorientational and/or 
translational water motion, namely 2H-NMR spin-lattice relaxation [1] and quasielastic neutron scattering 
[2], respectively. 
The systems under study are: Expanded high density amorphous ice (eHDA), relaxed low density 
amouphous ice (LDA-II) and hyperquenched glassy water (HGW).  
The work is motivated by predictions of mode coupling theory and by experimental findings in molecular 
glass formers where a Debye-Waller factor fQ(T) anomaly around the calorimetric glass transition 
temperature Tg as well as an anomalous increase of the 2H spin-lattice relaxation rate T1

-1 is found. 
However, even if our experiments do reveal some vague indications of the predicted anomalies, neither 
the observed features in fQ(T), which is obtained by analyzing fixed elastic window scans at the ILL 
backscattering spectrometer IN13, nor those in T1

-1(T) show sufficient significance. 
On the other hand, the two temperature dependent observables fQ and T1

-1 can be quite well used as 
monitor and identify various amorphous ices, determine their annealing behavior and locate transition 
temperatures between different amorphous phases as well as the recrystallization to cubic ice. 
[1]   F. Löw, K.-Amann-Winkel, B. Geil, T. Lörting, C. Wittich, F. Fujara, PCCP 15, 576 (2013) 
[2]  K. Amann-Winkel, F. Löw, P. Handle, W. Knoll, J. Peters, B. Geil, F. Fujara, T. Lörting, PCCP 

14, 16386 (2012) 
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Phase behaviour of water under hydrophilic/hydrophobic confinement 
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(1) Peking University 
 
The phase behaviour of water is important for the understanding of many physical, biological and 
chemical processes, especially in nano-confined geometries. Using molecular dynamics simulations, we 
have studied the phase behaviour of water confined within nanoscopic hydrophobic and hydrophilic 
surfaces. For hydrophobic confinement, there exists a dynamic coexistence of liquid and vapour phase. 
For hydrophilic confinement, we find a drastic change in thermodynamic properties of water when the 
confined dimension is lower than nanometer; while for adjoining hydrophobic and hydrophilic 
confinement, the structure and dynamics of water are strongly affected by both surfaces. 
[1] L. Xu & V. Molinero, J. Phys. Chem. B  115 (2011) 14210-14216. 
[2] L. Xu & V. Molinero, J. Phys. Chem. B 114 (2010) 7320-7328. 
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Nelson, Helge2; Gainaru, Catalin2; Amann-Winkel, Katrin1; Loerting, Thomas1; Böhmer, Roland2 

(1) University of Innsbruck; (2) Technische Universität Dortmund 
 
Water is a seemingly simple liquid with many fascinating properties and anomalies which play a central 
role in sustaining life. Still in need of elucidation are the implications of the coexistence of different 
metastable phases at low temperatures [1,2,3], such as low-density amorphous ice (LDA) and high-
density amorphous ice (HDA). Upon heating at ambient pressure HDA transforms into LDA and 
afterwards into cubic ice. Regarding LDA, a feeble calorimetric signature around 136 K signals its glass 
transition [4,5]. On the other hand, recent experiments demonstrated that specially treated HDA samples 
show improved thermal stability [6] which allows one to detect HDA's glass transition at ambient 
pressure as well. Using dielectric spectroscopy the glass-to-liquid transition can be detected via the 

appearance of an absorption peak centred at about 10–2 Hz. From the temperature dependent peak 
positions a relaxation map can be constructed. Our findings are compared with those from other 
techniques aiming at providing a more complete picture of water's vitrification. 
[1] P. G. Debenedetti, J. Phys.: Condens. Matter 15 (2003) R1669. 
[2] P. H. Poole, T. Grande, C. A. Angell, and P. F. McMillan, Science 275 (1997) 322. 
[3] O. Mishima, and H. E. Stanley, Nature 396 (1998) 329. 
[4] J. A. McMillan, and S. C. Los, Nature 206 (1965) 806.  
[5] G. P. Johari, A. Hallbrucker, and E. Mayer, Nature 330 (1987) 552. 
[6] K. Winkel, E. Mayer, and T. Loerting, J. Phys. Chem. B 115 (2011) 14141. 

 
 

 
Invited talk 

DIL-4 
Ultraslow Dynamics in Low Density Amorphous Ice: Indications for a Glass Transition? 

 
Burkhard, Geil1; Florian, Löw3; Katrin, Amann-Winkel2; Franz, Fujara3; Thomas, Loerting2 

(1) Georg-August-University Göttingen; (2) University of Innsbruck; (3) TU-Darmstadt 
 
The existence of a glass transition in low density amorphous ices (LDA) is the origin of a long standing 
debate. So far the onset of crystallization at - or very close to - the glass transition temperature prevents 
all experiments from obtaining an unambigeously clear signature of this transition. Up to now there are as 
many arguments supporting the glassy nature of these amorphous ices as there are physical properties 
favouring a disordered but more crystal-like scenario. 
With this work a new piece is added to this unsolved puzzle, which points in the direction of the glassy 
interpretation:    
LDA-II is a special variation of LDA (obtained from thermally annealed expanded high density 
amorphous ice, eHDA) standing out for its extended stability range with respect to crystallization. 
Stimulated deuteron NMR experiments on LDA-II reveal an ultra-slow molecular reorientation dynamics 
that, in the hydrogen bond networks of ices, can directly be mapped onto the structural (alpha-) 
relaxation. Close to the expected glass transition temperature the so obtained alpha-relaxation of LDA-II 
strongly resembles the alpha-process of other simple glassformers while it is very distinct from relaxation 
in crystalline icy systems.  
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A feeble glass transition at Tg~136 K is one of the key experimental findings allowing for the 
interpretation of amorphous solid water (ASW) [1], hyperquenched glassy water (HGW) [2] and low-
density amorphous ice (LDA) [3] as vitrified states of low-density liquid water (LDL). However, similar 
calorimetric features are observed in high-pressure crystalline ices, e.g., ice XII at 129 K [4] and ice VI at 
120 K [5]. The latter are interpreted as orientational (solid-to-solid) glass transitions, i.e., the unlocking of 
hydrogen atom motion and rotational dynamics with the oxygen atoms staying immobile. 
In order to resolve the title question we have developed a penetration experiment similar to the seminal 
experiment by Johari [6]. We observe penetration of amorphous ice above Tg, and no penetration, but 
thermal expansion, in case of crystalline ices. We understand this finding as a drop of the dynamic 

viscosity of LDA to below 1012 Pa.s near Tg. This rules out the possibility of a solid-to-solid transition 
underlying the calorimetric glass-to-liquid transition in LDA. 
[1] J. A. McMillan, and S. C. Los, Nature 206 (1965) 806. 
[2] G. P. Johari, A. Hallbrucker, and E. Mayer, Nature 330 (1987) 552. 
[3] M. S. Elsaesser, K. Winkel, E. Mayer, and T. Loerting, Phys. Chem. Chem. Phys. 12 (2010) 708. 
[4] C. G. Salzmann et al. Phys. Chem. Chem. Phys. 5 (2003) 3507. 
[5] Y. P. Handa, D. D. Klug, and E. Whalley, Can. J. Chem. 66 (1988) 919. 
[6] G. P. Johari, J. Phys. Chem. B 102 (1998) 4711. 
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When pure liquid water is supercooled below its freezing temperature, it exhibits a number of striking 
anomalies.  Most remarkable among these anomalies is the strong temperature dependence of the isobaric 
heat capacity, CP, that first exhibits a rise, and then a fall, while lowering temperature substantially below 

0 oC.  In contrast, the isochoric heat capacity, CV, remains weakly temperature dependent and displays 

no such anomaly.  The reason for this surprisingly large difference is not well understood.  To understand 
this and other anomalies of low temperature water, we examine both wave number and frequency 
dependent temperature fluctuation by long molecular dynamics simulations.  Significant differences 
between constant pressure and constant volume conditions appear below 240K in the spatio-temporal 
correlation of temperature fluctuation.  Shell-wise decomposition of relative contribution to the 
temperature fluctuation reveals an increase in contribution from the distant regions, extending even up to 
the fifth hydration shell,  more significant under isobaric than under isochoric conditions. While the 
temperature fluctuation time correlation function (TFCF) exhibits the expected  slow-down with lowering 
temperature, it shows a rather surprisingly sharp crossover from a markedly fragile to a weakly fragile 
liquid around 220 K.  We establish that this crossover of TFCF (and the related anomalies) arises from a 
percolation transition in the population of clusters made of liquid-like molecules, defined by coordination 
number (and consistent with local volumes obtained from Voronoi polyhedra).  The disappearance of 
large liquid-like clusters below 220K displays characteristic features consistent with theory of 
percolation.  As temperature is further lowered, TFCF exhibits a power law decay and the relaxation time 
can be again fitted to Vogel-Fulcher-Tammann law, revealing a dynamic transition around 160 - 170 K.  
Our computed two-dimensional IR and Raman spectra both also carry signatures of a dynamical 
transition around 160-170 K 
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Before the recent discovery of the existence of high-pressure ice phases highly loaded in salt [1], the 
belief was that water freezing, either by cooling or by applying pressure, would result in salt expulsion 
from ice lattice with consequent formation of pure ice crystals and salt-hydrates. We have shown that the 
incorporation of ions in the ice lattice is possible by re-crystallization of the amorphous phases under high 
pressure. We find that concentrated LiCl-water solutions vitrify at ambient pressure in a structurally 
compact form similar to the relaxed high-density amorphous phase of pure water (e-HDA). Under 
annealing at high pressure, this phase reversibly transforms into a new very-high-density amorphous form 
(VHDA) [2]. Under further temperature annealing, VHDA crystallizes into the ice VII structure 
incorporating homogeneously the salt into the ice lattice [1]. Differently from water, concentrated LiCl-
water solutions are good glass formers and the two amorphous phases are in principle thermodynamically 
connected to the liquid phase. New results on the relation between these polyamorphic phases and a 
possible liquid-liquid transition in salty water will be discussed.  
[1] S. Klotz, L.E. Bove, T. Strassle, et al., Nature Materials 8, 405 (2009). 
[2] L.E. Bove, S. Klotz, and A.M. Saitta, Physical Review Letters 106, 125701 (2011) 
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In addition to the crystalline phases of ice, several amorphous states of water exist which are classified by 
their densities [1]. Experimental issues in probing their glass transition are absent in computer simulations 
and, therefore, molecular dynamics simulation are a very useful tool to study glassy ices. For the 
transformation of thermally relaxed high-density amorphous ice (eHDA) [2] to the corresponding high-
density liquid state (HDL) we have shown that only its low-temperature part is accessible experimentally 
[3]. In contrast, the whole transformation region is accessible in simulations [4]. 
In this poster we present the dependence of the characteristic glass transition temperature on several 
simulation parameters, emphasizing a comparison of different water models (TIP3P with flexible and 
static bond angles as well as TIP4P variants). Our analysis of the transition from eHDA to HDL is based 
on the temperature-dependence of the thermal expansion, the heat capacity and changes in the molecular 
mobility. 
[1] T. Loerting, K. Winkel, M. Seidl, M. Bauer, C. Mitterdorfer, P.H. Handle, C.G. Salzmann, E. Mayer, 
J.L. Finney, D.T. Bowron, Phys. Chem. Chem. Phys. 13 (2011) 8783. 
[2] K. Winkel, E. Mayer, T. Loerting, J. Phys. Chem. B 115 (2011) 14141. 
[3] M. Seidl, M.S. Elsaesser, K. Winkel, G. Zifferer, E. Mayer, T. Loerting, Phys. Rev. B 83 (2011) 
100201. 
[4] M. Seidl, T. Loerting, G. Zifferer, J. Chem. Phys. 131 (2009) 114502. 
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Viscosity of glass and glass-forming liquids 
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The viscosity of glass and glass-forming liquids is of critical technological importance for a variety of 
industries. From a scientific perspective, viscous dynamics also holds the key to understanding the nature 
of glass transition and relaxation phenomena and the potential existence of an ideal thermodynamic glass 
transition. Unfortunately, existing viscosity models such as the Vogel–Fulcher–Tammann (VFT) equation 
exhibit systematic error when extrapolating to low temperatures. These models also cannot account for 
the nonequilibrium values of viscosity exhibited by the glassy state. Here I will present new models 
describing the viscosity–temperature relationships of glass and glass-forming liquids both in and out of 
thermal equilibrium. The Mauro-Yue-Ellison-Gupta-Allan (MYEGA) model is derived from a physical 
model for the temperature dependence of configurational entropy and offers an accurate prediction of 
low-temperature viscosity without any singularity at finite temperature [1]. This model replaces the 
empirical VFT equation and provides a strong argument against the existence of a Kauzmann entropy 
catastrophe and associated ideal glass transition. The Mauro-Allan-Potuzak (MAP) model of 
nonequilibrium viscosity is derived based on an enthalpy landscape description and accounts for the 
thermal history dependence of viscosity in the glassy state [2]. This model offers quantitatively accurate 
predictions of glass flow at temperatures below the glass transition. 
 
[1]  J. C. Mauro, Y. Z. Yue, A. J. Ellison, P. K. Gupta, and D. C. Allan, Proc. Nat. Acad. Sci. (U.S.) 106 

(2009) 19780. 
[2] J. C. Mauro, D. C. Allan, and M. Potuzak, Phys. Rev. B 80 (2009) 094204. 
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Scaling between relaxation, transport and caged dynamics in binary mixtures on a per-component 

basis: temperature/density scaling and breakdown of the Stokes-Einstein relation 
 

Leporini, Dino2; Puosi, Francesco2; De Michele, Cristiano1 

(1) ''Sapienza'' Universita' di Roma; (2) Universita' di Pisa 
 
The universal scaling between the slow relaxation/transport and the picosecond rattling motion inside the 
cage of the first neighbours has been evidenced in a variety of numerical simulations and experiments [1]. 
We present recent results by MD simulations concerning the separate scaling of each component of a 
class of atomic binary mixtures with different potentials [2]. It is shown that, if two states exhibit 
coinciding incoherent van Hove function on the picosecond timescale, the coincidence is observed at long 
times too (including the large-distance exponential decay, a signature of heterogeneous dynamics). It is 
evidenced that the plots of the diffusivity of the two components of the mixture vs. their respective 
reduced rattling amplitudes reveal identical master curves. The same happens for the structural relaxation 
of the two components with a master curve coinciding with the one of the global scaling.  It is found that 
the breakdown of the Stokes-Einstein law exhibited by the distinct atomic species of the mixtures and the 
monomers of a chain in a polymer melt occurs for states with the same reduced rattling amplitude. 
Finally, we evidence that the well-known temperature/density thermodynamic scaling of the mixture is 
still valid on the picosecond timescale of the rattling motion inside the cage. This provides a link between 
the fast dynamics and the thermodynamic scaling of the slow dynamics. 
[1] L. Larini, A. Ottochian, C. De Michele, and D. Leporini, Nature Physics 4, 42 (2008). 
[2] F.Puosi,C.DeMichele,D.Leporini, J.Chem.Phys., Special Topic Issue on the Glass Transition, in press. 
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Link between a static growing length and slow glassy relaxation in supercooled colloidal liquids 
 

Tanaka, Hajime1; Russo, John1; Leocmach, Mathieu1; Kawasaki, Takeshi1 
(1) Institute of Industrial Science, University of Tokyo 

 
Glass transition takes place if crystallization is avoided upon cooling or increasing density. However, the 
physical factors controlling the ease of vitrification and the nature of glass transition remain elusive. For 
polydisperse colloidal systems, we systematically control the polydispersity, which can be regarded as the 
strength of frustration effects on crystallization. We revealed that crystal-like bond orientational order 
grows in both size and lifetime and icosahedral order also develops but without increasing its size when 
increasing the colloid volume fraction. We confirmed that it is the former and not the latter that is relevant 
to slow dynamics. We stress that bond orientational ordering in hard-sphere-like systems is a direct 
consequence of dense packing. Our study suggests an intriguing scenario that the strength of frustration 
controls both the ease of vitrification and the nature of glass transition. When the strength of frustration 
on crystallization is so strong that glassy order no longer has a link to the symmetry of the crystal, but 
may still be associated with low local free-energy configurations. We discuss a possible link between 
static growing length and the diverging relaxation time [1].   
[1] see, for review, H. Tanaka, Bond orientational order in liquids: Towards a unified description of 
water-like anomalies, liquid-liquid transition, glass transition, and crystallization, Euro. Phys. J. E 35, 
Article:113 (2012). 
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Upper Bounds to the Relaxation Times in Glass-Forming Systems:  Evidence of  

Non-Diverging Time-Scales from 20 Ma Dominican Amber 
 

McKenna, Gregory1; Simon, Sindee; Zhao, Jing 
(1) Texas Tech University 

 
One perceived important signature of the “ideal” glass transition and of the complex fluid nature of glass-
forming liquids remains the apparent divergence of the dynamics at temperatures above zero Kelvin.  
Recently, however, this perception has been increasingly challenged both through experiment, megadata 
analysis, and in some new theories of the dynamics of glass forming systems.  In this presentation we 
summarize some of the prior evidence suggesting that time scales actually do not diverge in glasses that 
are aged into equilibrium, perhaps 15 K below the conventional glass transition temperature Tg.  We then 

show new results from an extremely densified glass-- 20 Ma old (Cenozoic) Dominican amber--in which 
we were able to obtain the upper bounds to the relaxation times at temperatures below the glass transition 
temperature through a step-wise temperature scan in which the stress relaxation response of the amber 
was measured both below and above the fictive temperature TF. We find that in the case of the upper 
bound responses at T>TF, there is a strong deviation of the response from the Super-Arrhenius Vogel-

Fulcher extrapolation and this persists to the fictive temperature which is some 43.6 K below Tg.  The 

results are compared to the parabolic model of Chandler and co-workers and the entropy model of Mauro, 
et al. We find the former model to be consistent with our results if the value of Tx in the model is taken to 

be the calorimetric glass transition temperature.  The latter model, while giving non-diverging time-
scales, seems to fall well above the measured upper bound relaxation times. The significance of the 
results will be discussed.  
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Modeling volume relaxation of amorphous polymers 

 

Grassia, Luigi1; Simon, Sindee2; D'Amore, Alberto1; Verde, Pasquale1 

(1) Second University of Naples; (2) Texas Tech University 
 
An expression for the relaxation time, τ, which applies both in the liquid and in the glassy state, is 
proposed and coupled with the kinetic equation for the volume relaxation of the KAHR (Kovacs, Aklonis, 
Hutchinson, and Ramos) phenomenological theory. The expression for τ reproduces the WLF (Williams, 
Landel, and Ferry) behaviour above the glass transition temperature, contains the thermodynamic scaling 
proposed by Casalini and Roland, gives finite values of the equilibrium relaxation time for any value of 
temperature and pressure, and is assembled in way that the relationship between the logarithmic 
relaxation time and the internal order parameter is strongly non-linear even when the system is very close 
to the equilibrium.  
The model accurately predicts the volume relaxation behaviour of three different polymers, namely 
polystyrene (PS) [1], poly(vinyl acetate) (PVAc) [2] and epoxy resin [3, 4], using a single set of model 
parameters for each polymer. For the first time the tau effective paradox and associated expansion gap 
phenomena are described without a re-fitting of the model parameters. 
[1] L. Grassia, S. L. Simon, Polymer 53 (2012) 3613-3620 
[2] A. J. Kovacs, Fortschr. Hochpolym.-Forsch., Bd. 3, S. (1963) 394-507  
[3] Y. Zheng, G. B. McKenna, Macromolecules (2003) 36, 2387-2396 
[4] M. Alcoutlabi, L. Banda, S. Kollengodu-Subramanian, J. Zhao, G.B. McKenna, Macromolecules 44, 
(2011) 3828-3839 
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Time Scales and Length Scales in Glass Transition 

Karmakar, Smarajit1 
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Glasses are liquids whose viscosity has increased so much that they cannot flow. Accordingly there have 
been many attempts to define a length-scale [1,2,3,4] associated with the dramatic slowing down of 
supercooled liquid with decreasing temperature. In this talk, I will present a simple method to extract the 
desired length-scale which is highly accessible both for experiments and for numerical simulations. The 
fundamental new idea is that low lying vibrational frequencies come in two types, those related to elastic 
response and those determined by plastic instabilities. The minimal observed frequency is determined by 
one or the other, crossing at a typical length-scale which is growing with the approach of the glass 
transition. This length-scale [5] characterizes the correlated disorder in the system: on longer length-
scales the details of the disorder become irrelevant, dominated by the Debye model of elastic modes. 
After introducing the length-scale I will show how this scale completely determines the dynamics of the 
supercooled liquid under external constraints, thereby proving beyond doubt the static nature of the 
proposed length-scale [5]. Then I will try to explain how this length scale can be used to explain all the 
finite size effects seen in simulations of glass forming liquids and its possible universal relation with the 
relaxation time [6]. Finally I will try to establish the possible relation between this length scales and other 
proposed length scales like point to set length scale and patch length scale etc.  
[1] S. Karmakar, C. Dasgupta and S. Sastry, Proc. Natl. Acad. Sci. U.S.A. 106, 3675 (2009). 
[2] G. Biroli, J.-P. Bouchaud, A. Cavagna, T. S. Grigera, and P. Verrochio, Nature Phys. 4, 771 (2008). 
[3] J. Kurchan and D. Levine, J. Phys. A: Math. Theor. 44, 035001 (2011). 
[4] M. Mosayebi, E. Del Gado, P. Ilg, and H.C. Ottinger, PRL 104, 205704 (2010). 
[5] S. Karmakar, E. Lerner, I. Procaccia, Physica A , 391, 1001 (2012). 
[6] S. Karmakar and I. Procaccia, Phys. Rev. E 86, 061502 (2012)Phys. Rev. E 86, 061502 (2012). 
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The Temperature and Pressure Dependence of Relaxation Times Near Tg in Bulk  

and Nanoconfined Systems 
 

Simon, Sindee1 

(1) Texas Tech University 
 
The temperature and pressure dependence of equilibrium relaxation times near Tg in both bulk and 

nanoconfined samples is studied using various techniques, including calorimetry, ultrafast scanning 
calorimetry, and dilatometry.  The temperature dependence of equilibrium relaxation times departs from 
the well-known WLF temperature dependence near the nominal Tg and becomes weaker. The 

applicability of thermodynamic scaling, also known as PVg scaling, to reduce data obtained as a function 
of temperature and pressure is tested and compared to conventional T-Tg scaling.  The influence of 

nanoconfinement, both in ultathin films and in nanocomposites, on the temperature and pressure 
dependence of equilibrium relaxation times is also examined. 
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The dynamical fragile-to-strong crossover in attractive colloidal systems 

 
Mallamace, Francesco2; Corsaro, Carmelo2; Stanley, Eugene H.3; Chen, Sow-Hsin1 
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We report a study of the dynamic crossover, from a fragile-to-strong glass forming materials, in an 
adhesive hard-sphere (AHS) colloidal system: a micellar suspension of the Pluronic-L64 surphactant in 
heavy water. A system characterized by a Mode-Coupling Theory (MCT) cusp-like singularity and two 
glassy phases: one the attractive glass (AG) is due to the attractive interaction whereas the second one, the 
repulsive glass (RG) is due to the classical mechanism of hard sphere colloids, the packing effects. The 
phase diagram of such a system, as confirmed by a previous series of scattering and viscosity data, is very 
rich being characterized by reentrant behavior (AG-liquid-RG) and a glass to glass transition. In addition, 
in such AHS system the AG phase can be attained from the liquid one using separately the temperature 
and the volume fraction as order parameter. 
With a combination of viscosity and nuclear magnetic resonance (NMR) data we study the dynamical 
arrest of such a system. The NMR data not only confirm all the characteristics of such colloidal system 
phase diagram but also give evidence, by measuring the molecular mean square displacement, of the 
onset of a fractal like percolating structure. The shear viscosity studied as a function of the volume 
fraction and of the temperature confirms for both the cases the presence of a dynamical crossover located 
near the percolation threshold. These results propose a larger thermodynamic generality of this crossover, 
usually studied only as a function of the temperature. This demonstrates that the dynamical arrest can be 
described in the conceptual framework of the extended Mode-Coupling theory, in a version that considers 
both the cage and hopping effects. 
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Can the shoving model explain the observed non-Arrhenius behavior of glass-forming liquids? 
 
Hecksher, Tina1; Jakobsen, Bo1; Niss, Kristine1; Christensen, Tage1; Boye Olsen, Niels1; Dyre, Jeppe1 

(1) Roskilde University 
 
The shoving model [1,2] is a simple model of the non-Arrhenius temperature dependence of the structural 
relaxation time (or viscosity) linking the relaxation time to instantaneous shear modulus. The model does 
not predict divergence of the relaxation time at finite temperatures in so far as the instantaneous shear 
modulus and the characteristic volume (which is of the order of the molecular volume [3,4]) of the model 
remains finite. We review the current status of the shoving model experimentally, including tests of the 
model in equilibrated  molecular liquids [5-9], metallic glasses [10], and glasses undergoing aging 
[11,12]. 
[1] J. C. Dyre, N. B. Olsen, and T. Christensen, Phys. Rev. B 53, 2171 (1996). 
[2] J. C. Dyre and N. B. Olsen, Phys. Rev. E 69, 042501 (2004). 
[3] B. Xu and G. B. McKenna, J. Chem. Phys. 134, 124902 (2011) 
[4] T. Hecksher, N. B. Olsen, K. A. Nelson, J. C. Dyre, and T. Christensen, accepted in J. Chem. Phys. 
[5] J. C. Dyre, T. Christensen, and N. B. Olsen, J. Non-Cryst. Sol. 352, 4635 (2006). 
[6] C. Maggi, B. Jakobsen, T. Christensen, N. B. Olsen, and J. C. Dyre, J. Phys. Chem. B 112, 16320 
(2008). 
[7] D. H. Torchinsky, J. A. Johnson, and K. A. Nelson, J. Chem. Phys. 130, 064502 (2009). 
[8] K. Niss, C. Dalle-Ferrier, B. Frick, D. Russo, J. C. Dyre, and C. Alba-Simionesco, Phys. Rev. E 82, 
021508 (2010). 
[9] C. Gainaru, T. Hecksher, N. B. Olsen, R. Böhmer, and J. C. Dyre, J. Chem. Phys. 137, 064508 
(2012). 
[10] J. C. Dyre and W.-H. Wang, J. Chem. Phys. 136, 224108 (2012). 
[11] N. B. Olsen, J. C. Dyre, and T. Christensen, Phys. Rev. Let. 81, 1031 (1998). 
[12] M. Potuzak, X. Guo, M. M. Smedskjaer, and J. C. Mauro, J. Chem. Phys. 138, 12A501 (2013). 
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Below-Tg structural relaxation in network glass-formers: nonlinear time series analysis of chaotic  

behavior in glassy As-Se 
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(1) Scientific Research Company ¿Carat¿; (2) Lehigh University; (3) Yeditepe University; (4) Lviv  
State University of Vital Activity Safety; (5) Opole Technical University 

 
Theory of strange attractors tested previously for typical polymer-based systems (polymethylmethacrylate 
and polyethylene glycol) [1,2] is shown to be adequately applied to analyze the kinetics of structural 
relaxation in Se-rich As-Se glasses below Tg [3]. Kinetics of enthalpy losses induced by prolonged dark 

storage in natural conditions (natural physical ageing) or exposure with light of different discrete 
wavelengths near fundamental absorption edge rigion (light-assisted physical ageing) are used to 
determine phase space reconstruction parameters. The observed chaotic behaviour (involving chaos and 
fractal analysis such as detrended fluctuation analysis, attractor identification using phase space 
representation, delay coordinates, mutual information, false nearest neighbors) reconstructed via TISEAN 
program package [4] is treated as a diversity of possible transitions between different basins/metabasins 
towards more thermodynamically equilibrium states, minimizing free energy of the system.  
[1] A. Hacinliyan, Y. Skarlatos, G. Sahin, G. Akin, Chaos, Solitons and Fractals 17 (2003) 575. 
[2] K. Atak, O.O. Aybar, G. Sahin, A. Hacinliyan, Y. Skarlatos, Cent. Eur. J. Phys. 7 (2009) 568. 
[3] R. Golovchak, A. Kozdras, V. Balitska, O. Shpotyuk, J. Phys.: Condens. Matter 24 (2012) 505106. 
[4] R. Hegger, H. Kantz, T. Schreiber, Chaos 9 (199) 413. 
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Variety of dynamics of confined and hydration water. From cements to peptides 
 

Teixeira, Jose1; Russo, Daniela2; Mazumder, Subhasish1 

(1) Laboratoire Léon Brillouin (CEA/CNRS); (2) CNR-IOM c/o Institut Laue Langevin 
 
An important characteristic of water is its versatility that generates a large variety of behaviours. Aqueous 
solutions, hydration, confinement are among the many different situations where water plays essential but 
diverse roles. As compared to the bulk form, each situation is different and deserves specific description. 
However, some general trends can be established for water forming bonds with hydrophilic substrates or 
at the vicinity of extended hydrophobic interfaces. For example, at hydrophilic surfaces, the density of 
bonds can be large enough to reduce the amplitude of librations, thus stabilizing hydrogen bonds. The 
thermodynamic consequence is a 20° C shift of transport properties of the first hydration water layers. 
This is confirmed for situations as different as a hydrophilic peptide or a cement paste. In the latter case 
case, striking isotopic effects may be understood through similar arguments. On the contrary, at the 
vicinity of extended hydrophobic interfaces, intermolecular bonds generate organise water structures that 
remain stable at low temperatures. Recent measurements of the low frequency density of states of 
hydration water at hydrophobic or hydrophilic interfaces show that they are similar to those of low or 
high density amorphous ices, confirming indirectly a decrease or an increase of the molecular volume, 
respectively.     
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Water Dynamics in Confinement: Insights from NMR experiments and MD simulations 
 

Vogel, Michael1; Klameth, Felix1; Lusceac, Sorin1; Rosenstihl, Markus1; Sattig, Matthias1 

(1) Technical University Darmstadt 
 
NMR experiments and MD simulations provide valuable insights into not only the time scale, but also the 
mechanism for water motion in confinement [1]. We exploit these capabilities to investigate water in both 
protein and silica matrices, covering broad time and temperature ranges. For protein hydration water, the 
rotational motion is probed using 2H NMR. The results do not yield evidence for a fragile-to-strong 
transition associated with a phase transition between high-density and low-density forms of liquid water 
[2,3]. Adding information about the translational motion from field-gradient 1H NMR [4] and MD 
simulations [5], we find that the mechanism for the observed water motion changes upon cooling from 
isotropic reorientation associated with long-range transport, to anisotropic reorientation, which may be 
localized. For water in silica matrices, 2H NMR data reveal a kink in the temperature dependence of 
rotational correlation times. Based on results on the mechanism for the motion from 2H NMR and MD 
simulation studies, we discuss whether the effect is due to a fragile-to-strong transition or to an 
observation of different relaxation processes above and below the crossover temperature. 
[1] M. Vogel, Eur. Phys. J. – Special Topics 189 (2010) 47. 
[2] M. Vogel, Phys. Rev. Lett. 101 (2008) 225701. 
[3] S. A. Lusceac and M. Vogel, J. Phys. Chem. B 114 (2010) 10209. 
[4] M. Rosenstihl and M. Vogel, J. Chem. Phys. 135 (2011) 164503. 
[5] M. Vogel, J. Phys. Chem. B 113 (2009) 9386. 
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Translational and Rotational Diffusion in Water in the GPa range 
 

Livia Eleonora, Bove4; Livia  Eleonora, Bove1; Stefan, Klotz1; Thierry, Strassle3; Marek, Koza5;  
Jose, Teixeira2; Antonino Marco, Saitta1 

(1) IMPMC-UMR 7590,CNRS &  Université P&M Curie; (2) Laboratoire Léon  
Brillouin (CEA/CNRS); (3) Paul Scherrer Institut; (4) CNRS-UMR 7590, Université P&M Curie,  

75252 Paris, France; (5) Institut Laue Langevin 
 
Water has been systematically investigated since centuries and essentially all its properties have been 
measured with high accuracy at ambient conditions [1]. However, the development of new techniques and 
methodologies allowing to investigate water in unexplored conditions constantly feeds with new results 
the debate on water properties and discloses new routes for the understanding of its uniqueness.  
We recently developed a new setup for the Paris-Edinburg (PE) press that allows measuring liquid water 
diffusion and molecular reorientation by quasi-elastic neutron scattering in the GPa range, i.e. one order 
of magnitude higher pressures than what possible up to present. The diffusion of water in the GPa-range 
is, crucial for a variety of scientific issues in natural sciences spanning from problems relevant for 
volcanology and environment, to models of water in planetary interiors [2]. Here we present the first 
measurements of the translational and rotational diffusion coefficient of water at high temperature (400K) 
as a function of pressure, up to the melting point of ice VII. We show that under these extreme conditions 
new and unexpected effects emerge and that high temperature dense water does not behave as a simple 
liquid [3]. 
[1] Water: A Comprehensive Treatise, ed. F. Franks (Plenum, New York, 1972), Vol. 1, Chap. 12. 
[2] C. Cavazzoni et al., Science 283 (1999), 44 - 46.  
[3] L.E. Bove et al., Science (2013), submitted. 
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Hemoglobin and myoglobin are oxygen storage molecules in blood and muscles, respectively. Their 
diffusion is since a long time supposed to facilitate oxygen transport. We have studied by neutron spin 
echo the protein diffusion at intermolecular scale, in vitro [1] and in vivo [2]. We have shown that 
theories developed for colloid diffusion can be applied understand long and short time protein diffusion if 
one includes the water shell in the hydrodynamic volume of the molecules, which is usually assumed to 
be of the order of 0.35 g of water per gram of protein. The more hemoglobin in the red blood cells the 
more oxygen can be transported but the strong reduction of the protein diffusion lower kinetics of oxygen 
capture. However, this process must be completed in the limited time spend by the red blood cells in the 
capillaries near the. The characteristic time scales of oxygen capture and release were given by Clark et 
al[3]. Using the concentration dependence of the transport diffusion coefficient of the hemoglobin we are 
able to show that the concentrations in the red blood cells correspond to an optimum in oxygen transport 
for individuals sustaining strong physical activity [4]. 
[1] C. Le Coeur & S. Longeville, Chem. Phys. 345 (2008) 298. 
[2] W. Doster & S. Longeville, Biophys. J. 93 (2007) 1360. 
[3] A. Clark, W. J. Federspiel P. A. Clark and G. R Cokelet, Biophys. J. 47 (1985) 171. 
[4] S. Longeville, Submitted. 
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Water at Biological and Inorganic Interfaces 
 

Franzese, Giancarlo1 

(1) Universitat de Barcelona 
 
We study, by simulations and analytic approach, the behavior of water in hydrophobic nanoconfinement 
or at the interface of proteins [1,2]. We analyze the metastability of supercooled liquid water, between 
hydrophobic walls, with respect to ice formation [3] and clarify how the interplay between breaking of 
hydrogen bonds (HB) and cooperative rearranging regions of 1-nm size gives rise to diffusion extrema 
and offers a possible explanation for the ultrafast transport of water in sub-nanometer channels [4,5]. At 
low temperature T we find a liquid-liquid critical point (LLCP) in the universality class of the two-
dimensional (2D) Ising model in the thermodynamic limit. However, for wall sizes up to fifty times larger 
than the monolayer thickness, we observe a crossover to the 3D Ising model universality class, something 
unexpected based on studies for simple liquids. We ascribe this result to the strong cooperativity and the 
low coordination number of the HB network [6]. For confinement in disordered nanochannels, we find a 
dramatic decrease of compressibility and other response functions at cryogenic T, relevant for the 
preservation of food and organic materials [7,8]. For water adsorbed on protein surface, we predict two 
dynamic crossovers in the HB dynamics, related to two specific heat maxima, one due to fluctuations in 
the HB formation, and the other at a lower temperature to the cooperative reordering of the HBs. 
Experiments confirm our prediction [9,10]. 
[1] G. Franzese, V. Bianco, S. Iskrov, Food Biophysics  6 ,186 (2011). 
[2] V. Bianco, S. Iskrov, G. Franzese, J Biol Phys 38, 27 (2012). 
[3] O. Vilanova and G. Franzese, Structural and dynamical properties of nanoconfined supercooled water, 
arXiv:1102.2864 (2011). 
[4] F. de los Santos, and G. Franzese, J. Phys. Chem. B 115, 14311 (2011).  
[5] F. de los Santos, and G. Franzese, Phys. Rev. E 85, 010602(R) (2012).  
[6] V. Bianco and G. Franzese, Critical behavior of a water monolayer under hydrophobic confinement, 
arXiv: 1212.2847 (2012). 
[7] E. G. Strekalova, M. G. Mazza, H. E. Stanley, and G. Franzese, Phys. Rev. Lett. 106, 145701 (2011).  
[8] E. G. Strekalova, J. Luo, H. E. Stanley, G. Franzese, and S. V. Buldyrev Phys. Rev. Lett. 109, 105701 
(2012).  
[9] K. Stokely, M. G. Mazza, H. E. Stanley, and G. Franzese, Proc. Natl. Acad. Sci. USA 107, 1301-1306 
(2010).  
[10] M. G. Mazza,  K. Stokely, S. E. Pagnotta, F. Bruni, H. E. Stanley, and G. Franzese, Proc. Natl. Acad. 
Sci. USA 108, 19873 (2011). 
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Temperature dependence of water dynamics in neat water, aqueous solutions of hydrophobes  
and in protein hydration shells 

 
Laage, Damien1; Duboué-Dijon, Elise1; Fogarty, Aoife1; Stirnemann, Guillaume1 
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Water dynamics plays a key role in a wide range of processes, including e.g. chemical reactions and the 
functioning of biomolecules, which mostly take place under ambient conditions. However, studying how 
the water dynamical properties change over a broad temperature range provides a stringent test of the 
molecular descriptions used at room temperature. 
While in the neat liquid the dynamical properties of water exhibit an Arrhenius behavior around room 
temperature, they considerably deviate from this behavior at lower temperature[1]. Through molecular 
dynamics simulations and analytic modeling, we quantitatively connect this behavior to specific local 
structural fluctuations and to their impact on hydrogen-bond dynamics[2]. We then show how changes in 
the local structure’s average and fluctuation amplitude explain the dramatic temperature dependence 
measured by NMR for the perturbation factor induced by a hydrophobic group on its hydration shell 
dynamics[3]. We finally show how this picture can be extended to rationalize the temperature dependence 
of protein hydration dynamics[4]. 
[1] P. G. Debenedetti, J. Phys. Condens. Matter 15 (2003) R1669. 
[2] G. Stirnemann & D. Laage, J. Chem. Phys. 137 (2012) 031101. 
[3] J. Qvist & B. Halle, J. Am. Chem. Soc. 130 (2008) 10345. 
[4] C. Mattea, J. Qvist & B. Halle, Biophys. J. 95 (2008) 2951. 
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We report a computer procedure that allows an efficient analysis of large sets of protein 3D-structures in 
order to identify kinked topologies of their helices either at the N- (N-kink) or C- (C-kink) termini, or in 
the median region (M-kink). A first set of structures (28,469), revealed up to 5,934 M-kinks (i.e. some 3% 
of the helices analyzed) with water molecules in close interaction (hM-kink with h for hydrated). This 
distribution suggests that kinked alpha-helices might have a specific role in protein folding and function. 
Hemoglobin (Hb) displays a few kinked helices as part of its highly helical 3D-fold. An hN-kink (unnoted 
so far) occurs in the B helix of both beta-subunits in tetrameric hemoglobin (adult human hemoglobin, 
hHbA) that occurs in the R-state (O2-hHbA, CO-hHbA) and is absent in the T-state (deoxy form) with a 
normal B helix (PDB files:2DN1, 2DN2 and 2DN3). Interestingly, the hydration of this kink in the R-
state involves a central water dimer. The latter is currently modeled in its peptide environment using a 
quantum chemistry approach (DFT-D, a functional method with a semi-empirical description of the 
dispersive interactions) with the aim to establish its orientation within the hydrated kink and reveal the 
most stabilizing H-bonding network. The possible role of this local transconformation on the overall 
transition process, between forms R and T, is investigated through coarse-grained molecular dynamics. 
All-atom simulations in explicit solvent are also used with the aim of getting estimates for water 
residence times in both Hb states. Our analysis is presently extended to the entire PDB (up to 85,000 
structures) to further investigate the role of kinked alpha-helices in protein structure and function during 
evolution.  
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We address the physics of water in a monolayer situation at the surface of a hydrophilic silica glass on an 
extended temperature range from 100 to 273 K. At all the temperatures, specific heat measurements 
evidence a significantly higher degree of mobility of this Interfacial Water (IW) compared to its bulk 
analogue (i.e. ice in the considered temperature range). Quasi-Elastic Neutron Scattering (QENS) and 
Solid-State Quadripolar Nuclear Magnetic Resonance (SSQ-NMR) are used to disentangle the 
translational and rotational contributions to the water molecules global dynamics. We show that IW 
experiences a very heterogeneous (bimodal) and temperature dependant dynamics. We point out the 
dominant role of the rotational contribution. Following earlier theoretical developments describing the 
properties of bulk water using a percolation model [1], we interpret our experimental observations by 
making the hypothesis that IW is characterized by the coexistence of low and high density transient 
“patches” leading to significant 2D density fluctuations. Within this model, we focus on the patches of 3 
Hbonded molecules and propose a global interpretation of the dynamical crossovers we experimentally 
observe at 160, 220 and 240 K. These results will be discussed in the framework of the current debate on 
the physics of bulk water at low temperature. Also, a connection will be drawn with the so-called 220 K 
protein dynamical transition. 
[1] H.E. Stanley & J. Teixeira, J. Chem. Phys., 73 (1980) 3404 – 3422. 
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Inelastic Ultraviolet Scattering (IUVS) is a synchrotron based technique that possesses the ability to 
accurately determine several physical properties of liquids and glasses (such as viscosity, sound velocity, 
relaxation time and sound attenuation). Particularly, IUVS has the peculiarity to probe relaxation 
dynamics in the kinematic region approaching the nanoscale. The recent construction of the 
FERMI@elettra free electron laser will make four wave mixing spectroscopy at the nanoscale a reality. 
This will allow accessing the mesoscopic kinematic region, making possible the study of dynamics on a 
length scale of paramount importance.  
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The behaviour of fluids confined within nanometric pores significantly differs from that of the bulk. The 
effect of confinement, surface forces, and reduced dimension is to shift the phase transitions of the 
confined fluid (condensation, freezing and crystallisation). By postponing or avoiding the inconvenient 
crystallization process it is often suggested that confinement allows a deeper penetration into the 
supercooled regime and helps in the understanding of the glass formation; in the case of water, 
confinement might help to extend the liquid state into the so-called ‘no-man’s land’. However below 
confining conditions of about 10 sigma, sigma being the size of the molecule, water or van der Waals 
liquids are strongly perturbed by the presence of a surface. Thus a question always remains whether the 
confined liquid, water or any other fluid, is an extension of the “bulk” supercooled regime or refers to 
specific behavior controlled by external parameters such as the size and the surface interactions imposed 
to the system. Despite the obvious fundamental interest in understanding bulk water, this situation 
corresponds to most of the cases in biological and geological systems and deserves particular attention 
per se. A prerequisite is to understand and quantify how pores are filled and how much; so we studied the 
processes of entrance and saturation to a pore in connection with the phase transitions observed when the 
system (water in silica pores) is cooled down to 100K. We will present new experimental results on the 
thermodynamic, structural and vibrational properties of water confined within nanometric pores. 
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A remarkable property of water is its ability to form bubbles, or cavities, on hydrophobic bodies. Nano-
bubbles on hydrophobic surfaces are believed to play an important role in engineering issues such as 
boundary slippage of water flows, heat transfer at walls, surface cleaning, but also in biophysical 
phenomena such as the folding of globular proteins, or the opening and closing of ligand-gated ion 
channels.  
We have used micelle-templated silicas (MTS) to study the properties of water confined in  quasi 1D 
hydrophobic cylinders of monodisperse radius [1]. Liquid water penetrates in the nanopores at high 
pressure, and empties the pores when the pressure is lowered. We have found that the evaporation of 
water exhibits a slow logarithmic kinetics, in good agreement with a thermally activated process. In this 
talk I will discuss the nucleation of nano-bubbles in hydrophobic cylinders, and how the logarithmic 
ageing observed experimentally can provide a quantitative access to the physical properties of nanometric 
vapor bubbles on hydrophobic surfaces.  
[1] L. Guillemot, T. Biben, A. Galarneau, G. Vigier E. Charlaix, PNAS, 109: 19557-19562 (2012) 
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Early transition metal oxygen clusters (PolyOxoMetalase, POM) are a class of compounds with a range of 
possible applications in fundamental and applied science. Their molecular properties, such as molecular 
composition, size, and shape, can be modified to match different requirements. Thus, they can also be 
used as model systems for the investigation of hydration wáter and water in confinement. In particular, 
the recently synthesized polyoxomolybdate icosahedral cluster {Mo72Cr30} presents a sodium ion 
coordinating 12 water molecules confined within a subnanometer sized cavity. The methyl groups of the 
nanocage are located on the inner side of the oxomolybdate shell, making it a hydrophobic environment. 
Thus, the cavity within {Mo72Cr30} represents an interesting model system for investigating the properties 
of water in contact with hydrophobic surfaces under extreme confinement conditions. Using Quasielastic 
Neutron Scattering (QENS), the single particle dynamics of these confined water molecules was 
characterized as a function of temperature. Moreover, QENS measurements on hydrated powders of the 
analogous {Mo72Fe30} system allowed studying the dynamics of the water molecules on the surface of the 
nanocage. Finally, elastic scan measurements on {Mo72V30} powders were used to investigate the 
vibrational dynamics of the cage itself. Taken together, the collected results give a rather complete picture 
of the microscopic relaxational dynamics in these systems. 
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Supercooled water exhibits many anomalies related to its complex hydrogen bond network. Another 
metastable state, when the liquid is stretched to negative pressure, has received less attention. First we 
have investigated the statistics of nucleation of the vapour phase in a sample down to around -120 MPa 
[1]. Classical nucleation theory is able to describe the data, after the liquid-vapor surface tension is 
corrected for curvature effects. Then we have studied stretched water in samples in which the vapour did 
not nucleate, allowing us to reach the doubly metastable region, where water is both supercooled and at 
negative pressure. We find several anomalies in the sound velocity, including maxima in the adiabatic 
compressibility along isochores. We propose that they arise from the vicinity of the Widom line, 
predicted to emanate from the critical point terminating the liquid-liquid transition proposed for water [2]. 
Our interpretation is supported by simulations with the TIP4P/2005 potential. Because of homogeneous 
nucleation of ice, the Widom line had hitherto remained in a no man’s land, inaccessible to experiments 
on bulk water at positive pressure. Doubly metastable water appears like a region where the Widom line 
emerges from the no man’s land. 
[1] M. El Mekki Azouzi, C. Ramboz, J.-F. Lenain, & F. Caupin, Nature Physics 9 (2013) 38-41. 
[2] L. Xu, P. Kumar, S.V. Buldyrev, S.-H. Chen, P. H. Poole, F. Sciortino, and H. E. Stanley, PNAS 102 
(2005) 16558-16562. 
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Water is a unique liquid, many of its properties being critical for the continued support of life. 
In living systems, essential water-related phenomena occur in restricted geometries, in cells and 
at active sites of proteins and membranes or at their surface. The effects of hydration on the 
equilibrium protein structure and dynamics are fundamental to the relationship between 
structure and biological function. In particular, the assessment of the perturbation of the 
structure and dynamics of liquid water by hydrophilic and hydrophobic molecular surfaces is 
fundamental to the understanding of the stability and enzymatic activity of globular proteins and 
functions of membranes [1, 2]. 
Water plays a major role in the stability and catalytic function of proteins. Both the effect of 
hydration water on the dynamics of proteins [3, 4] and the effect of proteins on the dynamics of 
water [5] have been studied using inelastic neutron scattering, the most direct probe of protein 
/water dynamics on the picosecond-nanosecond timescale.  
 
[1]  M.-C. Bellissent-Funel. Hydrophilic-hydrophobic interplay: from model systems to living systems, C. R. Acad. 
Sciences, Geoscience, 337, 173-179 (2005) 
[2] M.-C. Bellissent-Funel, Status of experiments probing the dynamics of water in confinement, Eur. Phys. J. E, 12, 
83-92 
 (2003) 
[3] M.S. Appavou, G. Gibrat and M.-C. Bellissent-Funel, Temperature dependence on structure and dynamics of 
Bovine Pancreatic Trypsin Inhibitor (BPTI): A neutron scattering study, Biochimica et Biophysica Acta (BBA) - 
Proteins & Proteomics, 1764, 414-423 (2009) 
 [4] K. Yoshida, K. Vogtt, Z.  Izaola, M. Russina, T. Yamaguchi, M.-C. Bellissent-Funel, Alcohol induced structural 
and dynamic changes in β-lactoglobulin in aqueous solution: A neutron scattering study, Biochimica et Biophysica 
Acta (BBA) - Proteins & Proteomics, 1824, 502–510 (2012) 
 [5] M.-C. Bellissent-Funel, J.-M. Zanotti and S.H. Chen, Slow dynamics of water molecules on surface of a globular 
protein, Faraday Discussion, 103, 281 (1996) 
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Differential scanning calorimetry (DSC), broadband dielectric spectroscopy (BDS), dynamic light 
scattering (DLS) and small-angle neutron scattering (SANS) were employed to study water-xylitol 
solutions. From DSC and dielectric spectroscopy we find that the glass transition temperature, Tg, 
decreases with increasing water content up to 29 wt.% water [1]. From BDS the similarities in the peak 
shape, time scale and activation energy between the water (w) relaxation and the intrinsic β-relaxation of 
xylitol at water contents below 13 wt.% water suggest that the β-relaxation of xylitol determines the w-
relaxation at such low water contents. The structural α-relaxation and the w (or β)-relaxation are strongly 
dependent on the water concentration of the xylitol-water mixture [1]. From SANS the differential 
scattering cross-section I(q) shows no evidence for any significant excess scattering in the low-q-range, 
below q=1 nm-1. The DLS data shows an ultraslow relaxation process with a 1/q2- dependent relaxation 
time, as expected for long-range diffusion. From the combined SANS and DLS data, we can conclude 
that the observed ultraslow DLS-process is not due to long-range concentration fluctuations, as often 
thought for sugar solutions, but due to the Brownian motion of single xylitol molecules or possibly very 
small clusters of a few xylitol molecules and associated water. 
[1] K. Elamin, J. Sjöström, H. Jansson & J. Swenson, J. Chem. Phys 136 (2012) 104508. 
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Glycine betaine [GB : (CH3)3N+CH2COO−] is a zwitterionic compound which has negative and positive 
charges in a molecule. This compound is known to exhibit a bioprotective function in crop plants under 
extreme environmental conditions, such as drought [1]. The protection mechanism of GB is probably 
different from that of trehalose, a bioprotective disaccharide, which shows marked destructuring effects 
on hydrogen-bond networks of water in some kinds of animals. We have studied the dynamics of water 
and GB molecules in aqueous solutions in terms of a quasi-elastic neutron scattering (QENS) technique 
with AGNES (ISSP, JRR-3, Japan) and IN5 (ILL, France) spectrometers. The energy resolutions of 
AGNES and IN5 are 0.12 meV and 0.02 meV, respectively, meaning that AGNES is suitable for faster 
motions while IN5 for slower motions. The concentration dependence of the self-diffusion coefficients of 
water and GB molecules, which were obtained from the QENS spectra, demonstrated that the diffusive 
motions of GB and water molecules slow down with increasing GB concentration and that water and GB 
molecules diffuse cooperatively at high GB concentration (x > 0.1).  It was also suggested that a drastic 
change in the hydrogen-bond structure in GB solutions occurs at x > 0.1. In the presentation, we will 
discuss the mechanism of the bioprotective function based on these results. 
[1] J. Bond & G. Smiley, Phys. Rev. E 99 (2012) 101101. 
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Cellular imaging techniques have become powerful tools in cell biology.  Respect to others, the 
techniques based on vibrational spectroscopy present a clear advantage: the molecular composition and 
the modification of subcellular compartments can be obtained in label-free conditions. In fact, from the 
evolution of the positions, intensities and line widths of the Raman lines (corresponding to vibrational 
energy levels) in the cells spectra, characteristic information on the cellular activities can be achieved. 
In this work, we present the time evolution of the Raman spectra of single live Jurkat cell (T lymphocyte). 
The final goal will be to investigate at molecular level the apoptotic process on cancer cells. 
Identifications of spectral "markers" will represent the label-free supermolecular hallmarks of the death 
process and used for drug screening and cancer research. 
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The spreading and affirmation of nanotechnologies poses new safety issues, such as the effect of NPs on 
the respiratory system: classical pathologies like asthma,severely aggravated by air pollution, and silicosis 
raise increasing alarm. Silicon NPs have been widely used as a benchmarks to assess the effects of NPs 
on the respiratory system in general, and on the mechanical properties of phospholipidic pulmonary 
surfactants (PL) in particular. Detailed mechanical experiments conducted by interfacial rheological 
techniques have shown a modification in the relaxation mechanisms when NPs are added to the PL layers 
[1]. Moreover, NPs induce severe modifications in the domain structure of a PL monolayer.   In this talk 
we shall report on those results, complemented by very recent X-ray Photon Correlation Spectroscopy 
experiments that shine new light and indicate -under certain conditions- a detailed microscopic model to 
interpret those results, accessing the PL relaxation mechanism from a  dynamical point of view. 
[1] E. Guzmán, L. Liggieri, E. Santini, M. Ferrari, F. Ravera, Soft Matter 8:3938-48 (2012) 
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Much attention has been focused on water at super-cooled temperatures since the finding that the 
thermodynamic properties of water appear to diverge at ~ 228 K [1]. Studies of water at high 
temperatures above ~273 K by terahertz (THz) spectroscopy supported the divergence at 228 K [2]. 
However, the homogeneous nucleation to the ice crystal does not allow us to study supercooled water 
below ~235 K. Reverse micelles are a nanometer-scale cage filled with water [3]. Water in the reveres 
micelle can be cooled far below ~273 K [submitted]. Thus, we have made THz spectroscopy of water in 
AOT/isooctane reverse micellar solution from ~170 K to room temperature, and found that the relaxation 
time of the order of 10 ps begins to increase rapidly far above 228 K for the reverse micelle with its 
aqueous cavity radius of ~5 nm. This is considered to be due to the confinement effect of the scale of the 
cooperative motion of water. We will discuss the micelle-size dependence of temperature characteristics 
of the relaxation in the presentation. 
[1] H. E. Stanley, S. V. Buldyrev, P. Kumar, F. Mallamace, M. G. Mazza, K. Stokely, L. Xu, and G. 
Franzese, J. Non-cryst. Solids 357 (2011) 629. 
[2] C. Rønne, P. –O Astrand, and S. R. Keiding, Phys. Rev. Lett. 82 (1999) 2888. 
[3] H. Murakami, T. Nishi, and Y. Toyota, J. Phys. Chem. B 115 (2011)  5877; H. Murakami, Y. Toyota, 
T. Nishi, and S. Nashima, Chem. Phys. Lett. 519-520 (2012) 105,  and references therein. 
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Hydration water plays a crucial role in controlling the structure and stability of biomolecules. Therefore 
understanding interfacial water in such systems is of great importance in biology and chemistry. In this 
work we study the hydration of polysaccharides (alginate, hyaluronan, and dextran) using a combination 
of dielectric spectroscopy (DS) and femtosecond infrared spectroscopy (fs-IR) [1]. Both, the orientational 
relaxation of water centred at ~20 GHz in the dielectric spectra and the orientational correlation function 
of water obtained with fs-IR reveal that each polysaccharide monomer slows down the rotational 
dynamics of ~7 water molecules. Our result suggests that hydrophilic polysaccharide units have similar 
effect on the water dynamics in their vicinity and the interaction with water is a common feature for 
carbohydrates. For the studied polyelectrolyte solutions (Sodium alginate) the dielectric spectra show an 
additional relaxation at ~0.6 GHz. This mode is assigned to the relaxation of the free counterions 
perpendicular to the polysaccharide backbone. 
 [1] J. Hunger, A. Bernecker, H.J. Bakker,  M. Bonn and R.P. Richter, Biophys. J. 103 (2012) L10-L12 
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Bone marrow is an heterogeneous complex system comprised of hematopoietic tissue islands and adipose 
cells surrounded by vascular sinuses. It is a soft tissue, mainly characterized by different relative 
percentage of water and fat rearranged in spherical particles with average size ranging from 6 to 100 μm. 
The aim of the present study was to investigate the potential of Gaussian and non-Gaussian diffusion 
NMR methods to obtain information about the microstructural complexity and the water 
compartmentalization in two kind of bone marrow samples: free (not forced in pores of mammalian 
cancellous bone) and trabecular (filling the pores) bone marrow, by investigating water and fat effective 
diffusion coefficient, Deff, behavior as a function of diffusion time, ∆. Our results suggest that: 1) 
molecular dynamics associated with fat protons is much slower (two order of magnitude) than that of 
water; 2) two distinct pool of diffusing water molecules, fast and slow, corresponding to an extra and an 
intra cellular compartment exist; 3) in free bone marrow Deff(∆) of the fast extracellular water was found 
to be constant, while the slow intracellular water exhibits decreasing Deff(∆) values as a function of Δ. 
Conversely, in trabecular bone marrow Deff(∆) of both fast and slow water exhibit a decreasing trend as a 
function of Δ; 4) the extracellular fast diffusing water in trabecular bone marrow exhibits strongly non-
Gaussian dynamics.  
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Hydration water picosecond dynamics is crucial for the fulfillment of biological functions in living 
organisms. In contrast with a wide literature about single-particle motions, which highlighted the 
important effects of interactions with biomolecules, experimental investigations about coherent collective 
modes propagating in hydration water are extremely rare, possibly due to the technical difficulty of the 
involved measurements. 
Thanks to state-of-art neutron instrumentation, we are systematically investigating collective dynamics of 
water in biological systems of increasing complexity, ranging from pure water itself to living Escherichia 
coli cells. The interaction between water and biomolecules results mainly in a progressive increase of the 
modes damping factors, which we ascribe to a progressive perturbation of the water hydrogen-bond 
network [1]. The enhanced damping factors appear as the signature of a glassy dynamical character of 
interacting water, in agreement with measurements of its density of vibrational states [2]. In addition, a 
quantitative comparison of water damping factors in systems of different complexity suggests a way to 
evaluate the fraction of “interacting” with respect to “free” water, thus recalling the idea of two kinds of 
water characterized by different hydrogen-bond networks. 
 
[1] A. Orecchini, A. Paciaroni et al., J. Am. Chem. Soc. 131 (2009) 4664. 
[2] A. Paciaroni, A. Orecchini et al., Phys. Rev. Lett. 101 (2008) 148104. 
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Relaxation of cold water was the hottest topic in the first five years of operation of the neutron 
backscattering spectrometer SPHERES. Sometimes, the instrument scientist was close to desperation: 
Those different conclusions, do they reflect a physical reality, a different behaviour of different samples? 
Aren't they rather due to different data analysis habits, different software suites, different theoretical 
prejudices? 
To address this question, I will review experiments on a variety of systems, ranging from salt solutions 
over monolayers in nanopores to hydrated proteins. I will warn of fallacies in implicitly extrapolating 
fitting procedures, and present rock-solid results from well within the spectrometer's dynamic range. 
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Formation of ice in confined systems is relevant in nanoscience and biology, in areas like 
cryopreservation of biological material, such as food, human tissues or stem cells, where density 
fluctuations due to the ice formation can dramatically damage or destroy the cells.  
 
Bulk water presents a large number of crystalline and amorphous ices. Nanoconfinement is known to 
affect the tendency of water to form ice. Here we develop a coarse-grained model for a water monolayer 
in hydrophobic nanoconfinement and study the formation of ice by Monte Carlo simulations. We find two 
ice phases: low-density-crystal ice at low pressure and high-density ice at high pressure with an 
intermidiate hexatic phase between liquid and ice [1]. 
Furthermore, we study the density fluctuations of the liquid approaching the crystal phase, finding that 
they can diverge due to the occurrence of a liquid-liquid critical point (LLCP) within the limit of stability 
of liquid water. We show how the accessibility of the LLCP depends on how strong is the three-body 
interaction in water with respect to the many-body interaction.  
 
[1] O. Vilanova and G. Franzese, Structural and dynamical properties of nanoconfined supercooled water, 
arXiv:1102.2864 (2011) 
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Water is commonly associated with life. This substance affects the living beings in countless aspects and 
length scales, ranging from molecular biology to climatology. Water exhibits a long series of anomalous 
behaviors. These anomalies can be rationalized as a consequence of a second critical point in the 
supercooled region of the liquid phase. Nevertheless, the large part of the phase diagram of supercooled 
water is to date experimentally inaccessible for the inevitable crystallization of the bulk liquid. 
Confinement of water in nano-structures is a possible way to prevent the crystallization of molecules. 
Here we present a coarse-grain model to describe the physical behavior of water at hydrophobic 
interfaces. The essential feature of the model is the description of water-water interaction via directional 
and cooperative components of the hydrogen bond (HB). We explore the phase diagram of supercooled 
water nano-confined between hydrophobic walls. Our results, grounded in statistical physics methods and 
Monte Carlo simulations, show the presence of a line of first order phase transition in the temperature-
pressure plane separating two liquid phases and ending in a liquid-liquid critical point (LLCP). The LLCP 
universality class approaches the one of the Ising model in two dimensions in the thermodynamic limit, 
while large deviations are observed for strong confinement. Below the LLCP we find the locus of maxima 
of correlation length (the Widom line) of the system. Near the LLCP we find a large increase of the 
thermodynamic response functions consistent with the anomalous behaviors of water. 
These predictions are confirmed by a percolation description of water molecules based on the definition 
of cluster of correlated degrees of freedom. Along the phase transition line and the Widom line we 
recover a power law cluster distribution. At the LLCP the scaling of the percolation quantities agrees with 
the Ising critical exponents. 
The density, energy and entropy fluctuations that are at the base of the anomalies of water and the 
existence of its LLCP have also consequences in the context of protein stability. General thermodynamic 
prediction asserts the existence of a close stability region (SR) in temperature-pressure plane for the 
native folded state of a protein. Experimental evidences support this theory showing hot-, cold- and 
pressure-denaturation. Water behavior at the protein interface is expected to be the driving force for the 
folding-unfolding process. To shed light on this mechanism we study the SR of a folded hydrophobic 
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polymer solvated in the coarse-grain water. Tuning the water-water interaction at the interface and the 
density of the hydration shell we find an elliptic protein SR in the temperature-pressure plane, 
qualitatively consistent with available experimental data. Our work contributes to the ongoing debate 
about the role of hydration water in stabilizing the native protein state. We show here that the physics of 
water, and in particular its energy, density and entropy fluctuations are sufficient to rationalize the 
existence of a protein SR with respect to temperature and pressure. 
References: 
[1] K. Stokely, M. G. Mazza, H. E. Stanley, G. Franzese, Effect of hydrogen bond cooperativity on the 
behavior of water, Proc. Natl. Acad. Sci. USA 107, 1301 (2010). 
[2] G. Franzese, V. Bianco, S. Iskrov, Water at interface with proteins, Food Biophysics 6, 186 (2011). 
[3] M. G. Mazza, K. Stokely, S. E. Pagnotta, F. Bruni, More than one dynamic crossover in protein 
hydration water, Proc. Natl. Acad. Sci. USA 108, 19873 (2011). 
[4] E. Strkalova, M. G. Mazza, H. E. Stanley, G. Franzese, Large decrease of fluctuations for supercooled 
water in hydrophobic nanoconfinement, Phys. Rev. Lett. 106, 145701 (2011). 
[5] V. Bianco, S. Iskrov, G. Franzese, Effect of hydrogen bonds on protein stability, Journal of Biological 
Physics 38, 27 (2012). 
[6] V. Bianco, G. Franzese, Critical behavior of a water monolayer under hydrophobic 
confinement,http://arxiv.org/abs/1212.2847 (2013). 
[7] G. Franzese, V. Bianco, Water at biological and inorganic interfaces, accepted in Food Biophysics 
(2013). 
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Dynamics and Viscoelasticity of Polymers and Biopolymers 
(Honouring D. Richter) 

 
Invited talk 

DV-1 
Intramolecular mobilities in a protein in solution 

Monkenbusch, Michael2; Stadler, Andreas2; Biehl, Ralf2; Richter, Dieter2; Ollivier, Jacques1; Zamponi, 
Michaela2 

(1) Institut Laue Langevin; (2) Forschungszentrum Juelich  
 

Steps to gain a complete picture of the mobilities of segments and domains in a protein in solution, here 
ADH, are reported. Dynamics of alcohol dehydrogenase (ADH) and other proteins e.g. phosoglycerate 
kinase (PGK) hab been investigated by neutron spin-echo spectroscopy (NSE). Large scale domain 
motions possibly related to the enzymatic function were found [1,2]. Domain motions with characteristic 
times of several 10’s of ns could be seen. These motions are inferred by NSE analysis of the coherent 
scattering signal at q-values below 0.2-0.3Å-1. Beyond that incoherent scattering dominates. Here we 
report on the extension beyond the spin-echo regime to faster an more local dynamics at larger q. For this 
purpose backscattering (BSS) and time-of-flight (TOF) spectroscopy experiments were performed on 
ADH under the same conditions as in the previous NSE investigation.  At the thus covered q-range 
incoherent scattering dominates. It still carries the signatures of the same translational and rotational 
diffusion processes as have been observed at lower q. Using high resolution BSS and TOF spectroscopy 
this connection could be established. The new finding is a faster local dynamics with typical times of 
several 10’s of picoseconds. This additional dynamics is attributed to a mobile layer –possibly amino acid 
side chains-  with a mobility of roughly 2/3 of that of the surrounding water and displacement range of 
several Angstroems. 
[1] R. Biehl, B. Hoffmann, M. Monkenbusch, P. Falus, S. Préost, R. Merkel,  D. Richter, Phys. Rev. Lett. 
101, 138102 (2008)  
[2] R. Inoue, R. Biehl, T. Rosenkranz, J. Fitter, M. Monkenbusch, A. Radulescu, B. Farago, D. Richter, 
Biophysical Journal, 99(7), 2309-2317 (2010) 
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Cooperative motion and entangled dynamics: a comparison with Neutron Spin Echo experiments 

 
Guenza, Marina1 

(1) University of Oregon 
 
In this presentation, we discuss the interplay between intermolecular interactions, cooperative motion, and 
entanglements on the dynamics of unentangled and entangled polymer melts. A cornerstone of polymer 
physics is the hypothesis that intermolecular interactions do not affect the dynamics of long polymer 
chains. Effective pair potentials acting between the centers of mass of polymer chains derived from 
microscopic theory, however, show non-vanishing contributions to pressure and free energy in the limit 
of infinite chain length.[1] Our theory for cooperative melt dynamics, which takes this intermolecular 
potential as an input, is shown to agree quantitatively with Neutron Spin Echo measurement of dynamic 
structure factors for polymer melts in both the unentangled[2] and the entangled regimes.[3] As our 
approach properly describes dynamics of polymer melts with variable degree of polymerization, it 
recovers both the semiflexible Rouse dynamics and the reptation dynamics in the regimes where these 
theories respectively apply.  
[1] A. Clark, J. Mc Carty, I. Y. Lyubimov,  & M. G. Guenza Phys. Rev. Lett. 109 (2012) 168301. 
[2] M. Zamponi, A. Wischnewski, M. Monkenbusch, L. Willner, D. Richter, P. Falus, B. Farago, & M. G. 
Guenza J. Phys. Chem. B 112 (2008) 16220. 
[3] M. G. Guenza (in preparation). 
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Dynamics in mixtures of architecturally complex entangled homopolymers 
 

Vlassopoulos, Dimitris1 

(1) FORTH and University of Crete 
 
We revisit the role of topological constraints in polymer dynamics.  To this end we consider three types of 
mixtures: (i) comb polymers in linear polymer matrices of different molar mass; (ii) long linear chains in 
a matrix of large high-functionality impenetrable stars, and (iii) linear chains in a matrix of unlinked ring 
polymers.  In all cases we use rheology as the main experimental tool. In the first case we probe the 
dynamics of the combs which follow the established hierarchical relaxation mode, and discuss the role of 
matrix on the branch and backbone relaxations.  This provides a way to test the constraint release picture 
of tube models of combs. In the second case, we monitor the relaxation time of the linear chains in the 
stars matrix environment.  This is an effective confinement effect which sensitively depends on the 
concentrations of the glassy stars and the linear polymers as well.  We obtain a universal description of 
the phenomenon with appropriate scaling analysis.  We rationalize the results with the osmotic shrinkage 
of the stars and star-linear impenetrability. Finally, in the last case we complement and extend earlier 
experimental and simulation work on the sensitivity of the mixtures to trace amounts of added linear 
polymers, and discuss possible universality over a wide range of volume fractions of linear polymers. 
These results provide challenges for complementary neutron scattering studies, some of which are in 
progress. 
Work in collaboration with H. Lentzakis, R. Pasquino and D. Truzzolillo (FORTH), R. H. Colby (Penn 
State), M. Gauthier (Waterloo), G. Sakellariou and N. Hadjichristidis (Athens), M. Rubinstein (Chapel 
Hill), T. Chang (Pohang), A. Bras, A. Wischnewski, W. Pyckhout-Hintzen and D. Richter (Julich).    
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Universal Transport Behavior of Polymer Nanocomposites 

 
Kumar, Sanat K.1 
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Non-equilibrium molecular dynamics simulations are used to show that the shear viscosity of a polymer 
melt can be significantly reduced when filled with small energetically neutral nanoparticles, apparently 
independent of the polymer’s chain length. Analogous to solvent molecules, small nanoparticles act akin 
to plasticizers and reduce the viscosity of a polymer melt. This effect, which persists for particles whose 
sizes are as large as the chain size or the entanglement mesh size, whichever is smaller, can be overcome 
by making the chain-nanoparticle interactions significantly attractive. Coupled to these transport 
measurement, we also calculate the diffusion coefficients of the nanoparticles in the melt, and find that 
they follow the essence of the deGennes-Brochard ideas. Finally, we show that the melt viscosity across a 
range of filled melts scales in a universal manner when they are examined as function of the ratio of the 
melt relaxation times to the nanoparticle diffusion relaxation times.  
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Nanophase Separation and Exotic Dynamic Behavior in Comb-like Polymers 
 

Arbe, Arantxa1 

(1) Centro de Fisica de Materiales (CFM) CSIC-UPV/EHU 
 
We present a comparative study of the structure and dynamics of two series of 'comb-like' polymers: 
poly(alkylene oxides) (PAOs) and poly(n-alkyl methacrylates) (PnMAs) [1-4]. In both cases, polymers 
with increasing length of the side groups are investigated, being the difference between the two families 
the rigidity of the main chain. Different experimental techniques are employed, including a variety of 
neutron scattering methods. These, together with isotopic labelling, have allowed the selective study of 
main-chain and side-group properties. Self and collective motions are probed. Complementary fully 
atomistic and coarse-grained molecular dynamics simulations have also been carried out. The structural 
features developed in both series are identical, characterized by nanosegregation of alkyl side groups and 
main chains. Contrarily, the dynamic properties of side groups within the nanodomains are strikingly 
different depending on the main-chain nature. They show typical confinement effects in PnMAs, which 
are attributed to the development of a strong dynamic heterogeneity. The purely entropic origin of the 
self-assembled nanostructures and the decisive influence of the dynamic asymmetry are confirmed by the 
coarse-grained model. 
[1] A. Arbe et al, Soft Matter 4 (2008) 1792; Macromolecules 43 (2010) 3107. 
[2] C. Gerstl et al, Macromolecules 45 (2012) 4394; Macromolecules 45 (2012) 7293. 
[3] A. J. Moreno et al, Macromolecules 44 (2011) 1695. 
[4] J. Colmenero et al, Macromolecules (accepted). 
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A simplified approach to study protein dynamics with Neutron Spin Echo. 

 
Farago, Bela1 , Callaway, D. J. E. 2 , Bu, Z.M. 2 

(1) Head of the TOF-HR instrument group Email: farago@ill.fr 
(2) Department of Chemistry, The City College of New York 

 
Recent studies show that neutron spin echo spectroscopy (NSE) can reveal long-range protein domain 
motions on nanometer lengthscales and on nanosecond to microsecond timescales. This unique capability 
of NSE provides new opportunities to understand protein dynamics and functions. However under 
physiological conditions ( in solution) the domain motion is partially hidden by the centre of the mass and 
rotational diffusion of the protein. We will present a simplified but robust framework to analyse the data. 
It will be shown how partial deuteration ( a strong advantage of neutrons) can enhance the information 
content. The application on a multidomain scaffolding protein (NHERF1) will be presented. 
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Polymer Dynamics in Nanocomposites and under confinement 
 

Richter, Dieter 1 
(1) Jülich Centre for Neutron Science (JCNS-1), Institute for Complex Systems (ICS-1) 

 
In this talk I will present neutron spin echo investigations on polymers interacting attractively with  
nanoparticles or confining surfaces. Polyethylene-oxide (PEO) was filled with neat SiO2 nanoparticles up 
to 15 vol%. Investigating a short chain matrix we realised that a fraction of chains is adsorbed at the 
nanoparticle surface suppressing completely its translational diffusion. Nevertheless these adsorbed 
chains undergo an unchanged segmental dynamics seemingly forming a micelle like corona of chains 
connected with their OH-end groups. Changing to methylene terminated chains the picture changes 
drastically now showing a tightly adsorbed layer that however is not glassy as often assumed but 
undergoes pico second local dynamics. These results are corrobated and extended in studying the 
dynamics of Polydimethylsiloxane (PDMS) confined in nanoporous Alumina. There a partly anchored 
chain fraction is found that undergoes restricted Rouse motions with segmental mobilities as in the bulk 
phase. The size of this layer exceeds significantly the length scale of the directly adsorbed polymer, 
presenting a first direct microscopic evidence for the hypothetical interphase.  
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High frequency laser modulated AC chip calorimeter 

 
Chua, Yeong Zen1; Chua, Yeong Zen1; Shoifet, Evgeni1; Schick, Christoph1 

(1) Universität Rostock 
 
Combination of different techniques for heat capacity spectroscopy (AC chip calorimetry; temperature 
modulated calorimetry (TMDSC)) allows the determination of complex heat capacity for the dynamic 
glass transition (structural relaxation) in a wide frequency range. TMDSC covers a limited frequency 
range from about 10-5 Hz to 0.1 Hz [1]. An AC chip calorimeter [2] gives the possibility to decrease the 
size of the measured sample, hence increases the sensitivity and frequency range. However, the 
investigation of the dynamic glass transition is still limited to the frequencies up to a few kHz, due to 
capacitive coupling between heater driving voltage and thermopile voltage at high frequencies. A new AC 
chip calorimeter with laser heating, which decouple the temperature measurement and heating, is capable 
of measuring the glass transition temperature of samples in nanogram range and in the frequency range up 
to 1 MHz. The dynamic glass transition of polystyrene and poly(methyl methacrylate) was studied in the 
frequency range of 10-5 Hz to 1 MHz with these different calorimetric techniques. 
[1] M. Merzlyakov & C. Schick, Thermochimica Acta 380 (2001). 
[2] H. Huth, A.A. Minakov & C. Schick, J. Polym. Sci. B Polym. Phys. 44 (2006). 
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The spin probe characterization of two polymeric glass-formers in relation to free  
volume and relaxation dynamics 

 
Svajdlenkova, Helena1; Bartoš, Josef1; Yu, Yang2; Krause-Rehberg, Reinhard2 

(1) Polymer Institute of SAS; (2) University of Martin Luther Halle-Wittenberg 
 
We present the microstructure and local dynamics study in amorphous polymers of diene type cis-1,4-
poly(isoprene) (c-1,4-PIP) and of vinyl type poly(vinylmethylether) (PVME) using PALS and ESR probe 
techniques. The aim is to address the structural and dynamic heterogeneities in strong vs. fragile polymer. 
The dynamics of the spin probe TEMPO was obtained via spectral parameter of mobility, 2Azz’, and 
correlation time, τc. First, the 2Azz’−T plot exhibits a quasi-sigmoidal course characterized by three 
features: acceleration within slow regime at TX1

slow, slow to fast transition at T50G and acceleration within 
the fast regime at TX1

fast. Next, the ESR spectra of both the TEMPO systems were simulated via Non-
Linear Shape Line (NLSL) program by Budil et al. The Arrhenius plots log τc vs. 1/T consist of several 
regions of distinct dynamic behavior of the TEMPO. The difference in the dynamic heterogeneity of the 
TEMPO in c-1,4-PIP vs. PVME is observed. The characteristic features in the ESR responses coincide 
with the ortho-positronium (o-Ps) probe annihilation from PALS technique [1]. The dynamic hypothesis 
for the TEMPO systems as tested by BDS supports the dominant role of β process in PVME [1] and the 
rearrangements of the most mobile α domains in cis 1,4-PIP  as seen by both ESR and PALS. 
[1] J. Bartoš, M. Iskrová-Miklošovičová, D. Cangialosi, A. Alegría, O. Šauša, H. Švajdlenková, A. Arbe,  
J. Krištiak, J. Colmenero, J. Phys.- Cond. Matter 24 (2012) 155104. 
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The immobilized polymer fraction in PMMA/SiO2 nanocomposites 

 
Schick, Christoph1; Wurm, Andreas1 

(1) Universität Rostock 
 
The existence of an immobilized polymer fraction in PMMA/SiO2 nanocomposites at the interface 
between inorganic filler and polymer is shown on the basis of heat capacity measurements at the glass 
transition of the polymer. The concept of a rigid amorphous fraction (RAF) [1], originally developed for 
semicrystalline polymers, is applied to amorphous polymer based nanocomposites and leads to the 
assumption of a 3-phase-model including filler particles, mobile amorphous polymer and rigid amorphous 
polymer fraction.  
It was found, that the immobilize polymer layer is about 2 nm thick and the interaction between the SiO2 
nanoparticles and the PMMA is so strong that no devitrification occurs before degradation of the 
polymer.[2] No gradual increase of heat capacity or broadening of the glass transition was found. The 
cooperatively rearranging regions (CRR) are either immobilized or mobile. No intermediate states were 
found. These results support the view that the reason for restricted mobility must disappear before the 
RAF can devitrify.  
[1] H. Suzuki, J. Grebowicz, and B. Wunderlich, British Polymer Journal 17 (1985) 1.  
[2] A. Sarsyan, A. Tonoyan, S. Davtyan, and C. Schick, Europ. Polym. J. 43 (2007) 3113.  
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Molecular dynamics and free volume in 1,2-poly(butadiene) vs. 1,4-poly(butadiene) 
 

BARTOS, Josef 1; Svajdlenkova, Helena1; Yu, Yang2; Krause-Rehberg , Reinhard2 

(1) Polymer Institute of SAS; (2) Martin Luther University 
 
We report on the rotational dynamics and free volume in poly(butadiene)s via two external probes, i.e., 
spin probe TEMPO and ortho-positronium (o-Ps) using electron spin resonance (ESR) or positron 
annihilation lifetime spectroscopy (PALS), respectively. The ESR studies reveal that the slow to fast 
regime transition in cis-trans-1,4-PBD and 1,2-PBD occur at the similar ESR temperature,T50G=225K and 
228K, above or below the corresponding glass transition temperatures, Tg = 174K or 270K, respectively. 
In the former case, T50G/Tg = 1.22 is consistent with the T50G/Tg >1 finding for a series of 14 small 
molecule and polymer glass-formers [1], while in the latter one T50G/Tg= 0.85 seems to be an exception. 
The acceleration ESR temperatures within the fast regime are TX1

fast=1.52Tg and 1.08Tg. To explain these 
findings with respect to the physical state, PALS was performed. By comparison with the PALS 
temperatures Tb1 and Tb2 it was found that for 1,4-PBD T50G ≅ Tb1, while for 1,2-PBD TX1

fast ≅ Tb1. 
Finally, it was confirmed that also for 1,2-PBD the empirical rule for o-Ps lifetime at T50G: τ3(T50G) = 
2.17±0.15ns [1] is valid. Thus, the slow to fast transition appears at almost the same free volume 
fluctuation independently of the chemical composition, the topology, the nature of intermolecular 
interactions as well as of the physical state of the host matrix. 
[1] H.Švajdlenková, O.Šauša, M.Iskrová-Miklošovičová, V.Majerník, J.Krištiak, J.Bartoš, Chem. Phys. 
Lett. 539-540 (2012) 39. 
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Gelation and melting dynamics of temperature-responsive polymer hydrogel 

 
Chushkin, Yuriy1; Ruta, Beatrice1; Czakkel, Orsolya2; Nervo, Roberto1; Rinaudo, Marguerite1 

(1) European Synchrotron Radiation Facility ; (2) Institute Laue Langevin 
 
Temperature-responsive polymer hydrogels are of increasing interest for biological applications such as 
smart drug release and DNA sequencing. However, to the best of our knowledge, no studies on the 
gelation and melting dynamics at the nanometric scales of thermoreversible physical gels are available so 
far.  
Here we present the first results on the gelation and melting kinetics at the nanometric length scale of a 
thermoreversible methylcellulose physical gel by using X-ray Photon Correlation Spectroscopy (XPCS). 
This system is known to form a thermoreversible 3D network on temperature increase [1-3]. Above the 
critical temperature a first gelation phase (loose gel) is obtained due to hydrophobic interaction involving 
the methyl group rich zones. By further increasing the temperature, a phase separation occurs involving 
the less substituted zones, where the system becomes a turbid gel (strong gel). It was shown that slow 
microscopic reorganization takes place in this phase [4]. 
Our results show that by using nanoparticles as tracers of the constituent material, XPCS can be used to 
follow the evolution upon gelation and melting of very soft and fragile systems, such as temperature-
responsive hydrogels. The results will be discussed also in comparison with macroscopic rheological and 
calorimetric measurements. These findings open new possibilities to acquire a deeper understanding of 
the gelation and melting dynamics of ‘smart’ gels, which is crucial to optimize the systems for possible 
biological applications. 
[1] M. Hirrien et al. Polymer 39 (1998) 6251. 
[2] K.Kobayashi and C.-I Huang, Macromolecules 32 (1999) 7070. 
[3] V.Hugouvieux et al. Soft Matter,7 (2011) 2580. 
[4] N.Schupper et al. Macromolecules, 41, (2008) 3983. 
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Studying of structural properties in cellulose acetate by molecular simulations 
 

BOCAHUT, Anthony 1; MAZEAU, Karim1 

(1) CNRS CERMAV 
 
Cellulose acetate (CA) is a common derivative of cellulose with many applications. Most of the 
industrially relevant CA possess a complex chemical structure, are highly heterogeneous and have a 
dominant amorphous organization. This polymer is particularly difficult to characterize by experiments. 
In this work we study the structure and thermal properties of amorphous CA using molecular modeling. 
We consider five degrees of substitution (DS) of the chains: 0; 1.5; 2; 2.5; 3, the distribution of the acetate 
moieties is implemented according to experimental data. The equilibration of the periodic models is 
performed using molecular dynamics with the OPLS-AA force field. In order to provide an estimate of 
the first order phase transition temperature, assimilated to the glass transition temperature, we carry out a 
simulated annealing protocol mimicking calorimetric experiment. The DS dependence of the transition 
temperature is similar to the one described experimentally.  
Analyzing some structural characteristics of the polymer like the number of hydrogen bonds, the average 
distance between chains, or the Φ/Ψ torsional space explored by the glycosidic bonds, gives evidence that 
a delicate balance between hydrogen bonding and acetate dipole interactions governs the thermo-
mechanical behavior of the material. 
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Addition of nanoparticles to polymers is known to improve their thermal, mechanical as well as chemical 
properties. Recently, making use of a controlled radical polymerisation technique (atom transfer radical 
polymerisation, ATRP) we have been able to graft polymer chains onto the surface of silica nanoparticles 
(polystyrene, poly(butyl acrylate), poly(methyl methacrylate)) and have investigated the physical 
properties of the resulting nanocomposites [1,2]. We show that grafting improves the mechanical 
behaviour of the samples above the polymer glass transition and we compare chain-grafted hybrids 
prepared from colloidally dispersed particles to samples based on fumed silica. Various properties are 
discussed from ageing behaviour to chain dynamics determined from quasielastic neutron scattering 
measurements (QENS). 
[1] A. Kraft, P.M.E. Adams, V. Arrighi, J. Harkins, A. McAnaw, I.J. McEwen, S.J.Mayhew, L. 
Ragupathy, C. Waring, Polym. Mater. Sci. Eng., 96 (2007) 43 
[2] A. Kraft, V. Arrighi, N. Grima, Polym. Mater. Sci. Eng., 98 (2008) 686 
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Dynamics of biomolecular systems, hydrated and solvated 
Proteins 
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DYNAMICS OF BIOMOLECULES: A GENERAL PICTURE 

 
Sokolov, Alexei1 

(1) University of Tennessee and Oak Ridge National Laboratory 
 
We present an overview of dynamics of biological macromolecules on the picoseconds-nanosecond time 
scale based on analysis of neutron scattering, dielectric relaxation spectroscopy and MD-simulations 
studies. These studies identify four different processes in dynamics of biomolecules on the ps-ns time 
scale [1-3]: (i) fast picosecond relaxation that is strongly coupled to the solvent dynamics and is 
traditionally ascribed to a caged motion of residues; (ii) methyl groups dynamics that seem to play an 
important role in proteins and is essentially absent in nucleic acids; (iii) localized relaxation that seems to 
be strongly coupled to dynamics of hydration water; (iv) larger scale relaxation process in the ns-time 
scale that can be ascribed to motions of domains or secondary structures. The microscopic nature of these 
processes, their dependence on molecular structure and hydration water are discussed. At the end we 
emphasize the difference in dynamics between proteins and nucleic acids [2] and propose a general 
dynamic picture of biomolecules on ps-ns time scale. 
[1] S. Khodadadi, S. Pawlus, A.P. Sokolov, J. Phys. Chem. B 112 (2008) 14273. 
[2] S. Khodadadi, et al., Biophys.J. 98 (2010) 1321. 
[3] L. Hong, N. Smolin, B. Lindner, A.P. Sokolov, J. C. Smith, Phys. Rev. Lett. 107 (2011) 148102. 
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As molecular workhorses, proteins fulfill a multitude of tasks that keep the complex machinery in 
biological cells alive. A protein’s surface is either fully or partially covered with hydration water that is 
esteemed crucial for biological activity. Incoherent neutron scattering (INS) in combination with selective 
deuterium labelling puts the focus either on protein or on water motions on the ns-ps time scale and 
allows their dynamic coupling to be studied. This coupling proves to decrease in tightness from 
intrinsically disordered, via globular-folded to membrane proteins [1]. Thus, there exists a gradient of 
coupling with hydration-water motions across different protein classes. Specific labeling and INS has also 
been used to show that not only the surface of a soluble protein, but also its interior responds to changes 
in hydration water dynamics [2].  
Do proteins really need it wet ? In order to answer this question, we investigated nano-hybrids of 
polymer-coated myoglobin that contain neither water nor any other solvent. Yet, these nano-hybrids 
surprisingly display biological activity. By examining deuterium labeled hybrids with neutron scattering, 
we revealed that the polymer coating exhibits similar flexibility than does hydration water, thus allowing 
the proteins they wrap to undergo motions necessary for biological activity [3]. These results highlight the 
potential for polymer-protein hybrids in that they show that the polymer coating can functionally and 
dynamically substitute for water or any other solvent and generate a new species that may be able to 
function in anhydrous environments, such as those frequently encountered in industry.  
These pieces of research are the fruit of collaborations with colleagues whose names appear in references 
1, 2 and 3. I am deeply indebted to them.  
.    
[1] Gallat F-X, Laganowski A, Wood K, Gabel F, van Eijck L, Wuttke J, Moulin M, Härtlein M, 
Eisenberg D, Colletier J-P, Zaccai G, Weik M (2012) Dynamical coupling of intrinsically disordered 
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proteins and their hydration water: comparison with folded soluble and membrane proteins. Biophys J 
103: 129-136 
[2] Wood K, Gallat FX, Otten R, van Heel AJ, Lethier M, van Eijck L, Moulin M, Haertlein M, Weik M, 
Mulder FA (2013) Protein surface and core dynamics show concerted hydration-dependent activation. 
Angew Chem Int Ed Engl 52: 665-668 
[3] Gallat FX, Brogan AP, Fichou Y, McGrath N, Moulin M, Hartlein M, Combet J, Wuttke J, Mann S, 
Zaccai G, Jackson CJ, Perriman AW, Weik M (2012) A polymer surfactant corona dynamically replaces 
water in solvent-free protein liquids and ensures macromolecular flexibility and activity. J Am Chem Soc 
134: 13168-13171 
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The anomalous relaxation behaviour and the absence of a clear calorimetric glass transition of 
supercooled hydration water will be discussed. We show clear evidences for that neither protein hydration 
water nor water confined in 21 Å pores of MCM-41 exhibit any clear calorimetric glass transition or 
related structural relaxation process. However, if glycerol is added to the water a calorimetric glass 
transition can be observed. Furthermore, the glass transition temperature (Tg) of the confined solution 
increases with increasing water content at very high water contents, a behaviour in contrast to the 
plasticization effect water has on bulk glycerol at lower water concentrations. Thus, the findings indicate 
that the water molecules affect the dynamics of the glycerol molecules very different at low and high 
water contents. A possible reason for this may be that that in very water-rich solutions the hydrogen 
bonded network structure of water molecules around Tg is even in confinements sufficiently rigid to slow 
down the relaxation of embedded solute molecules, whereas at high solute concentrations the water 
molecules will be less hydrogen bonded and therefore typically more mobile than the surrounding solute 
molecules. The formation of a rigid and ice-like network structure at the highest water contents may also 
explain the disappearance of Tg. Finally, we will give the implications of the anomalous behaviour of 
supercooled hydration water for biomolecular dynamics. 
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The α fluctuations from the bulk solvent, the β fluctuations from the hydration shell, and the thermal 
fluctuations are crucial for the function of proteins [1]. Quasielastic neutron scattering and the Mössbauer 
effect [2] are tools used to study these processes. In order to apply them to complex systems they must be 
fully understood, but there are questions: Is there a protein dynamical transition? Are the elastic line and 
the quasielastic band two different processes? Does the mean-square displacement provide useful 
information? Does a low-temperature β process crossover to a high-temperature α process? We answer 
these questions and introduce a model that explains the fluctuations in terms of the free-energy landscape. 
[1] H. Frauenfelder, G. Chen, J. Berendzen, P. W. Fenimore, H. Jansson, B. H. McMahon, I. R. Stroe, J. 
Swenson, & R. D. Young, Proc. Natl. Acad. Sci. USA 106 (2009) 5129. 
[2] R. D. Young, H. Frauenfelder, & P. W. Fenimore, Phys. Rev. Lett. 107 (2011) 158102. 
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Confined water is ubiquitous in nature. However, most of the confined solutions are not pure water but 
electrolyte solutions, due to the presence of numerous ions or acid groups in most organic systems. The 
low temperature behaviour of confined electrolyte solution is, in this regard, highly relevant to biology 
and soft condensed matter. In this context, Nafion© membrane is a good example to be studied. It 
exhibits a complex polymer organization in which the hydrophilic side chains are organized to form a 
network of channels and cavities, that fills water upon hydration. The sulfonate groups, attached to the 
fluorated backbone, release the protons in solution to form an electrolyte of hydronium ions in water 
confined in the polymer matrix. A complex behaviour of water is observed at low temperature, including 
reversible desorption and ice formation. 
Combining Neutron diffraction and Transient Grating Spectroscopy, we observed the progressive 
formation of ice crystals outside of the membrane as the temperature decreases down to 220 K, in a fuly 
reversible way [1]. A simple model of solution, for which the freezing point depends on the solute 
concentration, is in very good agreement with the data. Systems exhibiting similar behaviour like lipid 
membranes or protein crystals will eventually be discussed. 
[1] M. Plazanet, P. Bartolini, R. Torre, C Petrillo and F. Sacchetti, J. Phys. Chem. B 113 (2009) 10121-
10127 ; M. Plazanet et al, submitted to J. Phys Chem Let. 
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We study the relaxation dynamics of proteins in aqueous solutions from low to physiological 
temperatures. We circumvent freezing by means of using aqueous solutions of lithium chloride instead of 
the typically used cryo-protectors, such as glycerol or methanol. The relaxation dynamics of LiCl aqueous 
solutions exhibits remarkable similarity to the dynamics of pure water, with the same glass transition 
temperature, yet these solutions could be easily supercooled without freezing down to at least 200 K. 
Using backscattering spectrometer BASIS (Spallation Neutron Source, Oak Ridge National Laboratory, 
USA) optimized for quasielastic neutron scattering experiments with high resolution and wide dynamic 
range, we probe the internal dynamics of a protein simultaneously with the dynamics of its solvent. The 
most remarkable result of our experiments to date is the apparent decoupling between the internal 
relaxation dynamics of the protein and the dynamics of its aqueous solvent observed at low temperatures 
[1, 2]. While the global dynamics of protein molecules in solutions follows the solvent viscosity that 
diverges on approaching the solvent glass transition temperature, the internal protein dynamics is 
apparently coupled to the dynamics of the protein hydration shell, which is characterized by its own 
temperature dependence.           
[1] X. Chu, E. Mamontov, H. O’Neill, & Q. Zhang, J. Phys. Chem. Lett. 3 (2012) 380. 
[2] E. Mamontov & X. Chu, Phys. Chem. Chem. Phys. 14 (2012) 11573. 
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Brain tissues from the Central Nervous System are heterogeneous systems containing glia cells, neurons, 
myelin sheaths and extracellular space, separated by impermeable and semipermeable membranes. The 
major tissue constituent is the water (> 70%). Interacting with cell membranes during their random 
motion, water molecules can be used as a tool to probe tissue structure at microscopic scale. Nowadays, 
diffusion magnetic resonance imaging technique (DMRI), based on water diffusion, is widely used to 
detect variation at the micron scale in the tissue contrast induced by brain diseases such as ischemia, 
tumors etc. [1]. However, at micron scale, the cellular contributions are averaged hiding a correct 
interpretation of the diagnostic images. Using neutron scattering techniques, the measuring distance is 
reduced to the scale of the macromolecular separation. This allows having access to so far unexplored 
atomic and picosecond distance-time scales [2-4]. We report here results aimed at determining if neutrons 
reveal changes at atomic scale in water diffusion in tissues affected by brain pathologies such as the 
aggressive primary malignant tumor glioma, as seen by DMRI at lower spatial resolution.  
[1] C.F. Hazlewood, H.E. Rorschach, C. Lin, Magn. Reson. Med. 19(2)(1991) 214. 
[2] G. Schiro, C. Caronna, F. Natali, A. Cupane, J. Am. Chem. Soc. 132 (2010) 1371. 
[3] M. Jasnin, M. Moulin, M. Haertlein, G. Zaccai, M. Tehei, EMBO Rep. 9 (2008) 543. 
[4] A.M. Stadler, J.P. Embs, I. Digel, G.M. Artmann, T. Unruh, J. Am. Chem. Soc. 130 (2008) 16852. 
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The biological function of enzymes is often related to large-scale domain motions, which are sometimes 
induced by the binding of a substrate. Different to the conditions in a rigid crystal structure, in a solution 
the proteins have more freedom to change configuration and large domains can show unhindered 
dynamics. Neutron spinecho spectroscopy combined with small angle neutron scattering allows to detect 
this type of motions. We present here examples for large scale domain motions of different types. 
Phosphoglycerate kinase shows a dominant domain motion which enable catalytic function. Lactoferrin, 
an iron binding protein, shows no influence due to the bound iron in the dynamics between the two main 
domains. The intrinsically unfolded protein myelin presents a sturcture close to a free polymer. The 
dynamics can be desribed by small dislocations from mean rigid structures. All these proteins show 
dependent on their characteristic structure a different characteristic relaxation time on the timescale of 
several nanoseconds. 
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Proteins from thermophilic organisms exhibit an extraordinary stability being able to function at very 
high temperature (up to 100 °C). The microscopic origin of such a resistance to thermal stress is still 
unknown [1]. For example thermophilic proteins have been always considered mechanically more rigid 
then their mesophilic homologous. Moreover for many years the internal packing of the protein 
hydrophobic core was seen as the key factor for protein stability but the attention has nowadays shifted 
toward surface effects.    
Here we present an analysis of protein thermostability on the basis of a multi-scale in silico study of pairs 
of homologous proteins. We first discuss the proteins rigidity/flexibility at different length and time 
scales, the partition of flexibility along the protein matrix and its impact on high temperature 
stability/unfolding and functionality. We then focus on the role of hydration by monitoring the effect of 
protein amino-acid composition, protein conformations and temperature on hydration dynamics [3,4] and 
the energetic of buried water molecules.  
References  
[1] F. Sterpone, S. Melchionna, Chem.Soc.Rev. 41 (2012) 1665-1676  
[2] F. Sterpone, G. Stirnemann, D. Laage, J.Am.Chem.Soc. 134 (2012) 4116-4119  
[3] O. Rahaman, S. Melchionna, D. Laage, F. Sterpone, Phys.Chem.Chem.Phys, in press   
[4] F. Sterpone, C.Bertonati, G. Briganti, S. Melchionna, J. Phys.Chem. B, 113 (2007) 131-137  
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The interpretation of  relaxation spectra measured in hydrated powders of proteins is complicated by the 
presence, in proteins, of different side chains bearing different molecular groups and interacting  
differently with hydration water. With the aim of circumventing this difficulty and of disentangling the 
contributions of different side chains molecular groups to protein dynamics, we studied, with broadband 
dielectric spectroscopy,  the hydration water / side chains relaxations occurring in dry and hydrated 
(h=0.2) powders of strategically selected homomeric polypeptides. Information on the glass transition 
temperature of the system was obtained with differential scanning calorimetry on the very same samples. 
We used poly-glycine (representing the “pure backbone” contribution), poly-alanine (representing the 
contributions of hydrophobic side chains) and poly-lysine (representing the contributions of 
hydrophilic/charged side chains). The results obtained are compared with analogous data previously taken 
on the same samples with elastic incoherent neutron scattering (EINS) [1], in order to investigate the 
possible relations between the observed relaxations and the onset(s) of anharmonicity detected with 
EINS. 
 
[1] G. Schirò, C. Caronna, F. Natali and A. Cupane, Phys. Chem. Chem. Phys. 12  (2010) 10215. 
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Proteins constantly perform conformational excursions with motions taking place on the picoseconds-
angstrom time and length scales. However vibrational or diffusive their nature, protein motions intimately 
depend on the presence of the solvent surrounding the protein surface. On the other hand, structural and 
dynamical features of protein hydration water (PHW, water within few Angstrom from the protein 
surface) are sensibly altered with respect to the bulk, as they are affected by local topography and specific 
interactions with the protein. Here we show several results, mainly from neutron scattering spectroscopy, 
that support the glassy character of PHW. In particular, the low-frequency single-particle dynamics of 
PHW is analysed and a direct comparison with amorphous ice and supercooled water is made. 
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Theoretical calculations have proved that in the pico second region proteins exhibit collective vibrational 
motions. These modes can be referred as low-frequency modes, since these modes usually appear in 
several wavenumber regions, or terahertz frequency regions. It is known that these motions are usually 
well correlated with large conformational changes that are necessary for protein functional expression. 
Until now a lot of studies focusing on hydration and temperature dependences on protein dynamics have 
been done by using a large number of spectroscopic methods since these parameters are deeply connected 
to the protein function. Though it has been proved that “dynamical transition” is universally observed at 
around 200 K, little is known about the effect of hydration. In this study we measured low-frequency 
dynamics of native and chemically denatured lysozyme to understand the effect of hydration by using 
terahertz time-domain spectroscopy. Differential spectra between dried and hydrated states indicated that 
above dynamical transition temperature low-frequency dynamics were activated. In contrast, the 
differential spectra below the dynamical transition point showed complicated features. Below 25 cm-1 
absorption coefficients were negative, and above the wavenumber the values increased as the 
wavenumber increased. We discussed about the interpretation of these observations and differences 
between the native and denatured states. 
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Unfolding processes are induced by pressures larger than 2Kbar, while non-denaturing pressures may 
modify protein interactions and affect the solvent arrangement around a protein surface. On these 
grounds, some new insights into the relationship between the protein dynamics and the properties of the 
hydration shell can be obtained [1] Combining small angle and inelastic neutron scattering experiments 
we have investigated the impact of high hydrostatic pressure on the structure and dynamics following 
particle-particle interactions, low-resolution structure and overall and local dynamics of protein solutions. 
At non denaturanting pressure the protein changes the protein-protein attractive interactions and the 
hydration water density. The internal dynamics shows a clear evolution from diffusing to more localized 
motions suggesting a correlation to the new first hydration properties. At unfolding pressure a slowing 
down of the relaxation time is accompanied by an increase of the protein dynamics contribution to 
picoseconds timescale [2]. The increased solvent packaging around the protein percolates in the 
hydrophobic core promoting the protein unfolding. Hydration water collective dynamics investigations 
reveal a shift of the excitation of the low energy mode, whilst the position of the high energy excitation is 
not modified. A strong modulation of both modes is found. We support the hypothesis that not only the 
amount of water but also the structure of hydrogen bond network has a key role in the protein fluctuations 
and transport properties. 
 
[1] M. G. Ortore, A. Paciaroni, F. Spinozzi, P. Mariani, H. Amenitsch, J. Ollivier, L. R. S. Barbosa, M. 
Steinhart and D. Russo, Journal of the Royal Society Interface 6  (2009) S619. 
[2] D. Russo, M. G. Ortore, F. Spinozzi, P. Mariani, , and A. Paciaroni, subitted to BBA ( 2013). 
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A wide range of different local and global motions can be observed in molecular liquids and phospholipid 
membranes on a picosecond time scale. For both systems collective flow-like motions could be identified 
by quasielastic neutron scattering (QENS) and MD simulations. Although there are similarities in the 
molecular dynamics of these systems, the existence of dynamic heterogeneities could only be confirmed 
for the membrane systems [1]. It will be demonstrated how to extract this information from QENS data. 
The molecular mobility of the phospholipid molecules in multi-bi-, bi- and monolayers will be addressed 
as well as the influence of additives on the dynamics of the phospholipid molecules within the membrane. 
MD simulations of alkane melts (C16H34, C100H202) could reproduce corresponding QENS data extremely 
well, justifying the extraction of detailed dynamical properties of these molecular liquids [2]. The 
evaluation of higher-order dynamic correlation functions exhibited a collective intermolecular motion of 
atoms on a timescale framed by local reorientational and long range diffusional motions. 
[1] S. Busch, C. Smuda, L.C. Pardo, T. Unruh, J. Am. Chem. Soc. 132 (2010) 3232 
[2] H. Morhenn, S. Busch, T. Unruh, J. Phys.: Condens. Matter 24 (2012) 375108 
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Water plays a crucial part in virtually all protein–ligand binding processes in and out of equilibrium. 
Here, we investigate the role of water in the binding kinetics of a ligand to a prototypical hydrophobic 
pocket by explicit-water molecular dynamics (MD) simulations and implicit diffusional approaches. The 
concave pocket in the unbound state exhibits wet/dry hydration oscillations whose magnitude and time 
scale are significantly amplified by the approaching ligand. In turn, the ligand’s stochastic motion 
intimately couples to the slow hydration fluctuations, leading to a sixfold enhanced friction in the vicinity 
of the pocket entrance. The increased friction considerably decelerates association in the otherwise 
barrierless system, indicating the importance of molecular-scale hydrodynamic effects in cavity–ligand 
binding arising due to capillary fluctuations. We derive and analyze the diffusivity profile and show that 
the mean first passage time distribution from the MD simulation can be accurately reproduced by a 
standard Brownian dynamics simulation if the appropriate position-dependent friction profile is in- 
cluded. However, long-time decays in the water–ligand (random) force autocorrelation demonstrate 
violation of the Markovian assumption, challenging standard diffusive approaches for rate prediction. 
Remarkably, the static friction profile derived from the force correlations strongly resembles the profile 
derived on the Markovian assumption apart from a simple shift in space, which can be rationalized by a 
time–space retardation in the ligand’s downhill dynamics toward the pocket. The observed spatiotemporal 
hydrodynamic coupling may be of biological importance providing the time needed for conformational 
receptor–ligand adjustments, typical of the induced-fit paradigm. [1] 
[1] Piotr Setny, Riccardo Baron, Peter Kekenes-Huskey, J. Andrew McCammon, and Joachim Dzubiella, 
Proc. Natl. Acad. Sci. (2013), in press. 
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Although possessing an ordered structure, proteins have shown to exhibit versatile but common internal 
dynamics, which is indispensable for protein function. The precise nature and geometry of this motion 
remains, however unclear. In order to investigate the internal protein backbone dynamics, a combined 
approach of solid-state 2H NMR and random-walk simulations (RWS) is used. Solid-state 2H NMR is 
sensitive to the time scale (range 10-9-101 s) as well as the geometry of motion[1]. It has been applied to 
samples of fully deuterated cyano phycocyanin (CPC) at two degrees of hydration (h= 0 & 0.3 g/g) 
varying the temperature between 150-310 K. Suppressing the contribution of the fast methyl groups, we 
find that the protein backbone exhibits a temperature-dependent small amplitude motion. The NMR 
parameters of the backbone motion are calculated quantitatively by RWS for two limiting scenarios: A 
heterogeneous scenario with a distribution of temperature dependent correlation times and a 
homogeneous scenario, in which the amplitude of motion increases with temperature. The RWS show 
that the latter scenario is a main feature of internal protein dynamics. Nevertheless a single temperature 
dependent angle cannot explain all experimental observations. A distribution of angles is required for a 
good description of the observations in 2H NMR. Thus, the present study reveals that internal protein 
dynamics is a complex motion with an amplitude that strongly depends on temperature. 
[1] S. Lusceac, M.Vogel, C. Herbers, BBA (2010), 1804, 41-48. 
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Amino acids (AAs) play central roles both as building blocks of proteins and as intermediates in 
metabolism. In addition, the chemical properties of the AAs determine the biological activity in proteins. 
The most biologically relevant form of the amino acids is the zwitterionic one, since they are found in this 
structure under physiological conditions (pH = pI, being pI the isoelectric point). The general formula for 
a zwitterion is NH3+CHRCOO-, where R represents a “side group” which varies from one AA to another, 
NH3+ is the ammonium group and COO- is the carboxylate group.  
In a previous work [1], we have investigated the dynamics of eight AAs in water solutions in the 
frequency range from 0.2 to 20GHz at room temperature. In this communication, water hydrogen-bond 
dynamics around amino acids (L-lysine and L-Proline) in both dilute and concentrated aqueous solutions, 
is investigated through broadband dielectric spectroscopy (10-2 Hz to 1010Hz) in the temperature range 
110-300K. Additionally, L-Proline water solutions are analyzed at different AA chain lengths (amino acid 
→ peptide → polypeptide).  
Broadband dielectric spectroscopy reveals a rich and complex dynamics of AAs water solutions. We will 
investigate the nature of both the solvent and the solute motions and we expect that this study will allow 
defining “ground rules” for interpreting the hydration state of larger bio-molecules. 
[1] I. Rodriguez-Arteche et al, Phys. Chem. Chem. Phys. 14 (2012), 11352 
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Owing to the role density fluctuations may play in membranes functions, e.g. the transport of small 
molecules, among motions covering a wide range of length and time scales, the investigation of short 
wavelength collective dynamics assumes a key role. Recent inelastic x-rays (IXS) and neutron scattering 
(NS) experiments [1, 2] and molecular dynamics (MD) simulations [3] have provided evidence of the 
existence of an acoustic-like phonon branch, whose origin has been attributed to in-plane motions of the 
hydrocarbon chains. In this contribution we present the first study of the symmetry character of the 
collective motions taken place within model membranes by characterizing, using MD simulations, the 
longitudinal and transverse phonon branches. A scenario that significantly differs from earlier 
experimental and theoretical studies is uncovered. We reveal indeed the existence of acoustic-like and 
optic-like excitations with a mixed symmetry character and we provide evidence for an avoided crossing 
interaction. Finally, we support the MD results with a Brillouin NS study, thus providing a further 
example of high complementarity of scattering and simulation techniques for the investigation of 
dynamics in complex systems. 
[1] S. H. Chen et al., Phys. Rev. Lett. 86 (2001) 740. 
[2] M. C. Rheinstadter et al., Phys. Rev . Lett. 93 (2004) 108107. 
[3] M. Tarek et al., Phys. Rev . Lett. 87 (2001) 238101. 
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Protein carries out most functions in living things on the earth through characteristic modulation of its 
three-dimensional structure over time. Understanding the microscopic nature of the protein internal 
motion and its connection to the function and structure of the biomolecule is a central topic in biophysics, 
and of great practical importance for drug design, study of diseases, and the development of renewable 
energy, etc.  
Under physiological conditions, protein exhibits a complex dynamics landscape, i.e., a variety of 
diffusive and conformational motions occur on similar time and length scales. This variety renders 
difficult the derivation of a simplified description of protein internal motions in terms of a small number 
of distinct, additive components. This difficulty is overcome by our work using a combined approach of 
Molecular Dynamics (MD) simulations and the Neutron Scattering experiments [1]. Our approach 
enables distinct protein motions to be characterized separately, furnishing an in-depth understanding of 
the connection between protein structure, dynamics and function [2,3]. 
[1] L. Hong, N. Smolin, B. Lindner, A.P. Sokolov & J.C. Smith,  Phys. Rev. Lett. 107 (2011) 148102.  
[2] L. Hong, X. Cheng, D.C. Glass & J.C. Smith, Phys. Rev. Lett. 108 (2012) 238102.  
[3] L. Hong, D.C. Glass, J.D. Nickels, S. Perticaroli, Z. Yi, T. Madhusudan, H. O’Neill, Q. Zhang, A. P.             

Sokolov & J.C. Smith, Phys. Rev. Lett. 110 (2013) 028104. 
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Protein motions cover a wide spectrum of distances showing an extraordinary time scale disparity 
between fast and slow motions, from femtosecond to hours, going from elastic vibration to allosteric 
transitions. From the experimental point of view, the characterization of the molecular processes involved 
in protein dynamics can be performed by Elastic Incoherent Neutron Scattering (EINS), taking advantage 
from the fact that, besides to a relatively low number of fitting parameters, in respect to the quasi-elastic 
contribution at low energy transfer, the elastic one is often a factor 100-1000 higher and then one can 
cope with a relatively small amount or with small sized samples.  
The present contribution is addressed to clarify the vexata questio of the so called Protein Dynamical 
Transition (PDT). Interest in PDT has been stimulated also by the fact that, following some researchers, 
the measurable biochemical activity of proteins is supposed to appear at about the same temperature 
range. The basic understanding of the mechanism underlying PDT is controversial and various 
interpretative models have been proposed [1-5]. On this ground an explicative hypothesis for PDT and a 
clarification of its connection with the so-called dynamical fragile-to-strong crossover (FSC) registered in 
the characteristic relaxation time as a function of temperature in hydrated proteins will be furnished.  The 
results will be discussed in the framework of current theories and views. 
 
References: 
(1) Magazù, S.; Migliardo, F.; Benedetto, A. J. Phys. Chem. B 2011, 115, 7736. 
(2) Frauenfelder, H.; Chen, G.; Berendze, J.; Fenimore, P. W.; Jansson, H.; McMahon, B. H.; Stroe, I. R.; 
Swenson, J.; Young, R. D. Proc. Natl. Acad. Sci. U.S.A. 2009, 106, 5129.  
(3)Frauenfelder, H, Mezei F. , Acta Crystallogr D Biol Crystallogr. 2010, 31, 1229. Chen, G.; Fenimore, 
P.W.; Frauenfelder, H.; Mezei, F.; Swenson, J.; Young, R.D; Phil. Mag., 2008, 88, 3877. 
(4) Khodadadi, S.; Pawlus, S.; Roh, J. H.; Garcia Sakai, V.; Mamontov, E.; Sokolov, A. P. J. Chem. Phys. 
2008, 128, 195106. 
(5) Doster, W.; Busch, S.; Gasper, A. M.; Appavou, M. S.; Wuttke, J.; Scheer, H. Phys. Rev. Lett.  2010, 
104, 098101. 
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Protein and water dynamics in two globular protein-water systems,water-lysozyme and water-BSA 
(bovine serum albumin), and in one fibrous protein-water system, water-elastine, were studied by 
differential scanning calorimetry (DSC), dielectric relaxation spectroscopy (DRS), and thermally 
stimulated depolarization currents (TSDC) techniques. Water equilibrium sorption isotherms (ESI) were 
also recorded at room temperature. The samples covered a wide range of composition, from practically 
dry solid pellets to dilute solutions. Crystallization and melting of water were studied by DSC and the 
amount of uncrystallized water was determined. The evolution of dynamics with hydration level was 
followed by several dielectric relaxations, the emphasis being given to relaxation processes of polar 
groups on the surface of proteins, of uncrystallized water molecules, and of large scale motion of the 
macromolecules (α relaxation). 
Our results shed light on the interplay between the mobility of the polymer polar groups and the 
relaxation of uncrystallized water molecules themselves. A relationship between the protonic conduction 
mechanism and the relaxation processes of polar groups and uncrystallized water molecules has been 
found for the case of the hydrated globular proteins. The dielectric α relaxation has been found to be 
associated with the calorimetric glass transition for the swollen globular proteins, whereas for the fibrous 
hydrated proteins a similar dielectric relaxation process seems to be decoupled from the calorimetric glass 
transition.  
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Bioprotectant glassy matrices have been proven to induce a noticeable retardation and reduction of 
protein molecular movements, thus preventing thermal degradations.  Recent studies [1] reported that the 
slow dynamic properties of levoglucosan (LG) greatly differ from those of glucose (G), a common 
bioprotectant. The more rigid structure of LG molecule has great impact on the molecular mobility: α-
relaxation becomes very sensitive to temperature and the secondary relaxation, responsible for the 
mobility in the glassy state, is suppressed. It is noteworthy that, despite its lower Tg, LG preserves and 
stabilizes freeze-dried proteins better than usual excipients [2]. To investigate how this reflects in fast (ps) 
dynamics, we performed elastic and inelastic neutron scattering studies of Lysozyme in G and LG, in dry 
and hydrated conditions and in an extended T range. All solvents and water were deuterated. In the same 
conditions, we performed dielectric spectroscopy and calorimetry to provide a clear assignment to the role 
of the different dynamic processes involved. The overall scenario confirms recent findings that highlight 
the role of local dynamics in destabilization [3]: actually the local protein mobility is strongly suppressed 
by the interaction with LG. 
[1] K. Kaminski, P. Wlodarczyk, M. Paluch et al., J. Phys. Chem. B 114, 11272 (2010). 
[2] Y.H. Liao, M. B. Brown, A. Quader,  G.P. Martin, Pharm. Res. 19, 1854 (2002). 
[3] M.T. Cicerone, C.L. Soles, Biophys. J. 86, 3836 (2004). 
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The so-called Dynamic Transition of proteins occurs at some temperature Td, when mean square 
displacements <u2>, observed by incoherent neutron scattering (NS) experiments, show a change of slope 
in temperature dependence. Recent experiments demonstrated that this phenomenon is determined by the 
entrance of a molecular relaxation into the spectrometer time window [1,2]. Moreover, in a recent study 
[3] we showed that the existence, in hydrated or solvated proteins, of another change of slope of <u2>(T) 
on crossing the glass transition temperature Tg. The change of slope of <u2> at Tg is independent of the 
spectrometer resolution and parallels what generally observed in inorganic, organic and polymeric glass-
formers. In this T-time range the contributions to <u2> obtained by NS come from the dissipation of 
molecules while caged by the anharmonic intermolecular potential.  
We show that dynamics, in this temperature and timescale range, emerge in permittivity loss as a power 
law with a vanishing exponent, whose intensity has a T slope with a sharp change on crossing Tg. The 
universal change of <u2> at Tg of glass-formers, as well as hydrated and solvated proteins, is rationalized 
by sensitivity to change at Tg in volume and entropy of the amplitude of dissipation of the caged 
molecules. 
[1] W. Doster et al., Phys. Rev. Lett., 104 (2010) 098101. 
[2] H. Frauenfelder et al., PNAS, 106 (2009) 5129. 
[3] S.Capaccioli, K.L. Ngai, S. Ancherbak, A. Paciaroni, J.Phys.Chem.B 116 (2012) 1745. 
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We present a study on the glass transition and water dynamics in the case of aqueous solutions of highly 
water soluble casein peptone. The glass transition of the solutions and the crystallization and melting 
events of water have been studied by differential scanning calorimetry (DSC). It was revealed, that the 
glass transition of the system is originated from the combined motion of uncrystallized water molecules 
and casein peptone, as it is suggested in other  proteins [1]. Water dynamics has been studied by 
broadband dielectric spectroscopy (DRS) technique. The dielectric loss peaks corresponding to the 
solutions are mainly connected to water dynamics.  From the data received we calculated the Arrhenius 
plot, in which  we can observe  a stable, in position, secondary relaxation of water, which presents a 
similar  activation energy Ea  to the ν relaxation of water [2], for low hw (grams of water per grams of 
solution), while  a reorganization of water occurs in the system and a  decrease of Ea is observed for 
higher hw [3].  
[1] A. Panagopoulou, A. Kyritsis, R. Sabater I Serra, J.L. Gómez Ribelles, N. Shinyashiki, P. Pissis, 
BBA, 1814 (2011) 1984-1996. 
[2] A. Panagopoulou, A. Kyritsis, N. Shinyashiki, P. Pissis, J. Phys. Chem. B, 116 (2012) 4593- 4602 
[3] N. Shinyashiki, W. Yamamoto, A. Yokoyama, T. Yoshinari, S. Yagihara, K.L. Ngai, S. Capaccioli, J. 
Phys. Chem. B., 113 (2009) 14448-14456. 
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Due to the chemical and physical instabilities of many therapeutic proteins in liquid formulations, the 
most commonly method used for preparing protein pharmaceuticals in solid state is freeze-drying. 
Unfortunately, the process generates different stresses (changed pH, temperature and drying stress) which 
affect the protein stability. To protect the protein during the process, excipients (PVP, sugars, polyols) can 
be added to the protein solution. The residual moisture content after freeze-drying often controls long-
term protein stability [1]. Our aim is to give a better insight on the effect of stabilizer formulation and the 
residual moisture quantity on protein stability during long-term storage. Molecular Dynamics simulations 
were performed on the protein model β-lactoglobulin freeze-dried at different formulations. In particular, 
we estimated the densities and the mean square displacements (MSD) for water-trehalose matrices in 
presence of an anti-plasticizer, the glycerol, which is supposed to improve the bioprotection ability of the 
embedding matrix at low content [2]. MD results are discussed in relation with experimental 
investigations: i) the moisture content measure of freeze-dried formulations by thermal gravimetric 
analysis (TGA) and ii) a long-term stability study during storage on freeze-dried samples by Raman 
scattering. 
[1] W. Wang, Int. J. Pharm. 203 (2000) 1-60. 
[2] D. Everett, M.T. Cicerone, J.F. Douglas, J.J. de Pablo, Soft Matter. 8 (2012) 4936-4945. 
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Recently a fresh appraisal of the Cole-Cole description, based on a new fractal approach, of dielectric 
relaxation was presented [1]. The broadening parameter, α, and relaxation time, τ, together with the 
Kirkwood-Froehlich correlation factor, can be used to define a new 3D trajectory linking together the 
kinetic and structural properties of the measured system. The validity of this approach has been 
demonstrated on porous glasses and aqueous ionic and non-ionic solutions. Here we present the results of 
dielectric study of hydrated proteins. The dielectric properties of protein powders were measured in wide 
frequency and temperature ranges. The data analysis of the low temperature processes was provided in 
terms of the aforementioned model. A new understanding regarding dipole matrix interaction and dipole 
kinetics in the hydrated protein powders is presented.  
[1] A. Puzenko, P. Ben Ishai & Yu. Feldman, Phys. Rev. Lett. 105 (2010) 037601. 
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Lipid lateral diffusion coefficients of macroscopically aligned bilayers of pure DPPC, DPPC/Butanol and 
DPPC/Octanol systems have been investigated at ambient pressure, in a temperature range between 263 K 
and 325 K, by means of PGSTE-NMR experiments, which provide information on long-range lateral 
diffusion, up to some mm distances, of inter-layer water, lipid and alcohol molecules. Lateral self-
diffusion coefficients of inter-layer water, alcohol and DPPC molecules have been determined. The 
results suggest that  alcohol  molecules diffuse independently from DPPC molecules, but their presence 
increases the diffusion of DPPC in the fluid phase and decreases it in the gel phase. 
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Photosynthesis gain renewed interest due to the possibility to integrate whole plant cells or their 
photosynthetic sub-components into optoelectronic devices such as biosensors for environmental 
monitoring. In this context, it is of great relevance to study the function/dynamics relationships of 
genetically modified photosynthetic organisms, in order to identify the parameters underlying an 
increased performance in terms of charge separation, protein stability and functional reliability. Here, we 
address the question if there is a “functional” dynamics in addition to the intrinsic dynamical behaviour 
common to all proteins and how do they couple. In particular, understanding if “rigidity” is essential for 
the charge transfer process and if this property is shared by all the photosynthetic systems and how this 
information can be apply to design high performant bio-sensors. To this end a comparison between 
Chlamydomonas cells carrying both native and mutated D1 protein ( hosted in the PSII of the cell)  has 
been undertaken using neutron scattering experiment. Some of these mutants displayed improved 
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sensitivity and selectivity for different classes of herbicides. Results show that point genetic mutations 
may notably affect not only the biochemical proterties but also the T dependence of the whole complex 
dynamics describing a wild type system always more rigid than the mutants. In addition, a 
complementary hydration water collective dynamics investigation reveal with a distinct sound 
propagation speed not only a more rigid structure of hydration water than intracellular water but also of 
the native compare to the mutatant. Our results suggest a new direction of investigation and improvement 
of engeneering bio-sensor.  
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Glass transition and water-proteins dynamics were studied by differential scanning calorimetry (DSC), 
using fast cooling and heating scans. Mixtures of water-lysozime and water-bobine serum albumine 
(BSA) were analyzed in a wide range of water fraction [1,2]. DSC measurements revealed that 
crystallization and melting of absorbed water highly depends on water fraction in the mixture. Different 
scenarios were found: for low water contents, water is not able to crystallize, the proteins are strongly 
affected by the presence of water, showing a strong plasticization. On the other hand, at low protein 
contents water crystallizes on cooling although a fraction of non-crystallizable water remains in the 
sample at low temperatures. We focus in this work in a narrow intermediate composition range in which 
water crystallization and protein vitrification affect each other. In this composition range crystallization 
temperature highly depends on the water content. Measurements performed in conventional calorimetry 
show only partial crystallization on cooling or any, while additional crystallization taking place during 
subsequent heating. High rate calorimetry allows reaching conclusions on crystallization dynamics of 
water in these mixtures.  
[1] A. Panagopoulou, A. A. Kyritsis, R. Sabater i Serra, J.L Gómez Ribelles, N. Shinyashiki & P. Pissis, 
Biochim. Biophys. Acta 1814 (2011) 1984. 
[2] A. Panagopoulou, A. A. Kyritsis, M. Arantivou, D. Nanopoulos,  Sabater i Serra, J.L Gómez Ribelles, 
N. Shinyashiki & P. Pissis, Food Biophys. 6 (2011) 199. 
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Hyaluronic acid (HA) is a high molecular weight biopolysaccharide used in several biomedical 
applications due to its hydrophilicity, biocompatibility and biodegradability. While linear HA is soluble 
in water, cross-linked HA forms a hydrogel that can be employed for scaffolds in tissue engineering. The 
study of the molecular dynamics of water interacting with cross-linked HA materials may be important 
for biomedical applications, since, one of the main biological functions of HA is the control of tissue 
hydration and water transport. Although dielectric measurements are frequently employed for the study of 
the molecular dynamics of water at biological interfaces, dielectric data on hydrated HA hydrogels are 
rare. In this work, we present novel dielectric relaxation spectroscopy (DRS) results on hydrated HA 
hydrogels crosslinked by divinyl sulfone (DVS).  The samples in this study are hydrated at water fractions 
hw (g of water per g of total mass) in the range of 0.2<hw<0.7. Three main dielectric relaxation modes are 
recorded by DRS. These are, in the order of decreasing temperature/increasing frequency, i) the α 
relaxation associated with the segmental dynamics of the hydrated HA, ii) a dielectric relaxation due to 
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ice, and iii) a secondary relaxation attributed to the reorientational motion of uncrystallized water 
molecules. We will present the evolution of the associated dynamics with hydration level.            
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Solvent dynamics can play a major role in enzyme activity, but obtaining an accurate, quantitative picture 
of solvent activity during catalysis is quite challenging. Recently, Grossman et al. have investigated 
changes in water and protein dynamics as a zinc metalloprotease enzyme (MT1-MMP) binds a peptide 
substrate and have shown that a retardation of hydration water dynamics is connected to the formation of 
the Michaelis complex during the enzymatic reaction [1]. Here, we present a molecular dynamics (MD) 
simulation study to characterize the solvation dynamics at the active site during a physiologic scenario, 
namely the interaction between MT1-MMP and collagen-like molecules (a triple helix peptide, THP, and 
single chain peptide, SCP). Given the role of MMPs in numerous diseases associated with unregulated 
collagenolysis, such as atherosclerosis, rheumatoid arthritis and cancer, it is highly desirable to study the 
specific molecular mechanism of MMPs and to point out the role of the solvent during collagen 
hydrolysis at atomic resolution. Our MD analysis provides a microscopic picture of the changes in the 
water motions associated with substrate binding in the MMP-THP and MMP-SCP system. We have 
identified and quantified the influence of different substrates on the water network and water dynamics, 
therefore pointing out the functional role of substrate flexibility. The results obtained by MD simulations 
have been combined with time resolved kinetic terahertz absorption and experiments and X-ray 
absorption analyses on the same enzyme-substrate systems in aqueous environment to gain insight to the 
complete catalytic reaction ensemble. 
[1] M. Grossman et al., Nature Structural & Molecular Biology 18 (2011) 1102. 
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The structure of single wall peptide nanotubes is presented for the model surfactant-like peptide A6K.[1] 
Capillary flow alignment of a sample in the nematic phase at high concentration in water leads to oriented 
X-ray diffraction patterns. Analysis of these, accompanied by molecular dynamics simulations, suggests 
the favourable self-assembly of antiparallel peptide dimers into beta-sheet ribbons that wrap helically to 
form the nanotube wall. 
 
[1] V. Castelletto, D. R. Nutt, I. W. Hamley, S. Bucak, C. Cenker & U. Olsson, Chem. Comm. 46 (2010) 
6270-6272 
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Dense protein dispersions are of increasing interest to the food industry. Yet their behaviour remains 
poorly understood even though (dilute) protein solutions have received considerable attention in 
literature. Protein dispersions are often modeled as (patchy) colloids where the protein is assumed to 
remain in its native state. However, at high concentrations a lack of hydration water can cause partial 
unfolding resulting in the exposure of hydrophobic groups and subsequent aggregation of the denatured 
protein. We present a model describing the phase behaviour of protein solutions based on a two-state 
model: the proteins are either in their native or in an excited (high-energy) denatured state. The 
hydrophobic interaction acts only between denatured proteins and is described by an attractive potential. 
The mean-field phase behaviour is non-universal, i.e., there is no law of corresponding states, and shows 
a competition between a dilute phase of native proteins and a dense phase of denatured proteins. Phase 
separation is slowed down by a lag time associated with the conversion between native and denatured 
states of the proteins and the presence of metastable solution states. Interestingly, the kinetics of spinodal 
demixing depends on the initial state of the dispersion and is non-universal. 
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Glass transition phenomena of the partially crystallized aqueous mixtures are not investigated sufficiently. 
The difficulties for understanding them are the structural heterogeneity of the systems and the existence 
of various modes of molecular dynamics. Dielectric Relaxation Spectroscopy (DRS) measurements were 
performed for partially crystallized gelatin water mixtures at temperatures between -50 and 25 °C and a 
frequency range from 10 MHz to 50 GHz with a gelatin concentration up to 40 wt% to study the 
dynamics of water in the solutions under ice melting. Below the melting temperature, Tm, part of the 
water crystallizes and another part of the water, uncrystallized water (UCW), remains in a liquid state 
with the gelatin in an uncrystallized phase. Mobility of the water is controlled by the dilution of ice 
melting during increase in temperature. The relaxation strength, relaxation time, and relaxation time 
distribution of UCW changes drastically at around Tm. We estimate the gelatin concentration in the 
uncrystallized phase Cg,UCP at temperatures below Tm. Cg,UCP is higher than the prepared concentration and 
it is a key factor in the dynamics of UCW. We will discuss the effects of ice growth and melting on 
molecular dynamics from glass to liquid states. 
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Bread is a complex polymeric system with its properties substantially shaped by the states and motions of 
crumb water. In this study such roles of water were investigated for the hydration dynamics by 
differential scanning calorimetry (DSC) and dielectric relaxation spectroscopy (DRS). The crumb of 
white bread was measured at different levels of hydration (h: 0-42 wt%). DSC thermograms were 
obtained by scanning at 10 °C/min from -180 to 20 °C, and DRS measurements were performed in the 
frequency range of 10-2-107 Hz from -120 to 60 °C at an interval of 5 °C. The data of DSC revealed no 
notable transitions in the crumb with h<20% but, above 20%, the crumb featured an ice-melting 
endotherm above -25 °C and a broad glass transition below -40 °C. It indicates that at ~20% the crumb is 
fully hydrated and, beyond this hydration, additional water becomes freezable. The results of DRS 
showed that the crumb with h≥20% processed two low-temperature relaxations (α and β) in addition to 
the process related to the melting of crumb ice. Moreover, the α relaxation moved into the frequency 
window (≥ 10-2 Hz) around -83 °C, falling in the broad glass-transition region observed by DSC, whereas 
the faster β relaxation emerged around -133 °C. It is suggested that both relaxations are associated with 
the dynamics of hydration. The α relaxation corresponds to the glass transition of hydrated gluten (and 
starch), which is known to spread out over wide ranges of temperatures. On the other hand, the β 
relaxation arises probably from the local motions of water in the hydration shell of gluten and starch. 
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Amyloidosis is thought to be the basis of a range of degenerative syndromes such as Alzheimer's disease. 
Membrane destabilization and pore formation could be the principal steps leading to cell death [1]. This 
aging of the cell membrane induced by amyloid peptides is still to be clarified, especially the specific role 
of the different parts of a peptide. To address this problem, the impact of Islet Amyloid PolyPeptide 
fragments upon model lipid membranes was studied. Droplet Interface Bilayer technique and Dynamic 
Light Scattering experiments were complemented with highly sensitive surface tension measurements that 
reveal the mechanical aging of a lipid monolayer subsequent to peptides adsorption. Peptides enriched 
microliter sessile droplets covered with a lipid monolayer surrounded by hexadecane exhibit a time-
dependent profile: equilibrium between bulk and interface peptides contents is reached after a relaxation 
process of insertion of peptide fragments in the lipid layer. Surface tensions as low as 1 mN.m-1 are 
precisely identified from the droplet profile geometry using an Axisymetric Drop Shape Analysis 
(ADSA) at low Bond number [2]. Different lipid/fragment affinities are revealed from different time-
dependence of the surface tension.  
[1] A. Quist, I. Doudevski, H. Lin, R. Azimova, D. Ng, B. Frangione, B. Kagan, J. Ghiso, R. Lal, PNAS 
102 (2005) 10427. 
[2]  A. Stalder, T. Melchior, M. Müller, D. Sage, T. Blu, M.Unser, Coll. Surf. A: Phys. Eng. Aspects 364 
(2010) 72-81. 
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Protein dynamics play a significant role in the protein function, activity and stability. Stability of 
biological macromolecules in different solvents is a complex function of the solvent properties and the 
mechanisms of degradation. 
We studied dynamics of model protein, lysozyme, in three different solvents,water, glycerol and 
trehalose, at temperature range of 150 K- 370 K, using dielectric spectroscopy and neutron scattering 
techniques. We identified and followed different dynamical processes of lysozyme, and its solvent at ps-
ns time scale. The results demonstrate that glycerol is the most efficient in suppression of protein 
dynamics at lower temperature, while trehalose works the best at high T. This observation correlates 
directly with glycerol being the best cryo-preservant, while trehalose is one of the best preservant at 
ambient and higher temperatures. 
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Biological membranes are self-assembled highly flexible structures that have the ability to undergo an 
array of dynamic conformational transition vital to many biological processes. These motions range from 
individual lipid oscillation, to the undulation of large patches of the membrane. At atomic to molecular 
length scales the diffusion of individual lipids within the membrane have been shown to affect cell signal 
transduction while at the large length scales membrane stiffness and fluidity have been shown to have a 
significant impact on cellular uptake and release. At intermediate length scales lipid membrane thickness 
fluctuations have been suggested theoretically, and even proposed as a mechanism for membrane pore 
formation and thought to heavily influence the insertion and function of membrane proteins. Recently 
neutron spin echo technique was used to capture thickness fluctuations in large unilamellar vesicles and 
the relaxation time was found to be on the order of 100 ns with the amplitude of several ängstroms [1]. In 
the present contribution, effects of pore forming peptide on the membrane dynamics will be discussed. 
When small amount of Gramicidin is added to the membrane an enhancement of the thickness 
fluctuations are observed, which may relate to the pore formation mechanisms. 
[1] A. C. Woodka, P. D. Butler, L. Porcar, B. Farago & M. Nagao, Phys. Rev. Lett. 109 (2012) 058102. 
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Conventional solids resist shear, as it costs either energy or entropy to strain the cohesive bonds.   Dry 
granular materials, on the other hand, are non-cohesive, and live at zero temperature. The emergence of 
solidity in these systems is ill understood. These materials can solidify via non-equilibrium pathways in 
which applied stresses or boundary constraints play a crucial role.  A striking example of this is shear-
jamming [1], where an amorphous granular solid is created through the application of shear.  In this talk, I 
will present a theoretical framework [2] for solids created by applied stress.  I will argue that in two 
dimensions, these solids exhibit order in a “gauge space”, and it is this order that is responsible for 
rigidity 
[1] Dapeng Bi, Jie Zhang, Bulbul Chakraborty, R. P. Behringer, Nature 480, 355 (2011) 
[2] Dapeng Bi, Thesis, Brandeis University, 2012 
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Equilibrium phase transitions in crystalline solids are widely studied and well-understood. Much less is 
known about structural transitions in amorphous solids that constitute subtle changes in both structure and 
dynamics which are difficult to establish experimentally. Further, such transitions also highlight the issue 
of “polyamorphism’’. In the context of a model system called “particle rafts"- formed by hydrophobic 
particles floating on an air water interface- I will discuss  the  nature of the observed non-equilibrium 
transformation between two amorphous rigid states, a softer “capillary-bridged” solid and a more rigid 
frictional-solid. Simultaneous studies of a direct imaging of the structure as well as measuring its 
response to longitudinal and shear stresses show that the transition is associated with a subtle structural 
anomaly in the variation of the local coordination number with density and a weakening of the shear 
response. The latter is analogous to soft-mode transitions in crystalline solids, but results from short-range 
plastic deformations arising out of mechanical instabilities  in this case. 
A. Varshney, A. Sane, S. Ghosh, S. Bhattacharya  “Amorphous to amorphous transition in particle rafts” 
Phys. Rev. E  86, 031402 (2012)   
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In disordered colloidal systems, we experimentally measure the normal modes with covariance matrix 
method, and clarify the origin of low-frequency quasilocalization at single-particle level. We observe 
important features from both jamming and glass simulations: there is a plateau in the density of states 
which is suppressed upon compression, as predicted by jamming; within the same systems, we also find 
that the low-frequency quasilocalization originates from the coupling between large vibrations of 
defective structures and transverse excitations, consistent with recent glass simulation. The coexistence of 
these features demonstrates an experimental link between jamming and glass. Extensive simulations 
further show that such structural origin of quasilocalization is universally valid for various temperatures 
and volume fractions [1]. 
[1] P. Tan, N. Xu, A. Schofield and L. Xu, Phys. Rev. Lett. 108 (2012) 095501. 
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Recent experiments on confluent layers of epithelial cells, dense vibrated granular media and suspensions 
of self-propelled colloids have motivated interest in the behavior of active systems at high density, where 
the interplay of steric repulsion and activity can yield active glassy and jammed states. In this talk I will 
use models of self-propelled particles in two dimensions to explore the dynamics of crowded active 
systems. Two specific results will be highlighted: (i) motility suppression due to steric repulsion yields 
macroscopic phase separation of the dense active fluid in the absence of any aligning or attractive 
interaction; and (ii) confinement yields jammed active states where the dynamics is dominated by spatio-
temporal heterogeneities reminiscent of glassy systems. 
 

1. S. Henkes, Y. Fily and M. C. Marchetti, Phys. Rev.E 84, 040301(R) (2011). 
2. Y. Fily and M. C. Marchetti, Phys. Rev. Lett. 108, 235702 (2012). 
3. F. D. C. Farrell, M. C. Marchetti, D. Marenduzzo, and J. Tailleur, Phys. Rev. Lett. 108, 248101 

(2012). 
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GJ-5 

Unified study of glass and jamming rheology in soft particle systems 
 

Ikeda, Atsushi2; Berthier, Ludovic2; Sollich, Peter1 

(1) Kings College London; (2) Laboratoire Charles Coulomb, Universite Montpellier II 
 

The emergence of solidity in disordered assemblies of repulsive particles has been observed in large 
variety of systems. One can categorize the observed transitions into two types: the ``glass'' transition 
which is observed in Brownian particles e.g. colloidal suspensions, and the ``jamming'' transition 
observed in non-Brownian particles e.g. aqueous foams. Despite notable differences between both types 
of systems, the macroscopic rheology near both transitions are remarkably similar. A clear understanding 
of the relation between both transitions is highly desirable. Recently, we studied the shear rheology of 
soft repulsive particles at large volume fraction using computer simulation. The model becomes either a 
model of colloidal suspension showing the glass transition or of aqueous foam showing the jamming 
transition, depending on the choice of control parameters. Exploring this interplay, we observed the glass 
transition when thermal fluctuations are important, crossing over to qualitatively similar regimes near the 
jamming transition when dissipation dominates. Our results indicate that the glass and jamming 
transitions are distinct phenomena occurring over distinct time and stress scales. In this talk, I will first 
summarize this simulation study [1] and then discuss our viewpoint on various rheological experiments. 
[1] A. Ikeda, L. Berthier, and P. Sollich, Phys. Rev. Lett. 109, 018301 (2012).  
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GJ-6 
Shocks in Fragile Matter 

 
Vitelli, Vincenzo 1 

 (1) Instituut-Lorentz for theoretical physics, Leiden University  
 
Non-linear sound is an extreme phenomenon typically observed in solids after violent explosions. But 
granular media are different. Right when they unjam, these fragile and disordered solids exhibit vanishing 
elastic moduli and sound speed, so that even tiny mechanical perturbations form supersonic shocks. Here, 
we perform simulations in which two-dimensional jammed granular packings are continuously 
compressed, and demonstrate that the resulting excitations are strongly nonlinear shocks, rather than 
linear waves. We capture the full dependence of the shock speed on pressure and compression speed by a 
surprisingly simple analytical model. We also treat shear shocks within a simplified viscoelastic model of 
nearly-isostatic random networks comprised of harmonic springs. In this case, anharmonicity does not 
originate locally from nonlinear interactions between particles, as in granular media; instead, it emerges 
from the global architecture of the network. As a result, the diverging width of the shear shocks bears a 
nonlinear signature of the diverging isostatic length associated with the loss of rigidity in these floppy 
networks. 
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GJ-7 

Mechanical failure and plastic deformation of amorphous solids upon compression 
 

Xu, Ning3; Liu, Andrea2; Nagel, Sidney1 

(1) University of Chicago; (2) University of Pennsylvania; (3) University of Sciencen  
and Technology of China 

 
Under shear or compression, an amorphous solid responds elastically until a plastic event occurs.    
Previous studies [1,2] attribute this plastic instability to a soft mode caused by the vanishing of the local 
curvature of the potential energy landscape.  Moreover, this deformation is associated with a diverging 
negative elastic modulus [1]. We find that this previous understanding is incomplete.  By performing 
simulations of a quasi-static compression of jammed solids, we find that the occurrence of a negative bulk 
modulus near a plastic event is a finite-size effect under the constraint of constant volume.  For repulsive 
harmonic or Hertzian interactions or a full Lennard-Jones interaction with attractions, we find that in the 
large system-size limit, plastic events will be accompanied by a constant and positive bulk modulus.  
Moreover, in addition to the type of plastic event reported in literature, we find a new type of instability in 
which there is no observable formation of a soft mode.  This instability is triggered by the breaking or 
forming of a particle contact, which becomes more probable as the system size increases.  It dominates all 
other plastic response for sufficiently large systems. 
[1] C. E. Maloney and A. Lemaitre, Phys. Rev. E 74 (2006) 016118; Phys. Rev. Lett. 93 (2004) 016001. 
[2] D. L. Malandro and D. J. Lacks, J. Chem. Phys. 110 (1999) 4593; Phys. Rev. Lett. 81 (1998) 5576. 
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GJ-8 
A universal mechanism describes the fluidization of sheared, thermalized, or decompressed spheres 

Haxton, Thomas1 

(1) Lawrence Berkeley National Laboratory 
 
The idea of a jamming phase diagram posits that similar mechanisms control the fluidization of 
disordered materials as temperature, packing fraction, or applied stress are varied. We test this idea in two 
steps, focusing on the case of frictionless, repulsive spheres. First, by transforming the jamming phase 
diagram into a dimensionless form, we show that jamming in the equilibrium plane spanned by 
temperature and packing fraction is controlled by a single mechanism involving the competition between 
thermal fluctuations and confining pressure [1-3]. Second, by measuring how mobility depends on an 
effective temperature characterizing low-frequency fluctuations, we show that the same mechanism 
persists away from equilibrium: near jamming, the ratio of effective temperature to pressure controls the 
mobility of steadily sheared spheres in the same way as the ratio of temperature to pressure controls the 
mobility in equilibrium [4]. 
[1] N. Xu, T. K. Haxton, A. J. Liu, and S. R. Nagel, Phys. Rev. Lett. 103 234701 (2009) 
[2] T. K. Haxton, M. Schmiedeberg, and A. J. Liu, Phys. Rev. E 83 031503 (2011) 
[3] M. Schmiedeberg, T. K. Haxton, S. R. Nagel, and A. J. Liu, EPL 96 36010 (2011) 
[4] T. K. Haxton, Phys. Rev. E 85 011503 (2012) 
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Invited talk 
GJ-9 

Classical Acoustic Echoes in Model Glasses 
 

Burton, Justin1; Nagel, Sidney1 

(1) University of Chicago 
 
For the last 40 years, the low-temperature excitations in glasses have traditionally been explained in terms 
of a distribution of dilute, two-level quantum states that are created by clusters of particles tunneling 
between two nearly degenerate ground states. Strong evidence for this model has come from ultrasonic 
saturation effects and acoustic echoes [1] observed in experiments. Recently, a classical analysis of 
vibrational modes in model glasses has shown that at low frequencies, the modes are quasi-localized and 
highly anharmonic [2]. Using molecular dynamics simulations, we show that this anharmonicity can 
produce an acoustic echo due to the shift in the mode frequency with increasing amplitude. We observe 
this both in jammed packings of spherical particles with finite-range, Hertzian repulsions, and in model 
glasses interacting with a Lennard-Jones potential. In contrast to pulse echoes in two-level systems, a 
distinguishing feature of these ``anharmonic echoes'' is the appearance of multiple echoes after two 
excitation pulses, a feature also observed in experiments. 
[1] B. Golding and J. E. Graebner. Phys. Rev. Lett. 37, 852 (1976). 
[2] N. Xu, V. Vitelli, A. J. Liu, and S. R. Nagel. Europhys. Lett. 90, 56001 (2010). 
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GJ-10 
Hershel-Bulkley Shearing Rheology above the Athermal Jamming Transition 

Teitel, Stephen2; Olsson, Peter1; Marschall, Theodore2 

(1) Umeå University; (2) University of Rochester 
 
We consider the shearing rheology of a system of bidisperse, soft-core, frictionless disks in the 
neighborhood of the athermal jamming transition.  Using a dynamical model of overdamped particles 
with viscous dissipation with respect to a uniformly sheared host fluid matrix (Durian's "mean field" 
bubble model), we develop a simple mapping of the system from soft-core to hard-core particles that 
recovers all the critical behavior found in a prior scaling analysis [1].  We utilize this result to map 
behavior of soft-core disks above jamming to that of hard-core disks below jamming, and thus predict a 
relation between the exponent characterizing the non-linear Herschel-Bulkley rheology above jamming 
and the exponent of the diverging linear response shear viscosity below jamming [2].  Our result is shown 
to hold over several orders of magnitude at low shear strain rates. We check our prediction against a 
direct finite-size-scaling analysis of the rheology at a density well above jamming. 
This work was supported by DOE grant DE-FG02-06ER46298, NSF grant DMR-1205800, and Swedish 
Research Council grant 2010- 3725. Simulations were performed on resources provided by the Swedish 
National Infrastructure for Computing (SNIC) at PDC and HPC2N. 
[1] P. Olsson & S. Teitel, Phys. Rev. E 83  (2011) 030302(R). 
[2] P. Olsson & S. Teitel, Phys. Rev. Lett. 109 (2012) 108001. 
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Invited talk 
GJ-11 

Granular unsteadiness near jamming 
 

Durian, Douglas1; Abate, Adam1; Daniels, Lynn1; Katsuragi, Hiroaki1; Nordstrom, Kerstin1;  
Glotzer, Sharon2; Gollub, Jerry3; Liu, Andrea1 

(1) University of Pennsylvania; (2) University of Michigan; (3) Haverford College 
 
Granular flow is challenging to understand and control because the mechanical response is nonlinear, 
with a forcing threshold below which the medium is static. Furthermore, just above threshold the flow 
may be intermittent even though the forcing is steady. Familiar examples include avalanches on a heap 
and clogging in a silo. Another example is dynamical heterogeneities near jamming, where intermediate-
time motion is correlated in the form of intermitted string-like swirls. This will be illustrated with 
experiments on [1-2] air-fluidized beads, where jamming is approached by density and airspeed; [2] 
granular heap flow, where jamming is approached by depth from the free surface; and [4] dense 
suspensions of NIPA beads, where jamming is approached by both density and shear rate. Emphasis will 
be given first to measurement and analysis methods for quantifying heterogeneities, and then to the 
scaling of the size of heterogeneities with distance to jamming - which we show to have the same 
universal form for all three experimental systems [5].  Finally, speculation will be made on the possible 
connection to time-dependent jamming kinetics in sedimentation and hopper-flow experiments. 
[1] A. S. Keys, A. R. Abate, S. C. Glotzer, D. J. Durian, Nature Physics 3 (2007) 260. 
[2] A.R. Abate and D. J. Durian, Phys Rev. E 76 (2007) 021306. 
[3] H. Katsuragi, A.R. Abate, D.J. Durian, Soft Matter 6 (2010) 3023. 
[4] K.N. Nordstrom, J.P. Gollub, D.J. Durian, Phys. Rev. E 84 (2011) 021403. 
[5] L.J. Daniels, T.K. Haxton, N. Xu, A.J. Liu, D.J. Durian, Phys. Rev. Lett. 108 (2012) 138001 
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GJ-12 
Jamming in High Dimensions 

 
Corwin, Eric1; Morse, Peter1 

(1) University of Oregon 
 
Using newly developed simulational techniques we are able to create packings of soft spheres over a 
range of spatial dimensions d=2-12 and approaching the jamming point from densities both above and 
below.  We observe a new phase transition in the geometrically defined network of nearest neighbors with 
a transition density exactly equal to the mechanical jamming density.  We find universal behavior in the 
scaling of the network of nearest neighbors both above and below this transition point consistent with an 
upper critical dimension for this transition of d ≤ 3.  However, in the absence of a mean field theory this 
can not be positively confirmed.  We present a heuristic argument to explain the link between the 
geometry of the network of nearest neighbors and the formation of mechanical stability.  Finally, we 
comment on the possible application of a renormalization approach to understand the geometric 
transition. 
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Invited talk 
GJ-14 

Can the mode-coupling theory describe the jamming transition of sheared granular materials? 
Hayakawa, HISAO1 

(1) KYOTO UNIVERSITY 
 
Since the indication of similarity between the jamming transition and the glass transition [1], there are 
many studies to understand two transitions in terms of a unified view. It is remarkable that Ikeda et al. 
succeeded to present a unified description of two transitions for sheared glassy materials based on their 
simulation.[2] However, their model is lack of the connection with the microscopic dynamical model. In 
particular, their model may not be suitable for the description of granular liquids, because it cannot 
reproduce the Bagnold’s scaling for a liquid branch. In this talk, I apply the mode-coupling theory (MCT) 
which is one of standard theoretical approaches, clarify whether MCT can describe the jamming transition 
for sheared granular materials. 
Our formulation is parallel to that for sheared dense molecules with a thermostat.[3] Some preliminary 
results can be found in Ref.[4] in which we confirm that (i) the absence of the plateau in the density 
correlation function in sheared granular liquids and (ii) the density-current correlation plays an important 
role to suppress the plateau for moderate dense cases. We have also developed the stress formula which 
characterizes the transition between Bagnold’s scaling and the emergence of the yield stress, when we 
control the strength of dissipation. We are, of course, checking whether the jamming transition can appear 
when we control the density under fixing the dissipation.  
[1] A. J. Liu and S. R. Nagel, Nature 396, 21 (1998). 
[2] A. Ikeda, L. Berthier and P. Sollich, Phys. Rev. Lett. 109,018301 (2012). 
[3] K. Suzuki and H. Hayakawa, Phys. Rev. E 87, 012304 (2013). 
[4] K. Suzuki and H. Hayakawa, arXiv:1301.0866. 
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GJ-15 
Tuning with Tension: Controlling the elasticity of random networks 

 
Tighe, Brian1; Pecnik, René1 

(1) TU Delft 
 
The elasticity of disordered network structures vanishes continuously at a critical connectivity. In 
principle such sensitive dependence on microstructure could be exploited to select useful properties such 
as the shear modulus. But in practice this opportunity is limited, because in typical engineered structures 
the connectivity is not easily manipulated and/or can only be set once. I will describe a different approach 
based on the application of pre-tension to ``floppy'' networks below the critical connectivity. The 
stabilizing influence of tension makes it possible to reversibly manipulate the shear modulus at fixed 
connectivity -- much like tuning a musical instrument. I will further show that the susceptibility to tuning 
is dramatically enhanced near the critical connectivity. 
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GJ-16 
Solid-like microsphere heaps 

 
Daniels, Karen1; Ortiz, Carlos1; Riehn, Robert1 

(1) North Carolina State University 
 
Disordered microscopic (Brownian) and macroscopic (granular) particulate matter share many similarities 
in their geometric structures, yet differ in the inter-particle interactions and the degree to which thermal 
fluctuations play a role in their statics and dynamics. We have developed a technique for assembling a 
“Brownian solid” by flowing a colloidal microsphere suspension towards a flat-topped ridge placed 
within a quasi two-dimensional microfluidic channel. This configuration allows for both shear and normal 
forces on the microspheres in contact with the ridge. The heaps, which are formed against the ridge, are 
characterized by two distinct phases: a solid-like bulk phase in the interior and a highly fluctuating, 
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liquid-like state which exists along its leading edge. We observe that heaps only form above a critical 
flow velocity (Peclet number) and that they are destroyed by thermal rearrangements when the flow 
ceases. We monitor the dynamics of heap formation using fluorescence video microscopy, and observe 
that the suspension flow-rate determines the heap size via the angle of repose (up to 7 degrees, even 
though the particles are frictionless). For steady-state heaps, we can determine the elastic modulus by 
measuring their compression or expansion due to controlled changes in the fluid pressure. We observe an 
approximately linear-elastic regime for strains of up to 20% in either direction, with a modulus controlled 
by the overall fluid pressure.  
[1] Carlos P. Ortiz, Robert Riehn, and Karen E. Daniels. “Flow-Driven Formation of Solid-like 
Microsphere Heaps.” Soft Matter. 9:543 -549 (2013) 
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GJ-17 
 

Jamming and void space in sphere packings 
 

Maiti, Moumita1; Sastry, Srikanth1 
TIFR Centre for Interdisciplinary Sciences 

 
The transition from a dense liquid to the amorphous solid is of interest in a wide range of systems, for 
example glasses, granular materials, and other soft materials. The glass transition in molecular liquids and 
the jamming transition in granular matter are two examples of such structural arrest transitions. The 
changes in structure associated with such transitions is poorly understood.  We attempt to understand the 
structural changes associated with the glass transition 
and jamming by a geometric analysis of sphere packings. We have considered a model system of 
frictionless hard spheres, both monodisperse and polydisperse, and have characterized the void space in 
these sphere packings. We identify a structural signature of jamming in the free volume and cavity 
volume distributions of these sphere packings. Our study also suggests a possible structural signature of 
the glass transition. 
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GJ-18 
Vibrational Dynamics and Mechanical Behaviors of Disordered Colloidal Packings 

 
Yodh, Arjun1 

(1) Univeristy of Pennsylvania 
 
I will describe recent work which explores the connections between particle dynamics and mechanical 
response of disordered media. For example, we have experimentally studied the phonon modes [1,2] of 
disordered colloidal packings, and the role played by particular low-frequency quasi-localized phonon 
modes (“soft spots") in driving particles to rearrange in response to compressive stress [3]. Our colloidal 
suspensions are composed of temprature-sensitive hydrogel particles, made from cross-linked poly(N-
isopropyl acrylamide). By varying sample temperature, the colloid packing fraction is varied.  Using 
video microscopy and particle tracking techniques, vibrational modes are derived from particle 
displacement correlations. New experiments that study correlations between the modes and the particle 
rearrangements due to laser-tweezer/thermally induced stresses will be described. Recently, we have also 
begun to investigate local strain field fluctuations caused by thermal motions.  To study these phenomena, 
we derive the best-fit affine strain tensor and non-affinity for each particle by analyzing the variations of 
local configurations around each particle. I will report on how these mechanical properties evolve as the 
systems approach the jamming transition. 
[1] K. Chen, W.G. Ellenbroek, Z.X. Zhang, D.T.N. Chen, P.J. Yunker, S. Henkes, C. Brito, O. Dauchot, 
W. van Saarloos,  A.J. Liu & A.G. Yodh, Phys. Rev. Lett. 105 (2010) 025501. 
[2] P.J.Yunker, K. Chen, Z.X. Zhang, W.G. Ellenbroek, A.J. Liu & A.G.Yodh, Phys. Rev. E 83 (2011) 
011403. 
[3] K. Chen, M.L. Manning, P.J. Yunker, W.G. Ellenbroek, Z. Zhang, A.J. Liu, & A.G. Yodh, Phys. Rev. 
Lett. 107 (2011) 108301. 
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GJ-19 
Jamming transition and critical scaling in a three dimensional spiral model 

 
Ghosh, Antina1; Ghosh, Antina1; Shokef, Yair1 

(1) Tel-Aviv University 
 
Disordered systems like granular media, colloids or atomic liquids when compressed or rapidly cooled 
from an initial equilibrium liquid state undergoes a transition to an amorphous solid like phase at higher 
densities . Such glass / jamming transitions are characterized by the onset of slow dynamics, where 
molecular motion are locally constrained due to the presence of other neighbors leading to a very high 
relaxation times. One of the simplest finite dimensional representation of such dynamics is by kinetically 
constrained models [1-5] where a spin /particle is only allowed to flip or move when a certain constraint 
is satisfied locally by its nearest neighboring sites. Spiral model [4-7] is one of such class of model that is 
previously shown [5] to undergo an ideal glass-jamming transition at a occupation density rc < 1 in two 
dimension. In the present work we numerically study the culling dynamics [8] of spiral models in two as 
well as in three dimensions. The average cull time as obtained at different initial occupation density 
shows a sharp peak at a critical density rc < 1 in both cases, implying correlation over long length scales 
and presence of percolating clusters in the system. We find a different critical density rc ~ 0.35 in 3D 
which is lower than the critical density ~ 0.7 as predicted for two dimensional spiral model. We further 
perform system size analysis, obtain and compare the scaling exponents at the critical density in both the 
dimension. 
[1]  G. H. Fredickson, and H. C Anderson,  Phys. Rev. Lett. 53, 13, 1984.  
[2]  P. Sollich and M R Evans, Phys. Rev. Lett., 83, 3238-3241, 1999. 
[3]  C. Toninelli, G. Biroli, and D. S. Fisher, Phys. Rev. Lett. 96, 035702,  2006. 
[4]  C. Toninelli  and G.  Biroli, J. Stat. Phys. 130, 83 , 2008. 
[5]  G.  Biroli and   C. Toninelli, Euro. Phys. Journ. B 64, 567 , 2008. 
[6]  F. Corberi and L. F Cugliandolo,   J. Stat. Mech,  P09015, 2009 
[7]  Y. Shokef  and  A. J. Liu, Euro Phys Lett, 90, 26005, 2010. 
[8]  M. Jeng  and  J. M. Schwarz, Phys. Rev. E 81, 011134, 2010. 
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GJ -20 
Representing microstates of static granular matter in a stress phase space 

 
Technical University of Madrid (1) 

Tejada, Ignacio G.1 
 
A stress phase space is proposed to compare the static packings of a granular system (microstates) that are 
compatible to a macrostate described by external stresses. 
The equivalent stress of each particle of a static packing can be obtained from the mechanical interaction 
forces, and the associated volume is given by the respective Voronoi cell. Therefore, particles can be 
located at different stress levels and grouped into categories or configurations, which are defined in base 
of the geometrical features of the local arrangement (in particular, of the number of forces that keep them 
force-balanced). They can be represented as points in a stress phase space. 
The nature of this space is analyzed in detail. The integration limits of the stress variables that avoid or 
limit tensile states and the capability of each configuration to represent specific stress states establish its 
main features. Furthermore, if some stress variables are used, instead of the usual components of the 
Cauchy stress tensor, then some symmetries can be found. Results obtained from molecular dynamics 
simulations are used to check this nature.  
Finally, some statistical ensembles are written in terms of the coordinates of this phase space. These 
require some assumptions that are made in base on continuum mechanics principles. 
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GJ-21 
Multiple reentrant glass transitions of soft spheres at high densities 

 
Schmiedeberg, Michael 1 

Heinrich-Heine-Universität Düsseldorf (1) 
 
By using Molecular Dynamics simulations, we determine and analyze the jamming phase diagrams at 
high densities for soft spheres that interact according to power law pair potentials. We observe that the 
relaxation time varies non-monotonically as a function of density at constant temperature (see also [1,2]). 
Therefore, the jamming phase diagrams contain multiple reentrant glass transitions if temperature and 
density are used as control parameters. The frequency of reentrant glass transitions depends on the 
exponent of the pair interaction potential. Interestingly, if we switch to a new formulation of the jamming 
phase diagrams [3] where temperature over pressure and pressure are employed as control parameters, no 
non-monotonic behavior is observed. 
[1] L. Berthier, A.J. Moreno & G. Szamel, Phys. Rev. E 82 (2010) 060501(R). 
[2] M. Pica Ciamarra & P. Sollich, arXiv:1209.3334. 
[3] T.K. Haxton, M. Schmiedeberg & A.J. Liu, Phys. Rev. E 83 (2011) 031503. 
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GJ-22 
Counter-intuitive effects of inter-particle friction in granular flows  

close to the jamming transition 
 

Heussinger, Claus1 

(1) University of Goettingen 
 
Friction implies stability. A solid block only remains static on an inclined plane because there is friction 
with the underlying surface. Similarly, a heap made of granular particles, in general, will have a higher 
angle of repose with increasing the friction coefficient. Under shear, the jamming transition from a freely 
flowing state to a yield-stress fluid occurs  earlier and at lower volume fractions in frictional systems as 
compared to the frictionless case. 
Here, we present simulations of driven granular systems, where friction acts opposite to what is expected 
from these simple examples. Two different driving methods are presented: shaking and shearing.  
When shaking a granular monolayer at high volume fractions, we observe [1] a re-entrance melting 
transition from a glassy into a fluid state – by reducing the amplitude of the driving! We highlight the 
special role played by frictional interactions, which help particles to escape their glassy cages. The role of 
volume fraction is to tune the distance to an absorbing state, where all activity ceases and no structural 
relaxation occurs. We characterize the nature of the transition in terms of (vanishing) order parameter and 
(diverging) time-scale. 
Under shear we find that suspension rheology is fundamentally changed when going from frictionless [2] 
to frictional systems. Instead of shear-thinning at the jamming transition [3], the suspension shows a 
pronounced shear thickening regime. We explain this unexpected behavior with the presence of a critical 
point and the vicinity of a coexistence region, where both jammed and freely flowing states can coexist. 
Thus, friction does way more to the system than changing the location of the jamming transition. 
[1] J. Plagge & C. Heussinger, Phys. Rev. Lett. in press (2013). 
[2] B. Andreotti, J.-L. Barrat & C. Heussinger, Phys. Rev. Lett. 109, 105901 (2012). 
[3] P. Olsson & S. Teitel, Phys. Rev. Lett. 99, 178008 (2007). 
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GJ-23 

From Crystals to Point J: how changing the order affects disordered systems 
 

Goodrich, Carl2; Liu, Andrea2; Nagel, Sidney1 

(1) University of Chicago; (2) University of Pennsylvania 
 
The theory of crystalline solids is the basis for our understanding of ordered materials.  While less 
developed, much progress has been made in understanding solids that lack periodic order.  Specifically, 
the jamming transition of idealized soft spheres is a critical point that, in a well defined way, corresponds 
to the opposite limit from the fully ordered solid.  We seek to bridge the gap between these two extreme 
limits – the completely disordered solid and the perfect crystal – to understand how partially ordered 
systems behave and to what extent they can be considered as perturbations away from these two limits. 
 By introducing a variable number of defects into a crystal and then relaxing to its inherent structure, we 
are able to tune the degree of disorder. We find that the vast majority of the states that we are able to 
sample by this algorithm cluster into groups with either very high or very low crystalline order. 
Furthermore, those systems which do have an intermediate amount of crystalline order are in fact phase 
separated, displaying distinct regions of high and low local order.  We also find that many prominent 
features of the perfectly disordered solid, such as the scaling of the ratio of the shear to the bulk modulus, 
extend to systems with surprisingly large crystalline order.  Thus, the jamming transition appears to be a 
useful limiting case of disorder: it is a robust fixed point that allows one to understand both the structure 
and mechanical properties of systems perturbed far from the perfect crystal. 
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GJ-24 
Jamming transition in vibrated granular suspensions 

 
Kiesgen de Richter, Sébastien1; Hanotin, Caroline1; Marchal, Philippe 2; Michot, Laurent1; Baravian, 

Christophe1 

(1) Laboratoire d'Energétique et de Mécanique Théorique et Appliquée (LEMTA), 
Université de Lorraine; (2) Laboratoire Réactions et Génie des Procédés (LRGP-GEMICO), 

Université de Lorraine 
 
A major issue of industrial and geophysical interest is the knowledge and the understanding of granular 
packing stability. In particular, the mechanical properties of suspensions of non-brownian particles 
control numerous natural phenomena such as mudslides, avalanches and debris flows. These materials are 
jammed at rest and a finite small perturbation induced by external shear or vibrations for example can 
cause the system to flow. In this talk, we investigate in details the flow behaviour of gravitational 
suspensions subjected to vibrations and shear. By the use of a stress imposed rheometer coupled with a 
vibration cell [1], we show that vibration energy drastically influences the viscosity of the material. We 
discuss the influence of particles size, suspending fluid viscosity and vibration parameters on the viscosity 
and demonstrate that the flow behaviour is controlled by the ratio between the lubrication stress and the 
granular pressure [2]. Rheological results are completed by diffusing wave spectroscopy measurements to 
study how vibrations affect particles reorganization and diffusion properties at the local scale. Typical 
decorrelation times extracted from these experiments confirm rheological results and evidence the major 
role played by the lubrication stress on the liquefaction of vibrated granular suspensions.    
[1] P. Marchal, L. Choplin, and N. Smirani, J. Rheol. 53 (2009) 1. 
[2] C. Hanotin, S. K. de Richter, P. Marchal, L. J. Michot, and C. Baravian, Phys. Rev. Lett. 108 (2012) 
198301 . 
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GJ-25 

Memory effect of paste and its application to control the direction and the position of desiccation 
cracks 

 
Nakahara, Akio1; Nakayama, Hiroshi1; Matsuo, Yousuke1; Ooshida, Takeshi2 

(1) Nihon University; (2) Tottori University 
 
Crack formation processes are sensitive to subtle changes in the conditions. This sensitivity, on one hand, 
gives the cracks a stochastic nature and makes them difficult to control, but on the other hand it also 
implies that the cracks must be controllable in principle. In the case of desiccation cracks of colloidal 
suspensions, we have demonstrated this controllability by showing that dense suspensions (pastes) exhibit 
memory effects, which means that the paste layer remembers the direction of the horizontal vibration and 
the flow it has experienced just before the drying process starts, so that the memory determines the 
*direction* of the future crack propagation [1, 2]. The plasticity of the paste is necessary for the memory 
effects. While it has been difficult, however, to control the *position* of crack formation in this way, here 
we report that combining this method with Faraday waves enables us to control positioning of the cracks. 
The Faraday waves induced by vertical vibration localize the regions of strong horizontal vibration, so 
that we can imprint positions of the future cracks in the paste, making it possible to produce a greater 
variety of desiccation crack patterns [3]. 
[1] A. Nakahara & Y. Matsuo, J. Phys. Soc. Japan 74 (2005) 1362. 
[2] A. Nakahara & Y. Matsuo, Phys. Rev. E 74 (2006) 045102. 
[3] H. Nakayama, Y. Matsuo, Ooshida T. & A. Nakahara, Eur. Phys. J. E 36 (2013) 1. 
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A new parameter to identify soft spots in amorphous solids 

 
Tong, Hua1; Tong, Hua1; Xu, Ning1 

(1) University of Science and Technology of China 
 
We analyze the local structure and dynamics in model glasses in searching of appropriate parameters to 
identify “soft spots” in amorphous solids where particle rearrangements are initiated. Previous studies 
propose that soft spots can be identified by the local bond-orientational order [1] or loosely constrained 
particles vibrating strongly in low-frequency normal modes [2-4]. We introduce here a new parameter, 
the minimum local potential curvature, to describe the softness of a single particle. We find that our new 
parameter works better than previous ones to identify soft spots, because it has the strongest correlation 
with local potential energy barrier height and consequently local dynamics. Moreover, the correlation 
between soft spots identified by different parameters may help to figure out the origins of the quasi-
localization of low-frequency normal modes and plastic deformation of amorphous solids and particle 
rearrangements in supercooled liquids. 
[1] T. Kawasaki, T. Araki, and H. Tanaka, Phys. Rev. Lett. 99 (2007) 108302. 
[2] A. Widmer-Cooper, H. Perry, P. Harrowell, and D. R. Reichman, Nature Phys. 4 (2008) 711. 
[3] K. Chen et al., Phys. Rev. Lett. 107 (2011) 108301. 
[4] M. L. Manning and A. J. Liu, Phys. Rev. Lett. 107 (2011) 108302. 
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Effects of differing models of viscous dissipation on athermal shear driven jamming 
 

Olsson, Peter1; Vagberg, Daniel1; Teitel, Stephen2 

(1) Umea University; (2) University of Rochester 
 
We perform shearing simulations of a bi-disperse collection of soft-core disks with vanishing mass in two 
dimensions around the jamming density to compare the mean field (MF) [1] vs. the non-mean field 
(NMF) model [2] of viscous dissipation. In the MF model dissipation is due to each particle's velocity 
relative to an affinely shearing substrate, such as might be a model for particles flowing in a uniformly 
sheared fluid host matrix. In the NMF model dissipation instead arises from binary collisions between 
particles. We confirm the observation [2] that the minimum in the transverse velocity correlation function 
that is present in the MF model is absent in the NMF model.  However, in contrast to Ref. [2] we find that 
the normalized transverse correlation functions for different linear sizes do not collapse when rescaled by 
the system length. We also find that the Fourier transform of this function diverges at small wave 
numbers with a non-trivial power law, suggesting non-trivial critical behavior. We explore and compare 
the critical behavior of each model. 
This work was supported by Swedish Research Council grant 2010-3725. Simulations were performed on 
resources provided by the Swedish National Infrastructure for Computing (SNIC) at PDC and HPC2N. 
[1] P. Olsson & S. Teitel, Phys. Rev. Lett. 99 (2007) 178001. 
[2] B.P. Tighe, E. Woldhuis, J.J.C. Remmers, W. van Saarloos & M. van Hecke, Phys. Rev. Lett. 105 
(2010) 088303. 
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Density of States and Elasticity of Compressed Emulsions 

 
Brujic, Jasna 1; Jorjadze, Ivane 1; Pontani , Lea-Laetitia 1 

(1) New York University 
 

 
Using confocal microscopy, we measure the packing geometry and interdroplet forces as a function of the 
osmotic pressure in a 3D emulsion system. We assume a harmonic interaction potential over a wide range 
of volume fractions and attribute the observed nonlinear elastic response of the pressure with density to 
the first corrections to the scaling laws of the microstructure away from the critical point. The bulk 
modulus depends on the excess contacts created under compression, which leads to the correction 
exponent alpha=1.5. Microscopically, the nonlinearities manifest themselves as a narrowing of the 
distribution of the pressure per particle as a function of the global pressure. Furthermore, the vibrational 
modes of emulsions exhibit an excess of low frequency modes close to the jamming transition and 
recover the Debye scaling at the highest compressions. Spatially, we find that the lowest modes are 
localized under high compression.  
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Investigating the stability of jammed systems with respect to generalized boundary deformations 
 

Schoenholz, Samuel1; Goodrich, Carl2; Kogan, Oleg2; Liu, Andrea2; Nagel, Sidney1 

(1) University of Chicago; (2) University of Pennsylvania 
 
At zero temperature and applied stress, an amorphous packing of spheres exhibits, as a function of 
packing fraction, a jamming transition where the system is sensitive to boundary conditions even in the 
thermodynamic limit.  Upon further compression, the system should become insensitive to boundary 
conditions but only if it is sufficiently large.  Here we explore the linear response to a large class of 
boundary perturbations in 2 and 3 dimensions. We consider each finite packing with periodic-boundary 
conditions as the basis of an infinite square or cubic lattice and study properties of vibrational modes at 
arbitrary wave vector. Our results can be understood in terms of competition between plane waves and the 
anomalous vibrational modes associated with the jamming transition; boundary perturbations become 
irrelevant for systems that are larger than a previously identified transverse length that diverges at the 
jamming transition. 
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GJ-30 
Fluids of colloindal ellipsoids: connecting M&M packings and simple thermodynamics 

 
Sloutskin, Eli 1; Cohen, Avner1 

(1) University Bar-Llan 
 
The local microscopic structure of fluids of simple spheres is well known. However, the constituents of 
most real-life fluids are non-spherical, leading to a coupling between the rotational and translational 
degrees of freedom; this coupling does not allow the structure of simple dense fluids of ellipsoids to be 
obtained by classical experimental techniques. As a result, the fundamental role played by the rotational 
degrees of freedom in formation of local fluid structure remained unknown. 
We employ real-time three-dimensional confocal microscopy to determine, for the first time by a direct 
experimental technique, the structure of dense fluids of ellipsoids (Ref. [1]). We use molecular dynamics 
simulations and theory to reproduce the experimental structure and estimate the contribution of charge 
effects to the system, achieving perfect agreement between theory, experiment, and simulation. Further, 
we employ the same theoretical framework to examine the local order in these fluids as a function of the 
aspect ratio of the constituent particles t. Strikingly, the extent of (short-range) positional correlations 
exhibits a non-analytical point for the spheres t=1, where the positional order is maximal. This indicates 
that the behavior of fluids of spheres, where rotations and translations are decoupled, is qualitatively 
different from that of the fluids of rotationally-anisotropic particles, which are much more common. 
Moreover, these results suggest, quite unexpectedly, a connection between thermodynamically-
equilibrated fluids of ellipsoids and disordered non-ergodic granular packings of M&M candies. 
[1] A. P. Cohen, E. Janai, E.Mogilko, A. B.Schofield, and E. Sloutskin, Phys. Rev. Lett. 107 (2011) 
238301; A. P. Cohen, E. Janai, D.C.Rapaport, A. B.Schofield, and E. Sloutskin, J. Chem. Phys. 137 
(2012) 184505. 
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Role of the driving force in the jamming of particles flowing through a bottleneck 
 

Zuriguel,  Iker1; Arévalo, Roberto2; Garcimartín, Angel1; Maza, Diego1 

(1) University of Navarra; (2) Università di Napoli ¿Federico II¿ 
 
When an assembly of particles flows through a bottleneck, jamming may appear due to the development 
of stable structures that arrest the flow. Jamming is a generic phenomenon with important consequences 
in a wide variety of systems, such as inert particles in silos, suspensions and crowd evacuation. 
Interestingly, despite the different nature of the constituent particles, these systems share notable 
resemblances in the jamming behaviour. Indeed, the dependence of jamming on the outlet size has been 
proven to be very similar in silos with inert particles and in fluid suspensions [1]. The jamming reduction 
observed when an obstacle is placed before a bottleneck for the case of both, silos [2] and crowds [3], is 
also remarkable. 
During the last years, an important advance has been produced in the understanding of the physical 
mechanisms behind jamming of inert particles. Nevertheless the faster is slower effect -a behaviour 
widely accepted for the case of crowd dynamics [3], and also described for suspensions [4]- has never 
been observed with inert particles.  The “faster-is-slower” concept refers to a decrease of the flow rate of 
particles when increasing the driving force. In this work we will present results of the effect that driving 
force has on the flow and jamming of particles in a silo, providing a convincing reason for the absence of 
the faster is slower effect.  
[1] Guariguata et al., Phys. Rev. E 86 (2012) 061311. 
[2] I. Zuriguel et al., Phys. Rev. Lett. 107 (2011) 278001. 
[3] D. Helbing et al., Transportation Science 39 (2005) 1. 
[4] M. D. Haw, Phys. Rev. Lett. 92 (2004) 185506.  
 

 
 
Oral 

GJ-32 
Elucidating the interplay between global structural complexity and anomalous diffusion in 3D 

packed microspheres: simulations and NMR experiments 
 

Palombo, Marco1; Palombo, Marco1; Gabrielli, Andrea2; Servedio, Vito D. P.1; Ruocco, Giancarlo1; 
Capuani, Silvia1 

(1) Sapienza University of Rome; (2) ISC-CNR 
 
Anomalous diffusion (AD), in which mean square displacement (MSD) does not increase linearly in time 
(MSD∝tα, α≠1), is a property of many complex systems and its related phenomena have been observed in 
various physical fields. In this work we show that the AD fractional exponent α provides microstructural 
information related to the disorder degree of complex systems. Toward this goal we performed numerical 
simulations to investigate diffusion as a function of time, D(t), and α behavior as a function of the sphere-
density, in micro-beads mono-dispersed in water. Then, by employing a diffusion-time varying pulse field 
gradient (t-PFG) [1] NMR technique, we obtained experimental results and compared them with 
simulations. We interpret simulated and experimantal results in the framework of the continuous time 
random walk, which has been demonstrated to be a general and effective theoretical tool to quantify AD 
in complex systems. Numerical and experimental results show an excellent agreement and they suggest 
that unlike conventional tortuosity investigations based on long diffusion time behavior of D(t), α 
quantifies the global structural complexity (disorder) of heterogeneous systems. Moreover, we 
demonstrate here that α can be easily measured by using the t-PFG NMR experiment [1] which is faster 
than the conventional diffusion time behavior of D(t) study.  
[1] M. Palombo, A. Gabrielli, S. De Santis, C. Cametti, G. Ruocco & S. Capuani, J. Phys. Chem. 135 
(2011) 034504 
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Modes and soft spots of jammed disordered configurations with a free surface 
 

Sussman Philadelphia, Daniel1; Liu, Andrea1 

(1) University of Pennsylvania 
 
The presence of free surfaces in jammed amorphous configurations leads to low-energy 
vibrational surface modes with properties very different from those in the bulk. We investigate 
these modes in semi-periodic energy-minimized configurations of both repulsive and long-
ranged attractive particles with a single free surface. Measurements of the bulk density of states 
(DoS) are sensitive to these low-energy modes only when the system size is comparable to 
$l^*$, a length scale that diverges as the contact number decreases towards isostacity; the fact 
that most thin-film experiments and simulations are done well above this length scale accounts 
for the relatively modest shifts in the DoS previously observed. Nevertheless, these modes lead 
to distinct “soft spots” quasi-localized at the surface. We characterize the energy barriers 
associated with rearrangements at these soft spots and consider their relevance to tribology of 
amorphous surfaces. 
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Critical scaling in thermal systems near the zero-temperature jamming transition 

 
Wang, Lijin1; Xu, Ning1 

(1) University of Science and technology of China 
 
Two interesting phenomena associated with the zero-temperature (T=0) jamming transition are observed 
within the low-temperature glass regime of thermal systems with purely repulsive interactions [1].  The 
first one is the presence of a plateau in the density of vibrational states together with the occurrence of 
isostaticity, reminiscing the special vibrational feature of the T=0 jamming transition. The second one is 
the temperature-dependent jamming-like transition marked by the emergence of a maximum height, g1

max 
, of the first peak of the pair distribution function along the trajectory of compression at fixed temperature 
[2,3].  g1

max is accompanied with significant change of material properties and thus divides the glass 
regime into two parts with and without the T=0 jamming features. We also obtain explicit scaling 
collapse of some structural and thermodynamic quantities, implying the criticality of the T=0 jamming 
transition.  
[1] L. Wang and N. Xu, Soft Matter 9 (2013) 2475. 
[2] Z. Zhang, N. Xu, D. T. N. Chen, P. Yunker, A. M. Alsayed, K. B. Aptowicz, P. Habdas, A. J. Liu, S. 
R. Nagel, and A. G. Yodh , Nature 459 (2009) 230. 
[3] L. Berthier, H. Jacquin, and F. Zamponi, Phys. Rev. E 84 (2011) 051103. 
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Tapped granular materials and complex networks 

 
Maza, Diego2; Pugnaloni, Luis3; Arévalo, Roberto1; Zuriguel, Iker2 

(1) Universitá di Napoli “Federico II”; (2) Universidad de Navarra; (3) Universidad Tecnológica Nacional 
 
The compaction of a tapped granular media is an ancient problem with scientific and applied interest. The 
fundamental properties of this kind of systems are its packing fraction and stress. Both magnitudes are 
subtly related by its topological properties. In this work, we analyze the complexity of the contact 
network behind this topology. Tuning the force threshold that determines which contacts define the 
network, the topology and the motif distribution (the different types of polygonal structures) are analyzed.  
The characterization of the structural features thus obtained, may be useful in the understanding of the 
macroscopic physical behaviour exhibited by this class of situation. 
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Granular Microrheology for Large Forces 

 
Ting Wang and Matthias Sperl 

Institut für Materialphysik im Weltraum Deutsches Zentrum fuer Luft- und Raumfahrt (DLR) 
Linder Höhe, 51147 Köln, Germany 

 
When pulling a particle in a granular system with constant force F, the intruder particle may 
approach a steady-state velocity v. In simulations for a two-dimensional system [1], it is found that 
the effective friction coefficient F/v as well as the velocity v increase with increasing F at large 
forces and both are proportional to the square-root of F. 
 
Here, we try to capture the observed behavior in granular microrheology by a schematic model of 
mode-coupling theory (MCT) as well as a simple kinetic theory. Our schematic model qualitatively 
reproduces the increase of velocity with force. However, the model does not exhibit the observed 
square-root law as the asymptotic behavior at large force, but rather a second, Newtonian fluid like 
linear regime.  In the low density limit, the square-root law can be derived from a kinetic theory. The 
implication of the square-root law in the granular case and its relation to the linear behavior in the 
colloidal system is discussed. 
 
[1] A. Fiege, M. Grob, A. Zippelius: Dynamics of an intruder in dense granular fluids.  Graular 
Matter 14: 247-252 (2012) 
Email : ting.wang@dlr.de 
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I-NI-1 
Effect of metal impurities on ion movement in sodium trisilicate glass 

 
Jain, Himanshu1; Saiyasombat, Chatree1; Kuechler, Reiner2; Kanert, Otmar2 

(1) Lehigh University; (2) University of Dortmund 
 
The higher the ionic conductivity of a solid electrolyte, the better is the performance of the devices that 
use it such as fuel cells. With this motivation, in this study we have investigated the effect of the addition 
of small amounts (<0.2 mol%) of metallic impurities on the electrical conductivity of prototypic sodium 
trisilicate glass. The samples are made by adding ≤0.1% gold chloride to the batch and casting. Initially 
the glass is colorless and transparent when gold is in ionic state. Upon suitable heat treatment, gold 
transforms into metallic nanoparticles, which induces ruby color. Concurrently, dc conductivity increases 
by several folds, which is surprising in view of the very small concentration of gold. The effect is further 
enhanced when the sample is co-doped with tin that is used to accelerate the formation of ruby color. The 
activation energy of conductivity shows relatively small change suggesting that the conduction is 
continually dominated by sodium ions. To assess structural changes the oxidation state of gold and tin 
atoms is determined by in situ XANES and optical spectroscopy. Based on this information, a mechanism 
is proposed to explain the observed enhancement of conductivity.   
This work is supported by NSF’s International Materials Institute for New Functionality in Glass (DMR-
0844014). 
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I-NI-2 
Mixed Glass Former Glasses: Theory and Simulations 

 
Maass, Philipp1 

(1) University of Osnabrück 
 
Mixing of different types of network formers in ion conducting glasses can lead to changes in structural, 
thermodynamic and transport properties that deviate from an additive mixing behavior. Strong 
enhancements of ionic conductivities upon mixing are commonly referred to as the Mixed Glass Former 
Effect (MGFE). By combination of theoretical modelling, electronic structure calculations and classical 
simulation techniques novel mechanisms can be explored to understand the MGFE and other peculiar 
mixing effects [1-3]. An overview is given on these achievements and on the development of a 
generalized force field model that allows for molecular dynamics simulations of common mixed glass 
former systems. 
[1] M. Schuch, C. Trott, and P. Maass, RSC Adv. 1 (2011) 1370. 
[2] M. Schuch, C. R. Müller, P. Maass, and S. W. Martin, Phys. Rev. Lett. 102 (2009) 145902. 
[3] M. Schuch, R. Christensen, C. Trott, P. Maass, and S. W. Martin, J. Phys. Chem. C 116 (2012) 1503. 
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Correlation of structure and ion transport properties in some glassy ionic conductors 
 

Ghosh, Aswini 1 
(1) Department of Solid State Physics, Indian Association for the Cultivation of Science  

 
Ion transport properties in silver borophosphate and molybdoselenite glasses have been studied. It has 
been observed that the transport properties of these glasses depend on the modifier content as well as 
glass former ratio. The compositional dependence of the glass forming units has been determined from 
FTIR spectra. A direct correlation between the ion transport property and the structural modification of 
the glass network has been observed. The conductivity spectroscopy has been used to probe ion dynamics 
in different time and length scales. By mapping the conductivity spectra onto time dependence of the 
mean square displacement of mobile ions, two characteristic lengths of ion dynamics, viz the 
characteristic mean square displacement at which crossover from diffusive to subdiffusive ion dynamics 
occur and the spatial extent of localized motion of mobile silver ions, have been obtained. It has been 
shown that these characteristic lengths are strongly influenced by the structural modification of the glass 
networks 
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Ion transport in polyelectrolyte materials: Mechanisms and general scaling concepts 

 
Cramer-Kellers, Cornelia1; Schönhoff, Monika1; De, Souvik1; Bhide, Amrtha1 

(1) Westfälische Wilhelms-Universität Münster 
 
Polyelectrolyte multilayers (PEM) and polyelectrolyte complexes (PEC) are interesting materials for 
application as ion conductors, as they can be prepared with defined thickness or defined stoichiometry, 
respectively [1.2]. Ac conductivity spectra characterize the ionic transport processes over many decades 
of frequency, providing a full picture of long-range transport as well as local motions. In temperature-
dependent spectra of dry PEC, the time-temperature superposition principle (TTSP) is shown to be valid 
[3]. For spectra taken at different relative humidity, a new scaling principle in analogy to TTSP, termed 
time-humidity superposition principle, is established. This model-free scaling holds for different materials 
over several decades in frequency [4]. The reason for this is that with increasing relative humidity water 
is absorbed into the PEC which changes the energy landscape in such a way that ion motions are strongly 
facilitated. 
[1] M. Schönhoff, Á. W. Imre, A. Bhide, C. Cramer, Z. Phys. Chem. N.F. 224 (10-12) (2010) 155. 
[2] S. De, C. Cramer and M. Schönhoff, Macromolecules 44 (2011) 8936. 
[3] Á. W. Imre, M. Schönhoff, C. Cramer, Phys. Rev. Lett. 102 (2009) 255901-1. 
[4] C. Cramer, S. De, M. Schönhoff, Phys. Rev. Lett. 107 (2011) 028301-1. 
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Towards understanding the Second Universality 
 

Funke, Klaus3; Jain, Himanshu1; Badr, Layla G.2 

(1) Lehigh University; (2) Notre Dame University Louaize; (3) University of Münster  
 
Ion-conducting materials with quite different kinds of disordered structures show an unexpected degree of 
similarity in their broadband conductivity spectra. Two surprising “universalities” have been detected. 
One of them, the “first universality”, is observed at sufficiently high temperatures and has turned out to be 
a fingerprint of activated hopping along interconnected sites. The other, observed at sufficiently low (e.g. 
cryogenic) temperatures, was discovered by A.S. Nowick et al. in 1991, who called it “new universality” 
or “Nearly Constant Loss (NCL) behaviour” [1]. In the meantime, this “second universality” has been 
shown to reflect collective, non-activated, strictly localized ionic movements.  
At intermediate temperatures, the two “universalities” are superimposed. Not unexpectedly, they can be 
separated as soon as their unique features are correctly specified. In either case, this has become possible 
by gaining insight into the way the underlying laws may be expressed by rate equations. The equations 
reproduce the relevant time dependence of the ion dynamics as well as the spectra themselves. At the 
same time, they also form a basis for understanding and visualizing the phenomena in terms of simple 
physical pictures [2].   
 
[1]  W.-K. Lee, J.F. Liu and A.S. Nowick, Phys. Rev. Lett. 67 (1991) 184115. 
[2] K. Funke, R.D. Banhatti, D.L. Laughman, L.G. Badr, M. Mutke, A. Šantić, W. Wrobel, E.M. Fellberg 
and C. Biermann, Z. Phys. Chem. 224 (2010) 1891. 
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Topology of Ionic Transport in Glasses: Watching Moving Calculations 

 
Greaves, Neville1 

(1) University of Cambridge 
 
Isosurfaces, used to define the microsegregation of modifying cations within the silicate network [1], 
reveal the topology relevant to ionic transport [2], the free volume accessible for hopping, and its 
cooperative nature. Collective motion is found to be promoted by THz vibrations [3] – mobile ions 
moving in anti phase. Moreover their ranking – fast to slow – is thermally activated, matching the 
primitive activation energy of the incoherent scattering structural relaxation time. Furthermore, ionic 
channels in mixed alkali glasses are topologically similar to single alkali glasses [4]. The familiar non-
linear transport effects follow reductions in accessible free volume, because alkalis of different size pack 
more efficiently.  
[1] B. Vessal B et al, Nature 356 (1992) 504-507.  
[2] G.N.Greaves & S. Sen, Advances in Physics 56 (2007)1-166.  
[3] G.N. Greaves, A.L. Greer, R.S. Lakes & T. Rouxel, Nature Materials 10 (2011) 823-837. 
[4] G.N.Greaves & K.L. Ngai, Phys. Rev. B 52 (1995) 6358-6380. 
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Thermodynamic Scaling in Ionic Liquids and Ionically Conducting Glasses with Network Formers 
 

Habasaki, Junko1 

(1) Tokyo Institute of Technology 
 
Relaxation and diffusion in liquids and supercooled liquids obey general thermodynamic scaling [1]. In 
other words, D (or D/T), ,  τα, (and some other physical quantity) are functions of the product variable, 
TVγ (V is the specific volume and T the temperature). Molecular dynamics (MD) simulations have been 
performed to study the scaling in an ionic liquid (1-ethyl-3-methylimidazolium nitrate) over wide 
temperatures and pressures ranges [2]. Behaviors of diffusivities are well described by master curves with 
=4.0 and 3.8 for cation and anion, respectively. Thermodynamic scaling in the lithium silicate glasses 
and melts was also examined. All diffusion coefficients of ions in lithium silicates of different 
compositions, and at various temperatures and pressures are successfully represented by a single master 
curve, with an assistance of the concept of the percolation of ion channels. The master curve enables us to 
predict the diffusivity under various thermodynamic conditions and different sub-structures, i.e. the ion 
channels. In both systems, the scaling is explained by the existence of common effective potentials related 
to the pair correlation functions. 
[1] K. L. Ngai, J. Habasaki, D. Prevosto, S. Capaccioli, and M. Paluch , J. Chem. Phys., 137 (2012)  
034511, and references therein. 
[2] J. Habasaki, R. Casalini and K. L. Ngai, J. Phys. Chem., B 144 (2010) 3902. 
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Understanding the lithium dynamics in polymeric electrolytes with and without ionic liquids 

 
Heuer, Andreas1; Diddens, Diddo1; Chattoraj, Joyjit1 

(1) WWU Münster 
 
We study the ion conduction in polymeric electrolytes. Firstly, we analyse a system composed of PEO 
and a lithium salt. The dynamics can be rationalized in terms of a transport model which relates the 
lithium and the polymer dynamics. Of crucial importance is the strong binding of the lithium ions to the 
polymer.  In this way it is possible to express, e.g., the dependence of the lithium diffusivity to the chain 
length of the polymer [1]. Furthermore, one can learn about the cooperative dynamics of cations and 
anions. Secondly, we study the impact of adding  ionic liquids to the polymeric electrolyte. It turns out 
that the transport model is still fully applicable since the lithium ions are again strongly bound to the 
polymer chains. Analysing the different time scales of the transport model it turns out for the temperature 
of our computer study that the higher mobility of the lithium ions can be clearly related to the plasticizing 
effects of the ionic liquid [2]. 
[1] D. Diddens, A. Heuer, O. Borodin, Macromolecules 43 (2010) 2028. 
[2] D. Diddens, A. Heuer (submitted). 
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Mobile particles in a frozen network: from simple models to ion-conductors 
 

Schnyder, Simon K.1; Höft, Nicolas1; Voigtmann, Thomas2; Horbach, Jürgen1 

(1) Heinrich-Heine-Universität Düsseldorf; (2) Deutsches Zentrum für Luft- und Raumfahrt (DLR) 
 
The Lorentz model (LM) is a fundamental model for heterogeneous media: a single tracer particle moves 
in a matrix of randomly placed, overlapping, hard-sphere obstacles. The tracer shows power-law-like 
anomalous diffusion in the vicinity of a localization transition. This transition is well understood as a 
dynamic critical phenomenon, with critical exponents known from both scaling arguments and molecular 
dynamics simulations.  
Similar dynamics have been observed in more complicated systems, e.g. in ion-conductors, but it remains 
open whether the LM localization transition is the dominant phenomenon in these systems, or if it is 
fundamentally modified by, for example, by the choice of the interaction potential or the interaction 
between the tracer particles. 
We show that inserting non-interacting, mono-energetic particles into a weakly correlated matrix of soft 
obstacles reproduces the LM scenario. Furthermore, we discuss how allowing for a Boltzmann energy 
distribution for the particles enhances transport and already smears out the LM localization transition. 
Introducing interactions between the particles further enhances transport at long time scales, while 
slowing down the dynamics on intermediate time scales.  
This competition between caging and localization dynamics, which also strongly modifies the anomalous 
exponent, is tunable by the variation of the size and number of particles and is highly relevant for the 
understanding of ion-conductors. 
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Ionic conductivity and 204Tl tracer diffusion in Tl-Ge-S glasses 

 
BOKOVA ESCORNE, Maria1; Alekseev, Igor2; Bychkov, Eugène1 

(1) Université du Littoral - Côte d'Opale; (2) St. Petersburg University 
 
Chalcogenide glasses containing Ag+, Li+, Na+ or Cu+ exhibit high ionic conductivity which makes them 
suitable for many applications, i.e., all-solid-state batteries, chemical sensors, etc. Little is known about 
ion transport of heavy alkali cations or Tl+ except for a few communications. In this paper we will present 
Tl+ ion conducting glasses in the Tl-Ge-S system, where thallium concentration changes from 0.0083 to 
36 at.%. The glass transition temperature decreases from 358 °C (Ge-S matrix) to 160 °C (36 at. % Tl), 
indicating a strong depolymerization of germanium-sulfur network. 204Tl tracer diffusion, dc conductivity 
and ac impedance measurements have been used to study ionic and electronic conductivity in the Tl-Ge-S 
glassy system. It has been found that the room temperature conductivity increases by 9 orders of 
magnitude with increasing thallium concentration, ranging between 10-17 S cm-1 for the Ge-S matrix and 
10-8 S cm-1 for Tl-rich glasses. The activation energy decreases from 1.11 to 0.63 eV, respectively. A 
comparison of the conductivity and thallium diffusion results clearly shows that the ionic transport 
becomes to be predominant at high thallium concentrations (≈ 15 at%. Tl). The thallium transport number 

+Tlt  increases from 10-3 for low cation concentrations to 1≅+Tlt  for the sample with 15 at.% Tl. The 
Haven ratio (HR ≈ 1) indicates uncorrelated ion motion even at rather high thallium concentrations. The 
obtained results are discussed in comparison with the similar Ag-containing vitreous system. 
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Two-dimensional oxide membranes for energy conversion and storage 
 

Ramanathan, Shriram1 

(1) Harvard University 
 
We will discuss our on-going efforts to realize ultra-thin solid oxide fuel cells with electrolytes at the 
electron tunneling limit. Such studies allow one to probe rigorously electronic-ionic transport in two-
dimensional oxide membranes that are self-supported and proximal to free surfaces. Experimental 
realization of high performance two-dimensional solid oxide fuel cells operable in a variety of fuels will 
be presented. By use of special oxide anode materials where in rapid redox processes occur at the 
operating temperature, one can realize energy storage as well, creating the ability to build-in additional 
functionality into existing solid state fuel cells. We will present select experimental case studies on this 
aspect as well using model vanadium oxide anodes. Experimental techniques to synthesize atomically 
tailored designer materials for electrolyte versus electrode graded functionality in thin film form in 
suspended structures will be considered. Instrumentation designed to probe transport and thermo-
mechanical stability real-time in such structures at extreme chemical potential gradient and elevated 
temperatures will be described. 
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ION TRANSPORT AT COHERENT YSZ/STO INTERFACES 

 
Rivera Calzada, Alberto1; Diaz-Guillen, M. R.1; Durá, O. J.1; Garcia-Barriocanal, J. 1; F. Bruno, F.1;  

Leon, C.1; J. Santamaria, J.1; Sanchez-Santolino, G.1 

(1) Universidad Complutense de Madrid 
 
Approaches making use of interface and confinement effects in nanostructures (nanoionics) have emerged 
as an interesting route alternative to improve the material performance in solid state devices. It has been 
proposed that the coherent growth of strained interfaces in ionic conductor heterostructures combining 
materials with lattice mismatch may promote ion diffusivity and appears as a novel and promising route 
in the optimization of materials for energy generation and storage. In particular, the YSZ / SrTiO3 
interface adds to a huge lattice mismatch of 7%, an interface between highly dissimilar structures (fluorite 
vs. perovskite) and stabilizes a disordered oxygen sublattice with an increased number of oxygen 
vacancies leading to a promoted oxygen diffusion [1]. This interface will be the main focus of this talk 
where we will describe recent progress showing the effect of the growth direction in stabilizing different 
morphologies and degrees of oxygen mobility enhancement. 
 

1. J. Garcia-Barriocanal, A. Rivera-Calzada, M. Varela, Z. Sefrioui, E. Iborra, C. León, S. J. 
Pennycook, J. Santamaría,  Science  321,  676 (2008). 

2. A. Rivera-Calzada, M. R. Díaz-Guillén, O. J. Durá, G. Sánchez-Santolino, T. J. Pennycook, R. 
Schmidt, F. Y. Bruno, J. García- Barriocanal, Z. Sefrioui, N. M. Nemes, M. Garcia-Hernandez, 
M. Varela, C. Leon, S.T. Pantelides, S. J. Pennycook, J. Santamaria, Adv. Mat.23, 5268 (2011). 
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Integration of nanoionics into functional (micro) systems 
 

Tarancón, Albert2; Garbayo, Iñigo1; Pla, Dolors2; Saranya, A. M.2; Almar, Laura2; Andreu, Teresa2;  
Salleras, Marc1; Sabaté, Neus1; Morata, Alex2 

(1) IMB-CNM (CSIC); (2) IREC 
 
Recent advances in thin film deposition techniques, synthesis of nanostructures and simulations at the 
nanoscale allowed us to better understand the important role of grain boundaries and interfaces in the 
final properties of a certain compound. In particular, many advantages arise from using nanomaterials 
presenting high ion mobility together (or not) with good electronic conductivity [1]. These pure ionic or 
mixed ionic/electronic conductors are the basis of well known solid state ionics devices such as 
electrochemical gas sensors, solid oxide fuel cells (SOFCs), solid oxide electrolysers (SOEC) or gas 
membrane separators. Therefore, the capability of implementing nanomaterials in these devices will allow 
their miniaturization and eventually new functionalities based on specific features arising at the 
nanoscale. In this talk, different (micro)systems that take advantage of this integration of nanoionics will 
be presented including micro-gas sensors, micro-SOFCs and mesoporous-based solid oxide cells. 
[1] J. Maier, Nature Mater. 4 (2005) 805. 
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Activation Volume Tensor for Oxygen Vacancy Migration in Strained CeO2 Electrolytes 
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There is increasing interest in enhancing the ionic conductivity of fluorite-based oxides, such as zirconia 
and ceria, through nanostructuring. Experimental investigations, however, give conflicting reports, with 
the nanoscale effect varying from slight decreases, through modest increases, to a “colossal” 
enhancement. In addition, the reasons for these nanoscale effects are seldom clear. Two interface-
proximity effects are often claimed, without quantitative treatment, to be responsible: altered point-defect 
distributions in interfacial space-charge layers or modified migration barriers in the vicinity of the 
interface due to lattice strain. In this work the effect of lattice strain on oxygen vacancy migration in the 
fluorite-structured oxide CeO2 is investigated at the atomistic level. Static lattice simulation techniques, 
employing density functional theory (DFT) calculations, are used to determine the migration energies for 
oxygen vacancies, ∆Emig, in ceria lattices subjected to isotropic, uniaxial or biaxial strain. From the 
calculations we also extract the complete activation volume tensor for oxygen vacancy migration in CeO2, 
∆Vmig, that is, all diagonal and off-diagonal tensor elements. Armed with knowledge of all tensor 
elements we predict strain states and magnitudes for which the oxygen-ion conductivity is maximised. 
Enhancement of the oxygen-ion conductivity of an oxide heterostructure through space-charge effects is 
also discussed [2]. 
[1] J. Hinterberg, T. Zacherle and R. A. De Souza, submitted (2012). 
[2] R. A. De Souza and A. H. H. Ramadan, submitted (2012). 
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MICRODYNAMICS IN NANOCRYSTALLINE AND NANOGLASSY, CRYSTALLINE AND 
AMORPHOUS LITHIUM ION CONDUCTORS 

 
Heitjans, Paul 1 

(1) Leibniz University Hannover, Institute of Physical Chemistry and Electrochemistry, and ZFM – 
Center for Solid State Chemistry and New Materials 

 
There is presently huge interest in solid lithium ion conductors, in particular in nanostructural forms, for 
Li ion battery materials. Concomitantly, these solids often serve as model systems for fundamental 
studies of the diffusivity of Li+  in dependence of grain size, structural disorder or dimensionality of the 
matrix. 
Presumably the most versatile experimental method to gain detailed insights into the microdynamics of 
moving atoms or ions and their structural environment is nuclear magnetic resonance (NMR) 
spectroscopy. An arsenal of solid state NMR techniques, probing spin-lattice relaxation in laboratory and 
rotating reference frames, lineshape narrowing, chemical exchange and spin-alignment echoes, gives 
access to jump rates over more than ten decades and the pertinent activation energies. Information on the 
jump geometry may sometimes be obtained, as well. In nanocrystalline ceramics the different ion 
mobilities in the grains and in the interfacial regions can be discriminated. Combining the NMR results 
with those of other microscopic and macroscopic diffusion methods such as ac and dc ionic conductivity 
and mass tracer measurements yields additional insight into, e.g., diffusion mechanisms.  
Recent examples of diffusion studies include Li ion conductors in crystalline, nanocrystalline, nanoglassy 
and glassy forms. Whereas nanostructuring of microcrystalline materials, in particular by ball milling, 
generally leads to a substantial increase of the diffusivity, that of glassy samples, resulting in nanoglasses, 
induces a decrease. In systems which form both a glass and a crystal a convergence of the respective Li 
diffusivities with progressive ball milling has been observed as a generic feature which might contribute 
to understand the nature of nanoglasses (work supported by DFG Research Unit 1277 ‘molife’). 
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Studies of Oxygen Ion Conductivity in Ceria heterostructures 

 
Imperial College, London (1) 

KILNER, John1 
 
Many research groups have initiated work into thin film oxide hetrostructures.  Of note is the work by 
Janek and collaborators on epitaxial oxide thin films (mainly doped zirconias) [1-5] where enhancement 
of the oxygen ion conductivity has been observed in a number of cases.  Schichtel [4, 5] has analysed this 
type of result and points out that tensile strain will enhance, and compressive strain will suppress, the 
oxygen ion conductivity in the thin layers, as was found experimentally.  Despite these seemingly rational 
explanations of the origin of the observed changes, much controversy has surrounded these nanoscale 
effects in oxide materials and there are positive experimental results as well as experiments where no 
effect is seen [6, 7].  In this paper recent results on ceria hetrostructures will be presented in particular the 
finding of suppressed ionic conductivity even in layers under tensile strain. 
[1] C. Korte, A. Peters, J. Janek, D. Hesse, N. Zakharov, Physical Chemistry Chemical Physics 10 (2008) 
(31) 4623. 
[2] C. Korte, N. Schichtel, D. Hesse, J. Janek, Monatshefte Fur Chemie 140 (2009) (9) 1069. 
[3] A. Peters, C. Korte, D. Hesse, N. Zakharov, J. Janek, Solid State Ionics 178 (2007) (1-2) 67. 
[4] N. Schichtel, C. Korte, D. Hesse, J. Janek, Physical Chemistry Chemical Physics 11 (2009) (17) 3043. 
[5] N. Schichtel, C. Korte, D. Hesse, N. Zakharov, B. Butz, D. Gerthsen, J.A.r. Janek, Physical Chemistry 
Chemical Physics 12 (2010) (43) 14596. 
[6] J.M. Perkins, S. Fearn, S.N. Cook, R. Srinivasan, C.M. Rouleau, H.M. Christen, G.D. West, R.J.H. 
Morris, H.L. Fraser, S.J. Skinner, J.A. Kilner, D.W. McComb, Advanced Functional Materials 20 (2010) 
(16) 2664. 
[7] D. Pergolesi, E. Fabbri, S.N. Cook, V. Roddatis, E. Traversa, J.A. Kilner, ACS Nano 6 (2012) 
(12) 10524. 
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Understanding ion transport across grain boundaries 

 
Leon, Carlos2; Frechero, Marisa Alejandra2; Rocci, Mirko2; Sanchez-Santolino, Gabriel2; Kumar, Amit3;  
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Santamaria, Jacobo2 

(1) Oak Ridge National Laboratory; (2) Universidad Complutense Madrid; (3) Center for Nanophase 
Materials Science; (4) Vanderbilt University 

 
Understanding ion transport in ionically conducting materials is nowadays of primary importance in order 
to optimize their use as electrolytes in solid state batteries and fuel cells. Since solid electrolytes are 
usually in polycrystalline form, it is blocking of ions at grain boundaries that eventually limits ion 
transport through the material. However, the microscopic origin of the barrier for ion transport across 
grain boundaries is not well established yet. Here we present a study of structure, composition, and ion 
transport across a single grain boundary in a bicrystal of the oxide ion conductor 9 mol % yttria stabilized 
zirconia (YSZ) by combining STEM-EELS aberration corrected microscopy, nanoscale electrochemical 
strain microscopy (ESM), and broadband dielectric spectroscopy measurements. We obtain relevant 
microscopic parameters that determine ion transport properties at the nanoscale such as the built-in 
potential at the interfacial plane, the space charge layer thickness, and the Debye screening length. The 
values obtained for these magnitudes are much lower than previous estimates from measurements on 
ceramic samples that present a complex distribution of multiple grain boundaries. In fact, we find a 
remarkable agreement with the predictions of simple theoretical space charge models, thus solving doubts 
cast recently on their predictive value to describe ion transport across grain boundaries. 
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Spin state dependence of the electrical conductivity in Fe (II) spin crossover coordination polymer 

 
Demont, Philippe3; Rotaru, Aurelian2; Gural'skiy, Il'ya1; Molnar, Gabor3; Salmon, Lionel3; Bousseksou, 

Azzedine3 

(1) National Taras Shevchenko University; (2) Stefan cel Mare University; (3) Université de Toulouse 
 
The high spin (HS)  low spin (LS) transition in spin crossover (SCO) complexes of iron (II) ions can be 
triggered by electric field [1]. The spin transition (ST) is accompanied by change of the dielectric 
properties providing scope for applications as molecular switching or molecular memories. Charge 
transport measurements and spin state dependence of the conductivity were carried out on bistable SCO 
coordination polymer using thermally stimulated polarization currents and dielectric spectroscopy. A 
large thermal hysteresis loop of the dc conductivity is observed and assigned to the spin transition. The 
(LS) state is characterized by a higher conductivity than the (HS) state. The temperature dependence of 
the conductivity in the both spin states is analyzed and the activation energy is founded lower in the (LS) 
state. The frequency dependence of the ac conductivity exhibits a power law behavior while the loss 
electrical modulus dispersion reveals two relaxations between 10-2 and 106 Hz. The high frequency 
relaxation is a signature of transport in the LS state while the low frequency loss peak is characteristics of 
conduction in the HS state. The presence of both relaxations in the investigated temperature range shows 
that residual HS or LS domains exist in the SCO coordination polymer. Spin transition with thermal 
hysteresis is confirmed in SCO thin film, nanorods and nanoparticles. Conduction through small 
aggregates of 2-3 nanoparticles is observed. Effect of Zn doping on the electric properties in LS and HS 
states were also studied to modulate the ST temperature, the shape and width of the thermal hysteresis 
loop of the conductivity.  
[1] A. Rotaru, I. A. Guralski, G. Molnár,  L.Salmon, P. Demont, A. Bousseksou, Chem. Commun. 48, 
4163 (2012). 
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CRITICAL POINT SHIFT UNDER NANOPARTICLE DOPING 
 

Victor, Mazur2; Sergey, Artemenko2; Denis, Kuleshov1 

(1) Donetsk National University of Economy and Trade is the Name of Mykhajlo Tugan-Baranovskogo ; 
(2) Odessa National Academy of Food Technologies 

 
The objective of this work is to study the effect of nanoparticle doping on phase behavior of working 
fluids embedded with nanostructured materials (fullerenes and carbon nanotubes).  The interplay between 
ballistic nature of heat transport in the nanoparticles and clustering effects in classic fluid is suggested as 
most credible scenario of NF thermal behaviour. The novel approach to study of nanostructured materials 
behaviour in disordered media is based on the idea of structure similarity of nano- and near-critical fluids. 
Adding of nanoparticles or ionic liquids renormalizes the intermolecular interactions between fluid 
components embedded with nanostructured materials and shifts phase equilibria in the nanofluids. We 
suggest that thermodynamic surfaces of reference fluid and nanofluid with low nanoparticle concentration 
(<5%) are coincided in reduced form. To compute the thermodynamic properties the iterative self-
consistent algorithm has been developed where an initial density of nanofluid is calculated via reference 
fluid density by linear model. To estimate the critical point parameters of system reference fluid – 
nanoparticles the NIST short fundamental equations of state for 20 industrial fluids are used. The shift of 
critical point parameters changes the picture of phase behavior in binary mixtures. For binary mixtures 
with neighbor critical temperatures of components the critical point shift of low-boiling component can 
result to drastic phase behavior transformations from zeotropic to azeotropic state. Azeotropy breaking in 
the refrigerant blends with ionic liquids is predicted. 
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Dynamical Process of Ionic Conduction in Glass 

 
Rim, Young-Hoon2; Yang, Yong Suk1 

(1) Pusan National University; (2) Semyung University 
 
The understanding of transport mechanisms of ionic migration in glasses is of fundamental importance in 
many branches of material science. Using a self-similar spatial structure model, we derive that the real 
process of ionic transport in the glass systems. The fractional Klein-Kramers equation with a specific type 
of the external potential leads to the universal macroscopic expression of the time dependent hopping 
conductivity. The external potential in fractional Klein-Kramers equation can be adopted to consider the 
repulsive force due to the Coulomb blockage and site mismatch effects. The calculated values of power 
law exponent are in good agreement with the experimental results.  
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Oxygen vacancy effect on dielectric relaxation of CaTiO3-SiO2 glass 
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(1) Pusan National University; (2) Semyung University 
 
The electrical properties of perovskite oxide materials such as CaTiO3, BaTiO3 and SrTiO3 are closely 
related to their crystal structure, defects and oxygen effects. There have been reports that the defects and 
oxygen effects cause an anomalous dielectric relaxation phenomenon observed in the temperature rage 
300-900 K. Mostly used samples on this topic have been the form of crystal or thin film. CaTiO3 is one of 
the widely used materials for electric devices such as resonator, memory, capacitor, sensor, with its 
excellent piezoelectric and pyroelectric properties. It can be also applied to solid oxide fuel cell as an 
electrode. We investigated the electrical properties of the CaTiO3-SiO2 glass as functions of frequency 
and temperature. An anomalously large dielectric response was found in a wide temperature range. We 
applied different types of heat treatment and found that the origin of the anomalous dielectric response 
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was related to oxygen vacancy. We analyzed the electrical data in the framework of the Cole-Cole 
formalism of permittivity and impedance. The activation energy and stretched exponential parameter 
obtained from the Cole-Cole formula showed that the electrical conductivity of the CaTiO3-SiO2 glass 
was mostly concerned with an ionic hopping process, and the weight of interaction between oxygen 
vacancy and surroundings was changed with temperature. 
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 of Chemical Technology 
 
The development, investigation and implementation of electrolyte systems of different nature, notably 
organic liquid electrolytes, ionic liquids, polymer electrolytes and inorganic solid electrolytes, are of 
interest. In brief polymer electrolyte systems can be conditionally divided as follows: polymer + organic 
liquid (polymer gel); polymer + ionic liquid; polymer + inorganic solid electrolyte + ionic liquids; 
polymer electrolyte + ionic liquid; polymer electrolyte + ionic liquid + liquid organic electrolyte; ionic 
liquids + liquid organic electrolyte; polymer electrolyte + inorganic solid electrolyte. 
The blends consisting of two and more mentioned components are used and studied for obtaining 
electroactive polymer materials EaPM with combined merits of selected products. 
The present work shows (by WAXS, FTIR, DSC, TOM and POM) that the doping of the hybrid organic-
inorganic polymer systems (HOIS) based on urethane oligomers (UO) and metal silicate (MS) by the 
molecules of ionic liquids (IL) based on morpholine leads to destruction of the mineral phase with the 
simultaneous formation of new crystalline structures due to MS/IL reactions. Contrariwise, synthesis of 
EaPM based on UO and IL results in amorphous grain-oriented structural organization and formation of 
the ion conducting cluster with the high conductivity level σDC ~ 10-3-10-4 S/cm, AC conductivity level σ΄ 
~ 10-2-10-3 S/cm and permittivity ε΄ ~ 105-106 (by the results of BDS and cyclic VA spectroscopy). 
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(1) University of Athens 
 
Unless we are dealing with very simple systems, activation volume - and mainly its part related with 
migration - is not an actual volume, but is rather linked to the induced collective relaxation of the 
surroundings of the migrating charge carrier, a dynamic volume (or fluctuation volume) and, more 
generally, a quantity to describe roughly how the energy barrier for such a process is affected as pressure 
is varied assuming that the entropy contribution can be neglected. Although there is no restriction as far 
as the sign of activation volume is concerned, negative activation volumes are rarely observed 
experimentally. We present results tracing the existence of negative activation volumes in granular matter 
such as granular dielectrics, by monitoring the modification of the dielectric relaxation spectra at various 
pressures (from ambient pressure to 320 MPa) and temperatures (from room temperature to 373 K) by 
using broadband dielectric spectroscopy.  
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Water sorption-related dielectric changes in titanate nanowires 
 

Haspel, H. 1; Bugris, V. 1; Kukovecz, Á. 1; Kónya, Z. 1 
(1) University of Szeged  

 
Adsorption-induced dielectric changes in a wide range of chemically different materials have been 
investigated for more than a century. The most common examples are hydrophilic materials, in which 
adsorption-related, low-temperature charge transport processes are thought to be dominated by surface 
ionic conduction. It is clearly seen, that the behaviour of materials with diverse electronic properties 
shows striking similarities, suggesting a common mechanism in chemically different systems like e.g. 
metal oxides, zeolites, ionic solids, heteropolyacids (HPA), glasses, clay minerals, ceramics, metal-
organic frameworks (MOF), polymers, and biopolymers (textiles carbohydrates, proteins, DNA). 
Although it would be of great importance in the field of adsorption phenomena, sensors, composite 
materials, catalysis, fuel cell applications, and biological systems, there is a lack of a detailed, widely 
accepted, atomistic-level mechanism. Since dielectric spectroscopy is the method of choice to gain deeper 
insight into the sorption-related dielectric changes, we performed broadband dielectric spectroscopy 
(BDS) measurements on a nanostructured hydrophilic model system. 
 
Hydrothermally synthesized titanate nanowires (TiONW) were studied between 10 mHz 
and 1 MHz under changing humidity conditions. The processes contributing to the dielectric spectra were 
identified; three relaxation and imperfect ionic conduction processes have been found. Their variation on 
water surface coverage was discussed and the critical discussion of the origin of the relaxation processes 
is presented. This work is a continuation of our recent study1 on adsorption-induced conduction 
phenomena in a damp TiONW model system. 
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References 
(1) Haspel, H.; Laufer, N.; Bugris, V.; Ambrus, R.; Szabó-Révész, P.; Kukovecz, Á. J. 
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Ionic Liquids 
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IL-1 
Polarisability in ionic liquids 

 
Schröder, Christian1 

 (1) Institute of Computational Biological Chemistry 
 

The molar polarisability is a significant electrical property of solvents; it measures the ease with which a 
molecular electron cloud reacts under the influence of an electric field, and is governed by the strength of 
nuclear charge centres controlling their electrons. The molar polarisability is thus of particular importance 
for ionic liquids because a delocalised and flexible cationic charge distribution is a key contributing factor 
for low electrostatic interactions between ions. Ab initio calculations of ionic liquids have reported 
effective molecular charges of cations and anions of much less than ±1e, which can be reproduced by 
incorporating polarisability effects in simulations. In contrast, we show that scaled partial charges are a 
cheap but dangerous byway to mimic polarisability effects. 
Overall, the polarisability creates induced dipoles, which accelerates the dynamics of the ionic liquids 
systems without major changes in structure or hydrogen bonding capabilities. This way, the agreement 
between results from molecular dynamics simulations and experiments are improved, in particular in the 
short-time regime as demonstrated by solvation dynamics spectroscopy data. 
These induced dipoles broaden the dipole distributions in molecular dynamics simulations thus coming 
closer to quantum-mechanical calculations. Based on our polarisabilities, the refractive index of 
numerous ionic liquids can be predicted with high accuracy. Furthermore, we will present a connection to 
the Kamlet-Taft polarity parameters. 
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The relationship between long range ion transport and short range molecular motion of alkyl group side 
chains in ionic liquids is probed by variable temperature and variable pressure NMR measurements of 
self-diffusion and spin-lattice relaxation. The systems selected for study were EMIM TFSI and BMIM 
TFSI, in which the alkyl groups are partially deuterated. Proton NMR pulsed field gradient and static 
fringe field gradient methods were employed for diffusion and deuteron NMR T1 measurements were 
chosen to monitor short range motion due to the greater sensitivity of quadrupolar relaxation processes. 
The variable pressure data yield activation volumes for alkyl chain motion which exhibit a transition to 
nearly incompressible behavior above 1.5 kbar, possibly corresponding to chain interactions between 
nearby cations. 

 
 

 

https://7idmrcs.upc.edu/Session.html?s=IL
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High pressure transport properties of ionic liquids 
 

Harris, Kenneth1; Harris, Kenneth1 

(1) University of New South Wales 
 
High pressure measurements have been made of viscosities, ion self-diffusion coefficients and electrical 
conductivities of ionic liquids, including imidazolium, pyrrolidinium and phosphonium salts. Such 
measurements facilitate the separation of the competing effects of temperature and density. We review 
how these properties have been analysed in terms of the empirical Stokes-Einstein, Walden and Nernst-
Einstein equations, and examine trends revealed by the phenomenological approach of velocity 
correlation coefficients and the more general theory of density scaling.  
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Protic ionic liquids (PILs) are a special subgroup of ionic liquids. They are formed by transfer of protons 
from Brönsted acids to Brönsted bases. Since this process is reversible, it can result that PILs consist of 
not only cations and anions but  may also contain neutral, un-ionized molecules.  If the amount of neutral 
molecules is significant it is expected that such liquids  should exhibit rather low value of electrical  
conductivity. However, the conductivity of PIL depends not only on the degree of proton transfer from 
the acid to the base but also on hydrogen bonding in which proton is involved provided that given PIL 
also forms hydrogen bonds. In the last case, the proton has anomalously high mobility  resulting in very 
high value of electrical conductivity. This may also lead to the decupling of electrical conductivity and 
the structural relaxation.    In this talk  we present the conductivity relaxation measurements of a number 
of  PILs.  The dielectric studies of conductivity relaxation were performed as a function of temperature 
and pressure. We found that both temperature and pressure dependence of the conductivity relaxation 
times exhibit characteristic behavior in the vicinity of the glass transition temperature, manifested by 
abrupt changes in activation energy and activation volume, respectively.  However,  we observed  that 
these characteristic changes of the conductivity relaxation times occur at time scale much shorter than the 
structural dynamics probed by thermally modulated DSC. This proves that there is a huge decoupling 
between electrical conductivity and structural relaxation for all investigated PILs. 
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We study the hydrogen-bond dynamics in the protic room temperature ionic liquid ethylammonium 
nitrate (EAN) [1]. With femtosecond infrared spectroscopy we investigate the vibrational dynamics of the 
N-D stretching vibration of isotopically labeled ethylammonium ions. Our results indicate that lifetime of 
the vibrational excitation is extremely short-lived (~200 fs) and the transient signals are dominated by 
heating of the sample. The three dimensional structure of EAN rearranges on 10’s of picoseconds as a 
response to this thermal excitation. Polarization resolved experiments indicate that this heating is very 
local and initially restricted to the ions in the closest solvation shell. This provides a rather unique 
opportunity to measure the rotational relaxation over time scales that are much longer than the lifetime of 
the vibrational excitation. Comparison of the thus obtained rotation times (20 – 80 ps) to those obtained 
with dielectric relaxation spectroscopy indicates that the rotational motion of the ethylammonium ion is 
not diffusive but takes place via large angular jumps. Such non-diffusive reorientational dynamics is 
unique to strongly hydrogen-bonded liquids such as water and indicates that the intermolecular interaction 
is highly directional in this class of ionic liquids. 
[1] J. Hunger, T. Sonnleitner, L. Liu, R. Buchner, M. Bonn, H. J. Bakker, J. Phys. Chem. Lett. 3 (2012) 
3034. 

 
 

 
Invited talk 

IL-6 
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Using ultrafast transient absorption probing the visible and near-IR spectrum we have investigated the 
solvation and reactivity of photo-detached electrons and their associated holes in flowing aliphatic ionic 
liquids. The absorption spectrum of the electron and hole are shown to agree with computational 
predictions by Margulis et al. [1] and radiolysis experiments on longer time scales by Wishart et al. [2]. 
The electron reactivity with a proton is found to be time dependent with the rate coefficient controlled by 
the solvent [3]. The “dry” electron is shown to be much more reactive than previously observed, with a 
sub-picosecond time constant. A simple model is developed to demonstrate how solvation of the electron 
can explain the apparent independence of the initial reaction rate on the proton concentration. The 
dependence of the electron reactivity on the size of the cation will be considered for 1-methyl-1-alkyl-
pyrrolidinum bis(trifluoromethylsulfonyl)amides.  
[1] C. J. Margulis, H. V. R. Annapureddy, P. M. De Biase, D. Coker, J. Kohanoff, and M. G. Del Popolo, 
J. Am. Chem. Soc. 133 (2012) 20186. 
[2] J. F. Wishart, A. M. Funston, T. Szreder, A. R. Cook, and M. Gohodo, Faraday Discuss. 154 (2012) 
353. 
[3] F. M. Domenech, B. FitzPatrick, A. T. Healy, and D. A. Blank, J. Chem. Phys. 137 (2012) 034512. 
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MOLECULAR DYNAMICS STUDY OF THE DYNAMICAL PROPERTIES ON IONIC 
LIQUIDS 

 
Ishida, Tateki1 

(1) Institute for Molecular Science 
 
Ionic liquids (ILs) have been one of interesting subjects of scientific study for many researchers in the 
areas including physics and chemistry, today, because of their characteristics that are different from 
conventional molecular liquids. Most interesting features of ILs can be attributed to significant interionic 
interactions, and these are an important key factor to study the characteristics of ILs at molecular level 
[1]. We employ computer simulation methods to pursue the understanding of interionic properties in ILs 
at molecular level. We investigate the relaxation processes and collective dynamics of ILs with mean-
squared displacement (MSD), non-Gaussian parameter, the intermediate scattering functions, and the time 
correlation function of polarizability anisotropy of IL system. Also, including the analyses of librational 
dynamics of ionic species, distictive ionic dynamics in ILs are presented, and it is suggested that 
dynamical heterogeneous behavior strongly correlates with structural variations or heterogeneity.  
[1] T. Ishida, The Dynamical Properties on Ionic Liquids: Insights from Molecular Dynamics Study. In 
Ionic Liquids - New Aspects for the Future; J. Kadokawa., Ed.; In Tech: Rijeka, Croatia, 2013; pp 3-29. 
(Available from: http://www.intechopen.com/books/ionic-liquids-new-aspects-for-the-future) 
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Ionic liquids represent attractive dispersion media for nanoparticles from point of view of perspective 
applications of ionic-liquid based colloids as heat transfer fluids, electrolytes, and lubricants. 
Nanoparticles-ionic liquids interaction is interesting from the fundamental standpoint as well. In the 
present work, we have investigated dispersions of diamond nanoparticles (5 nm, 30 nm and 50 nm in 
diameter) in 1-ethyl-3-methylimidazolium tetrafluoroborate (EMIBF4) ionic liquid to clarify colloidal 
stability of diamond nanoparticles of various sizes at wide concentration range. Nanoparticles aggregation 
was observed by ultra-low voltage field emission Scanning Electron Microscopy (ULV FE-SEM) directly 
in the ionic liquid, that could reveal precisely structures of aggregates.  
It was found that depending on particle size, diamond nanoparticles demonstrate different behavior in 
EMIBF4. Diamond nanoparticles of 30 and 50 nm size did not form stable suspensions and precipitated 
soon, while diamond nanoparticles with 5 nm size demonstrated more complicated behavior with gelation 
at high concentrations (more than 0.2 vol%), phase separation in middle concentration range (0.01 to 0.1 
vol%) and colloidal stability at low concentrations (lower than 0.01 vol%). Direct observation of the 
suspensions using SEM showed that 5-nm sized nanoparticles formed aggregates, which detailed 
structure will be discussed in the present work. 
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Local and diffusive dynamics in ionic liquids 
 

Gonzalez, Miguel Angel2; Aoun, Bachir2; Price, David L.1; Saboungi, Marie-Louise3 

(1) CEMHTI (CNRS); (2) Institut Laue-Langevin; (3)IMPMC, Universite Pierre et Marie Curie 
 
The dynamics of a series of ionic liquids based on the imidazolium cation and having increasing lengths 
of the alkyl chain (ethyl, butyl, and hexyl-methyl-imidazolium bromide) has been studied by means of 
quasielastic neutron scattering (QENS) and molecular dynamics (MD) simulation. As frequently found in 
the literature, the experimental spectra can be interpreted in terms of two distinct dynamical processes 
corresponding to a diffusive and a localized motion, respectively. However a detailed analysis of the MD 
trajectories indicates a much more complex scenario, where translational diffusion, global rotations of the 
full cation and restricted motions of the alkyl chain take place. The dynamical processes observed from 
QENS measurements can therefore be reinterpreted as an average of several motions with different time 
scales and spatial localization. The Q and temperature dependence of all these motions has been 
investigated in order to provide a full picture of the microscopic dynamics in this family of ionic liquids 
and determine how the increasing length of the alkyl chain affects each of them. 
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In this talk, we will present our recent progress in molecular dynamics computer simulations of (i) 
solvation dynamics and dielectric relaxation and (ii) unimolecular electron transfer (ET) reactions [1] in 
room-temperature ionic liquids (RTILs). For solvation dynamics and dielectric relaxation, our focus is on 
differing roles played by translational and reorientational motions of RTIL ions and their contributions to 
dielectric constant, including its temperature dependence. In the case of electron transfer, barrier crossing 
and activation/deactivation dynamics are considered and their influence on ET kinetics is discussed. We 
will show that the effect of RTIL viscosity on the reaction rate varies with ET free energetics.  One 
interesting consequence is that unimolecular ET in RTILs can sometimes occur much faster than 
predictions based on their viscosity.  
[1] Y. Shim and H. J. Kim, J. Phys. Chem. B 113 (2009) 12964.  
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Dielectric and Linear Viscoelastic Responses of Polymerized Ionic Liquids and their Monomers 
 

Colby, Ralph H.1; Choi, U Hyeok1; Runt, James1; Mittal, Anuj2; Price, Terry L.2; Gibson, Harry W.2 

(1) Penn State University; (2) Polytechnic Institute and State University 
 
Dielectric spectroscopy determines the static dielectric constants ( sε ) of imidazolium acrylates and 
methacrylates and their ionomers, with different imidazolium pendant structures containing a 
combination of alkylene and ethyleneoxy units as spacers between the backbone and the imidazolium 
cation.  All monomers and their polymers exhibited two dipolar relaxations, assigned to the usual 
segmental motion (α ) associated with the glass transition and a lower frequency stronger relaxation 
( 2α ), attributed to ions rearranging.  While ion pairs in conventional (smaller) ionic liquids prefer 

antiparallel alignment (Kirkwood 0.1g ≈  with sε  ≈ 15), because their polarizability volumes strongly 
overlap, ion pair dipoles in the larger ionic liquid monomers display g  of order unity and 

50 110sε≤ ≤ .  Longer spacers lead to higher static dielectric constant, owing to a significant increase 

of the relaxation strength of the 2α  process, which is directly reflected through an unanticipated increase 
of the static dielectric constant with ionic liquid molecular volume.  The ionomers consistently exhibit 1.5 
~ 2.3 times higher static dielectric constants than the monomers from which they were synthesized, 
suggesting that polymerization encourages the observed synergistic dipole alignment ( 1g > ).  
Comparison of dielectric and linear viscoelastic responses reveals a strong connection between the time 
scales of polymer segmental motion (α ), ion rearrangements ( 2α ) and the viscoelastic softening 
associated with the glass transition. 
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Li-salt doped ionic liquids are of great interest both from an applied and a fundamental point of view. 
With a low vapour pressure and high ionic conductivity they are considered as safe and green electrolytes 
for Li-ion batteries. From a more fundamental perspective the influence on the structure and dynamics by 
the introduction of the small Li-ion is an interesting problem. In the neat ionic liquid there is a 
considerable contribution from both van der Waals interactions between side chains on cations and/or 
hydrogen bonding in addition to ionic interactions. With the addition of a Li-salt, and the replacement of a 
large organic cation with the small Li-ion, the ionic character increases. It is well known that the addition 
of Li-salt increases the glass transition temperature, resulting in a decreased conductivity due to an 
increase in the viscosity of the ionic liquid [1,2]. In this contribution we try to link the influence of Li-salt 
on the behaviour of macroscopic properties, such as the phase behaviour and the conductivity, to the 
microscopic the structure and interactions. We find that there is a close correlation between the 
development of the structure of the liquid and the dynamical properties as a function of Li-salt 
concentration.  
[1]  A. Martinelli, A. Matic, P. Jacobsson, L. Börjesson, A. Fernicola, B. Scrosati, J. Phys. Chem. B 113, 
11247 (2009) 
[2] J. Pitawala, J-K. Kim, P. Jacobsson, V. Koch, F. Croce, A. Matic, Faraday Discussions 154, 71 (2012) 
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Building an accurate and transferable modelling tool for ionic liquids systems 
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Ionic liquids (ILs) are a new class of salts where the ions are poorly coordinated, which results in these 
solvents being liquid below 100°C, or even at room temperature. This occurs because of a delocalized 
charge in one ion plus the combination of an organic cation and an inorganic anion (or viceversa), which 
prevents the formation of a stable crystal lattice. The fact that they are practically non-volatile, have a 
wide liquid range and can be tailored by modification of the anion or the cation, convert them in possible 
candidates for different industrial applications. The purpose of this contribution is to present the 
molecular-based soft-SAFT equation of state [1] as an accurate tool for developing coarse-grained models 
of ILs. The example is illustrated for two potential applications of ILs: gas separation and biomass 
deconstruction. Two cations (imidazolium and pyridinium) combined with several anions ([Cl], [Tf2N], 
[MeSO4], [Me2PO4] and [Me2PO3]) will be studied, giving physical insights into the development of the 
model and the accuracy of the parameters for predictive purposes. The solubility of CO2, N2O and 
alcohols in some of them will also be modelled using a semi-transferable approach. 
Acknowledgements: F. Llovell acknowledges a TALENT fellowship (Catalan Government). Support from 
the Spanish Government (CENIT SOST-CO2, CEN-2008-1027), Carburos Metálicos and the Catalan 
Government (2009SGR-666) was also provided. 
[1] F. J. Blas, L.F. Vega, Mol. Phys. 92 (1997) 135. 
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The Multiple Length Scale Structure of Room-Temperature Ionic Liquids 
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Room Temperature Ionic Liquids (RTILs) are complex because of several coexisting reasons. First, 
dynamical processes and relaxation are often governed by dynamical heterogeneity and multiple time 
scales. Second, structurally, many of these systems are characterized by order on different length scales. 
At short distances they display charge alternation and hydrophobic interactions whereas at longer length 
scales they display polarity alternation (not as in positive-negative but as in polar-apolar density 
enhancements and depletions). Recent theoretical and computational work from our group in 
collaboration with X-ray scattering experiments by the group of Ed Castner at Rutgers has allowed us to 
better understand the role that cations and anions play on these different length scales. We plan to discuss 
how to interpret the X-ray structure function in terms of cancelling positive and negative contributions at 
different wave numbers that are characteristic of short and long length scales and show particular 
examples of systems displaying different classes of behaviour. 
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Structure, Interactions and Dynamics in Ionic Liquids 
 

Castner Jr., Edward1 

(1) Rutgers, The State University of New Jersey 
 
Our recent experiments investigating structure, interactions and dynamics in ionic liquids have focused on 
using bulk x-ray scattering to obtain the liquid pair distribution functions together with NMR methods to 
observe the ion-ion interactions and ion self-diffusion.[1-6]  We have studied a range of ionic liquids 
where both the cation and anion species are varied; another significant project has been to compare ILs 
where long chain substituents are changed between octyl groups and isoelectronic diether chains.[1-2] 
The X-ray scattering studies provide liquid structure functions and pair distribution functions, which are 
quantitatively modeled by our collaborators in the Margulis group.[1,3,6]  In particular, the partial 
structure functions can be quantitatively deconstructed into unique sums of interactions between ions, or 
even further decomposed into unique representations including the polar and nonpolar parts of the ions.  
Two-dimensional NMR studies of nuclear Overhauser interactions enable observation of specific 
interactions between hydrogen and fluorine atoms; we find it equally useful to observe the spectral voids  
that indicate an absence of interactions.  With the knowledge in hand regarding the liquid structure and 
interactions between ions, we can further interpret the observations of ion self-diffusion that are obtained 
from NMR pulse gradient spin echo experiments. 
[1]  H. K. Kashyap, C. S. Santos, R. P. Daly, J. J. Hettige, N. S. Murthy, H. Shirota, Edward W. Castner, 
Jr. and C. J. Marguli, J. Phys. Chem. B 2013.  doi:  10.1021/jp311032p. 
[2]  A. Triolo, O. Russina, R. Caminiti, H. Shirota, H. Y. Lee, C. S. Santos, N. S. Murthy, and E. W. 
Castner, Jr., Chem. Commun., 2012, 48, 4103-4105.  doi:  10.1039/c2cc31550e. 
[3]  H. K. Kashyap, C. S. Santos, H. V. R. Annapureddy, N. S. Murthy, C. J. Margulis and Edward W. 
Castner, Jr., Faraday Disc. 2012, 154, 133-143. doi: 10.1039/C1FD00059D. 
[4]  C. S. Santos, N. S. Murthy, G. A. Baker, E. W. Castner, Jr., J. Chem. Phys., 134, 121101 (2011).  doi: 
10.1063/1.3569131. 
[5]  E. W. Castner, Jr., C. J. Margulis, M. Maroncelli, and J. F. Wishart, Annu. Rev. Phys. Chem. 2011, 
62, 85-105.  doi: 10.1146/annurev-physchem-032210-103421. 
[6]  C. S. Santos, H. V. R. Annapureddy, N. S. Murthy, H. K. Kashyap, E. W. Castner, Jr. and C. J. 
Margulis, J. Chem. Phys., 134, 064501 (2011).  doi:  10.1063/1.3526958. 
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Interionic/Intermolecular Vibrational Dynamics and Interaction in Ionic Liquid Mixtures  

with Water and Benzene 
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Microstructure and interaction are key to understanding characteristic natures of ionic liquids, since they 
influence the unique properties, such as good dissolving power for organic and inorganic compounds, low 
volatility at ambient conditions, and so on.  Herein, I would like to discuss the microscopic aspects of the 
mixtures of an ionic liquid, 1-methyl-3-octylimidazolium tetrafluoroborate ([MOMIm][BF4]), with two 
different nature solvents, water1 and benzene, probed by femtosecond Raman-induced Kerr effect 
spectroscopy (fs-RIKES).  fs-RIKES provides low-frequency spectrum with the frequency range of 0.1-
700 cm-1 that captures the molecular motions including intra- and intermolecular vibrations and 
orientational dynamics, and it is now applied for complex fluids2 including ionic liquids.3  We have found 
that the low-frequency spectrum is rather insensitive to the solvent mole fraction X in the case of 
[MOMIm][BF4]/H2O, but [MOMIm][BF4]/benzen shows a clear X dependence on the low-frequency 
Kerr spectrum.  Details will be discussed in the meeting. 
[1] H. Shirota & R. Biswas, J. Phys. Chem. B 116 (2012) 13765. 
[2] N. T. Hunt, A. A. Jaye, S. R. Meech, PCCP 9 (2007) 2167. 
[3] H. Shirota, ChemPhysChem 13 (2012) 1638 and references therein. 
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Generalized Extended Navier-Stokes theory: Correlations in simple ionic liquids 
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Recently we proposed [1] a theoretical framework that enables a new study of spatio-temporal correlation 
phenomena present in non-charged molecular fluids with intrinsic angular momentum. The theory is 
based on Onsager's regression hypothesis [2] where the relaxation of small thermal induced perturbations 
relaxes according to the continuum dynamical description; in this case the extended Navier-Stokes 
equations [3]. In this talk the theory is expanded to  rigid-ion model molecular liquids and includes, for 
example, the coupling between the local electrical field and fluid velocity fluctuations. The theory is only 
valid in the hydrodynamical limit [1] and to test the predictions they are compared to results from 
molecular dynamics simulations. Moreover, from the theory and the molecular simulations it is possible 
to express the wavevector and frequency dependent transport properties of the system; special emphasis 
will here be on the viscous properties.  
[1] J.S. Hansen et al., J. Chem. Phys. 138 (2013) 34503  
[2] L. Onsager, Phys. Rev., 37 (1931) 405  
[3] D.W. Condiff and J.S. Dahler, Phys. Fluid, 6 (1964) 842,  D.J. Evans and W.B. Streett, Mol. Phys., 36 
(1978) 161 
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Many ionic liquids are good glass formers. Nevertheless, only a few studies of the glass 
transition in ionic liquids are available so far. Particularly the frequency dependence of the 
dynamic glass transition (α-relaxation) is not known for most ionic liquids. The standard 
technique for such studies - dielectric spectroscopy - is not easily applicable to ionic liquids 
because of the high electrical conductivity. We try to use calorimetric techniques to obtain 
complex heat capacity and to investigate the dynamic glass transition of room temperature ionic 
liquids (RTILs) in a wide frequency range. This can give an insight in cooperative motions of 
ions and ion clusters in RTILs. Particularly the influence of alkyl chain length and cation size on 
the α-relaxation in the frequency range from 1 mHz to 5 kHz was investigated. For RTILs with 
increasing alkyl chain length, n, in the imidazolium cation the thermal glass transition 
temperature increases in RTILs with the bis(trifluoromethylsulfonyl)imide anion and decreases 
for the tetrakis-(isothiocyanato)-cobaltat(II) anion. Even Tg varies significantly with n their 
fragility varieties only a little. But fragility significantly changes when changing the cation and 
keeping the anion and the alkyl chain length unchanged. In some cases an odd – even effect for 
Tg was observed. 
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Heterogeneous slow dynamics of imidazolium based ionic liquids 
 

KOFU, MAIKO3; Nagao, Michihiro1; Ueki, Takeshi2; Watanabe, Masayoshi2;  
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(1) National Institute of Standards and Technology; (2) Yokohama National University;  
(3) University of Tokyo 

 
 Ionic liquids (ILs) have melting temperatures lower than room temperature despite the existence of their 
strong Coulomb interaction. The chemical structures include bulky cations which consist of positively 
charged core parts and hydrophobic alkyl-chains. The polar entities (core part of cation and anion) are 
separated by the nonpolar entities (alkyl-chains) and some sort of nanostructure is formed. In this work, 
we have investigated hierarchical structure and dynamics of ILs by means of neutron scattering 
techniques. 
 The diffraction patterns show two distinct peaks at scattering vectors Qs of 0.3 Å-1 and 1.0 Å-1. The 
former originates from the nanostructure and the latter due to the inter-ionic correlations. The low-Q peak 
drastically grows upon cooling and keeps growing even below the glass transition temperature. We have 
explored the time evolution of each correlation. The relaxation related to the ionic correlation is of 
Arrhenius-type and exhibits non-exponential behavior. The activation energy of the ionic diffusion 
depends on the type of anion. On the other hand, two kinds of relaxation processes, slower and faster 
ones, exist at the low-Q position. Interestingly, the fraction of the slower relaxation increases and that of 
the faster one decreases upon cooling. We conclude that there exist two parts in ILs; one with the ordered 
nanostructure exhibiting the slower relaxation, and the other with disordered structure showing the faster 
relaxation. 
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Charge transport and glassy dynamics in polymerized ionic liquids 
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Charge transport and glassy dynamics in hyperbranch polymers, polymerized ionic liquids and neat ionic 
liquids (ILs) are investigated by a combination of broadband dielectric spectroscopy, dynamic mechanical 
spectroscopy, IR spectroscopy and differential scanning calorimetry. While in the hyperbranch polymer 
the rotational diffusion follow the Einstein and Einstein-Smoluchowski equations, for the polymerized 
ionic liquid a decoupling between ion transport and structural dynamics takes place with decreasing 
temperature, a fact corroborated by the thermal activation of the measured viscosity. Remarkably for the 
neat ionic liquid and polymerized ionic liquid the BNN relation is fulfilled over more than 9 decades in 
frequency, opposite to the hyperbranch polymer where a different behaviour was observed. This is 
explained in terms of different mechanisms that govern the charge transport [1-4]. 
[1] C. Iacob, et al. Soft Matter, 8, (2012) 289-293. 
[2] C. Iacob, et al. Phys. Chem. Chem. Phys., 12, (2010)13798-13803. 
[3] F. Kremer, A. Schönhals, Broadband Dielectric Spectroscopy, Berlin, Springer (2003). 
[4] J. R. Sangoro, et al., Submitted to Phys. Rev. Lett. (2013) 
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Modeling the critical, surface and critical properties of ionic liquids by a molecular equation of 
state 
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Ionic Liquids (ILs) are a family of compounds with a very wide variety of properties due to their 
particular physicochemical characteristics. In particular, their extremely low volatility marks them as 
environmentally benign alternatives to volatile organic solvents for separation processes. Thermodynamic 
models tend to focus only on particular properties, such as the density or the solubility. However, it is 
difficult to find theoretical tools able to reproduce several features of ionic liquids and, in particular, their 
interfacial, derivative and transport properties.  
In this contribution, within the framework of the soft-SAFT EoS [1] coupled with the Density Gradient 
Theory (DGT) [2], the single-phase equilibrium, surface tensions, as well as the critical temperature, 
pressure and density have been estimated for different ionic liquid families and compared with those 
reported in the literature from experimental or simulation data.  In particular, two different cations 
(imidazolium and pyridinium) and several anions (BF4, PF6, Tf2N…) have been revised and compared. 
A correlation for the influence parameter as a function of the molecular weight was obtained, 
empowering the predictive capabilities of the equation for interfacial tensions of compounds of the family 
for which experimental data is scarce or unavailable [3]. In addition, surface thermodynamic properties 
were also derived from the dependence of the surface tension values, and compared with those obtained 
within the same framework. Finally, several second-order thermodynamic properties such as the heat 
capacities, the isothermal compressibility or the Joule-Thomson coefficient are evaluated. The effect of 
the molecular parameters on those properties is further discussed.   
F. Llovell acknowledges a TALENT grant from AGAUR, Generalitat de Catalunya. This work is partially 
financed by the Spanish Government under project (CENIT SOST-CO2  and CEN2008-01027. 
Additional support from the Catalan Government (SGR- 2009SGR-666) and Carburos Metálicos is also 
acknowledged. 
 
[1] F.J. Blas, L.F Vega, Mol. Phys. 92 (1997) 135-150 
[2] J.D. van der Waals,  Z. Phys. Chem. 13 (1894) 657-725 
[3] O.Vilaseca and L.F. Vega, Fluid Phase Equilib.   
 http://dx.doi.org/10.1016/j.fluid.2010.09.018 306 (2011) 4-14 
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RTILs are far from being structurally homogeneous liquids. The simple onion like structure stemming 
from their ionic nature is just one facet of their complex morphology, due to the role of dispersive 
interactions that lead to the spatial segregation of side alkyl chains into mesoscopic domains. 
We will report experimental data on a new class of RTILs with anions bearing short perfluorinated side 
chains, aiming to prove the existence of nm-scale fluorinated domains whose formation occurs at low 
enough temperature. The triphilic nature (originating from the coexistence of lipophilic, fluorophilic and 
polar moieties) of such a kind of RTILs naturally drives the liquid’s morphology towards an highly 
structured organization where both alkyl and perfluoroalkyl chains tend to separately segregate into nano-
domains with different affinities towards different classes of compounds.  
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Effects of dynamical and structural heterogeneity on charge transfer in ionic liquids 
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Robert3 
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Ionic liquids (ILs) are remarkable media with many potential uses in systems that use charge transfer 
reactions to capture, store or utilize solar energy. They are also complex materials that display dynamical 
heterogeneity typical of glassy systems and polar/non-polar structural heterogeneity offering different 
solvation environments to solutes of different charge types. Both types of heterogeneity can strongly 
affect charge transfer processes. 1) Effects of slow IL relaxation dynamics on intramolecular electron 
transfer (ET) reactions are probed using proline-bridged donor-bridge-acceptor (DBA) systems 
containing either neutral organic or charged transition metal redox centers. In some IL and DBA systems, 
the timescales of the ET and solvent relaxation processes overlap, resulting in broadly distributed ET 
kinetics. 2) Charge-type effect studies use pulse radiolysis to reduce quasi-isostructural biaryl scavengers 
biphenyl, N-phenylpyridinium+ and MV2+, producing radical electron adducts with charges of -1, 0, and 
+1. The reactions of these biaryl radicals with substituted p-benzoquinones in ILs are measured to 
estimate activationless electron transfer rate constants (kmax) for each biaryl radical species according to 
Marcus theory and look for charge-based differences in reactant mobility. This work was supported by 
the U.S. Department of Energy, Office of Basic Energy Sciences, Division of Chemical Sciences, 
Geosciences and Biosciences, under contract DE-AC02-98-CH10886. 
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Electrode polarisation (EP) is a charge relaxation phenemenon - typically undesired in dielectric 
relaxation spectroscopy (DRS) - which hampers the proper analysis of slow (dipolar) relaxation processes 
in moderately to highly conducting liquids. The molecular reason for EP is the (partial) blocking of 
charges at the sample/electrode interface which results in the formation of electrical double layers. These 
double layers give rise to a large capacitance in series to the conducting (bulk) sample material, which 
manifests itself in a high apparent dielectric constant [1], typically in the range of 102 to 106. 
In this paper we describe the study of surface-near charge distributions in ionic conducting systems, such 
as ionic liquids, by means of a thermal wave technique, the Laser Intensity Modulation Method 
(LIMM)[2]. The charge or internal field distribution is derived from pyroelectric spectra in a wide 
frequency range (1 Hz – 10MHz) by various numerical deconvolution procedures[2,3]. Results on pure 
ionic liquids and binary mixtures are discussed in terms of theoretical models predicting the shape and 
extension (Debye length) of the electrostatic double layer in dielectrics. 
[1] A. Serghei, M. Tress, J.R. Sangoro, F. Kremer, Phys. Rev. B 80, 184301, 2009 
[2] M. Wübbenhorst, P. Wünsche, Progr. Colloid. Polymer. Sci., Vol 85, 1991 
[3] B. Ploss, R. Emmerich, S. Bauer, J. Appl. Phys. 72, 5363, 1992 
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Proton Transfer Dynamics in Ionic Liquids 
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Protic Ionic Liquids and their protic orgnaic salt solid-state relatives represent unique media in which 
protons can transfer between sites of different energy, potentially creating highly proton-conducting 
liquids and solids.  Such materials are of intense interest for fuel cell and other electrochemical 
technologies.  We have recently described a number of solid protic salts that exhibit high rates of proton 
transfer through what appears to be a site hopping process1. The equivalent process in the liquid state is 
hindered by the molecular relaxations  that are required to create the spatial correlations that allow a low 
energy proton hop to take place.  We are currently probing these processes by a combination of NMR, 
FTIR and ab-initio calculation in order to better understand the interplay of chemical features that control 
them. From this information a range of new materials are emerging with enhanced electrochemical 
properties.  This talk will discuss some of the challenges in making progess in this area and aims to open 
up wider discussion of new models and techniques. 
[1] Rana, U. A.; Vijayaraghavan, R.; MacFarlane, D. R.; Forsyth, M.: Plastic crystal phases with high 
proton conductivity. J. Mater. Chem. 2012, 22, 2965-2974. 
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Dynamics in ionic liquids (ILs) tend to be characterized by non-exponential (dispersive) kinetics.  
Experimental and theoretical evidence suggest that this non-exponentiality is due to dynamic 
heterogeneity.  Recent multidimensional spectroscopic measurements however indicate that the dispersive 
kinetics may not be due to dynamic heterogeneity but arise from homogeneous processes.  In the case of 
molecular glass-formers, there is much stronger support, both experimental and theoretical, for the non-
exponential relaxation observed near the glass transition temperature Tg being due to dynamic 
heterogeneity.  To understand further the origin of this phenomenon in ILs, we have studied the rotational 
motion of optical probes in alkylimidazolium cation-based ILs near Tg by use of the fluorescence 
recovery after photobleaching technique. In this talk, we will discuss our results on the effects of probe 
size, anion, alkyl chain length, and cation symmetry on probe rotation near Tg.  Fits of the Kohlrausch-
Williams-Watts (KWW) function to the observed rotational correlation function provide a means of 
quantifying relationships between probe and IL structures and the relaxation-time dispersion and 
temperature dependence of the rotational correlation time. 
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Charge transport and structural dynamics in molecular and polymerized ionic liquids 
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Broadband dielectric spectroscopy, differential scanning calorimetry, rheology, and dynamic light 
scattering are employed to investigate charge transport and dynamics in protic and aprotic ionic liquids. 
While the structural alpha-relaxation rates and the characteristic ion diffusion rates coincide for aprotic 
ionic liquids, the latter is found to be more than 100 times faster for the protic ionic liquids. Moreover, 
analysis of molecular protic as well as polymerized aprotic ionic liquids revealed a decoupling of the 
temperature dependence of ionic transport from that of structural relaxation, with the degree of 
decoupling increasing with fragility of the material under study. In addition, charge transport is found to 
be more effective in the polymerized ionic liquids compared to their molecular counterparts. The key 
immediate fundamental as well as technological implications of these results will be discussed. 
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Mechanisms of ion transport in room temperature ionic liquid (RTIL) electrolytes are crucial for a 
number of applications including energy storage devices such as Li-ion batteries and supercapacitors. 
Using state-of-the-art molecular dynamics simulation methodologies and force fields we study 
correlations between the underlying structure and the ion dynamics in bulk electrolytes and at interfaces. 
Specifically, we investigated: a) the mechanisms of Li+ mobility in pure RTIL and mixed RTIL/organic 
solvent electrolytes; b) the Li+ mobility in bulk phase of dilithium alkyl carbonates, a model solid 
electrolyte interfaces (SEI), and its transition through the SEI/electrolyte interface; and c) the dynamics of 
RTIL electrolytes in nanostructured and nanoporous electrodes as a function of applied potential.  We 
demonstrate that inclusion of induced polarization interactions is key to correctly capture ion dynamics in 
these systems.    
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Ionic liquids are complex fluids with marked structural and dynamic features, and their description by 
atomistic models is difficult due to their complexity and variety: they are composed of charged species 
that may contain non-polar moieties, aromatic groups and many other chemical functions. Many 
applications of ionic liquids rely on their interactions with mesoscopic objects such as nanoparticles (for 
catalysis), nanotubes or graphene sheets (for energy-storage devices), polymers or surfaces. But the 
interactions of ionic species with conducting or highly polarisable materials such as metals or grapheme 
are complex and their description is a challenge at the present state of the art. New, rigorous models that 
describe the interactions of ionic liquids with objects of these types will be presented and used to study 
structural, energetic and dynamic properties of such complex and heterogeneous systems.  
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trimethylsilylmethylimidazolium tetrafluoroborate under high pressure conditions 
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The conductivity relaxation dynamics of the room-temperature ionic liquid 1-methyl-3 
trimethylsilylmethylimidazolium tetrafluoroborate ([Si-MIm][BF4]) have been studied by broadband 
conductivity relaxation measurements at ambient and elevated pressures up to 600 MPa. For the first 
time, several novel features of the dynamics have been found. A resolved secondary β-conductivity 
relaxation has been identified and the coinvariance of the primary α-conductivity, β-conductivity 
relaxation times and n (Kohlrausch-Williams-Watts exponent) has been confirmed for various 
combinations of pressure and temperature that keep τα constant. It is also the first time such a secondary 
conductivity relaxation or the primitive conductivity relaxation of the coupling model has been fully 
resolved and identified in M(f) (electric modulus) spectra in any ionically conducting material. This 
indicates that β-conductivity process is the analogue of the Johari_Goldstein β-relaxation in regular non-
conducting glass-formers. 
Additionally, this ionic liquid has been crystallized under high pressure of 400 MPa. The liquid–crystal 
phase transition has been detected and the crystal structure of such prepared ionic crystal has been 
determined by X-ray diffraction. 
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Ionic liquids (ILs) are known by its extremely low volatility. This feature marks them as an alternative to 
volatile organic solvents for separation processes.  
The work presented here is devoted to the description of the solubility of three common pollutants; SO2, 
NH3 and H2S, in ILs with the soft-SAFT equation of state. This equation is based on statistical mechanics 
concepts and is particularly suitable to model short-range interactions. Two cations (imidazolium and 
pyridinium) and three anions [BF4], [PF6] and [Tf2N] are studied using a simple model to reproduce the 
phase diagram. Moreover, a new set of molecular parameters for SO2, NH3 and H2S is provided and tested 
using not only vapour-liquid data, but also derivative properties. Then, binary mixtures of these 
compounds with the ILs are modelled in an industrially relevant temperature range. Cross-association 
interactions are considered under several assumptions based on previous experience and physical features. 
A single energy binary parameter is sufficient to describe every family of mixtures in good agreement 
with the available data, allowing the exploration of the whole phase diagram and detect areas of 
immiscibility in some cases.  
Acknowledgements: F. Llovell acknowledges a TALENT fellowship (Catalan Government). Support from 
the Spanish Government (CENIT SOST-CO2, CEN-2008-1027), Carburos Metálicos and the Catalan 
Government (2009SGR-666) was also provided. 
[1] F. J. Blas, L.F. Vega, Mol. Phys. 92 (1997) 135. 
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In the recent years, ionic liquids (IL) have attracted attention of the research community due to their 
outstanding properties and the benefits that can be achieved if implemented into Lithium ion Batteries[1]. 
A number of studies, both experimental (small angle X-Ray scattering-SAXS)[2] and simulations 
(molecular dynamics-MD)[3], have suggest that unlike traditional molecular liquids, ILs are characterized 
by heterogeneities at a nanoscopic scale.  
In this work, we investigate the effect of Lithium salt doping (Lithium 
Bis(trifluoromethanesulfonyl)imide) (LiTFSI) on the nanoscale segregation of two kinds of ionic liquids, 
N-Alkyl-N-methyl-Pyrrolidinium (Pyr1n-TFSI) and 1-Alkyl-3-Methylimidazolium (Cnmim-TFSI) (n=3, 4, 
6 and 8) both containing TFSI anions, by means of SAXS and FT-Raman spectroscopy. 
Interestingly enough, the nanoscale heterogeneities prevail despite the strong influence of the Lithium 
ions on the anions. However, the middle range ordering, attributed to the TFSI anion, is affected by the 
Li-salt doping as formerly predicted by Raman measurements. 
[1] M. Armand and J. M. Tarascon, 164 (2008). 
[2] A. Triolo, O. Russina, B. Fazio, G. B. Appetecchi, M. Carewska, and S. Passerini, Soft Matter 

130, 1395 (2009). 
[3] B. L. Bhargava, R. Devane, M. L. Klein, and S. Balasubramanian, Soft Matter (2007). 
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The conductivity relaxation dynamics of the room-temperature ionic liquid 1-methyl-3-
trimethylsilylmethylimidazolium tetrafluoroborate have been studied by broadband conductivity 
relaxation measurements at ambient pressure and elevated pressures up to 600 MPa. For the first time, 
several novel features of the dynamics have been found in a room-temperature ionic liquid. In the electric 
loss modulus M”(f) spectra, a resolved secondary β-conductivity relaxation appears, and its relaxation 
time τβ shifts on applying pressure in concert with the relaxation time τα of the primary α-conductivity 
relaxation. The spectral dispersion of the α-conductivity relaxation, as well as the fractional exponent (1- 
n) of the KWW function that fits the spectral dispersion, is invariant to various combinations of pressure 
and temperature that keep τα constant. Thus the three quantities, τα, τβ, and n, are coinvariant to changes 
in pressure and temperature. This strong connection to the α-conductivity relaxation shown by the β-
conductivity relaxation in [Si-MIm][BF4] indicates that it is the analogue of the Johari-Goldstein β-
relaxation in nonionically conducting glass-formers. The findings have fundamental implications on 
theoretical interpretation of the conductivity relaxation processes and glass transition in ionic liquids.  
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In this presentation we investigate the effect of pressure on the molecular dynamics of protic ionic liquid 
lidocaine hydrochloride, a commonly used pharmaceutical, by means of dielectric spectroscopy and 
pressure-temperature-volume (PVT) methods. We observed that near Tg the pressure dependence of 
conductivity relaxation times reveals a peculiar behavior, which can be treated as a manifestation of 
decoupling between ion migration and structural relaxation times. Moreover, we discuss the validity of 
thermodynamic scaling in lidocaine HCl. In addition we study the influence of water on the conductivity 
relaxation times. 
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Many ionic liquids are good glass formers [1]. Nevertheless, only a few studies of the glass transition in 
ionic liquids are available so far. The standard technique to study dynamic glass transition (α-relaxation) - 
dielectric spectroscopy - is not easily applicable to ionic liquids because of the high electrical 
conductivity . We use calorimetric techniques , DSC, TMDSC, and AC-chip calorimeter [4] covering a 
frequency range from 1 mHz to 5 kHz, to obtain complex heat capacity and to investigate the dynamic 
glass transition of room temperature ionic liquids (RTILs). This gives an insight in cooperative motions 
of ions and ion clusters in RTILs.  
[1] S.V. Dzyuba, R.A. Bartsch, ChemPhysChem, 3 (2002) 161-166. 
[2] J.R. Sangoro, C. Iacob, S. Naumov, R. Valiullin, H. Rexhausen, J. Hunger, R. Buchner, V. Strehmel, 
J. Karger, F. Kremer, Soft Matter, 7 (2011) 1678-1681. 
[3] O. Russina, M. Beiner, C. Pappas, M. Russina, V. Arrighi, T. Unruh, C.L. Mullan, C. Hardacre, A. 
Triolo, Journal of Physical Chemistry B, 113 (2009) 8469-8474. 
[4] H. Huth, A.A. Minakov, C. Schick, J. Polym. Sci. B Polym. Phys., 44 (2006) 2996-3005. 
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(4) Universidad Autónoma de San Luis Potosí 
 
The primitive model of electrolytes has played an important role in the modeling of ionic solution and 
molten salts [1]. A very interesting physical realization of this model system at the colloidal level has 
recently been presented [2], in which evidences of dynamic arrest condition have been observed. In this 
real system, however, the coulombic interactions are screened by added or residual electrolytes. With the 
aim of understanding the observed phenomenology, in this work, we consider the screened version of the 
primitive model and employ the self consistent generalized Langevin equation (SCGLE) theory of 
dynamic arrest in colloidal mixtures [3] to study the effects of the small-ion screening on the dynamic 
properties such as the long time self diffusion coefficient, a-relaxation time, and mean squared 
displacement, of the screened colloidal electrolytes. We then describe the effects of the screening of the 
location of the dynamic arrest transition line, and apply the recently-proposed [4, 5] non-equilibrium 
extension of the SCGLE theory to describe the response of the system to a sudden quench of its effective 
temperature.  
[1] G. Stell, New Approaches to Problems in Liquid State Theory, 71-89. Kluwer Academic Publishers. 
Netherlands, 1999. 
[2] E. Sanz, Ch. Valeriani, D. Frenkel and M. Dijkstra, Phys. Rev. Lett. 99, 055501 (2007). 
[3] R. Juárez-Maldonado and Medina Noyola, Phys. Rev. E 77, 051503 (2008). 
[4] P. E. Ramírez-González and M. Medina-Noyola, Phys. Rev. E 82, 061503 (2010). 
[5] P. E. Ramírez-González and M. Medina-Noyola, Phys. Rev. E 82, 061504 (2010). 
 

 
 

Poster 
IL-107 

Observations of the dynamics in ionic liquids (Cnmim)BF4 (n = 4, 6, 8) by dielectric spectroscopy. 
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One may say ionic liquids have a mesoscopic structure in the liquid state. However, in spite of many 
elaborated researches, the structure of ionic liquids is still open to question. The purpose here is to explore 
a little further into the structure from the dynamical point of view. We performed dielectric spectroscopy 
on ionic liquids, 1-alkyl-3-methylimidazolium tetrafluoroborate, abbreviated as (C

n
mim)BF

4
, with n = 4, 

6, and 8, in the temperature range between 100 K and 380 K. The frequency sweep from 20 to 1 MHz and 
temperature sweep experiments confirmed two relaxation processes in the liquid state, and one in the 
glassy state. The former two processes exhibit non-Arrhenius so-called VFT type, and the latter Arrhenius 
type. On cooling to below Tg, a discontinuous drop of the dielectric permittivity was observed. 
Considering that in this temperature region an exothermic effect with the occurrence of the cracking on 
cooling has been observed by DTA, the structure in the glassy state might change below Tg. In addition, 
we also confirmed that the cracking affected the structural relaxation time measured by chasing the drift 
of the dielectric permittivity at isothermal condition near Tg. These behaviours were in common 
regardless of the alkyl chain length for all of the present samples. However, only for (C

8
mim)BF

4 a 
crystallization was observed on heating above Tg. The crystallization rate was so slow that 5 days were 
spent for the completion of the crystallization. Such slow crystallization rate might be related to the 
structure of the ionic liquid. 
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Room temperature ionic liquids (RTIL´s) typically formed by large unsymmetrical ions, display a low 
value of the lattice energy when compared with ionic crystals and, like other inorganic and organic 
materials, reveal a strong propensity for supercooling. Despite the boost of the research activities on 
RTIL’s the published studies on the molecular mobility in the amorphous solid state, and in the 
supercooled liquid region, are relatively scarce. 

The knowledge of the time scales of molecular motions is a key point in the context of the 
physics of the amorphous solid state, since it is believed that the charge transport in these materials is 
assisted by the glassy dynamics. So, a deeper insight on the slow molecular mobility in the glassy state of 
those substances would be desirable. 

In the present work the relaxations observed in three organic salts (ionic liquids -ILs) that are 
active pharmaceutical ingredients (APIs) was studied by Thermally Stimulated Depolarisation Currents 
(TSDC). Since one of them readily crystallizes on cooling only its thermal behavior was analyzed. The 
remaining were studied in the temperature regions of the glassy state, the glass transition and the 
metastable liquid.  The kinetic parameters associated with the different modes of motion in these APIs 
were determined from the output of the TSDC experiments. Differential Scanning Calorimetry (DSC) 
was used to characterize the glass transition, and evaluate the thermal behavior in the metastable liquid 
region. The analysis of the glass transition relaxation led us to classify that these APIs as strong glass-
formers. TSDC also showed the presence in both glass-forming APIs of a relaxation in the metastable 
liquid, which has some features of a liquid-liquid transition, and was characterized by a high intensity and 
a moderate cooperativity.  
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This work is focused on the time-temperature correspondence and conductivity analysis of the poly(2,3-
dimethoxybenzyl methacrylate). The conductivity is both frequency and temperature dependent, and 
increases with increasing frequency and temperature. However, the influence of the temperature is more 
pronounced in the low frequency range. At high frequencies all the isotherms collapse and a power law is 
followed (σ′∝ ωs). In the low frequency region, each isotherm displaying the conductivity shows a 
plateau which represents the dc conductivity. The covered frequency range by the plateau increases with 
the temperature. The frequency corresponding to the end of the plateau, labeled as ωc, marks the onset of 
the ac conductivity, which correspond in increasing order of frequency to Maxwell-Wagner-Sillars 
process, glass-rubber transition and secondary relaxations. The contributions of the relaxation processes 
to the ac conductivity in the wholly frequencies range were analyzed. The time-temperature 
correspondence principle holds for the reduced ac conductivity. However, this principle does not hold for 
the components of the complex dielectric permittivity due, among other things, to the different 
temperature dependences of each dipolar relaxation processes.  
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Understanding microscopic processes in ionicliquid mixtures via MD-simulations 
 

VolkerLesch and Andreas Heuer 
InstitutfürphysikalischeChemie, WestfälischeWilhelms-UniversitätMünster 

Ionic liquids doped with lithium salts are promising candidates forelectrolyte applications because of their 
thermal and electrochemical stability. One disadvantage is the slow lithium diffusion, thus, 
improvementsrelated to this property would be very useful. To investigate such transport processes, we 
perform MD-simulations which is a powerful tool for amicroscopic analysis. 
Here we compare the properties of the two ionic liquid anions bis(fluorosulfonyl)imide (FSI) and 
bis(triuoromethylsulfonyl)imide (TFSI). As acation 1-Ethyl-3-methylimidazolium(EMI) is used and each 
system is dopedwith lithium salt. Although both anions are structurally quite similar theirproperties are 
surprisingly different. In our present investigations we focuson structural and dynamical properties in 
systems with one and also withtwo anions, i.e. different anion mixtures (9%, 50% and 91% amount 
ofFSI). The analysis shows that the dynamical properties strongly dependon the anion ratio. One would 
expect that the system with only TFSI asanion is less mobile but a mixture of 91% TFSI and 9% FSI 
displays a localminimum for the diffusion coefficient, especially for EMI. EMI interactsonly weakly with 
the anions so the lithium-anion interaction is a possiblereason. We observed that anions act as a bridge 
between two lithiumions. Such clusters were first mentioned by O. Borodin (O. Borodin et al., J. Phys. 
Chem. B, 110, 16879-16886). The life time of these bridgesstrongly depends on the anion ratio and the 
kind of anion. 
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Structural modification between oxide glasses and melts 
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The structure of silicate melts determine their macroscopic properties (viscosity, density, diffusivity, 
entropy…) Their understanding is still limited by the technical difficulties related to high temperature 
measurements, exacerbated by the complexity of the structure of multicomponent glasses. Glasses are 
thus often considered to describe the melt structures. However the development of experimental 
techniques to probe the liquid structure reveals that structural modifications appear during cooling of the 
melt. 
We will present evidences of structural changes induced by temperature in various oxide glasses/melts, 
showing different behaviour. In silicate systems, these changes appear at intermediate range order and are 
related to the silicate network relaxation. Evolution at high temperature is emphasized especially by 
variation of the low-Q features in the structure factors. A more local modification is observed in borate 
glasses, associated with the conversion of BO3 to BO4 units as the temperature decreases. The structural 
modifications can be used to account for the heat capacity change at Tg, and understand the fragile/strong 
behavior of the melt viscosity. Alkali silicates are stronger melts than alkali borates, because temperature-
induced structural changes are less important and reside mainly at medium-range distances. Structural 
reorganization is also intimately related to the dynamic processes of the viscous flow. 
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Reverse Monte Carlo simulation is widely used to explore the structure of liquids and amorphous solid 
materials based mainly on X-ray and neutron diffraction structure factor. The object of the simulation 
process is to find a 3-D structure where the calculated structure factor is in good agreement with the 
experimental one. Application of different constraints (like the coordination number) can also be applied 
during the process. Molecules are traditionally kept together by fixed neighbour constraints, where 
specified atom pairs have to stay in a given distance range. This approach can work adequately for 
smaller molecules, but can make larger molecules either too rigid or highly distorted. As a recent 
development the calculation and minimization of the non-bonded and bonded (if applicable) potential 
during the simulation is also possible. The non-bonded potential consists of Lennard-Jones and Coulomb 
terms. The bonded potential includes harmonic bond stretching and angle bending terms and different 
kind of dihedral potentials. Bonded potentials can be used to keep molecules successfully together, as it is 
shown in Ref. [1] for dimethyl trisulfide. Examples of the method will be shown. 
[1] O. Gereben & L. Pusztai, J. of Comp. Chem. 33 (2012) 2285.  
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Links between structure and dynamics have been studied in a model dipolar liquid in the supercooled 
regime by means of molecular dynamics simulations. Radial pair distribution functions of molecules with 
different translational mobilities have been evaluated, and it has been found that molecules belonging to 
the same dynamic domain are spatially correlated. The geometry of such associations depends on their 
specific mobility. Molecules with extremely large or extremely low mobilities form larger clusters than 
those resulting from random statistics. The fastest clusters are string-like shaped and their mean size 
displays a maximum, which increases upon cooling, at the end of the beta-relaxation zone [1].  
Relaxation times for translation are larger than reorientational ones for all temperatures. Nevertheless, it 
has been found that dipole reorientation and translation are coupled at low temperatures, which results in 
that the most mobile molecules in translation have also performed the largest reorientational angles. In 
contrast, correlations between translation and rotation about an inertial axis have not been detected. This 
result can be rationalized taking into account the most probable orientation of molecular dipoles within 
the clusters [2].  
[1] R. Palomar and G. Sesé, J. Chem. Phys. 129, (2008) 064505.  
[2] G.Sesé, J. Ortiz de Urbina and R. Palomar, J. Chem. Phys. 137, (2012) 114502.  
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Liquid tellurium and tellurium-based alloys show a negative thermal expansion (NTE) in the vicinity of their 
melting point, accompanied by a significant increase of their electrical conductivity. This occurs e. g. in 
Ge.15Te.85 [1] and As2Te3 [2]. Using neutron total and inelastic scattering and ab initio molecular dynamics, we 
show that the NTE results from competing electronic and entropic effects. The structure factor S(q) exhibits a 
marked evolution in the temperature range where the NTE occurs. Inelastic scattering measurements (IN6, 
ILL) show that the structural changes are correlated to a softening of the high-energy vibrational modes when 
increasing temperature. This is due to a symmetrisation of the first neighbour shell when the temperature rises. 
At the melting point the local octahedral symmetry is broken by a Peierls-like distortion that leads to 
coordination number lower than 6. At higher temperatures, the symmetry is restored by an entropic effect 
leading to a larger number of neighbours and a decrease of the atomic volume. The mode softening results 
from a weakening of the shortest chemical bonds that elongates with an increased vibrational entropy [1,2]. A 
theoretical model shows the universality of the mechanism and highlights the relevant parameters. The 
substitution of Te by Sb affects the structural and dynamical anomalies. In addition, this effect sheds some 
light on the mechanism of phase change materials. 
[1] C. Otjacques, J.Y. Raty, M.V. Coulet, M. Johnson, H. Schober, C. Bichara and J.P. Gaspard., PRL 
103 (2009) 245901 
[2] C. Otjacques, J.Y. Raty, F. Hippert, H. Schober, M. Johnson, R. Céolin and J.P. Gaspard, PRB 82 (2010) 
054202 
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Doping Chalcogenide Phase Change Materials, such as Ge2Sb2Te5 and GeTe used in non-volatile phase 
change memories, was shown to improve the stability of the amorphous phase and to strongly increase the 
crystallization temperature. We combined total X-ray scattering experiments [1], Fourier Transform 
InfraRed (FTIR) spectroscopy and ab initio Molecular Dynamics simulations to address the stabilization 
of the amorphous phase of GeTe doped with Carbon or Nitrogen. The comparison between the simulation 
and experimental results allows in depth understanding of the role of dopants. They deeply modify the 
structure of the amorphous phase by introducing tetrahedral units centered on C or N, triangular 
environments and short C chains in C-doped GeTe, NGe3 pyramids and N2 molecules in N-doped GeTe. 
One major difference between N and C doping is the fact that C can form short bonds with Te, although 
in smaller proportion than C-Ge, while short N-Te bonds are absent in N-doped GeTe. The inclusion of C 
or N leads to an increase in high frequency vibrational modes, to a reduction of the density of floppy 
vibrational modes that drive the crystallization and to an increase of the rigidity.  This stabilization 
mechanism could apply more generally to various GST materials as well as to other iono-covalent 
glasses. 
[1] G.E. Ghezzi, J.Y.Raty, S. Maitrejean, A. Roule, E. Elkaim and F. Hippert, Appl. Phys. Lett. 99 (2011) 
151906. 
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We consider a simple fluid confined between two parallel walls (substrates), separated by a distance L. 
The walls exert different surface fields so that one wall is attractive and is wet by liquid (it is solvophilic) 
while the other is repulsive and may be dry, i.e. wet by gas (it is solvophobic). In the temperature range 
Tcb >T> Tw, where Tcb and Tw are the bulk critical and the wetting transition temperatures respectively, a 
delocalized interface or ‘soft mode phase’ forms that exhibits a liquid-gas interface near L/2 with 
pronounced thermal fluctuations. Its properties have been investigated [1] using classical density 
functional theory (DFT) for a model that incorporates dispersion forces. At low temperatures, but above 
the bulk triple point, the fluid is highly structured in the liquid part of the density profile close to the 
solvophilic wall and this ordering drives a sequence of layering transitions when the fluid reservoir 
chemical potential is fixed on the liquid side of coexistence: as L is increased, new layers of liquid-like 
density develop abruptly. In contrast to the case of confinement between identical walls, the solvation 
force (excess pressure due to confinement) is always repulsive; it jumps discontinuously at each layering 
transition. The excess free–energy exhibits many metastable minima as a function of the adsorption. We 
comment on how the asymptotic (L →∞) behaviour of the solvation force reflects that of the bulk g(r) 
and how our results might be relevant to experimental and simulation studies of water confined between 
hydrophilic and hydrophobic substrates. 
[1]M.C.Stewart and R.Evans, Phys.Rev.E (2012), 86, 031601. 
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Many key liquids and glasses can be usefully considered in terms of the linking of well-defined local 
coordination polyhedral (CP). These links define the system topology which may be characterized by 
significant ordering on length-scales beyond that imposed by the nearest-neighbour close-packing. The 
structures of systems such as SiO2, GeO2, ZnCl2 and GeSe2, for example, can be rationalized in terms of 
linked tetrahedral. Experimental signatures of this ordering, for example as features at low scattering 
angle in both neutron and X-ray diffraction studies, offer little insight as to the direct structural origin. 
Topological models, for example incorporating concepts such as ring structure, are useful but the real ring 
structure can only be inferred from experimental information. Recent experimental developments have 
allowed glassy (or amorphous) structures to be generated in two- (or close to two) dimensions. For 
example, graphene sheets may be modified to produce an amorphous form (a-G) whilst SiO2 may be 
deposited to form bilayers. These systems offer potential unique insight into amorphous structure since, 
for example, the ring structure is directly observable. Computer simulation offers the potential to observe 
and rationalise the system topologies directly. Simulation models, in which ion-ion interactions are 
represented by relatively simple potential functions which incorporate (many-body) polarization, are 
employed to model the MX2 systems. The inter-tetrahedral angles are controlled by a single model 
parameter, allowing the relationships between the key target systems to be identified. The underlying 
structures are analysed with reference to recent (neutron and X-ray)  studies performed under both 
ambient and pressurized conditions. The role of key structural units (corner and edge sharing polyhedra) 
in determining the network topology in both two- and three-dimensions is investigated in terms of the 
underlying dynamics and the relationship to the glass transition considered. 
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Ge-Te based amorphous materials are applied in the most diverse fields of optics and electronics. For 
example, due to their fast phase change, Ge-Sb-Te alloys serve as the information storage layer of 
CD/DVD technology while bulk Te-rich Ge-Te-X (X=Ga,Se,I) glasses possess low absorption in the far 
infrared region and can be used in infrared space telescopes or to detect CO2.  
In spite of the diversity and importance of applications our knowledge on the structure of binary 
amorphous Ge-Te alloys is much less certain than in case of other binary systems (e.g. Ge-S, Ge-Se, As-
Se). The reason for this is twofold: first, Ge-Te alloys can be vitrified only in a narrow range around the 
eutectic point (x=15) and other compositions should be made by sputtering or thermal evaporation, which 
makes sample preparation long and tedious. The second difficulty follows from the structure of 
amorphous tellurides itself: while glassy sulfides and selenides are characterized by clear bonding 
tendencies – the number of homonuclear bonds is minimized - chemical ordering can be much less 
pronounced in telluride glasses. 
In this talk, a review of our recent work on the binary Ge-Te amorphous materials will be presented.  
Thanks to the thermal co-evaporation method, amorphous GexTe100-x, (12 < x < 44) thick films of up to 15 
µm in thickness were produced.  
These films were used to get deeper insight in the structure of the binary GeTe materials and its 
relationship with several physicochemical (thermal, optical and mechanical) properties. It includes 
investigation on the basis of 125Te NMR, X-ray diffraction, extended X-ray absorption fine structure 
(EXAFS) measurements and simulation by the reverse Monte Carlo technique. 
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The structural changes in glasses and liquids induced by high-pressure and/or high-temperature 
conditions can alter substantially their dynamical and transport properties. A notable example is provided 
by so-called polyamorphic transitions where the variation of a state parameter such as pressure or 
temperature leads to an abrupt transformation between two phases having the same composition but 
different densities. Unravelling the mechanisms by which these transformations occur is, however, a 
formidable task owing to the nature of structural disorder and the experimental difficulties associated with 
the investigation of materials under extreme conditions. 
This talk will focus on recent progress in measuring the structure of network-forming glasses using 
neutron diffraction with a Paris-Edinburgh press at pressures up to 17.5(5) GPa [1-4]. In particular, the 
mechanisms of density-driven structural collapse in GeO2 and GeSe2 glasses will be considered, where 
the debate is informed by results obtained from the first applications of the method of high-pressure 
neutron diffraction with isotope substitution. The diffraction data are compared to new molecular 
dynamics simulations, made using schemes that suit the materials under investigation. In the case of GeO2 
glass, for example, a comparison is made between the neutron diffraction results and those obtained by 
using molecular dynamics with transferrable interaction potentials that include dipole polarization effects. 
When the reduced density ρ/ρ0 ≳ 1.16, where ρ0 is the value at ambient pressure, network collapse 
proceeds via an interplay between the predominance of distorted square pyramidal GeO5 units versus 
octahedral GeO6 units as they replace tetrahedral GeO4 units. This replacement necessitates the formation 
of threefold coordinated oxygen atoms and leads to an increase with density in the number of small rings, 
where a preference is shown for 6-fold rings when ρ/ρ0 = 1 and 4-fold rings when ρ/ρ0 = 1.64. 
 
[1] A. Zeidler et al., J. Phys.: Condens. Matter 21, 474217 (2009) 
[2] J. W. E. Drewitt et al., Phys. Rev. B 81, 014202 (2010) 
[3] P. S. Salmon et al., J. Phys.: Condens. Matter 24, 415102 (2012) 
[4] K. Wezka et al., J. Phys.: Condens. Matter 24, 502101 (2012) 
 
Contact: p.s.salmon@bath.ac.uk 
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A general approach for understanding the microscopic structure of molecular liquids will be presented. 
The scheme consists of X-ray and neutron diffraction experiments, followed by Reverse Monte Carlo 
(RMC) modeling [1].  
For a multi-component liquid, such as alcohols and aqueous electrolyte solutions, the two diffraction 
experiments cannot provide a suffient amount of information for describing the atomic structure 
unambiguously, not even at the two particle level. For this reason, external sources of knowledge have to 
be introduced. One possibility is to perform molecular dynamics (MD) computer simulations and 
combine resulting partial radial distribution functions (prdf) with total scattering structure factors from the 
two diffraction experiments in an RMC calculation. This way, the consistency between diffraction data 
and intermolecular potential parameters may be evaluated.  
The scheme has been successfully applied to a number of hydrogen bonded liquids, such as solutions of 
alkali salts [2] and lower aliphatic alcohols [3]; examples of the findings will be presented. 
[1] R.L. McGreevy & L. Pusztai, Molec. Simul. 1 (1988) 359; G. Evrard & L. Pusztai, J. Phys.: Condens. 
Matter 17 (2005) S1. 
[2] V. Mile, O. Gereben, S. Kohara & L. Pusztai, J. Phys. Chem. B, 116,  (2012) 9758.; I. Harsányi & L. 
Pusztai, J. Chem. Phys. 137 (2012) 204503.  
[3] A. Vrhovšek, O. Gereben, A. Jamnik & L. Pusztai L, J. Phys. Chem. B 115 (2011) 13473. 
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Melt quenched silicate glasses containing calcium, phosphorus and alkali metals have the ability to 
promote bone regeneration and to fuse to living bone. Of these glasses 45S5 Bioglass® is the most widely 
used as a bone graft product for medical and dental applications; particulate 45S5 is also incorporated into 
toothpastes to help remineralise the surface of teeth. Recently it has been suggested that adding titanium 
dioxide can increase the bioactivity of these materials. We investigated the structural consequences of 
incorporating TiO2 into Bioglass® using Ti isotopic substitution applied to neutron diffraction and X-ray 
Absorption Near Edge Structure [1]. We also studied bioactive glasses doped with Ni and Co [2], which 
are both known to stimulate the hypoxia-inducible factor-1, thus significantly improving blood vessel 
formation in tissue engineering applications. We have manufactured Ni and Co doped bioactive glasses to 
act as a controlled delivery mechanism of these ions. The resultant structural consequences have been 
investigated using the methods of isotopic and isomorphic substitution applied to neutron diffraction. The 
structural sites present are intimately related to their release properties in physiological fluids such as 
plasma and saliva, and hence the bioactivity of the material. Detailed structural knowledge is therefore a 
prerequisite for optimising material design. Our results indicate that the addition of Ni (or Co) will have 
no adverse effects on the existing structure, and thus on in vitro/in vivo dissolution rates and therefore 
bioactivity of these glasses. 
[1] R. A. Martin et al., Phys. Chem. Chem. Phys 14 (2012) 15807. 
[2] J. M. Smith et al., J. Mater. Chem. B, in press (2103) DOI: 10.1039/C3TB00408B 
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Liquids in the system Y2O3-Al2O3 have been the subject of much recent study because of the reported 
density and entropy-driven liquid-liquid transition. The liquid-liquid transition in this system remains 
controversial since the presence of crystalline material can mask the nucleation and growth of a lower 
density liquid. A programme of study has been undertaken to evaluate the possibility of a liquid-liquid 
transition in this refractory system with emphasis on determining the structure of unequivocally 
amorphous materials. This combines high energy X-ray diffraction (HEXRD) of supercooled Y2O3-Al2O3 
liquids, low frequency vibrational dynamics of recovered glasses and many-body molecular dynamics 
simulations. The HEXRD measurements, combined with aerodynamic levitation and rapid data 
acquisition, show that for the 20 Mole % Y2O3 (AlY20) liquid there is a shift in the position of the 
principal peak in the diffraction pattern over the narrow temperature range (2100-1800K) of the reported 
transition prior to crystallisation. Raman spectroscopy measurements made on AlY20 glasses with no 
contamination by crystals show two contrasting spectra with increased contribution to the low frequency 
part of the spectrum from the lower density glass and a corresponding low temperature heat capacity 
anomaly. The molecular dynamics simulations allow a possible mechanism for the liquid-liquid transition 
to be identified; contrasting coordination environments around oxygen anions for the high- (HDL) and 
low-density (LDL) liquids. Abnormal volume fluctuations observed in the AlY20 simulation correlate 
with fluctuations between these configurations.  
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The local molecular ordering of liquids is still a controversial subject, both from the point of view of the 
methods that are more suitable to obtain reliable molecular configurations compatible with the data, and 
from the point of view of the analysis of such simulations. Here we report on a general method that aims 
to fully characterize the six degrees of freedom (in the most general case) of a molecule with respect to 
another one[1-4]. This method allows a very detailed description of the molecular ordering and is valid 
for molecules of an arbitrary shape. The description of the short range molecular ordering is based on 
probability maps, and from them the relative position and orientation of the molecules might be obtained. 
Moreover, a distance dependent order parameter can be defined from these probability maps that 
characterizes how  well are the molecules ordered around a central one. This can be done by using the 
Shannon entropy that characterizes the amount of information in a probability density function. We will 
use those definitions to characterize the local ordering for different molecules with different molecular 
geometries and interactions between them. 
[1] L. C. Pardo, J. Ll. Tamarit, N. Veglio, F. J. Bermejo & G. J. Cuello, Phys. Rev. B 76, (2007) 134203  
[2] M. Rovira-Esteva, A. Murugan, L. C. Pardo, S. Busch, M. D. Ruiz-Martín, M.-S. Appavou, J. Ll. 
Tamarit,C. Smuda, T. Unruh, F. J. Bermejo, G. J. Cuello  & S. J. Rzoska Phys. Rev. B 81 (2010) 092202  
[3] M. Rovira-Esteva, N. A. Murugan, L. C. Pardo, S. Busch, J. Ll. Tamarit, Sz. Pothoczki, 
G. J. Cuello, & F. J. Bermejo Phys. Rev. B 84, (2011) 064202  
[4] Sz. Pothoczki, A. Ottochian, M. Rovira-Esteva, L. C. Pardo, J. Ll. Tamarit, and G. J. Cuello, Phys. 
Rev. B 85,(2012)  014202. 
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Protic ionic liquids (PILs), such as ethylammonium nitrate (EAN), are ionic compounds with low melting 
point that are prepared by combination of a Brønsted acid and base. As such they are characterised by the 
presence of proton-donor and -acceptor sites, which contribute to develop a hydrogen-bonded network. 
Moreover, in the case of EAN, distinct mesoscopic order exists as a consequence of its inherent 
amphiphilicity. Such a structural complexity is deemed to increase upon mixing with another H-bonding 
active compound, such as methanol. 
In this presentation we will show the results from a study conducted taking advantage of the high 
complementarity of x-ray and neutron scattering, to probe the mesoscopic structure. The local order of 
these mixtures will also be investigated using Raman and IR spectroscopy data, to monitor the structural 
changes as a function of both concentration and temperature. 
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How does spatial confinement induce anisotropy in the pair distributions of fluid particles? To address 
this question, we have combined x-ray scattering experiments on hard-sphere colloidal suspensions 
confined in microfluidic channel arrays with first-principles statistical mechanics for inhomogeneous 
liquids within the anisotropic Percus-Yevick integral equation. Experiment and theory are shown to be in 
excellent agreement at the pair-correlation level, providing quantitative experimental verification of the 
theoretically predicted confinement-induced anisotropy of the fluid’s pair correlations. The simultaneous 
experimental and theoretical description of confined fluids at the pair-correlation level opens up new 
possibilities to study local ordering in confined fluids. Part of the results have already been published [1]. 
[1] K. Nygård, R. Kjellander, S. Sarman, S. Chodankar, E. Perret, J. Buitenhuis & J.F. van der Veen, 
Phys. Rev. Lett. 108 (2012) 037802. 
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The formation of clusters is common in a wide variety of systems, yet it is not fully understood. Shapes 
and sizes of clusters determine important macroscopic properties of bulk matter, such as mechanical 
stability and electronic conductivity. The classical experimental techniques do not allow the shapes and 
sizes of individual clusters to be measured; this limits the understanding of this fundamental phenomenon.  
We form two-dimensional suspensions of colloids, micro-spheres in a solvent, to study transient and 
permanent clusters in gels and fluids. We vary the interactions in our system from hard-repulsive to short-
ranged attractive, and image individual particles within clusters by direct confocal microscopy, as 
described in Ref. [1]. To characterize the shapes of our clusters we measure their radii of gyration. 
Strikingly, while the largest clusters have a dimension of d=2, the smallest clusters are best characterized 
by d=1.6. We reproduce the experimental results, employing a simple theoretical model; the same model 
describes both hard-repulsive colloids, where the density is varied, and short-range attractive colloids, 
where the interparticle attractions are varied. Further, we demonstrate that the size distribution of our 
clusters follows a power law; this behaviour occurring for both attractive and repulsive particles, stays in 
contrast with the predictions of common theoretical models.  
[1] E. Janai, A. B. Schofield & E. Sloutskin, Soft Matter 8 (2012) 2924. 
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The intra- and inter-molecular interactions various glass-forming model systems, were studied by Fourier-
transform infrared (FTIR) spectroscopy and Broadband Dielectric Spectroscopy (BDS). By analysing the 
temperature dependencies of specific IR absorption bands it was demonstrated that each molecular moiety 
in the different glass-formers has its own signature in the course of the dynamic glass transition: while 
some do not show any change at the calorimetric glass transition temperature others exhibit a pronounced 
kink[1]. The effects cannot be attributed solely to microscopic thermal expansion, but instead indicate 
gradual conformational changes. The ease of application of this approach to a variety of systems in 
different geometries and external conditions can assist the modelling of glasses and the understanding of 
the coupling between the glass transition and molecular-level dynamics. As an example the temperature 
dependence of salol and polystyrene is shown[1]. 
[1] P. Papadopoulos., W. Kossack & F. Kremer. Soft Matter 9-5 (2013) 1600. 
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In the two-pronged approach we study Critical Casimir forces in films with random surface fields. In the 
limit of weak disorder these systems are analyzed field theoretically in terms of Gaussian perturbation 
theory for the surfaces belonging to the surface universality class of the so-called ordinary transition. In 
addition, we have carried out Monte Carlo simulations for three-dimensional Ising slabs with random 
surface fields realizing weak or strong disorder. Both approaches show that the presence of random 
surface fields  with vanishing mean value  increases significantly the strength of the critical Casimir force 
as compared to the system without them. The extremum of the scaling function of the critical Casimir 
force is shifted toward lower temperatures, but the force remains attractive. For weak disorder the critical 
Casimir force still exhibit scaling, acquiring a random field scaling variable w, which is zero for pure 
systems. We find that the leading dependence of the critical Casimir force on w is quadratic. 
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The character of particle motion in glass-forming liquids is a subject of considerable interest that has 
inspired diverse analytical approaches: for example, it has been described in terms of the vibration of soft-
modes [1] and as the hierarchical interaction of excitations [2]. We describe a technique for investigating 
particle motion in simulations which is not based on a particular characterisation of the particle motion. 
We simulate the isoconfigurational ensemble [3] of a two-dimensional binary hard disk system and 
measure mutual information between the distributions of particle positions. Mutual information provides 
a general method for quantifying correlations between random variables. The authors have previously 
used it to provide an order-agnostic measure of static structure in the same system [4]. Here we use it to 
identify regions of correlated motion. We then measure the length-scales over which correlated motion 
occurs and the shape of such regions. We investigate how these features change as the system approaches 
the glass transition. 
[1] A. Widmer-Cooper H. Perry P Harrowell & D Reichman, Nat. Phys. 4 (2008) p711 
[2] A.S. Keys, L.O. Hedges J.P. Garrahan S.C. Glotzer & D. Chandler, Phys. Rev. X 1 (2011) 021013 
[3] A. Widmer-Cooper P. Harrowell & H. Fynewever, Phys. Rev. Lett. 93 (2004) 135701 
[4] A. Dunleavy K. Wiesner & C.P. Royall, Phys. Rev E 86 (2012) 041505 
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Short range ordering in some molecular liquids of tetrahedral molecules 
 

Pothoczki, Szilvia1; Pusztai, László1; Temleitner, László1 

(1) Institute for Solid State Physics and Optics, Wigner Research Centre for Physics, Hungarian  
Academy of Sciences 

 
Liquids, mostly in the form of solvents and solutions, are an integral part of our life. Understanding the 
structure of these systems is an important challenge of our times. The physical and chemical behaviour of 
these materials is determined by the arrangement of particles, namely, by the atomic/molecular structure. 
This report reviews results of our recent studies on the XY4 liquid family, whose liquids consist of perfect 
tetrahedral molecules [1] and liquids whose molecules resulted from the gradual distortion of perfect 
tetrahedral molecular symmetry [2]. The structure is revealed by neutron-and X-ray diffraction 
experiments whose outcome is interpreted by means of Reverse Monte Carlo [3] modeling. This complex 
approach makes detailed structural analyses possible for these systems at an unprecedented level and 
quality. 
The primary aim was to describe the orientational correlations, since this piece of information denotes the 
most complete understanding of the structure. Additional fundamental questions concerning these liquids 
are the effects of size and symmetry differences between their molecules on the intra- and intermolecular 
behaviour. Short range ordering was followed with an accentuated attention. 
[1] Sz. Pothoczki, L. Temleitner, P. Jóvári, S. Kohara & L. Pusztai, J. Chem. Phys. 130 (2009) 064503 
[2] Sz. Pothoczki, L. Temleitner, & L. Pusztai, J. Chem. Phys. 134 (2011) 044521 
[3] O. Gereben, P. Jóvári, L. Temleitner & L. Pusztai, J. Optoel. Adv. Mater. (2007) 9 3021 
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Trans-1,2-dichloroethene displays a series of anomalies both structural and dynamic between its liquid at 
high and low temperatures. The origin of these anomalies has been the topic of intense debate and some 
authors even suggested the presence of a liquid-liquid phase transition. Neutron scattering experiments 
revealed a structural difference between both liquids and molecular dynamics simulations have allowed 
an exhaustive structural analysis. Each liquid shows a different predominant configuration of the very 
first neighbour, with the predominant configuration at low temperature being more tightly bonded, which 
favours a better packing and a more cooperative behaviour, and is able to explain all anomalies. 
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The glass transition is one of the greatest open problems in statistical mechanics. Mechanically, a glass is 
a solid, but molecularly, it appears indistinguishable from a liquid. Single-molecule approaches to the 
liquid state have been unsuccessful in finding a thermodynamic liquid-to-glass phase transition. However, 
using the topological cluster classification (TCC) [1], 13-particle icosahedral clusters have been shown to 
be particularly important in the liquid-to-glass transition in some glass former models [2]. At higher 
densities, these clusters have been shown to form a network which is believed to be related to the super-
Arrhenius increase in relaxation time [3]. We propose that the liquid state can be analysed as a system of 
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pairwise interacting clusters and propose a virial model that depends on the chemical potential, µ. Using 
TCC and simulations following the Wahnström binary glass former model [4], we explore the statistical 
mechanical properties of the icosahedra for varying temperature, T. The number of clusters in each 
simulation and corresponding values of µ can be approximated via simple relations to T. Using these, we 
can obtain a virial model in terms of µ. 
[1] S. R. Williams. arXiv:0705.0203v1 (2007). 
[2] C. Royall, S. Williams, T. Ohtsuka, & H. Tanaka. Nature Materials 7 556–561 (2008). 
[3] A. Malins, S. R. Williams, J. Eggers, H. Tanaka, & C. P. Royall. J. Non-crystalline Solids 357 760–
766 (2011). 
[4] G. Wahnström. Phys. Rev. A 44 3752–3764 (1991). 
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There is growing interest in the possible presence of localized ordered structures in liquids and polymeric 
systems [1, 2].  Here we present a preliminary report of a thorough numerical study about these issues by 
investigating both the instantaneous and the inherent configurations of a model polymer melt with 
different temperatures and chain lengths [3]. Local order has been characterized by both the radial 
distribution function, the bond-bond angle distribution, as well as the local ( q_l ) and the  global (Q_l) 
bond-orientational order parameters ( l=2, 4, 6, 8, 10 ) defined by Steinhardt et al. [4]. We find preferred 
orientational configurations which are independent of both the chain length and the temperature. We also 
find very low  bond-orientational order with respect to atomic liquids. 
[1] M. Leocmach & H. Tanaka, Nat. Comm. 3 (2012) 974. 
[2] S. Capponi, S. Napolitano & M. Wubbenhorst, Nat. Comm 3 (2012) 1233. 
[3] S. Bernini, F.Puosi & D. Leporini, arXiv: 1110.1683 (2011).  
[4] P. Steinhardt, D. Nelson, and M. Ronchetti, Phys. Rev. B 28 (1983) 784. 
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In a liquid phase molecules are rotating and translating almost freely. On the other hand, in a solid phase 
the position of center of mass of the molecules is completely fixed. However there are several 
mesophases where one degree of freedom is fixed, such as in the plastic phases where molecules rotate in 
a more or less free way, being their centres of mass ordered in a crystalline structure. As it happens with 
canonical glasses, it is possible to freeze the rotation of the molecules by lowering the temperature at a 
fast enough pace. Because only a degree of freedom is frozen, plastic phases are simpler to study than 
canonical glasses since they show all the features of them. We present in this work the study of the 
dynamics of Freon113 by means of broadband dielectric spectroscopy. This technique allows us to reach 
time scales from 100s (that assigned to glass transition) to the nanosecond. Plastic phases are usually 
quite strong, i.e. the activation energy as a function of the temperature is quite constant. This sensitivity to 
temperature changes is usually being related with a “simple” energy landscape related, for plastic crystals, 
to the suppression of a degree of freedom. In spite of this, Freon113 has an extremely large fragility 
closer to that of a canonical glass than to a plastic crystal. This has tentatively been associated to the 
interplay in the dynamics of rotation that take place together with intramolecular movements leading to a 
change in the dipolar moment of the molecule.  
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On the short range order in the plastic phase of C2Cl6 
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Plastic crystals are mesophases between the fully ordered crystalline phase and the long range disordered 
liquid phase. In this phases the molecular centres of mass are ordered in a crystalline lattice whilst  the 
molecules are rotating. It has been proved that in tetrahedral molecules such as carbon tetrachloride, the 
relative position of the molecules is very close in both liquid and plastic phases, but not their relative 
orientation: those that allow a long range ordering of the molecules are favoured. We would like to 
investigate if this effect is also present in molecules with different geometries such as hexachloroethane 
(C2Cl6). This compound is an interesting material with three different solid phases: orthorombic between 
4 and 318K, monoclinic between 318 and 344K and a plastic phase (BCC) stable from 344K up to the 
melting temperature, 458K.  In this contribution,  we present a detailed study of the structure of C2Cl6  in 
the range of temperatures of the BCC phase (345-450K). To this end, we performed a series of MD 
simulations using the Gromacs 4.5 [1] package. Especial attention was  made to the analysis of both 
positional and orientational  ordering  of  the first shell neighbors. The present results are compared with a 
previous study of short range order in  liquid C2Cl6 [2]. 
 [1] B. Hess, C. Kutzner, D. V. der Spoel, and E. Lindahl, J. Chem. Theory Comput. 4, 435 (2008). 
[2] A. Henao,  Sz. Pothoczki, M.C. Canales, E. Guardia and L.C Pardo (submitted). 
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Metallic glasses 
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Relation of viscous flow and atomic diffusion in viscous metallic liquids 

 
Meyer, Andreas1; Jürgen, Brillo1; Fan, Yang1; Isabell, Jonas1 

(1) German Aerospace Center 
 
The dynamics in fluids is governed by two intimately related properties: viscosity and atomic diffusion. 
While the first describes macroscopic transport of momentum by collective motion of the particles, the 
latter describes single particle diffusive transport. A common relation, that is often taken for granted in 
order to calculate required diffusion coefficients of atoms or molecules in a liquid from the viscosity, or 
vice versa, is the Stokes-Einstein relation. This relation was derived in order to study the diffusive motion 
of a mesoscopic sphere in a viscous medium. However, when the diffusing objects are of atomistic size, 
deviations of the diffusion coefficient and the viscosity from the Stokes-Einstein behaviour can be 
observed. 
From an experimental point of view, a direct proof of the Stokes-Einstein relation is still very difficult 
due to the lack of reliable experimental data of the transport coefficients. The accurate measurement of 
diffusion data, using long capillary methods, is subject to large errors due to additional transport of mass 
by buoyancy driven flow effects. Pollution of the sample from chemical reactions with the container walls 
complicates the measurement of both properties. In order to check the Stokes-Einstein relation 
measurements need to be carried out over a sufficiently large temperature range. This includes high 
temperatures favouring convection and chemical reactivity. With the development of advanced 
containerless processing techniques, such as electrostatic levitation (ESL), we are now in a position to 
master these challenges. 
Using ESL, we carried out quasielastic neutron scattering (QNS) experiments and determined accurate 
self-diffusion coefficients, in liquid Zr-Ni and bulk glass-forming Zr-Ti-Ni-Cu-Be alloys. These data 
were measured over a broad temperature range from 1000 K to 1700 K. Viscosity of these liquids were 
also measured via the oscillating drop technique in ESL over a broad temperature range: With these 
results for a dense glass forming system, the relation of viscous flow and diffusion of mass could be 
checked in unequalled detail [1]. 
Our data show that the product of diffusion and viscosity is constant for the entire temperature range 
contradicting the Stokes-Einstein relation. According to Mode-Coupling-Theory (MCT), the dynamics in 
a liquid is strongly coupled when the particle density is large. This leads to a freezing of the atomic 
motion when MCT’s critical temperature Tc is approached upon cooling. In this case, the diffusion 
coefficient and the inverse of the viscosity are proportional to the same scaling law. Our results have been 
obtained at temperatures well above Tc. Apparently possible deviations from the MCT scaling behaviour 
are similar with respect to temperature for both mass transport coefficients. 
[1] J. Brillo, A. I. Pommrich, A. Meyer, Phys. Rev. Lett. 107, 165902 (2011). 
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Influence of Configurational Disorder on the Intrinsic Fracture Toughness of Metallic Glasses 
 

Demetriou D, Marios1; Demetriou D, Marios1; Garret, Glenn1; Johnson L, William1 

(1) California Institute of Technoloogy 
 
Over recent years metallic glasses have evolved unusually rapidly, maturing at a rate far surpassing that 
of earlier novel engineering metals.  Attributes contributing to their rise, among others, include their 
universally high strength, hardness, and elasticity.  Other aspects of their engineering performance 
however are not quite as universal, and not necessarily as favorable.  One such aspect is toughness.  Their 
fracture toughness varies over two orders of magnitude between alloys, from values equivalent to brittle 
ceramics to those matching tough metals.  But considerable variability in toughness is often reported for 
the same metallic glass alloy.  The acceptance of metallic glasses as a widespread engineering material 
hinges on our ability to understand and control such broadly varying toughness.  In this presentation, the 
effect of the configurational disorder of the glass structure on the intrinsic fracture toughness will be 
explored.  The fracture toughness measured in as-cast and in well-defined relaxed configurations is 
correlated t with measured acoustic constants that gauge the average configurational state in an effort to 
quantify the influence of configurational disorder on fracture toughness.  The relaxed states associated 
with well-defined configurations and relaxed compatibility stresses demonstrate a consistent toughness 
that is highly correlatable with the average glass configurational properties.  The as-cast state however is 
found to exhibit a broadly varying toughness that cannot be correlated to the average configurational 
properties, and is understood to arise from a stochastic crack propagation process promoted by a large 
configurational variance. 
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Mechanical spectroscopy plays in metallic glasses (MG) a role similar to dielectric spectroscopy in 
dielectric glasses. Here we analyse the low frequency relaxation properties of two MG by mechanical 
spectroscopy. 
Mg65Cu25Y10 MG ribbons are analysed by mechanical spectroscopy at temperatures below and around the 
glass transition. Hyper-quenched and relaxed samples show different temperature dependencies of the 
internal friction, shown in different excess wings in their mechanical spectra. The analysis of these low 
temperature excess wings is performed in terms of the α-relaxation behaviour in and out of equilibrium, 
while evidence of secondary relaxation is not found [1]. This suggests that, in this glassy system, the 
activation energies of structural relaxation and low temperature deformation are directly related to the 
activation energy of the main relaxation process of the glassy state.  
Zr46Al8Cu46 is also analysed. Characteristic relaxation times measured from direct mechanical relaxation 
experiments below the glass transition are compared to relaxation times determined by mechanical 
spectroscopy in the glass region, showing excellent agreement. The effect of different relaxation protocols 
on the characteristic relaxation times is unveiled. 
[1] E. Pineda, P. Bruna, B. Ruta, M. Gonzalez-Silveira, D. Crespo, Relaxation of rapidly quenched 
metallic glasses: Effect of the relaxation state on the slow, low temperature dynamics, Acta Materialia, in 
press (2013). 
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In this presentation the mechanical spectroscopy on global and local scale is used to explore the 
relaxation phenomena in bulk metallic glasses (fragile and strong glasses). We cover the whole spectrum 
from low energy β-relaxations to the α-process vice caloric and mechanical excitations. Using 
Barkhausen noise and local AFAM measurements we discuss softening in shear bands and the formation 
of nano-shear bands prior to the yield point. 
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Cerium based bulk metallic glasses (BMGs) have attracted interests due to their novel properties like low 
glass transition temperature (Tg) [1], strong liquid behavior [2] and abnormal response to pressure [3]. 
Due to the low-Tg properties, Ce-based BMGs have also been regarded as metallic plastic materials with 
extremely good deforming ability near room temperature [1]. It has been found that the addition of 
transition metals like Fe, Co Ni and Nb can greatly enhance glass forming ability of the Ce-based alloy 
CeAlCu [4]. Nuclear magnetic resonance measurements further demonstrated that Co microalloying in 
Ce-based BMG can change the symmetry of the atomic cluster around Al solvent thus can improve GFA 
[5]. Recent quasielastic neutron scattering experiments (QNS) suggest that greatly slowing down of 
atomic dynamics in Ce-based Ce-Al-Cu melt is induced by Nb microalloying [6]. In the present work, we 
report the self-diffusion measurements in Ce-Al-Cu melt with Co microalloying. The self-diffusion data 
were obtained through QNS experiments. Surprisingly, we observed a different changing tendency of 
atomic diffusion in the melt by Co addition compared with the previous Nb addition in the literature [6]. 
It implies that different diffusion mechanisms happened with different alloying elements in the present 
Ce-based melts. Also, in a Ce-Al-Ni glass forming melt, QNS diffusion measurements and viscosity 
measurements were preformed. By checking the correlation between global viscosity and diffusion of 
single element, it was found that the conventional Stokes Einstein relation does not work well in the Ce-
Al-Ni glass forming melt. These results show that atomic diffusion and dynamics in Ce-based glass 
forming melts are complicated and further work is required.                    
B. Zhang acknowledges the financial support from Alexander von Humboldt foundation, National 
Science Foundation of China (No. 51171055), Foundation for the Author of National Excellent Doctoral 
Dissertation of China and the Program for New Century Excellent Talents in University. 
[1] B. Zhang, D. Q. Zhao, M. X. Pan, W. H. Wang, and A. L. Greer, Phys. Rev. Lett. 94 (2005) 205502. 
[2] B. Zhang, R. J. Wang, D. Q. Zhao, M. X. Pan, and W. H. Wang, Phys. Rev. B 70 (2004) 224208. 
[3] B. Zhang, R. J. Wang, and W. H. Wang, Phys. Rev. B 72 (2005)104205. 
[4] B. Zhang, R. J. Wang, D. Q. Zhao, M. X. Pan and W. H. Wang, Phys. Rev. B 73 (2006) 092201. 
[5] X. K. Xi, L. L. Li, B. Zhang, W. H. Wang, and Y. Wu, Phys. Rev. Lett. 99 (2007) 095501. 
[6] S. M. Chathoth, B. Damaschke, J. P. Embs, and K. Samwer, Appl. Phys. Lett. 95, 191907 (2009).  
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We report radiotracer diffusivities in Pd-based and Zr-based glass forming melts, presenting for the first 
time a complete set of data for all components over the whole relevant temperature range. While in a vast 
component decoupling of more than 4 orders of magnitude is observed between the diffusivity of Pd and 
of the smaller components at the glass transition temperature Tg, the diffusivities of all components merge 
close to the critical temperature Tc of mode coupling theory. For Pd, the Stokes-Einstein relation holds in 
the whole range investigated encompassing more than 14 orders of magnitude. The results suggest the 
formation of a slow subsystem as a key to glass formation in multicomponent systems. For Zr in 
Vitreloy 4, the decoupling from the smaller components is even observed in the equilibrium melt well 
above Tc.  
[1] A. Bartsch, K. Rätzke, A. Meyer, and F. Faupel, Phys. Rev. Lett. 104 (2010) 195901. 
[2] V. Zöllmer, K. Rätzke, F. Faupel, and A. Meyer, Phys. Rev. Lett. 90 (2003) 195502.  
[3] F. Faupel, W. Frank, M.-P. Macht, H. Mehrer, V. Naundorf, K. Rätzke, H.R. Schober, S.K. 
Sharma, H. Teichler, Review of Modern Physics 75 (2003) 237. 
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Metallic glasses generally exhibit an intermittent serrated plastic flow behaviour during compression 
loading at room temperature. In the present study, by reducing the testing temperatures down to the 
cryogenic level, the serrated flow behaviour of a Zr-based metallic glass is revealed, which is 
characterized by the plastic dynamics of serrated flow, the deformation units, and the elastic interactions 
between neighbouring shear bands. The results have demonstrated that the freezing effect at cryogenic 
temperatures has resulted in an increase in both deformation unit size and shear band density, which have 
enhanced the interactions between elastic strain fields initiated by neighbouring shear bands. The 
enhanced interaction is primarily responsible for the enhanced plasticity of the metallic glass and a plastic 
dynamics transition from a chaotic to a self-organized critical behaviour. The findings build up a bridge to 
link the mathematically dynamics analysis and the experimentally shear avalanches phenomenon 
observed in plastic deformation of metallic glasses. 
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Shear-band dynamics in metallic glasses and effective temperature modelling 
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Bulk metallic glasses (BMGs) are known to deform inhomogeneously at low homologous temperatures 
via the formation and operation of shear bands (SBs). The operation of these SBs is intermittent as 
reflected in serrated flow curves and can be understood in the context of a stick-slip mechanism. New 
insights into the mechanism of shear banding in BMGs are gained by combining time-resolved 
compression tests with in-situ acoustic emission (AE) monitoring. The load and displacement data using 
high acquisition rates allow for a characterization of SB propagation, which is found to be thermally 
activated and in the mm/s range at room temperature [1]. The AE signal, which reflects the moment of SB 
initiation, can be attributed to a mechanism of structural dilatation by inferring a model picture from 
stick-slip in granular media. The critical volume change associated with SB initiation is evaluated to be a 
few percent only [2], which is the typical excess free volume found in the undercooled liquid region near 
the glass transition. Finally, by performing slide-hold-slide compression experiments, we are able to 
characterize the static (re-)strengthening (i.e. healing) of a SB [3]. Such experiments and effective 
temperature modelling generate an activation energy of 0.16 eV for SB healing.  
 
[1] R. Maaß, D. Klaumünzer, J. F. Löffler, Acta Mater. 59 (2011) 3205.  
[2] D. Klaumünzer, et al., Phys. Rev. Lett. 107 (2011) 185502. 
[3] R. Maaß, et al., Appl. Phys. Lett. 100 (2012) 071904. 
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The α- and -relaxations in Zr-based bulk metallic glasses (BMGs) were investigated by volume and 
enthalpy relaxations from aspect of static measurements.   The α-relaxation was investigated against Zr-
Cu-Al and Zr-Cu-Al-M (M=Ni, Pd, Ti) BMGs.   The kinetics of α-relaxation for severely pre-annealed 
Zr55Cu30Ni5Al10 BMG near Tg was reported in ref. [1], which was summarised by a VFT temperature 
dependence of relaxation times and Kohlrausch indices remarkably increased with temperatures below Tg.   
In the present study, we will report on further development of α-relaxation study, which is comprised of 
pre-annealing effect and compositional effect.  The former was that as-cast and slightly pre-annealed 
BMGs did not seem a single temperature dependence of relaxation times.  Regarding the latter, the effect 
was that the α-relaxation of a variety of Zr-based BMGs was normalized by a VFT equation plotted as a 
function of Tg/Ta, where Ta is the annealing temperature.  The Kohlrausch index strongly depended on 
pre-annealing conditions, while it moderately increased with temperatures for as-cast BMGs.  The -
relaxation was investigated only for severely pre-annealed Zr55Cu30Ni5Al10 BMG.  Its kinetics was 
characterized by Arrhenius type temperature dependence of relaxation times and almost constant 
Kohlrausch indices of about 0.5.  The correlation between α- and -relaxations was discussed based 
upon Ngai’s concept [2] for α- and -relaxations and the potential energy landscape [3].  
[1] O. Haruyama et al., Acta mater. 58 (2010) 1829. 
[2] K.L. Ngai, J. Chem. Phys. 109 (1998) 6982. 
[3] F.H. Stillinger, Phys. Rev. B 41 (1990) 2409. 
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Mechanical relaxations in amorphous materials may be characterized by non-Arrhenius, non-exponential 
and nonlinear behaviour [1-3]. Unlike to amorphous polymers, only a few families of bulk metallic 
glasses (i.e. Pd- and La- based metallic glasses) exhibit a pronounced β relaxation process. Unfortunately, 
there is a lack of information on the mechanism of mechanical relaxation in metallic glasses. In the 
current work, α and β relaxations behaviour is investigated by dynamic mechanical analysis (DMA) in 
three typical metallic glasses: Zr-, Pd- and La-based metallic glasses [4-6]. Compared with amorphous 
polymers and oxide glasses, the mechanism of mechanical relaxations in metallic glasses is discussed 
within the framework of physical theory. Evolution of mechanical relaxations induced by thermal 
treatment and plastic deformation is discussed. In addition, the correlation between mechanical properties 
and relaxation behaviour is measured using compressive and nano-indentation testing. The experimental 
results indicated that the β relaxation exhibits sensitivity to the architecture of the material. The plasticity 
of bulk metallic glasses is associated with the relaxation phenomenon.    
[1] G.P. Johari & M. Goldstein, J. Chem. Phys. 53 (1970) 2372.  
[2] P. Wen, Z.F. Zhao, M.X. Pan & W.H. Wang, Phys. Status Solidi A 207 (2010) 2693. 
[3] J.C. Qiao & J.M. Pelletier, Intermetallics 28 (2012) 40. 
[4] J.C. Qiao &  J.M. Pelletier, J. Appl. Phys. 112 (2012) 083528. 
[5] J.C. Qiao & J.M. Pelletier, J. Appl. Phys. 112 (2012) 033518. 
[6] A. Kahl, T. Koeppe, D. Bedorf, R. Richert, M.L. Lind, M.D. Demetriou, W.L. Johnson, W. Arnold & 
K. Samwer, Appl. Phys. Lett. 95 (2009) 201903. 
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Molecular dynamics is a powerful tool to simulate the atomic – scale processes that occur in bulk metallic 
glasses either at rest during aging or under plastic deformation. This technique is however limited to short 
– time  dynamics and does not give access to the slow thermally – activated events that progressively 
dominate the glass dynamics when the temperature and/or  the strain rate are decreased. We report here 
results obtained with a saddle – point search method, the Activation – Relaxation Technique, used to 
determine thermally – activated paths in glasses. From the paths, we determine the distributions of 
activation energies and attempt frequencies, the two main parameters that characterize thermally – 
activated processes. We study in particular the influence by the history and level of relaxation of the glass 
on the above distributions.   
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Critical Temperature for Ductile-to-Brittle Transition for Metallic Glasses 
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Kai Zhang1, Corey O’Hern1 and Mark Shattuck3 
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2: Texas Tech University, Lubbock, TX, USA 3: City College of New York, New York City, NY, USA 
 
A comprehensive analysis of plasticity (and toughness) in bulk metallic glasses (BMGs) is presented. 
Different effects such as: contribution of shear modulus/bulk modulus ratio, structural relaxation, and 
cooling rate effect are evaluated for Pt57.5Cu14.7Ni5.3P22.5 (Pt-BMG), Pd43Cu27Ni10P20 (Pd-BMG), and 
Zr44Ti11Ni10Cu10Be25 (Zr-BMG). We introduce a critical temperature, TC, which is an intrinsic feature of a 
BMG former above which the BMG does not embrittle. We demonstrate that TC/Tg ratio indicates the 
embrittlement sensitivity of a BMG due to annealing and cooling rate. This ratio is larger than one for Pd-
BMG and smaller than one for the Pt-BMG. As a consequence, Pd-BMG is more sensitive to cooling rate 
and annealing induced embrittlement. In contrast, Pt-BMG does not embrittle during sub-Tg annealing or 
at practically achievable slow cooling rates. Study of shear modulus/bulk modulus ratio for Pd-BMG and 
Pt-BMG does not follow the previously proposed critical value for ductile to brittle transition. 
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Characterization of viscous flow units in metallic glasses 
 

Wang, Wei Hua1 Email:whw@iphy.ac.cn 
(1) Institute of Physics, Chinese Academy of Sciences, Beijing 100190, People’s Republic of China 

 
In this study, we show that the flow units originated from structural in homogeneity are the basic 
deformation units and the structural origin of β-relaxation in metallic glasses, and the density of the flow 
units determine the mechanical properties and relaxations [1,2]. We proposed a thermodynamic model to 
describe the activation and evolution processes of flow units for glass transition and plastic flow in 
metallic glasses. We treat the flow units as liquid-like quasi phases embedded in solid-like glassy 
substrate, and the formation and growth of the liquid-like phases in glasses are regarded as a 
thermodynamic phase transition process. We show that the flow units in metallic glasses can be activated 
thermally or mechanically, which correspond respectively to glass transition and plastic flow. Our model 
can capture the main features of glass transition and mechanical behavior of metallic glasses and agree 
with experimental observations [1-4].  
References 

 1) L. S. Huo,et al J Appl. Phys. 111, 113522 (2012) 
2) Z. Wang, et al. Appl. Phys. Lett. 101, 121906 (2012) 
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Variation and fluctuation of internal friction with time in metallic glasses near glass transition 
temperature 

 
Hiki, Yosio1; Miyauchi, Tuki2; Karasawa, Ryuichi2; Tamura, Ryuji2 

(1) Tokyo Institute of Technology; (2) Tokyo University of Science 
 
 
Our studies are aimed to obtain understanding of the glassy state and the glass transition phenomenon by 
observing the mechanical relaxation [1]. In the present study, internal friction (IF) of a bulk metallic glass 
Zr55Cu30Al10Ni5 has been measured near and below/above the glass transition temperature Tg. The 
amorphous state of the specimen is checked by the X-ray diffraction, and the temperatures of glass 
transition (Tg=666 K) and crystallization (Tx=746 K) are determined by the DSC method. The 
measurement of IF is carried out by using the DMA apparatus at the frequency 0.1 Hz. The specimen is 
kept at a constant temperature T, and the IF value Q-1 is measured as a function of duration time t. 
Measurements are successively carried out at T=Tg-50K, Tg-40K, …. , Tg+50K. At lower and higher 
temperatures, Q-1-vs-t shows the single relaxation. The obtained relaxation time values are different at 
lower and higher temperature ranges. Meanwhile, at temperatures near Tg the behavior of Q-1-vs-t looks to 
be quite irregular. Further, a fluctuation of Q-1 with time t is seen at all temperatures. The magnitude of 
fluctuation is derived from the Q-1-vs-t data. The features of the fluctuation are different at different 
temperatures. Results are discussed on the basis of the characteristics of the glass transition phenomenon. 

 
[1] Y. Hiki, J. Non-Cryst. Solids 357 (2011) 357. 
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Glasses, in general, and metallic glasses (MG), in particular, show an excess of vibrational modes above 
the Debye level, in what is commonly termed as Boson Peak (BP). Structural and elastic heterogeneities 
at the nm scale is an intrinsic feature of glasses. These heterogeneities determine the physical properties 
in the nm-scale region, this is the transition region between the atomic level, defined by the particular 
atomic bonding and packing of the substance, and the macroscopic elastic continuum. The BP and the 
anomalies in the acoustic modes with nm-scale wavelengths are two of the main measurable physical 
aftermaths of this mesoscale region. The study of the features of the BP in metallic glasses is particularly 
interesting due to the simplicity of the interatomic potentials. Thus molecular dynamics (MD) simulations 
of MG are particularly affordable. 
We performed large scale MD simulations in binary MG by using both Lennard-Jones and more realistic 
embedded atom method (EAM) potentials. Different quenching rates allowed us to access different 
relaxation states in our simulated MG. The relation of dispersion and the vibrational density of states are 
computed, and the features of the BP are analysed. Here we will discuss the differences between the BP 
in LJ and EAM MGs, as well as the effect of the relaxation state. A discussion on the effect of the 
fragility of the glass will be also presented. 
[1] A. Vallés, P. Derlet, D. Crespo & E. Pineda, J. Alloys & Comp., in press (2013), available online 
DOI: 10.1016/j.jallcom.2012.11.174. 
 

 
 



   212 

Poster 
MG-104 

Structural relaxation, aging and mechanical flow in Cu46Zr46Al8 metallic glass 
 

Liu, Chaoren1; Pineda, Eloi1; Crespo, Daniel1 

(1) Universitat Politècnica de Catalunya 
 
The structural relaxation times τ of Cu46Zr46Al8 glass were measured above and below glass transition by 
mechanical relaxation. DMA multi-frequency tests and static stress-relaxation tests allowed us to 
characterize the structural relaxation time behaviour in a wide range of temperatures. Similarly to recent 
results in the MgCuY system [1], the experimental results can be well interpreted by Vogel-Fucher-
Tammann and Arrhenius models in liquid and glassy states respectively. The interpretation of DMA 
measurements within this relaxation scheme shows no evidence of secondary relaxation in the frequency 
window explored. 
The analysis is performed for different glassy states, in a different degree of relaxation, achieving a good 
description of structural relaxation and aging in this system. The activation energy of structural relaxation 
in the glassy state is found to be correlated with the activation energy of mechanical flow. The 
consequences of such correlation for the everlasting search of ductile metallic glasses are also discussed. 
[1] E. Pineda, P. Bruna, B. Ruta, M. Gonzalez-Silveira, D. Crespo, Relaxation of rapidly quenched 
metallic glasses: Effect of the relaxation state on the slow, low temperature dynamics, Acta Materialia, in 
press (2013). 
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(1) Universitat Politècnica de Catalunya 
 
Amorphous steels can be obtained in a wide range of compositions, being the presence of Cr and Mo a 
key ingredient to produce Fe-based bulk metallic glasses without rare earth additions, thus lowering the 
economical costs of production. Therefore, it is crucial to have a detailed description of the Cr and Mo 
effects on the structure. Moreover, local changes in the structure can substantially modify some 
macroscopic properties of the alloy such as the corrosion resistance. 
In this work we present a detailed microstructural study of FeMoCrCB amorphous steel with several 
relative amounts of Fe/Cr. Transmission electron microscopy and electron diffraction pattern teachniques 
have been used to completely characterize the crystallization process of these alloys. The use of atom-
probe tomography allowed us to follow the local changes in the amorphous matrix during the 
crystallization process and to relate them with the results obtained from corrosion resistance tests 
performed by means of electrochemical measurements. The different corrosion resistance of the as-
quenched samples and the partially crystallized ones is discused in terms of the structural and chemical 
changes in the amorphous matrix, thus allowing us to determine the optimal amount of Cr needed to 
improve the macroscopic properties of this family of Fe-based bulk metallic glasses. 
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Effect of polar and non-polar dopants on dielectric behavior of 2-ethyl-1-hexanol 

 
Singh P., Lokendra2; Raihane, A.1; Alba-Simionesco, C.1; Richert, Ranko2 

(1) Laboratoire Léon Brillouin CNRS /CEA -UMR 12, DSM/IRAMIS/LLBCEA  
Saclay, 91191; (2) Arizona State University 

 
A two-channel impedance technique [1] has been used to study the relaxation behavior of 2-ethyl-1-
hexanol (2E1H) with polar and non-polar dopants at the few percent level over a wide temperature and 
frequency range. Here, we used 3-methylpentane (3MP), squalane (SQA) as non-polar dopants and 
methanol (MEOH), water (H2O) as polar dopants. We found that with the addition of 3MP in 2-ethyl-1-
hexanol, the average relaxation time of both α- (τα) and Debye process (τD) become faster, while with 
squalane the α-process becomes slower. This behavior is consistent with the relative glass transition 
temperatures (Tg) of the components. On the other hand, with polar dopants such as methanol or water, 
the average relaxation time of the α-process shows slower dynamics and τD becomes faster, while the 
dielectric amplitude of the Debye process is reduced and that of the α-process is increased. This 
difference is assigned to the change in hydrogen-bonded structures, which has been explained on the basis 
of simulation work of Guo et al. [2] and our recent high field measurements [3] on mono-hydroxy 
alcohols. The results are consistent with water promoting more compact structures while reducing the 
chain population. 
[1] L. P. Singh & R. Richert, Rev. Sci. Instrum. 83 (2012) 033903. 
[2] J.-H Guo, Y. Lou, A. Augustsson, S. Kashtanov, J.-E. Rubensson, D. K. Shuh, H. Agren, & J. 
Nordgren, Phys. Rev. Lett. 91 (2003) 157401. 
[3] L. P. Singh & R. Richert, Phys. Rev. Lett. 109 (2012) 167802. 
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(1) Glass and Time, IMFUFA, Department of Sciences, Roskilde University; (2) Dipartimento di Fisica,  
Università di Roma 

 
The dynamics of ultra viscous liquids close to the glass transition is often studied by dielectric 
spectroscopy. It is normally assumed that the dielectric signal closely mimics the mechanical structural 
relaxation in the liquid, but this is not necessarily true. In this work we present broadband (1mHz-50kHz) 
shear mechanical measurements along with complementary dielectric data. 
In general two relaxation processes can be observed by dielectric and shear-mechanical relaxation 
spectroscopy: the main structural (alpha) relaxation, and the beta process. However, the characteristic 
alpha relaxation time as observed in the shear mechanics is in general shorter than what is observed by 
dielectrics [1]. Furthermore, the relative relaxation strength between the alpha and beta relaxation can be 
very different [2]. 
In monohydroxy alcohols the dielectric spectrum is dominated by a low frequency Debye-type relaxation 
(often refered to as the alpha-prime process), with additional high frequency processes visible.  
This Debye-type process is not visible in the shear-mechanical spectra. The shear-mechanical data 
therefore allows for a direct study of the structural alpha and beta relaxation processes of the liquid [3]. 
[1] B. Jakobsen, K. Niss, & N.B. Olsen,  J. Chem. Phys. 123 (2005) 234511. 
[2] B. Jakobsen, K. Niss, C. Maggi, N.B. Olsen, T. Christensen, & J.C. Dyre, J. Non-Crys. Sol. 357 
(2011) 267.  
[3] B. Jakobsen, C. Maggi, T. Christensen, & J.C. Dyre. J. Chem. Phys. 129 (2008) 184502. 
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How pressure experiments can help in understanding complex dynamics of primary alcohols? 
 

Pawlus Katowice, Sebastian2; Paluch, Marian2; Klotz, Stefan1 

(1) Université P&M Curie; (2) University of Silesia 
 
Up to now descriptions of relaxation dynamics in primary alcohols were put forward mostly on the basis 
of results measured at ambient pressure. However, as was showed for different materials, origins of many 
important molecular features becomes clear only after application of high pressure conditions.  
Only recently, results of pressure measurement of 2-ethyl-1-hexanol (2E1H) and 5-methyl-2-hexanol 
showed that compression strongly modify molecular dynamics of the liquids [1,2,3,4]. At elevated 
pressure time scale of both main processes approach to each other and above ca. 0.5 GPa only single 
stretched relaxation is observed [1,3]. However, the most sticking discovery was, that for pressure of ca. 
1.57 GPa scaled relaxation dynamics of the Debye process, described by fragility parameter, becomes 
almost the same as for the structural process at ambient pressure [3,4]. This finding indicate on dramatic 
change in structure of H-bond textures responsible for the Debye process that has to be included in any 
model. Very recently, analysis of dielectric relaxation times versus the viscosity in 2E1H revealed 
breakdown of the Einstein-Debye (ED) relation above some characteristic pressure. This failure of the ED 
equation indicates on pressure induced changes of supramolecular H-bonded architecture of the alcohol. 
All these results point out on pressure as crucial factor in modification of H-bonded structures in  primary 
alcohols.  
[1] D. Fragiadakis, C. M. Roland, and R. Casalini, J. Chem. Phys. 132, (2010) 144505 
[2] A. Reiser, G. Kasper, C. Gainaru, and R. Boehmer, J. Chem. Phys. 132, (2010) 181101 
[3] S. Pawlus, M. Paluch, M. Dzida, J. Phys. Chem. Lett. 1, (2010) 3249 
[4] S. Pawlus, M. Paluch, S. Nagaraj, and J. K. Vij, J. Chem. Phys.  135, (2011) 084507 
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The interplay between the structure and the dynamics of glass forming systems (GFS) is a topic of great 
interest from both fundamental and more applied research points of view. GFS are a class of materials 
which can be maintained out of the equilibrium, in the amorphous state, without crystallizing. Within the 
temperature window limited by the equilibrium melting temperature, Tm, and the liquid to glass transition 
temperature, Tg, some supercooled liquids (SCL) tend to undergo crystallization. As far as crystalline 
phase development is concerned, neutron sources offer the possibility to perform real time diffraction 
experiments. From the point of view of the amorphous phase, dielectric spectroscopy (DS) has been 
widely used to follow the modification of the dynamics during crystallization processes. Therefore by 
monitoring simultaneously, in real time, both, the crystal development, by means of neutron diffraction, 
and the dynamic changes occurring in the amorphous phase by means of dielectrics, a complete picture of 
the crystallization process can be obtained [1]. The applicability of this experimental setup has been 
satisfactorily proved on two alcohols like 2-propanol and ethanol. Here the interrelationships between 
structure and dynamics during phase transformation of 2-propanol and ethanol will be discussed, 
especially focusing on the latter that below the Tm and depending on the thermal history exists either as a 
SCL, plastic crystal or monoclinic solid. Recent results on crystallization of 2-propanol studied by real 
time measurements of quasielastic neutron scattering will also be presented. 
 
[1] A. Sanz, M. Jiménez-Ruiz, A. Nogales, D. Martín y Marero & T. A. Ezquerra, Phys. Rev. Lett. 93, 1, 
(2004) 015503. 
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Bât. 349 Université Paris-Sud 
 
We focus on molecular liquids that spontaneously form supermolecular clusters and on their 
consequences on the dynamical properties in the supercooled liquid state. We study a particular class of 
glass-forming liquids, mono-alcohols, where the molecular self-association driven by the presence of H-
bonds is counterbalanced by the steric hindrance of the alkyl chains.  The structural properties are 
investigated through X-ray and neutron scattering. The main feature shown by these techniques is a 
‘‘prepeak’’ appearing in the static structure factor. This has been studied at various temperatures around 
the glass transition. This prepeak is never observed in simple glass-formers and its occurrence is 
interpreted as resulting from the spatial organization of the molecules. The typical length scale of this 
self-organization is of several molecular diameters. The existence of self-organized clusters of molecules, 
their shape and their size has been determined by MD simulations. The origin of this self-organization is 
discussed and correlated to the presence of an additional feature in the dielectric relaxation spectra 
measured in a wide temperature range, a very low frequency peak of Debye type. 
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The effects of hydrogen bonding on the dynamics of supercooled glass-forming liquids 

 
Mattsson -, Johan1 

(1) University of Leeds 
 
Both structure, dynamics and thermodynamics in a supercooled liquid are often strongly affected by the 
presence and degree of hydrogen bonding. For instance, it is well known that hydrogen bonding in water 
leads to an unusual thermodynamic response, and since the full supercooled temperature range of water 
can not be experimentally accessed, this has led to much debate about its origin and its corresponding 
implications on the structure and dynamics of water. Another much debated example is the so called  
‘Debye relaxation’, as observed in the dielectric response of monohydroxy alcohols. Generally, our 
understanding of how hydrogen bonding affects liquid behaviour, particularly in the supercooled regime, 
is still not satisfactory. To address this we have systematically studied a wide variety of liquids with 
varying molecular structure and degree of hydrogen bonding. Data from several experimental techniques 
will be presented with a focus on broadband dielectric spectroscopy.   
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Dynamics of supramolecular networks in hydrogen-bonded liquids 
 

Catalin, Gainaru1; Roland, Böhmer1 

(1) Technische Universitaet Dortmund 
 
Hydrogen bonds play a fundamental role for the fascinating properties of a large variety of materials, with 
molecular structures ranging from very complex, as bio-compounds, to relative simple, as water. At an 
intermediate level of complexity, monohydroxy alcohols form hydrogen-bonded networks which, due to 
their resistance against crystallization, can be investigated in a large dynamic range with various 
experimental techniques. At present, it is generally agreed upon that the alcohol networks are quasi-linear, 
however, no such a consensus exists regarding their microscopic dynamics. One debated issue is whether 
transient polymer-like structures are responsible for the appearance of the anomalously strong, slow, and 
exponential (Debye-like) dielectric process observed for these materials in addition to their structural 
relaxation [1]. Based on experimental results recently obtained for neat and diluted alcohols we will 
critically assess various microscopic models aiming at solving the long-standing puzzle surrounding the 
Debye process in hydrogen-bonded liquids [2,3].  
[1] C. Gainaru, R. Meier, S. Schildmann, C. Lederle, W. Hiller, E. A. Rössler, and R. Böhmer, Phys. Rev. 
Lett. 105 (2010) 258303. 
[2] C. Gainaru, S. Kastner, F. Mayr, P. Lunkenheimer, S. Schildmann, H. J. Weber, W. Hiller, A. Loidl, 
and R. Böhmer, Phys. Rev. Lett. 107 (2011) 118304.  
[3] M. Preuß, C. Gainaru, T. Hecksher, S. Bauer, J. C. Dyre, R. Richert, and R. Böhmer, J. Chem. Phys. 
137 (2012) 144502.  
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In the framework of the glass transition phenomena, there has been recently revived interest for 
hydrogen-bonded (HB) liquids composed of molecules of low molecular weight. It well recognized from 
x-ray and neutron scattering experiments that primary alcohols and substituted aromatics HB liquids 
exhibit a small-Q peak of the structure factor S(Q), below the first sharp diffraction peak. Due to the 
strong directional hydrogen bonding, these liquids tend to be locally more organized than ordinary van 
der Waals liquids. The existence of this peak can thus be interpreted as the presence of some short range 
arrangements of nanometer scale. It is not totally clear about which shapes these HB aggregates come in. 
From broad band dielectric spectroscopy experiments, it was shown that some monohydroxy alcohols and 
drugs also exhibit a surprising relaxation corresponding to a purely Debye-type decay whose origin is not 
understood but could be related to hydrogen-bonded associations. Molecular dynamics simulations have 
been performed to shed some light on some dynamical properties of these liquids.  
This work was supported by the “INTERREG IVA 2 Mers Seas Zeeën Cross-border Cooperation 
Programme 2007-2013”. Financial support to Fundação para a Ciência e Tecnologia (FCT, Portugal) 
through the project PTDC/CTM/098979/2008 is acknowledged.  
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Different mesoscopic structures have been observed in alcohol binary mixtures often related to their 
incomplete mixing at the microscopic level in apolar solvent or in aqueous solution. We discuss the 
possible tuning of the ability of Tert-butanol molecules to spontaneously form mesoscopic ordered 
structures, either by dispersion in a totally inert or weakly solvating aprotic fluid, or by confinement in 
porous silicates  
The present study reveals that the fully miscible binary mixtures form well-defined supramolecular 
assemblies, which have been characterized on different lenghtscales. A surface-induced nanosegregation 
of the two components (core-shell structure) is observed under confinement in the straight and 
monodisperse rigid channels of mesoporous MCM-41 silica molecular sieves.  
The molecular dynamics of these nanosegregated fluids is discussed, with the objective to disentangle the 
main structural relaxation related to the ‘macroscopic’ glass transition from putative distinct modes 
arising from nanosegregated regions. 
The presentation will refer to a comprehensive study combining neutron diffraction, quasielastic neutron 
scattering, Raman spectroscopy, dielectric spectroscopy, PFG NM and MD simulation. 
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In hydrogen bonded liquids, particularly monohydroxy alcohols, the prominent Debye process that often 
dominates the dielectric relaxation behavior is generally associated with hydrogen bonding, but its 
microscopic origin has remained unclear for a long time. Alcohols are assumed to form chain or ring like 
structures promoted by hydrogen bonding. Chains are bound to develop a considerable dipole moment by 
virtue of their large Kirkwood correlation factor. On the other hand, rings possess a net dipole moment 
that is practically zero. As a result, a sufficiently high electric field should be able to shift the equilibrium 
towards the more polar chain-like species. 
Using 5-methyl-3-heptanol as an example of a hydrogen bonding liquid with no strong preference for ring 
or chain structures, it is demonstrated that a high electric field does increase the chain population, 
observable as the concomitant increase in the dielectric constant. The main result, however, is that the 
time scale of this hydrogen bond structure fluctuation can be derived from the high field dielectric spectra 
[1]. This rearrangement of the structure is observed to occur on the time scale of the Debye process, 
suggesting that the Debye peak of monohydroxy alcohols originates from a fluctuation of the net dipole 
moment via the net Kirkwood correlation factor of the chain structures on a time scale that is largely 
controlled by viscosity. 
[1] L. P. Singh & R. Richert, Phys. Rev. Lett. 109 (2012) 167802. 
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In the present contribution we show the systematic investigation of the relaxation dynamics of a series of 
monohydroxy alcohols with a varying number of backbone atoms. Broadband dielectric spectra were 
gathered over a large temperature range and covering up to 14 decades in frequency. 
In addition, we started first measurements with nonlinear dielectric spectroscopy. The focus lies on a 
thorough characterization of the Debye, α and wing processes in terms of their high-field permittivity. 
Precise data on the higher harmonics of the susceptibility are simultaneously collected. We find 
indications for different nonlinear behaviour of the Debye-like process compared to the dominating 
structural relaxation in other glass-forming systems. In addition information on the  relaxation in thes  
systems is provided. 
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Stokes–Einstein (SE) and Stokes–Einstein–Debye (SED) relations in the neat ionic liquid (IL) 
[C2mim][NTf2], IL/chloroform and IL/methanol mixtures are studied by means of molecular dynamics 
(MD) simulations.[1-3] For this purpose, we simulated the translational diffusion coefficients of the 
cations and anions, the rotational correlation times of the C(2)-H bond in the cation C2mim+, and the 
viscosities of all systems. These properties were compared to experimental data either from the literature 
or from our own NMR relaxation time and viscosity measurements. 
We find that the SE and SED relations are valid neither for the pure ionic liquid nor for IL/chloroform 
and IL/methanol mixtures down to low IL concentrations. The deviations from both relations could be 
related to dynamical heterogeneities described by the non-Gaussian parameter alpha(t). If alpha(t) is close 
to zero, e.g. at a concentration of 1 wt% IL in chloroform, both relations become valid. Then, the 
effective radii and volumes calculated from the SE and SED equations can be related to the structures 
found in the MD simulations, such as neutral aggregates of ion pairs. Overall similarities are observed 
between the dynamical properties of supercooled water and those of ionic liquids. 
 
[1] T. Köddermann, R. Ludwig, D. Paschek, ChemPhysChem 9 (2008) 1851. 
[2] C. Roth, A. Appelhagen, N. Jobst, R. Ludwig, ChemPhysChem 13 (2012) 1708.  
[3] T. Köddermann, S. Klembt, D. Klasen, D. Paschek, U. Kragl, R. Ludwig, ChemPhysChem 13 (2012) 

1748.  
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The Debye relaxation detected as the slowest dynamics in the dielectric spectra of a group of glass 
forming H-bonded liquids such as monohydroxy alcohols and secondary amides still remains to be 
clarified. The relaxation is found to be invariably attached to a faster relaxation, which is proven to be the 
true structural alpha-relaxation associated with the calorimetric glass transition and liquid viscosity. The 
advance of the understanding of the special dynamics relies on the presentation of the unique dynamic 
and thermodynamic characters of the Debye liquids. Here we present new dynamic and thermodynamic 
results of the Debye liquids on the basis of the experimental measurements conducted in the supercooled 
liquid regime near the glass transition. An enhancement of the dielectric relaxation strength is observed in 
binary monohydroxy alcohols, and the enhancement becomes more pronounced when mixing two 
primary aliphatic alcohols. Compared with the short-chain monohydroxy alcohols, a noticeable 
broadening of the Debye relaxation is showed in the dielectric spectra of the long-chain alcohols. In 
addition, the Debye relaxation is also found in other liquids such as aldehydes. The experimental findings 
allow for the development of the understanding of the Debye relaxation in highly viscous regimes. 
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Thermal properties of simple solid alcohols at low temperatures: from exotic to full  

orientationally-ordered states 
 

Krivchikov Kharkov, Alexander2; Hassaine, Merzak1; Ramos, Miguel1; Jimenez-Rioboo, Rafael3 

(1) Universidad Autonoma de Madrid; (2) Verkin Institute for Low Temperature Physics and 
Engineering; (3)Instituto de Ciencia de Materiales de Madrid 

 
Thermal conductivity, specific heat and acoustic measurements of simple monohydroxy solid alcohols 
(methanol, ethanol, and isomers of both propanol and butanol) in different structural states (glass, glassy 
crystal, “glacial state” and full orientationally-ordered crystals) have been conducted [1] at low  
temperatures. We have found that the main thermal properties of propanol and butanol glasses at low 
temperatures strongly vary among its different isomers, when the hydrogen bond of the hydroxyl group 
locates in a different position of the butanol molecule. Our work supports the view that the universal low-
temperature properties and low-frequency dynamics of glasses (including the TLS and the boson peak 
(BP)) are not to be directly scaled with the elastic constants and the Debye frequency, but are only 
indirectly linked to the elastic medium via the Ioffe-Regel limiting frequency ωIR ≈ ωBP , where lower 
frequency glassy quasilocalized excitations and acoustic-like phonons eventually hybridize. Our 
experimental results [2] show that the obtained glacial state in n-butanol is not a homogenous, amorphous 
state, but rather a mixture of  the (frustrated) crystal  phase  embedded  in  a  disordered, glassy matrix. 
[1] M. Hassaine, M. A. Ramos, A. I. Krivchikov at al., Phys. Rev. B 85 (2012) 104206. 
[2] M. Hassaine,  R. J. Jiménez-Riobóo, I. V. Sharapova et al., J. Chem. Phys. 131 (2009) 174508. 
 

 
 



   220 

Poster 
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Comparing calorimetric and dielectric polarization modes in different glass forming liquids 
 

Huth, Heiko1 

(1) University Rostock 
 
Calorimetry has proven to provide useful information about glass transition and material properties in 
general, because it establishes a direct link to energetic characterization. Due to MEMS technology in 
recent years new calorimetric devices were developed for heating/cooling rates respectively frequency 
ranges not easy or not at all accessible earlier. In several cases now a direct comparison with results from 
other dynamic methods like dielectric spectroscopy in a broader range is possible. While in dielectric 
spectroscopy all processes including dipole fluctuations are detected in calorimetry the local modes as 
side group rotations and similar are not seen. Due to this in several examples the combination of the 
different methods gives further insights in molecular processes [1,2]. 
[1] H. Huth, L. M. Wang, C. Schick, R. Richert, Journal of Chemical Physics  126, (2007) 104503. 
[2] A. R. Brás, M. Dionísio, H. Huth, C. Schick, A. Schönhals, Phys. Rev. E 75, (2007) 061708. 
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Influence of hydrogen bonds and temperature in dielectric properties by computer simulations 

 
Ortiz de Urbina, Jordi1; Sesé, Gemma1 

(2) Universitat Politècnica de Catalunya 
 
Dielectric properties have been evaluated from Molecular Dynamics simulations on two model systems. 
One of them mimics methanol. The microscopic model of the second one differs from the former on the 
ability to set up hydrogen bonds. Both of them have the same molecular dipole moment. 
Overall dipole moment correlation functions have been obtained, as well as their self and distinct 
contributions. At room temperature, suppression of hydrogen bonds results in significantly shorter 
relaxation times, especially for the distinct contribution. From the total dipole moment correlation 
function we have computed the relative dielectric constant which is about five times larger in the non-
associate system.  
Longitudinal and transverse dipole density time correlation functions have been calculated and the wave 
vector dependence has been analyzed. The longitudinal component relaxes considerably faster than the 
transverse part in both systems. The initial oscillatory decay observed in the longitudinal function for 
methanol has been replaced by an initial monotonic decay followed by over-damped oscillations in the 
system without hydrogen bonds. As for the transverse function, a monotonic long-time decay has been 
observed in both systems, but some qualitative differences are apparent on a short time scale. A study of 
the influence of temperature has also been undertaken. 
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Multiple dielectric responses of hydrogen bonding liquids 
 

Nozaki, Ryusuke1 

(1) Hokkaido University 
 
We have investigated dielectric processes of hydrogen bonding liquids by means of broadband dielectric 
spectroscopy between 1microHz and 2.5THz [1].  Polyhydric alcohols (PA) show the alpha ,the JG-beta, 
the boson peak processes in the super-cooled state.  On he other hand, in mono-hydric alcohols (MA), we 
have at least four processes including the boson peak in the liquid and super-cooled states.  The primary 
process of MAs looks similar to the alpha process.  However, the primary process is of the Debye type 
and the alpha process is of the HN or KWW type.  All these differences would come from the fact that the 
PAs form extended hydrogen-bonding networks while the MAs form chain clusters dynamically 
exchanging molecules.  It should be noted that the sugar alcohols show another process, so called ultra-
slow-process (ups), below the alpha process after quenching sample cell.  The behaviour of the ups is 
similar to that of the primary process except that the ups is not stable in time.  Finally, the boson peak of 
PAs depends only on number density of OH while that of MAs depends also on the chemical structures.  
This fact gives a model of local dynamics in hydrogen bonding structure [2]. 
[1] A. Minoguchi, K. Kitai, R. Nozaki, Phys. Rev. E 68 (2003) 031501., M. Nakanishi & R. Nozaki, 
Phys. Rev. E 83 (2011) 051503., Y. Yomogida et.al., J. Mol. Struct. 970 (2010) 171., Y. Yomogida et.al., 
Phys. Rev. E 73 (2006) 041510. 
[2] R. Nozaki, AIP Conf. Proc. (2013), in press. 
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Debye Relaxation of Supramolecular Polymeric Liquid 

 
Xiong, Huiming4; Lou, Nan4; Wang, Yangyang1; Li, Xiaopeng3; Li, Haixia4; Wang, Ping2;  

Wesdemiotis, Chrys3; Sokolov, Alexei P1 

(1) Oak Ridge National Laboratory; (2) Dow Chemicals Company Limited; (3) University of Akron;  
(4) Shanghai Jiao Tong University 

 
A model self-complementary supramolecular polymer based on thymine and diamidopyridine triple 
hydrogen-bonding motifs has been synthesized and its dielectric and rheological behaviors have been 
investigated. The formation of supramolecular polymers has been unequivocally demonstrated by nuclear 
magnetic resonance, electrospray ionization mass spectrometry with traveling wave ion mobility 
separation, dielectric spectroscopy, and rheology. The dynamical behaviors of this associating polymer 
generally conform to those of type-A polymers, with a low-frequency chain relaxation and a high-
frequency alpha relaxation visible in both rheological and dielectric measurements. The dielectric chain 
relaxation shows the ideal symmetric Debye-like shape, resembling the peculiar features of hydrogen-
bonding mono-alcohols. Detailed analysis shows that there exists a weak decoupling between the 
mechanical terminal relaxation and dielectric Debye-like relaxation. The origin of the Debye-like 
dielectric relaxation is further discussed in the light of mono-alcohols. 
 [1] N. Lou, Y. Y. Wang, X. P. Li, H. X. Li, P. Wang, C. Wesdemiotis, A. P. Sokolov, H. M. Xiong, 
submitted. 
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MA-105 

Inter Molecular Dynamics of Monohydroxy Alcohol 2-Propanol in the Liquid and Supercooled 
State 

 
Faraone, Antonio2; Nagao, Michihiro2; Nakajima, Kenji1; Kikuchi, Tatsuya1 

(1) Japan Atomic Energy Agency; (2) NIST Center for Neutron research 
 
Coherent Quasielastic Neutron Scattering (QENS) measurements, performed on both a Time-of-Flight 
and a Neutron Spin Echo spectrometers, were used to study the dynamics of perdeuterated 2-propanol in 
the liquid and supercooled states, in a time range from ≈1 ps to 10 ns. The structure factor of 2-propanol 
shows a prepeak which is supposed to originate from hexamer like structures.[1] The QENS data were 
collected in a Q range encompassing both the prepeak and the First Sharp Diffraction Peak (FSDP), thus 
allowing to study the molecular dynamics at length scales corresponding to the first neighbour and inter 
cluster distances. In the liquid state, in the whole investigated Q range, the ISF data scale according to an 
Arrhenius relaxation process.[2] In the supercooled state a slower relaxation process emerges, which also 
follows an Arrhenius law with a roughly double activation energy.[2] When the data are analyzed in 
terms of an average collective diffusion coefficient, a slowing down of the dynamics (de Gennes’ 
narrowing) is observed in correspondence of both the FSDP and the prepeak. These findings indicate that 
the supramolecular structures which originate the prepeak are rather stable. The same, temperature 
activated process, probably H-bond breaking and reforming, is triggering the diffusive dynamics and the 
destruction of the clusters’ structural arrangement. 
[1] A. Sahoo, et al., Pramana-J. Phys. 74 (2010) 765. 
[2] S.S.N. Murthy & S.K. Nayak, J. Chem. Phys. 99 (1993) 5362. 
 

 
 
Poster 

MA-106 
Stochastic models for the H-bonding structure and dynamics in alcohols 

 
Sillrén, Per1; Mattsson, Johan 2; Matic, Aleksandar1 

(1) Chalmers University of Technology; (2) University of Leeds 
 
Mono-alcohols are among the simplest of H-bonded systems, and hence excellent for systematic studies 
of the effects of H-bonding. In alcohols this leads to ordering in terms of transient clusters with 
fascinating structural and dynamic properties. To connect structural properties to dynamic, it is essential 
to characterise the H-bonded clusters in terms of their size distribution and shape. 
 We present neutron diffraction data of 1-propanol, analysed in conjunction with EPSR simulations to 
determine distributions of cluster sizes as well as their radii of gyration and dipole moments. The clusters 
can be described as chains, with a small branching probability 5-10%, but a wide size distribution. Our 
statistical model [1] connects the cluster size distributions to the bonding probabilities of individual 
molecules. 
For the special case of linear clusters we calculate the autocorrelation function of the cluster size 
distribution. This provides us with a quantitative tool to test the transient chain model [2], connecting the 
Debye relaxation seen in dielectric spectra of mono alcohols to more fundamental time scales. It also 
enables us to quantitatively connect the time scale of the Debye-peak to the size distribution of H-bonded 
clusters. 
[1] P. Sillrén, J. Bielecki, J. Mattsson, L. Börjesson & A. Matic, J. Chem. Phys. 136 (2012), 94514.  
[2] C. Gainaru, R. Meier, S. Schildmann, C. Lederle, W. Hiller, E. Rössler & R. Böhmer, Phys. Rev. 
Lett., 105 (2010), 258303. 
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The microscopic structure behind the hydrogen bond in butanol 
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 Ramos, Miguel Angel3; Shmyt'ko, Ivan4; Tamarit, Josep-Lluis2; Pardo, Luis Carlos2 

(1) Institut Laue-Langevin; (2) Universitat Politecnica de Catalunya; (3) Universidad Autonoma de 
Madrid;  

(4) Institute of Solid State Physics of Russian Academy of Sciences;  
(5) Instituto de Estructura de la Materia (CSIC) 

 
Aliphatic alcohols are the simplest molecular liquids possessing a polar hydroxyl group and a nonpolar 
alkyl tail, and may therefore be used as prototypes to explore how the molecular geometry and the length 
of the hydrophobic chain determine the structure of more complex substances. The structure of the 
smallest alcohols has been relatively well studied and the existence of a pre-peak before the main 
diffraction peak is well known from X-ray diffraction studies. It consists of a small side maximum that 
shifts to lower Q values with increasing chain length and is considered a signature of H-bonded 
association and related to the formation of clusters of mesoscopic size. We have recently found by means 
of X-ray and neutron diffraction that the height of the pre-peak associated with the formation of H-bonds 
increases with temperature. This behaviour is surprising, as one would expect that the influence of H-
bonds in the structure should decrease with temperature. In order to unravel this counterintuitive effect, 
we have performed in this work a series of Molecular Dynamics simulations. The standard analysis of the 
MD trajectories shows that the computed structure reproduces the experimental static structure factor 
reasonably well, including the position and intensity of the pre-peak as a function of temperature. We 
have then applied the new method developed by Pardo et al. to describe in detail the short range 
molecular ordering between neighbouring molecules and find out how H-bonding determines the 
structural features observed. 
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New opportunities at high frequencies 
Invited talk 

NHF-1 
Orientational Order in Liquids and Glasses 

 
GRUEBEL, Gerhard1 

(1) DESY 
 
Understanding the slowing down of the dynamics at the glass transition is one of the grand challenges in 
condensed matter physics. It has been argued that liquids and glasses are not randomly disordered but 
develop structural bond-order on a local scale [1]. Experimental evidence for bond-order is scarce be- 
cause conventional diffraction experiments measure an orientationally averaged twopoint density cor-
relator which cannot detect bond-order. 
We have shown recently, by using coherent X-rays, that speckle patterns from hard sphere colloidal 
glasses show pronounced angular correlations in the vicinity of the structure factor [2]. We discuss how to 
extract the orientational correlations from such a speckle pattern. Our results show that such orientational 
correlations do exist and the strength of the bond-order parameter can be correlated with the relaxation 
times; we observe an exponential increase of the relaxation time with increasing strength of the orienta-
tional correlations. 
We note that the methods and results presented here open the way to study bond-order and bond-order 
fluctuations by X-ray diffraction experiments for a variety of systems on the nanoscale. 
[1] H. Tanaka, T. Kawasaki, H. Shintani, and K. Watanabe, K. Nature Mat., 9 (2010) 324-33. 
[2] P. Wochner, C. Gutt, T. Autenrieth, T. Demmer, V. Bugaev, A. Diaz-Ortiz, A. Duri, F. Zontone, G. 
Grübel, and H. Dosch, PNAS 106 (2009) 11511-11514. 
 

 
 
Invited talk 

NHF-2 
Lagrange- the neutron vibracional spectrometer at the Intitut Laue-Langevin 

 
Jimenez Ruiz, Monica1; Ivanov, Alexandre1 

(1) Institut Laue-Langevin 
 
Vibrational spectroscopic techniques provide unique information about the high-energy atomic and 
molecular vibrations in condensed matter systems.  The neutron scattering spectroscopy has proven to be 
a powerful and unique tool for studies of dynamical properties of solids and associated physical and 
chemical phenomena. The information obtained by Inelastic Neutron Scattering (INS) experiments is 
complementary to the one obtained by means of infrared and Raman spectroscopy that yield information 
about lattice vibrations, which produce a variation of the dipole moment or the polarizability of the 
system respectively. The INS method directly follows the motions of nuclei and, since there are not 
specific selection rules, the INS spectra provides information about all vibrations of the system. For this 
reason INS technique is used as an important source of supplementary data for computational techniques 
dealing with the dynamics of complex systems. 
The Lagrange project was launched  with the goal to create a new spectrometer for studies of lattice and 
molecular excitations in the extended energy range up to several-hundred-meV typical for materials 
containing light chemical elements, in particular hydrogen. Lagrange replaces the Be filter spectrometer 
placed on the hot neutron spectrometer IN1 at the Institute Laue-Langevin [1] and dedicated to the studies 
of molecular vibrations in complex systems. The Lagrange (LArge GRaphite ANalyser for Genuine 
Excitations) secondary spectrometer setup is based on the space focussing of neutrons scattered by the 
sample in a very large solid angle, all then registered with a relatively small single counter. The focussing 
reflecting surface of ~1 m2 is built around the vertical sample-detector axis from pyrolytic graphite 
crystals set to reflect neutrons with the fixed average energy of 4.5 meV. Lagrange replaces the Be filter 
spectrometer placed on the hot source at the ILL and provides much higher sensitivity to extremely small 
or low scattering samples through substantially increased detector count rate combined with considerably 
improved energy resolution. With these characteristics Lagrange opens new possibilities for the 
spectroscopic studies of complex materials. The new instrument permits investigation of much smaller 
samples that are inherent in novel materials studies, recording of well-resolved vibration spectra and a 
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more detailed probing of external parameters like temperature, pressure, chemical composition, magnetic 
field, time-dependent processes etc. It makes Lagrange highly competitive with the instruments for high-
energy neutron spectroscopy elsewhere.  
After introducing the technical aspects and the performance of Lagrange, several examples of 
measurements of density of states of different systems and improvements, mainly concerning sample 
environment, will be presented.  
[1] http://www.ill.eu/instruments-support/instruments-groups/instruments/in1-taslagrange/characteristics/ 
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Compexity in the metal-to-insulator transition in doped titanates 

 
Schuessler-Langeheine, Christian1 

(1) Helmholtz-Zentrum Berlin fuer Materialien und Energie GmbH 
 
In complex solids with rich phase diagrams (and a certain amount of static disorder) the coexistence of 
different phases can been observed [1]. Often, the macroscopic material properties are dominated by one 
of these phases depending on their spatial distribution. Variation of the spatial pattern or of the volume 
fractions via external fields may provide a novel route to tune macroscopic properties with rather small 
external stimuli. So could a material with coexisting insulating and metallic regions be turned 
macroscopically conducting when the metallic regions are brought across the percolation limit. 
Understanding these mechanisms in detail requires determining the spatial distribution of different phases 
and how it changes under the influence of external fields. X-ray methods are particularly suited here. X-
ray photon correlation spectroscopy (XPCS) and x-ray micro diffraction provide the required sensitivity 
to local properties as well as to their spatial pattern and XPCS additionally allows for tracking changes in 
real time.  
We report results from a study of phase coexistence across the metal-to-insulator transition in doped 
titanates and related materials carried out at the x-ray sources PETRA III, LCLS and BESSY II.  
[1] E. Dagotto, Science 309, 257 (2005). 
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(3) SLAC National Accelerator Laboratory; (4) Colorado State University 
 
The invention of x-ray free-electron lasers (XFELs) opens a pathway to transfer nonlinear spectroscopy 
from the optical to the x-ray region, to ultimately study the interplay of coherent electronic and 
vibrational dynamics on the timescale of chemical reactions. Resonant Inelastic X-ray Scattering (RIXS) 
is a viable element specific tool with chemical sensitivity, with, however relatively small cross section, so 
that even with XFEL sources probing dilute samples or molecules in the gas phase is challenging. This 
hampers the application of RIXS in pump probe experiments, which could be a powerful method of to 
study light-induced chemical reactions. Here we show, this problem can be overcome by stimulating the 
RIXS process. We present results of an experiment on stimulated RIXS at the Linac Coherent Light 
Source XFEL in a gas sample of atomic neon, thereby amplifying the RIXS signal by 8 orders of 
magnitude. Using broadband XFEL pulses, which are characterized by a stochastic, spiky substructure of 
their spectrum, both “pump” and “dump” photons can be provided in a single pulse, thereby stimulating 
the scattering process and driving an exponential amplification of the signal. Despite the overall broad 
bandwidth, high-resolution RIXS spectra can be achieved by statistical analysis of a series of stochastic 
single-shot spectra. The energy resolution is determined by the spectral coherence of the XFEL source, 
and in principle allows for vibrational resolution. These findings open up a new class of experiments at 
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XFEL sources, with a colossal increase of the RIXS signal. Results of our recent experiment will be 
presented, along with a perspective and theoretical feasibility study of stimulated RIXS measurements in 
small molecules. 
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Advances and Scientific Opportunities in the Development of the Ultrahigh Resolution IXS  

Beamline for NSLS-II* 
 

Cai, Yong1; Antonelli, S.1; Coburn, D.S.1; Cunsolo, A.1; Keister, J.W.1; Suvorov, A.1 

(1) Brookhaven National Laboratory 
 
Inelastic X-ray Scattering (IXS) is a powerful technique for studying dynamics and excitations in 
condensed matter systems, and has been applied successfully to study phonons in solids, sound modes in 
liquids and polymers, plasmons in metals, and complex electronic excitations in strongly correlated 
materials. The ultrahigh resolution IXS beamline of NSLS-II is designed to extend the technique to probe 
a region of dynamic response that requires an ultrahigh energy and momentum resolution of up to 0.1 
meV and 0.01 nm-1, respectively, which is currently still beyond the reach of existing low and high 
frequency inelastic scattering probes. In this presentation, we will present recent advances at NSLS-II in 
developing the required x-ray optics and instrumentation based on the use of extreme asymmetric Bragg 
back reflections of Si. These advances have allowed us to achieve sub-meV energy resolution with sharp 
tails and high efficiency at a medium energy of around 9 keV, and validated the design of the NSLS-II 
IXS beamline for the baseline scope. The scientific opportunities enabled by the expected performance of 
the beamline, particularly for studying the dynamics of liquids, disordered and bio-molecular systems, as 
well as the prospect and challenges in reaching the ultimate goal of the beamline will also be discussed.  
* Work supported by the US Department of Energy, Office of Science, Office of Basic Energy 
Sciences, under contract No. DE-AC-02-98CH10886.   
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Pulses 
 

Fuoss, Paul1 

(1) Argonne National Laboratory 
 
The coherent, femtosecond hard x-ray pulses from free electron laser x-ray sources provide 
unprecedented opportunities to observe the structure of liquids and glasses down to the atomic length 
scale, as well as the dynamics of atomic motion in these systems down to the corresponding femtosecond 
time scale. In this talk, we will discuss our recent experiments at LCLS determining the speckle contrast 
in high-angle diffraction from liquid Ga, glassy Ni2Pd2P and B2O3 using single, sub-picosecond x-ray 
pulses [1]. These measurements provide a strong basis for designing experiments measuring ultra-fast 
dynamics in liquids and glasses using x-ray photon correlation spectroscopy (XPCS). We will discuss the 
experimental opportunities and challenges associated with using the Linac Coherent Light Source (LCLS) 
to perform time domain XPCS using the pulse split-and-delay approach. 
[1] S. O. Hruszkewycz, et al., Phys. Rev. Lett., 109, (2012) 185502. 
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Transient Raman Spectroscopy 
 

Pontecorvo, Emanuele 1 
(1) Univ Roma La Sapienza, Dipartimento Fis 

 
Transient Raman spectroscopy is an invaluable tool to observe structural dynamics during a photo-
induced reaction, thanks to the high sensitivity of the vibrational spectrum to small structural changes. 
Femtosecond Stimulated Raman Spectroscopy (FSRS) is a recently developed pump-probe technique 
which allows going beyond the intrinsic Fourier transform limits which affects the well-established Time 
Resolved Resonance Raman (TR3) approach. The simultaneous presence of two electric fields as “probe” 
stimulates vibrational coherence and, using dispersed detection, the spectral resolution is fundamentally 
limited only by one of the pulses (narrow-band, few ps duration, so called Raman Pulse), whereas the 
time resolution in principle only depends on the duration of the laser pulses that initiate the 
photochemical reaction (actinic pump) and the vibrational coherence itself (Raman probe).  
Our recently developed setup [1-2] demonstrates this "disentanglement" of time and energy resolution 
(approaching 30fs and 15cm–1, respectively) allowing for a large tunability of the Raman Pulse 
wavelength (350-700nm). Consequently, we can follow photo-induced processes in the sub-ps regime 
being selectively resonant with transient species along the reaction pathway. We will show two 
applications of this technique: (i) the study of the early stages of bond-breaking dynamics during the 
ligand photolysis in Heme-proteins and (ii) the study of the non-adiabatic dynamics following an 
electrocyclization reaction in a reversible photocromic molecular photoswitch. 
    
[1] E. Pontecorvo et al., Optics Express 19, (2011) 1107. 
[2] E. Pontecorvo et al. (2013) accepted by Optics Express. 
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Metal-organic frameworks (MOFs) are one of the most interesting classes of porous nanostructured 
hybrid organic-inorganic materials. MOFs are of great scientific and technological importance because of 
their ability to interact with atoms, ions, and molecules not only on the surface, but also in the bulk of a 
material.. MOFs are very promising for  design of sensors, gas sorbents, purification of gases, design of 
telecommunication and electronic devices, insulating materials. The study of the electromagnetic 
properties of MOFs provides important information to understand the interaction between MOFs and 
electromagnetic radiation. These kinds of investigations were carried out at radio frequencies up to the 
microwave band and in the long-wavelength region of the millimeter-wave (MMW) band [1,2]. 
The complex reflactive indices of eight nanoporous MOFs has been measured for the first time in the 
short-wavelength region of the MMW band. The measurements have shown that these MOFs possess 
specific dielectric properties in this frequency range. These MOFsnanoporous materials exhibit either 
Debye-like or a damped resonance dispersion. It is established that the dielectric characteristics of MOFs 
structures are substantially changed when the samples are kept in humid atmosphere. This fact can be 
used to design atmospheric and environmental sensors on the basis of  MOFs structures. 
[1] J. Y. Wu, S. L. Yang, T. T. Luo, Y. H. Liu, Y. W. Cheng, Y. F. Chen, Y. S. Wen, L. G. Lin, K. L. Lu, 
Chem. Eur. J. 14, (2008) 7136. 
[2]. Y. H. Liu, Y. L. Lu, H. L. Tsai, J. C. Wang, K. L. Lu, J. Solid State Chem. 158 (2001) 315 
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Evolution of electrostatics in a link between innate and adaptive immunity 

 
Morikis, Dimitrios1; Morikis, Dimitrios1; Kieslich, Chris1 

(1) University of California, Riverside 
 
We present a novel computational approach for the identification of electrostatic hotspots, produced by 
clusters of like-charged residues on the surface of proteins [1]. The approach is based on structural 
perturbations, introduced through molecular dynamics simulations and computational mutations, and 
utilizes electrostatic similarity calculations to identify perturbation-resistant regions of the spatial 
distributions of electrostatic potentials. Electrostatic hotspots are often evolutionarily favored and in this 
study we provide new insights into the evolution of the immune system protein C3d in its role as a link 
between innate and adaptive immunity. C3d is a key component in an ancient line of immune defense, 
owed to its ability to covalently attach to pathogen cell surfaces. As the immune system evolved in 
complexity, from acellular defense mechanisms to multicellular systems with memory, so has the 
function of C3d. In humans, but not in lower species such as invertebrates, C3d attached to pathogen 
surfaces also binds to B cell coreceptor CR2, in conjunction with an antibody/antigen complex. The C3d-
CR2 interaction is driven by electrostatic forces, and ultimately increases B-cell sensitivity to the C3d 
tagged pathogen by 1,000-10,000 fold. We demonstrate that C3d has evolved to optimize its dual 
functionality of covalent attachment to pathogens and interaction with CR2.  
[1] C. A. Kieslich & D. Morikis, PLoS Comp. Biol. 8 (2012) e1002840. 
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Cellular heterogeneity is frequently associated with the stochasticity of biochemical reactions within the 
cell. However, there are other mechanisms through which heterogeneous behavior can arise in cell 
populations. In these scenarios noise plays only a secondary role, being filtered by gene and protein 
circuits leading to a dynamical behavior that is unsynchronized across the population. In this talk I will 
discuss examples of these types of mechanisms in the particular case of embryonic stem cell pluripotency, 
which is known to be both strongly dynamical and heterogeneous. I will explore what we can learn from 
the observed heterogeneity in the levels of pluripotency factors, and from measurements of the correlated 
heterogeneity in pairs of such factors under different signaling scenarios. Within that context, I will 
present a theoretical model of pluripotency, based on sustained relaxation towards a slow attracting 
manifold, which reproduces these observations reasonably well, potentially leading us to a better 
understanding of the nature of pluripotency. 
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Despite advances made over the last decade in our understanding of the complex interaction between the 
human immunodeficiency virus (HIV) and the host immune system, many central questions still remain 
unanswered. In this context the most important unanswered question is the mechanism by which HIV 
inactivates or kills T cells. It is now well established that the third hypervariable domain (V3) of the 
human immunodeficiency virus-1 (HIV-1) glycoprotein gp120 plays a crucial role in the cell attachment 
mechanism of the virus. By using synthetic peptides we have shown that during the process of specific 
antigen presentation, the presence of the cationic crown of V3 induces enhanced and accelerated 
activation of the responding CD4+ T cells, followed by a sharp apoptosis. The degree of activation was 
related to the cationic potential of the V3 peptide. The interacting molecule on the T cell membrane was 
the chemokine receptor CCR5 which also acts as co receptor to the virus. This interaction is central to 
immune dysfunction caused by the presence of the virus and is a major contributor to the HIV-1 
pathogenesis. A careful appraisal of the structure and dynamics between gp120 and CCR5 using 
physicochemical methods [1] gave new insights of the underlying interactions at a molecular level and 
will contribute to our ability to intervene and develop novel therapeutic approaches against this infection. 
[1] A. Lopez de Victoria, C. Kieslich, A. Rizos, E. Krambovitis, D. Morikis, BMC Biophysics 5 (2012) 3.  
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Diffusive dynamical processes show often a peculiar behavior when they  take place on top of a strongly 
heterogeneous substrate. Here we will focus on the case of strong contact heterogeneity, where the 
substrate can be satisfactorily modeled in terms of a complex network. By looking at the simplest case of 
a random walk and the more relevant one of epidemic spreading, we will show how the degree of contact  
heterogeneity can affect the properties of diffusive behavior. We will consider additionally the case where 
the contact pattern is not constant, but changes in time (as it happens in the network of social contacts 
through which human diseases spread), discussing the important effects that an additional time dimension 
introduce in the problem. 
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Fluctuation theorems establish relations governing energy exchange processes in systems in contact with 
thermal sources, providing new methodologies to obtain equilibrium information from non-equilibrium 
experiments [1,2]. To date fluctuation theorems have been applied to recover free energies of native [3] 
non-native states [4,5]. In this talk I will show a new domain of applications of fluctuation theorems to 
recover binding free energies of peptides and proteins to nucleic acids, essential to characterize many 
regulatory processes in the genome. 
 
References 

[1] F. Ritort, Nonequilibrium fluctuations in small systems: from physics to biology, Advances in 
Chemical Physics, 137, 31-123 (2008). Ed. Stuart. A. Rice, Wiley publications. 

[2] A. Alemany, M. Ribezzi, F. Ritort, Recent progress in fluctuation theorems and free energy 
recovery, R.Klages, W.Just, C.Jarzynski (Eds.), Nonequilibrium Statistical Physics of Small 
Systems: Fluctuation Relations and Beyond (Wiley-VCH, Weinheim, 2012; ISBN 978-3-527-
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[4] I. Junier, A. Mossa, M. Manosas and F. Ritort, Recovery of free energy branches in single 
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[5] A. Alemany, A. Mossa, I. Junier and F. Ritort, Experimental free-energy measurements of 
kinetic molecular states using fluctuation relations, Nature Physics, 8 (2012) 688-694  
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DNA replication is a crucial process for all life on Earth, and cells have evolved an elaborate machinery 
to ensure rapid and accurate duplication of their genetic material. DNA replication is carried out by 
replication forks which travel at approximately constant velocity in the genome. These forks start from 
locations in the DNA called replication origins. Origins are defined by the binding of specific proteins 
(known as Mcms) to points in the DNA.  In many organisms, binding is non-specific, and the Mcms are 
randomly distributed through the genome with approximately uniform probability. This raises the 
question of how often one expects to find large gaps in the genome where no origin exists. These would 
lead to unacceptably long replication times, leading to chromosomal instability and cell death. This is a 
fundamental problem in the area of DNA replication. The usual assumption is that the origins are 
completely randomly distributed through the genome. We show that with the known number of Mcms in 
cells, these long gaps are almost sure to appear, and this is not consistent with the observation that in 
actual cells replication almost is always completed within a short period of time. We conclude that the 
origin distribution cannot be random, and propose an alternative model based on very recent biological 
data. Our model turns out to be equivalent to a version of the classic car-parking model of non-
equilibrium statistical physics, where the binding of an Mcm near another Mcm is discouraged by the 
system. We show that the long-range correlations generated by this process conspire to decrease 
dramatically the probability of big gaps, and the resulting predictions are compatible with biological 
experiments, thereby answering an important question in the biology of DNA replication. 
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Under certain pathological conditions, elastin is attacked by MMP12 releasing short polypeptides able to 
give rise to amyloid-like fibers [1]. Therefore, we synthesized a polypeptide (S4) released during the 
proteolysis of human tropoelastin by MMP12 in order to assess if it could form amyloid-like fibers in 
vitro. The conformational and microscopy studies revealed that S4 polypeptide is able to form amyloid-
like fibers under certain conditions. The aim of this work is to extract the influence of the architecture on 
the molecular mobility of these systems. For exploring low frequency chain dynamics of S4 and S4 
fibers, we coupled   Differential Scanning Calorimetry (DSC), Dynamic Dielectric Spectroscopy (DDS) 
and Thermo Stimulated Current (TSC). DSC revealed glass transition and denaturation; the occurrence of 
a melting peak in S4 fibers thermograms was associated with the highly ordered structure (such as the 
cross-β spine structure evidenced in amyloid fibers) .  DDS was used to scan the localized and delocalized 
mobility, and a clear discrepancy was evidenced between S4 and S4 fibers at the level of the delocalized 
mobility. TSC completed the dielectric study by analyzing the fine structure and the cooperativity of the 
relaxation modes.  
[1] A.M. Tamburro, A. Pepe, B. Bochicchio, D. Quaglino, I. Pasquali Ronchetti, “Supramolecular 
amyloid-like assembly of the polypeptide sequence coded by exon 30 of human tropoelastin”,  J. Biol. 
Chem.,  280, 4, 2682-2690, 2005. 
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In lipid mixtures containing the highly negatively charged lipid PIP2 (a crucial component in cell 
membrane mechanics) multivalent ions such as calcium can drive the formation of PIP2-rich domains by 
mediating attractions between the lipids. Although the existence of ion-mediated attractions is well 
known in macromolecular systems, their form is poorly understood because they result from strong 
correlations between the charged molecules and ions. Within a numerical model of a lipid monolayer, we 
analyze the formation kinetics and mechanical properties of PIP2-rich domains [1].  We show that they 
are liquid-like at moderate values of the PIP2-charge but rigid at higher PIP2-charge. In these rigid 
clusters, lipids are held together by an effective interaction, the strength of which is extracted from the 
simulations using a recently introduced method in which the calcium ions and remaining lipids are 
integrated out. We will discuss the relevance of various physical and chemical parameters on the kinetics 
of the domain formation process, and its possible implications for membrane mechanics. 
[1] W.G. Ellenbroek et al., Biophysical Journal 101, 2178 (2011). 
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We have discovered ultrathin peptide nanotubes formed by several surfactant-like peptides. In several 
cases, evidence of the mechanism of formation of the nanotubes by wrapping of helical ribbons is directly 
obtained from cryogenic-TEM. Peptide (Ala)6(Arg) forms 3 nm thick sheets at low concentration, these 
wrap into helical ribbons and nanotubes at high concentration. The arginine functionality on the tube 
walls may lead to useful applications. Lipopeptide C16-KKFFVLK shows a remarkable thermoreversible 
transition between helical nanoribbons/nanotubes and twisted tapes. This could form the basis of a 
delivery system based on release of encapsulated cargo, or of a bioactive actuator material. The dynamics 
of this transition and the associated mechanisms are also discussed. 
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Lipid bilayer are fundamental components of all biological membranes and in particular of cell 
membranes, where beside to circumscribe the cellular environment they are also loaded, and interacting, 
with many functional biological structures. Because of the enormous complexity of real biomembranes, 
model systems consisting of relatively simple lipid bilayers are frequently studied. 
We investigated the microscopic dynamics of D2O-hydrated biomembrane by means of Incoherent Quasi 
Elastic Neutron Scattering. Measurements were executed on highly aligned multi bilayers of POPC 
supported on mica, both in the gel and in the liquid crystal phase.  
Experimental data evidence the presence of three main dynamics taking place on well separated time 
scales related to a fast (sub picosecond) motion of  Hydrogens, a slower motion of  acyl chains and 
methyl groups and a  slow confined diffusion of the whole phospholipid. 
Appropriate models have been used to describe the system dynamics in both phases and details of the  
spatial extent of such motions were derived. The obtained results have been compared with the existing 
literature data, to provide a comprehensive view of membrane dynamics on sub nanosecond time scale. 
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Nowadays, there is an urgent need to reduce the total fossil fuel consumption. One alternative is to 
produce biodiesel by extracting oils from microalgae. Getting biodiesel from algae has an additional 
advantage because no food products are used as a source for oil, and microalgae’s cultivation offers a 
density 10 times higher than traditional crops in terms of litres of oil produced per hectare. Moreover, this 
technology can be used for CO2 storage. 
The goal of this work is to provide information of the kinetics of the oils along the industrial processes of 
extraction and separation with supercritical CO2. Supercritical CO2 is a good solvent for extraction 
processes because of its low toxicity, ease of separation with the solute, non flammability and low critical 
point. These characteristics allow the extraction of organic molecules without worrying about the 
denaturing. 
Using Monte Carlo methods, the solubility of the oil in CO2 supercritical fluid has been modelled. From 
the model proposed we can calculate thermodynamic and kinetic properties, as well as determine the 
amount of oil extracted. Then, Molecular Dynamics simulations are performed to estimate the self-
diffusion coefficients of the oils. With the knowledge of the kinetic properties, a tool to optimize the 
extraction process is elaborated. 
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In this talk I will ask several seemingly simple questions about polymer dynamics, questions the outsider 
would think people who study polymer dynamics should certainly know the answer to before they engage 
in any other activities. Surprisingly, the answers are still unclear, and, if available, are quite complex. The 
questions are 1) Unentangled polymers: why does Rouse theory work, or does it? 2) Can single 
entanglement between two chains be represented by a slip-spring? 3) Do stochastic models of entangled 
polymers agree with the tube theory, and how to measure tube parameters? 
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Microscopic theory of topologically entangled polymer dynamics and tube confinement 
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We have formulated a microscopic theory for the dynamic transverse confinement field of liquids of zero-
excluded-volume rigid rods and flexible chains based solely on topological entanglements [1]. 
Uncrossability is exactly enforced at the binary-collision level, and many-particle effects are accounted 
for by a self-consistent renormalization of the dynamics. Tube localization and reptative diffusion above a 
critical density are predicted for rods, in excellent agreement with simulations and confinement potential 
measurements in entangled f-actin solutions. The theory is extended to treat flexible chains that have been 
coarse-grained at the level of random walks of self-consistently-determined primitive-path steps, and the 
calculated anharmonic tube field for chains is in agreement with simulation.The strong anharmonic 
softening of the predicted tube field suggests the entanglement network is of finite strength. Thus, in 
addition to the possibility of polymer-alignment-induced weakening of the tube constraints, external 
forces are able to break the tube. This departure from a purely harmonic confinement potential has large 
implications for rheology. Calculation of the inter-chain contribution to stress storage suggests it is the 
origin of the plateau shear modulus, and the experimentally-established connection with the packing 
length is nearly quantitatively predicted. 
[1] D. M. Sussman and K. S. Schweizer, Phys. Rev. Lett. 107 (2011) 078102; 109 (2012) 168306.  
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This talk summarizes our efforts to probe the phenomenological and conceptual foundation of nonlinear 
rheology for entangled polymeric liquids.  The useful properties of viscoelastic materials are often related 
to their responses at large strains and high strain rates.  In response to a fast startup deformation, these 
complex fluids must undergo a transition from the initial elastic deformation toward the eventual state of 
flow.  We call this transition yielding by analogy with the literal meaning defined in engineering 
mechanics of solid materials. In our theoretical framework, the yielding emerges upon startup fast 
deformation as stress overshoot appears. This structural transformation occurs upon a force imbalance 
between the elastic retraction and intermolecular gripping force involving entanglement strands, leading 
to chain sliding at the entanglement points.  Such concepts are valid also in absence of any 
inhomogeneous shear and applicable to other forms of deformation including uniaxial extension.  This 
new theoretical picture contrasts sharply with the conventional wisdom provided by the tube theory.  The 
tube model is appealing because its perceived barrier-free chain retraction on Rouse time scale, an 
indispensable and inevitable ingredient of the model, naturally produces non-monotonicity in all three 
important cases: (1) stress overshoot upon startup shear, (2) strain softening in the damp function in stress 
relaxation, (3) shear stress maximum in steady stress vs. rate.  However, many new results including 
various rheological experiments involving homogeneous deformation, SANS measurements and 
molecular dynamics simulations indicate that the single-chain based tube theory may have difficulty in 
capturing the essential physics behind nonlinear rheology of entangled polymers. 
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An important concept in polymer physics is the Flory ideality hypothesis. This hypothesis states that 
polymer chains in a melt have random-walk-like conformations. However, theoretical [1–4] and 
numerical results [3,5] suggest that this view is an oversimplification. There are noticeable deviations 
from chain ideality, resulting from the interplay of chain connectivity and the incompressibility of the 
melt. This interplay leads to a swelling of chain segments and thus to a perturbation of the ideal chain 
conformation. We present an overview of the numerical evidence for these deviations and compare, 
where possible, the simulation data to theoretical predictions. Although the main body of the presented 
data will be on 3D polymer melts, the effect of spatial confinement (polymers in pores [4], polymer films 
[5]) will also be touched on.  
[1] A.N. Semenov, I.A. Nyrkova, Polymer Science: A Comprehensive Reference, Vol. 1 (2011) 3.  
[2] J.P. Wittmer, H. Meyer, J. Baschnagel, A. Johner, S. Obukhov, L. Mattioni, M. Müller, A. N. 
Semenov, Phys. Rev. Lett. 93 (2004) 147801. 
[3] J.P. Wittmer, A. Cavallo, H. Xu, J.E. Zabel, P. Polińska, N. Schulmann, H. Meyer, J. Farago, A. 
Johner, S.P. Obukhov, J. Baschnagel, J. Stat. Phys. 145 (2011) 1017. 
[4] N.-K. Lee, J. Farago, H. Meyer, J. P. Wittmer, J. Baschnagel, S. P. Obukhov, A. Johner, Europhys. 
Lett. 93 (2011) 48002. 
[5] H. Meyer, T. Kreer, A. Cavallo, J. P. Wittmer, J. Baschnagel, Eur. Phys. J. Special Topics 141  (2007) 
167. 
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Association of Transmembrane Proteins In Lipid Membranes 
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Organization of biomolecules within a lipid membrane is central in material and information flow across 
the cellular wall. The amino-acid sequence and the physicochemical characteristics of the membrane 
environment are critical factors controlling the state of transmembrane proteins, however quantitative 
knowledge on individual contributions is limited. Using multiscale modeling techniques together with 
efficient simulation algorithms a unique description of molecular assemblies within the membrane is 
presented. Dimerization is driven by a balance of protein-protein and lipid-induced interactions with the 
latter playing a major role at short separations. Sequence-specificity is evident by the formation of a clear 
interface between the helices that is modulated by the lipid environment. Extracted estimates of the 
dimerization affinity are in excellent agreement with experimental data.  New methods that couple 
atomistic modeling with simplified coarse-grained descriptions provide a detailed picture of the dimer 
state that is directly contrasted to experimental data, relating activity to spatial organization. Finally, the 
propensity to form higher aggregates within the lipid environment is critically examined. 
 [1] L. Janosi  &  M. Doxastakis, J. Chem. Phys., 131, 054105 (2009). 
[2] L. Janosi,  A. Prakash & M. Doxastakis, Biophys. J., 99, 284-292 (2010). 
[3] A. Prakash, L. Janosi and M. Doxastakis,  Biophys. J. , 99, 3657-3665 (2010).  
[4] A. Prakash, L. Janosi  and M. Doxastakis, Biophys. J. , 101, 1949-1958 (2011).  
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Successful methods for predicting protein structure from the amino acid sequence have relied upon 
machine learning methods and the homology to sequences of proteins with known structures. These 
methods fail when homology is low, when templates are unavailable for large inserts and/or end portions 
(InsEnds), and when the proteins become large or have multiple domains. Thus, fully “ab initio” methods 
without homology or machine learning are necessary to provide the concepts and tools to attack these 
major unsolved problems. We develop an ab initio, iterative Monte Carlo simulated annealing method 
(TertItFix) for sequentially assigning secondary structure and tertiary contacts for prediction the overall 
protein structure as well as the folding pathway. An important component of the method emerges from 
our critical assessment of the quality of various physics based and knowledge based force fields. The 
approach only requires a reduced model in which the backbone dihedral angles are the only variables, 
rendering the treatment extremely fast. The TertItFix method is benchmarked against the landmark all-
atom MD simulations by Shaw and coworkers for the folding of twelve small, fast folding proteins using 
specially designed chips, computers, and software. TertItFix produces competitive structures with three or 
more orders of magnitude less time. 
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DNA ‘breathing’ is a thermally driven process in which nucleotide residues near single-strand (ss) – 
double-strand (ds) DNA forks and junctions temporarily adopt local conformations that depart from their 
most stable structures. It is thought that the transient occurrence of these ‘open’ conformations is centrally 
important to the proper function of DNA-protein complexes responsible for replication, transcription, and 
many other reactions that involve the manipulation of the DNA genome. Such motions are difficult to 
observe in bulk measurements because they likely occur in the microsecond regime, which is a difficult 
timescale to access experimentally. Here we report polarized light single-molecule fluorescence 
experiments in which microsecond rotational motions of the sugar-phosphate backbone were directly 
observed. These experiments simultaneously detected single molecule FRET and linear dichroism (LD) 
signals from dsDNA replication fork constructs containing Cy3 – Cy5 FRET donor-acceptor probes, 
which were strategically placed near the replication fork junction on opposite strands. Our results show 
that local backbone motions occur on the ~ 100 microsecond timescale, which is a reasonable range for 
some types of DNA ‘breathing’ fluctuations. We also showed that the relaxation timescale of breathing 
fluctuations is sensitive to the presence of the weakly binding T4 gp41 helicase, suggesting that DNA 
breathing plays a significant role in helicase binding and function. 
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Human Airway Brush Keeps the Lung Healthy 
 

Cai, Liheng1; Button, Brian1; Ehre, Camille1; Kesimer, Mehmet1; Hill, David1; Sheehan, John1; Boucher, 
Richard1; Rubinstein, Michael1 

(1) University of North Carolina 
 
Mucus clearance in the mammalian lung has evolved to trap and clear a wide variety of inhaled toxicants 
and infectious agents from airway surfaces. The system consists of two components: (1) a mucus layer, 
that traps inhaled particles and transports them out of the lung by cilia-generated forces; and (2) a 
periciliary layer that provides a favorable environment for ciliary beating and cell surface lubrication. In 
the current Gel-on-Liquid mucus clearance model the mucus gel is propelled on top of a “watery” 
periciliary layer surrounding the cilia. However, this model fails to explain the formation of distinct 
mucus layer in health or why mucus clearance fails in disease. We propose a Gel-on-Brush model [1] in 
which the periciliary layer is occupied by biological polymers (membrane spanning mucins and 
mucopolysaccharides) densely tethered to the airway surface. This brush prevents mucus penetration into 
the periciliary space and causes mucus to form a distinct layer. The relative osmotic moduli of the mucus 
and periciliary brush layers explain both the stability of mucus clearance in health and its failure in airway 
disease. Therefore, the Gel-on-Brush model has the capacity to unify the pathogenesis of human airway 
diseases that have in common mucus stasis, inflammation, and infection. 
[1] B. Button*, L.-H. Cai*, C. Ehre, M. Kesimer, D.B. Hill, J.K. Sheehan, R.C. Boucher, and M. 
Rubinstein, Science 337 (2012) 937. (*equal contribution) 
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Protein folding and dynamics can be modeled as a diffusional process on a free energy surface. 
Contributions to this dissipative process can be separate  into solvent dependent or wet friction and 
internal or dry friction, where frictional effects are due to the chain itself.   Despite these recent 
experimental advances to measure the internal friction contribution, the molecular origins of these effects 
have remained largely elusive. Using extensive all-atom molecular dynamics simulations we studied the 
dynamics of the unfolded cold-shock protein (CSP) from \textit{Thermotoga maritima} at different 
solvent viscosities and at different denaturant concentrations (including the denaturant free case).  We 
systematically analyzed the reconfiguration dynamics of relevant structural features such as dihedral 
angle rotations, hydrogen bonds (native and non-native) and hydrophobic contacts forming and breaking. 
In agreement with experimental results, simulations done at dif 
ferent denaturant concentrations suggest that the internal friction contribution correlates with the 
compactness of the unfolded protein. By defining the relaxation timescale associated with different  
structural features we were able to identify that dihedral angles rotations are a mayor contributor to 
internal friction in the unfolded denaturant free state. Reconfiguration times obtained from MD 
simulations are consistent with experimental results.  These results have important implications for the 
folding kinetics of proteins especially when considering protein folding in the context of the denaturant-
free environment of a living cell. Under these conditions, the internal friction contribution may be 
dominant in the folding process. 
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We present a hierarchical multi-scale approach that involves different levels of description in order to 
study complex multi-phase nanocomposite systems. Our approach combines quantum calculations as well 
as atomistic and coarse-grained dynamic simulations [1-3]. The consistent combination of different levels 
of description allows us to quantitatively model hybrid complex polymer based nanocomposite systems. 
As an example we model the polystyrene/gold system. In more detail our approach consists of the 
following stages: 
(1) Ab-initio (density functional theory, DFT) calculations of small molecules adsorbed on solid surfaces. 
These calculations allow us to accurately describe the interaction energy between a small fragment of the 
polymer (e.g. a monomer) and the solid layer. Furthermore they can be used in order to construct an 
accurate classical force field in order to describe the molecule/surface interaction energy [3].   
(2) Atomistic MD simulations of short polymer chains/solid systems. Various properties related to 
density, structure and dynamics of the hybrid materials are predicted. 
(3) The third stage of our work involves the extension of the proposed methodology to mesoccopic 
description using proper coarse-grained (CG) models. To achieve this, a methodology to develop CG 
models from the atomistic description, proper for bulk polymeric systems, is extended to hybrid 
nanocomposite mater [2]. This approach allows us to extend simulations in much longer systems and for 
much longer times. 
References 
[1] V. Harmandaris, et al. Macromolecules, 39, (2006) 6708; 40, (2007) 7026. 
[2] V. Harmandaris and K. Kremer, Soft Matter, 208, (2009) 2109. 
[3] K. Johnson and V. Harmandaris, J. Phys. Chem. C., 115, (2011) 14707; Soft Matter, 8, (2012) 6320. 
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This presentation will focus on the relationship between polymer dynamics and nanoscale structure of 
novel copolymers consisting of monodisperse ethylene sequences between very precisely spaced acrylic 
acid or ionic functionality. Initial studies in other laboratories have demonstrated the importance of 
unprecedented control over the placement of the acid/ionic functionality in the polyethylene chain on self-
assembly [e.g. 1]. Dielectric spectroscopy is a powerful tool by which to interrogate molecular motions of 
acrylic acid and ionic functionality, particularly as the non-polar ethylene portion of the 
copolymers/ionomers exhibits little dielectric loss. The relaxation behavior of these unique materials will 
also be compared to our recent findings on random poly(styrene – sulfonated styrene) acid copolymers 
and ionomers [e.g. 2,3]. We would like to express our appreciation to the U.S. National Science 
Foundation, Polymers Program for support for this work.  
[1] M.E. Seitz, C.D. Chan, K.L. Opper, T.W. Baughman, K.B. Wagener, K.I. Winey, J. Amer. Chem. 
Soc. 132 (2010) 8165. 
[2] A. Castagna, W. Wang, K.I. Winey, J. Runt, Macromolecules 43 (2010) 10498. 
[3] A. Castagna, W. Wang, K.I. Winey, J. Runt, Macromolecules 44 (2011) 2791. 
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Miscible polymer blends are complex systems of wide technological interest whose dynamical and 
rheological properties can be tuned by varying the mixture composition. They are also very interesting 
from a fundamental point of view. Even being miscible, these systems are dynamically heterogeneous: 
starting from two homopolymers with different mobility (different Tg) two separated alpha-relaxations are 
still observed in the miscible blend state. This “dynamical in-miscibility” at the level of the alpha-
relaxation increases with the separation of the Tg of the two components. Over last years, we have 
extended the investigations of dynamic properties of asymmetric polymer blends to the large-scale range 
(chain dynamics), which drives rheology and processing of polymer systems. We have used dielectric 
spectroscopy, neutron scattering, and molecular dynamics (MD) simulations. We found anomalous 
dynamic features also in this large-scale regime. In particular, the fast component exhibits a dynamic 
regime resembling scaling features characteristic of “entangled-like” chain dynamics, despite the used 
chain length being much shorter than the critical value for chain entanglement. In this talk we will give an 
overview of the “state of the art” on this topic, including examples from experiments and molecular MD-
simulations. We will also show that theoretical methods based on the generalized Langevin equation 
formalism seem to be a suitable framework to describe chain dynamics in these systems. 
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Collective Particle Motion and Structural Relaxation 
 

Douglas, Jack1; Francis, Starr2 

(1) National Institute of Standards and Trechnology; (2) Wesleyan University 
 
Simulations and experiments have both revealed that the dynamics of diverse amorphous materials can be 
characterized by significant heterogeneity in the local particle mobility and by a progressively increasing 
collective motion upon cooling taking the form of string-like particle rearrangements. Polymer 
nanocomposite simulations are considered as a good representative of this phenomenon since the spatial 
extent of the cooperative particle motion can be greatly tuned through the variation of nanoparticle 
concentration and the interaction of the nanoparticles with the polymer matrix. It is shown that these 
strings can be reasonably identified with the conjectured ‘cooperatively rearranging regions’ of the 
Adam-Gibbs (AG) model and we discuss the assumptions of the AG model in an effort to establish a 
firmer conceptual foundation for this model. This relation means that changes in the fragility of glass-
forming liquids can be understood from changes in the strength of the temperature dependence of the 
extent of cooperative molecular motion. AG theory also establishes a link between the extent of 
cooperative motion and thermodynamics and, in particular, allows for the prediction of changes in the 
dynamical properties of materials in terms of molecular interactions and structure and on thermodynamic 
conditions based on statistical calculation of the configurational entropy. The possibility of describing the 
strings as initiated equibrium polymers is also explored. 
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In this contribution we summarize our current work in the Polymers and Soft Matter Group of San 
Sebastián on computer simulations of nanostructured phases of block copolymers. We investigate several 
dynamic regimes over a broad range of time and length scales, including the structural alpha-relaxation, 
Rouse dynamics, and chain end-to-end reorientation. We discuss the role of dynamic heterogeneities and 
gradients of mobility on the global dynamic response, and the limitations of models based on self-
concentrations for such systems. The investigated cases include spherical, cylinder and lamellar phases of 
linear diblock copolymers and gradient copolymers, as well as disordered segregated phases of linear 
random and comb-like copolymers. The simulation results are critically discussed in comparison with 
experiments by neutron scattering and dielectric spectroscopy. In particular, we discuss the role of 
interface undulations versus chain diffusion in the observed two-step decay of the end-to-end vector 
around the order-disorder transition. 
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Self-assembling systems with strong structure-forming factors: the role of  
electrostatics and chirality 

 
Nyrkova, Irina1; Semenov, Alexander1 

(1) Institut Charles Sadron 
 
Coulomb interactions and handedness are two major structure-determining factors wide-spread in natural 
and synthetic polymer systems whose role is yet much less understood than the role of amphiphilicity 
(microphases/micelles) and shape anisotropy (liquid crystals). Both electrostatic and twist effects provoke 
major ‘conflicts’ in the course of phase separation. As a result, charge degree of monomers control the 
characteristic sizes of microphases, micelles or ‘necklace beads’. Chiral nature of unimers can lead not 
only to cholesteric transformations but also to self-aggregation into hierarchical rope-like structures 
(fibrils and fibres) for the case of strong attraction between the building blocks. We discuss the chief 
outcomes of these ‘conflicts’ and the portfolio of morphologies than can be produced by combination of 
various structure-forming factors, both in 2D (surfaces, external orienting fields) and in 3D (in the bulk).  
A special attention is paid to kinetic effects and to special features of dynamics in supra-/macro-molecular 
systems with Coulomb interactions and chiral primary elements. Twisted nature of the building blocks 
results in a possibility of new type of knots (and thus twist-specific gelation) and into anomalous memory 
and seeding effects. Space heterogeneities in pH and dissociation degrees lead to strong hysteresis in 
weakly-charged polyelectrolyte systems (the apparent c.m.c. can be many orders of magnitude higher 
than the true c.m.c.). Some applications of these findings to biological problems are discussed. 
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Filamentous biological materials display highly nonstandard mechanical response, among which a strong 
tendency to stiffen with increasing strain. This behavior is, in large part, determined by the stiffness of the 
constituent fibers and the degree of crosslinking among them. To replicate some of the properties of 
biological materials in a synthetic, self assembling system we study – experimentally and theoretically, 
the phase behavior of long, repeating copolymer motifs which alternate strongly hydrophobic bis-urea 
core blocks with long PEG spacers whose length may be varied. By tuning the relative importance of 
spacer entropy and core attractive energy, these molecules may either collapse, behave as random coils, 
or form an intermediate, networklike aggregate which shares important morphological characteristics 
with filamentous bionetworks. We present results from molecular dynamics studies of the phase behavior, 
and compare to the experimental findings. 
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Investigations of structure formation of polymers at high supercooling 

 
Mettler-Toledo, SAE (1); Mettler-Toledo, AG (2) 

Català Prat, Francesc (1); Schawe, Juergen (2); Flachsmann, Beat (2) 
 
Using a fast scanning chip calorimeter (Flash DSC 1) the structural formation of different polymers is 
measured. Crystallization processes during cooling at different cooling rates and isothermal 
crystallization after fast cooling were studied. Additionally, the cold crystallization and reorganization 
during heating after fast cooling was investigated. 
We report DSC measurements of structural formation of native polymers and different nucleated 
polymers. 
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The results deliver information about the crystallization kinetics at high supercooling after different path 
ways to crystallization.  
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Fragility and Cooperativity are two concepts which are subject of intensive discussions. In this work we 
want to contribute to this discussion by the investigation of the glass transition of plasticized amorphous 
Poly(lactic acid) (PLA) for which the initial high brittleness was modified by the introduction of Acetyl 
Tributyl Citrate (ATBC) in the formulation. The amorphous phase mobility is investigated by Broadband 
Dielectric Spectroscopy BDS and Temperature Modulated Differential Scanning Calorimetry TMDSC to 
determine the impact of the plasticizer incorporation in PLA. Using a methodology developed in the lab, 
TMDSC is performed to obtain the in-phase C’ and out-of-phase C” components of the apparent complex 
heat capacity. According to Donth’s approach [1], it is shown that Nα, the number of structural units per 
Cooperative Rearranging Region, decreases when the ATBC content increase. Relaxation maps are 
obtained from BDS and we show that the fragility also decreases with the ATBC content. Relationship 
between fragility and cooperativity is discussed. So, this work gives also new information about the 
plasticizer effect on the molecular mobility of polymer amorphous phase. 
[1] E. Donth, J Non-Cryst Solids 53 (1982) 325 
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 (1) B. Verkin Institute for  Low Temperature Physics and Engineering of NAS of Ukraine; (2) Institute 
of Molecular Biology and Genetics of NAS of Ukraine 

 
The interactions of tricationic meso-substituted porpyrin (TMPyP3+) bearing a peripherical carboxymethyl 
linker with synthetic double-stranded poly(A)·poly(U) and poly(G)·poly(C) polynucleotides as well as 
with four-stranded poly(G) one was studied by the methods of absorption, fluorescence, resonance Raman 
spectroscopy and static light scattering. The binding of the porphyrin to polynucleotides were investigated 
in a wide range of molar polymer-to-dye ratios (P/D) in aqueous buffered solutions, pH 7, at low and near 
physiological ionic conditions by measuring the changes in the intensity and polarization degree of the 
porphyrin fluorescence. The fluorescence technique was found to be effective for recognition of a type of 
the complexes formed. In the case of poly(A)·poly(U) only one type of binding mechanism is realized, 
namely porphyrin embedding into polynucleotide groove. In the case of poly(G)·poly(C) and poly(G) two 
competitive binding mechanisms were revealed, namely, intercalation of porphyrin molecules between 
nucleic bases and external cooperative stacking of their chromophores on the polyanionic backbones. At 
low P/D values the porphyrin stacking-association dominates being accompanied by the formation of 
extended porphyrin aggregates. Besides, the phenomenon of network aggregation of polynucleotide 
chains in solutions induced by porphyrin cross-linking was revealed. Spectroscopic and binding 
characterictics of porphyrin-polynucleotide complexes are discussed. 
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Dielectric study of Cellulose Acetate films plasticized by Dimethylphthalate 
 

DUDOGNON, Emeline3; CORREIA, Natalia T.3; BENAZZOUZ, Adrien2; MOLINIER, Valérie1;  
AUBRY, Jean-Marie1; DESCAMPS, Marc3 

(1) EA-CMF 4478, Equipe « Oxydation et Physico-Chimie de la Formulation - Université de Lille 1;  
(2) EA-CMF 4478, Equipe « Oxydation et Physico-Chimie de la Formulation - Université de Lille 1;  

(3) UMET - Université de Lille 1 
 
The esterification of cellulose, a renewable natural saccharide, has given access to a new range of 
properties and applications [1]. For example, one of those derivatives, cellulose acetate (CA), has been 
developed in the past few years for applications in various areas such as textile, food or pharmaceutical 
industries [2]. However, for those applications, the use of plasticizers is often necessary to improve the 
processability of CA because of its high glass transition temperature (> 170°C). In this work, films of 
cellulose acetate containing 20% of a common plasticizer, dimethylphthalate (DMP), have been studied 
by Dielectric Relaxation Spectroscopy. In the course of this work, the relaxations map of CA has been 
deeply reinvestigated [3] and we report the influence of DMP on the molecular mobility of CA. 
Acknowledgments: This work was supported by the region Nord/Pas de Calais (CPER 2011-2013) and 
the “INTERREG IVA 2mers seas zeeen” cross border Cooperation Program 2007-2013. 
[1] K.J. Edgar, C.M. Buchanan, J.S. Dedenham, P.A. Rundquist, B.D. Seiler, M.C. Shelton & D. Tindall, 
Prog. Polym. Sci. 26 (2001) 1605. 
[2] D. Aoki, Y. Teramoto & Y. Nishio, Biomacromolecules, 8 (2007) 3749. 
[3] M. Sousa, A.R. Bras, H.I.M. Veiga, F.Castelo Ferreira, M.N. de Pinho, N.T. Correia & M. Dionisio, J. 
Phys. Chem. B 114 (2010) 10939. 
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Thermoresponsive copolymers have attracted considerable scientific interest due to their unique 
properties and their potential applications. In the present work the results obtained by Dielectric 
Relaxation Spectroscopy and Differential Scanning Calorimetry techniques in thermoresponsive brush 
copolymers are presented.  
Brush copolymers with poly(p-hydroxystyrene) as the backbone and with either random or diblock 
poly(propylene oxide-ethylene oxide) side chains of  different molecular composition were studied  in 
aqueous solutions of different concentration. Depending on molecular composition and side chain 
architecture brush copolymers in dilute aqueous solutions aggregate at different temperatures [1, 2]. In the 
present work Differential Scanning Calorimetry (DSC) and Dielectric Relaxation Spectroscopy (DRS) in 
a broad temperature range are employed in order to follow the transition. Different thermal protocols 
were applied in DSC measurements while DRS measurements were performed isothermally in a broad 
frequency range (10-1-106 Hz) as well as at a constant heating/cooling rate at selected frequencies 
resembling DSC thermal protocols.  
The transition is recorded as an endothermic transition by DSC measurements while in DRS 
measurements the real part of dielectric function (ε') and of conductivity (σ') are used in order to extract 
information.  
[1] J. Zhao, G. Zhang, S. Pispas, Journal of Polymer Science: Part A: Polymer Chemistry 48 (2010) 
32320. 
[2] J. Zhao, G. Mountrichas, G. Zhang, S. Pispas, Macromolecules 43 (2010) 1771. 
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Chitosan-montmorillonite nanocomposite hydrogels: a structural and rheological characterization 
 

Branca, Caterina1; Wanderlingh, Ulderico1; D'Angelo, Giovanna1; Conti Nibali, Valeria2; Trimarchi, 
Antonio1;  

Rifici, Simona1; Crupi, Cristina1 

(1) Messina University; (2) Ruhr University Bochum 
 
Nanoscale hydrogels have become highly popular due to their improved potential uses in cell-based 
therapies, tissue engineering, liquid microlenses, and drug delivery systems. In this frame polymer–clay 
nanohydrogels are expected to have novel properties because of the nanometric scale on which the 
nanoclay particles would alter the physical and chemical properties of the polymeric materials and 
improve their mechanical properties and thermal stability [1,2]. 
Nanocomposites hydrogel (nanohydrogel) composed of chitosan (CS) and montmorillonite (MMT) have 
been prepared and systematically studied by means of different techniques by varying the network 
structure under external stimuli such as pH, ionic strength and solvent composition.  
The structural properties are investigated by Fourier Transform-Infrared spectroscopy, Raman 
spectroscopy and X-Ray diffraction. The morphological and thermal properties are also investigated by 
using scanning electron microscopy and differential scanning calorimetry, respectively.  
All the morphological, structural and thermal properties are investigated in relation to the gelation 
mechanism of the resultant hydrogel. In particular, for monitoring the gelation (or cross-linking) and 
microstructural changes in a material rheological studies involving oscillatory shear flow is used. 
[1] M. Lavorgna, F. Piscitelli, P. Mangiacapra, G.G. Buonocore,  Carbohydrate Polymers 82 (2010) 291. 
[2] A. Casariego, BWS Souza, MA Cerqueira, JA Teixeira, L. Cruz, R. Díaz, AA Vicente, Food 
Hydrocolloids 23 (2009) 1895. 
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Even if fragility of glass-forming liquids is often associated with cooperativity of alpha relaxation, the 
link between these two parameters is quite difficult to understand. Studies carried out on different glass-
forming liquids show no correlations can be found [1,2]. Whatever, fragility parameter can be separated 
in two contributions: one thermal and one associated to “volume” contribution directly related to 
cooperativity [3]. In this work we study in Poly(lactic acid) the evolution of fragility and cooperativity for 
different microstructures associated to various thermo-mechanical treatments. The microstructure 
modifications are obtained by different types of strain-induced crystallization and thermal treatments to 
obtain different types of amorphous phase environments: isotropic and confined a-phase, anisotropic a-
phase. The results show two different behaviours regarding fragility/cooperativity correlation, depending 
on the anisotropic/isotropic amorphous fraction. One is a clear correlation for the strain-induced 
anisotropic process associated to a modification of the interchain interactions in the amorphous fraction. 
The second is a quite different behaviour for isotropic thermal crystallization where we observe a drop of 
the cooperativity while fragility stays constant. This study gives new information on the signification of 
the correlation between cooperativity and fragility. 
[1] L Berthier, G Biroli, J-P Bouchaud, L Cipelletti, D El Masri, D L’Hôte, F Ladieu, M Pierno, Science 
310 (2005) 1797 
[2] L.Hong, P.D.Gujrati, V.Novikov, A.P.Sokolov, J. of Chem. Phys. 131 (2009) 194511 
[3] K.Niss, C.Dalle Ferrier, G.Tarjus, C.Alba Simionesco, J. Phys. Condens. Matter, 19 (2007) 076102 
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(1) Physique des Polymères - Institut Carnot CIRIMAT - Université Paul Sabatier - Toulouse III;  
(2) MEMO - Institut Carnot CIRIMAT - ENSIACET - INP - Toulouse 

 
Multiferroic materials results from the coupling of at least two ferro properties: here, ferromagnetism and 
ferroelectricity. By coupling these two properties in one material, it is possible to obtain an electric 
polarization under a magnetic field, and in return to create a magnetization under an electric field. 
The purpose of this work is the elaboration of flexible hybrid polymer composites with magnetoelectric 
properties. Extrinsic multiferroic composites constituted by a piezoelectric organic matrix with 
aferromagnetic filler were elaborated. 
Nanowires with high aspect ratio are composed by either pure metal (nickel, cobalt,                                                                                                                                                                                                                                                                    
iron) or alloys (iron-nickel, iron-cobalt). Such filler was elaborated by electrodeposition in a porous 
template and characterized by electronic microscopy. Their magnetization was determined by a SQUID 
magnetometer.  
In order to determine the optimal ferromagnetic effect in the polymer matrix, a previous study of the 
percolation threshold was realized. Then, the neat polymer matrix and its composites were polarized to 
know the highest piezoelectric coefficient. A satisfactory magnetoelectric coupling was found in such 
hybrid polymer composites. 
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As part of an attempt to increase electrical energy storage in materials, bisphenol A polycarbonate (PC) 
[1] has been modified by substituting nitrile groups (CN) and adding compounds such as camphor.  
Audio frequency measurements over the temperature range 5.5K-400K and at pressures up to 0.25 GPa 
and ab initio quantum SCF calculations for a model compound related to CN-PC have been carried out.  
In the CN-PC the gamma relaxation region is very strong and shows a large increase in peak height as 
temperature increases and a strong decrease in peak height with increasing pressure.  The effects of 
pressure on the gamma relaxation for CN-PC are quite large and similar to that for the gamma relaxation 
in PC and a fluorine-substituted polycarbonate, Di-F p-TABPA-PC [2].  The activation volume is found 
to be approximately the same for all three materials despite the wide variation in both peak position and 
peak height.  When camphor is added to PC, the gamma relaxation region becomes complex, consisting 
of at least two relaxations.  Those relaxations are characterized and give insight into the nature of the 
gamma relaxation. 
[1] J. J. Fontanella, D. A. Boyles, T. S. Filipova, S. Awwad, C. A. Edmondson, J. T. Bendler, M. C. 
Wintersgill, J. F. Lomax & M. J. Schroeder, J. Poly. Sci. Part B: Poly. Phys. 50 (2012) 289-304. 
[2] J. T. Bendler, C. A. Edmondson, M. C. Wintersgill, D. A. Boyles, T. S. Filipova & J. J. Fontanella, 
Eur. Poly. J. 48 (2012) 830-840. 
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Isomorphic curves in the phase diagram of a model polymer system 
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We have shown that short, flexible Lennard-Jones chains (LJC) obey isomorphic scaling. This means that 
the LJC liquid has curves (isomorphs) in its phase diagram along which structure and dynamics are 
invariant. The scaling exponent γ can be obtained from fluctuations in the configurational parts of the 
energy and pressure. Using this scaling exponent, we obtain a set of isomorphic state points. We then 
proceed to show that these state points are indeed isomorphic to each other testing some predictions from 
the isomorph theory: We show that both the segmental and the chain dynamics are invariant at these state 
points, and those isomorphic state points have the same relaxation behavior. The structure is found to be 
less invariant than for atomic systems, due to the rigid bonds. 
These findings are of interest because they show that the isomorph theory not only applies to atomic and 
small molecular liquids, but also to flexible, anisotropic molecules. Since the LJC is a simple model 
system for (small) polymers, our results complement the results from density scaling, although in our case 
no fitting is involved in the determination of the scaling exponent γ. 
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The molecular distance geometry problem can be simulated by the dynamical folding of a chain of 
residues described by a potential based on the native or predicted inter-residue distance matrix. We 
exploit this solution to demonstrate dynamical folding pathways of proteins based on a class of potentials 
and discuss some structural convergence issues. 
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Poly(vinylpyrrolidone-co-butyl acrylate) membranes with different proportions of monomers has been 
synthesized as a tractable and hydrophilic materials. A study of molecular mobility by means of 
Differential Scanning Calorimetry (DSC), Dynamic Mechanical Analysis (DMA) and Broadband 
Dielectric Relaxation Spectroscopy (DRS) has been fulfilled in the dry membrane. Dielectric and 
viscoelastic relaxation measurements have been carried out on samples at several frequencies between 
150ºC to -150ºC.The dielectric spectrum shows several relaxation processes labelled as γ, β and α in 
increasing order of temperature, whereas in the mechanical spectrum only the β and α relaxation 
processes are completely defined. In the dielectric measurements, conductive contributions overlap the 
α-relaxation. The relaxations were characterized by means of the Havriliak-Negami empirical model. 
The apparent activation energies for the β and  γ relaxations have similar values all analyzed samples. 
The β process is related to the local motions of the pyrrolidone group and the γ process is connected with 
the butyl units motions, both located in the side chains of the polymer.  
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Beating the Heat: Fast Scanning Melts Silk Beta Sheet Crystals 
 

Wurm, Andreas1; Huth, Heiko2; Schick, Christoph2; Hu, Xiao1; Kaplan, David1; Cebe, Peggy1;  
Zhuravlev, Evgeny2; Arbeiter, Daniela2; Schick, Christoph2 

(1) Tufts University; (2) University of Rostock 
 

 
Beta-pleated-sheet crystals are among the most stable of protein secondary structures, and are responsible 
for the remarkable physical properties of many fibrous proteins, such as silk, or proteins forming plaques 
as in Alzheimer’s disease. Previous thinking, and the accepted paradigm, was that beta-pleated-sheet 
crystals in the dry solid state were so stable they would not melt upon input of heat energy alone. Here we 
overturn that assumption and demonstrate that beta-pleated-sheet crystals melt directly from the solid 
state to become random coils, helices, and turns. We use differential fast scanning chip calorimetry 
(DFSC) at 2,000 K/s and report the first reversible thermal melting of protein beta-pleated-sheet crystals, 
exemplified by silk fibroin.[1] The similarity between thermal melting behavior of lamellar crystals of 
synthetic polymers and beta-pleated-sheet crystals is confirmed. Significance for controlling beta-pleated-
sheet content during thermal processing of biomaterials, as well as towards disease therapies, is 
envisioned based on these new findings. 
[1] P. Cebe, X. Hu, D. Kaplan, E. Zhuravlev, A. Wurm, D. Arbeiter, and C. Schick, Sci. Rep. 3, 1130 
(2013).  
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PROTON SPIN KINETICS IN POLYMER MELTS: NEW PERSPECTIVES FOR EXPERIMENTAL 

INVESTIGATIONS OF POLYMER DYNAMICS 
 

Fatkullin, Nail1; Stapf, Siegfried2; Rossler, Ernst1 

(1) Kazan Federal University; (2) Technische University; Ilmenau 
 
 An essential progress was made in recent years in understanding of the proton spin kinetics in polymer 
melts. Generally, the proton spin kinetics is determined by intramolecular and intermolecular magnetic 
dipole-dipole contributions of proton spins. During many decades it was postulated that the main 
contribution is coming from magnetic dipole-dipole interactions of intramolecular protons belonging to 
the same polymer segment. It appears that this postulate is far from reality. The relative weights of intra 
and inter contributions are time dependent and sensitive to details of polymer chain dynamics. It is 
shown, that for isotropic models of polymer dynamics  the influence of the intermolecular magnetic 
dipole-dipole interactions increases faster with increasing evolution time (decreasing frequency) than the 
corresponding influence of the intramolecular counterpart. On the other hand, an inverted situation is 
predicted by the tube-reptation model: here the influence of the intramolecular magnetic dipole-dipole 
interactions increases faster with time (inverse frequency) than the contribution from intermolecular 
interactions. The intermolecular contribution in the proton relaxation in polymer melts can experimentally 
be isolated using the isotope dilution technique. It will be shown that data of this sort contain dynamic 
information about the mean squared displacement of polymer segments on different macromolecules 
relative to each other at time interval 9 310 10 s− −÷ . The authors are grateful to R. Kimmich, who actually 
pioneered investigations in this field, for valuable discussions and many years fruitful cooperation.  
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Hydrogen (H) bonding in polymeric system often affects the rheological properties, e.g., viscoelastic 
relaxation times and elastic moduli increase with strengthening the H-bonding in the system.  In this study 
the effect of H-bond formation on the rheological behavior was examined on molten random copolymers, 
poly(vinyl acetate-co-vinyl alcohol), P(VA-OH), with various OH contents (fOH).  In this system, H-bonds 
between OH groups are mainly formed.  In particular, we found that non-entangled low molecular weight 
samples of P(VA-OH) with fOH=60 % denoted as P(VA-OH60), showed plateau region at low frequencies 
in the storage modulus, due to the formation of H-bonding network structure, and the level of the plateau 
increased with decreasing temperature.  Moreover, the equilibration process of the plateau modulus after 
changing temperature was found to take long time and to have memory effect. The strength of network 
structure was examined by non-linear rheological measurement (stress measurements under start-up shear 
flows) for the P(VA-OH60) sample in melt.  Shear-thinning behavior appeared, suggesting the breaking-
up of H-bonding network by shearing.  However, FTIR measurements under shear indicated that the 
change in the number of H-bonds was negligibly small by applying shear flow.  These results suggest two 
possibilities:  small change in the number of H-bonds and / or the change from inter- to intra-molecular 
H-bonds will be responsible fore the shear thinning behavior. 
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Dynamics of non-concatenated entangled cyclic polymers 

 
Rubinstein, Michael1; Sariyer, Ozan1; Panyukov, Sergey2 

(1) University of North Carolina; (2) Russian Academy of Sciences 
 
Scaling model of fractal conformations and self-similar dynamics of non-concatenated entangled rings is 
developed. It is based on the conjecture that the overlap parameter of loops on all length scales is the 
same OKN≈20. Topological interactions force these cyclic polymers into fractal globular structure with 
fractal dimension D=3 that we call loopy globule. Loopy globule model predicts contact probability of 
monomers separated by n monomers along the chain P(n)~n-γ  with slow crossover (effective exponent 
γ≈1.1) and slowly saturating overlap parameter. It is shown that dynamics of entangled polymers with 
fractal dimensions D=2 (linear chains), D=3 (loopy globules), and D=4 (lattice animal conformations of 
rings in an array of fixed obstacles) are universal with diffusion coefficient D3d~N-2 independent of fractal 
dimension D, where N is degree of polymerization. The length of primitive paths of these entangled 
polymers is L~N2/D, which for rings in a melt leads to L ~ N2/3. The longest relaxation time of these 
entangled polymers is τrelax~LD+1~N2+2/D. For linear chains this reproduces the reptation result τrelax~N3, 
while for melt of rings it predicts τrelax~N8/3. In addition for the melt of rings the model predicts time (t) 
dependence of the mean square displacement of a monomer <Δr2>~t1/4, the mean square displacement of 
the center of mass <Δrcm

2>~t5/8, and power law stress relaxation function G(t)~t-3/8. These theoretical 
predictions are in excellent agreement with recent computer simulations and experiments. 
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With field-cycling NMR we measure spin-lattice relaxation time T1 in polymer melts frequency resolved. 
The rate 1/T1(w) gives access to the spectral density of the involved motional processes and the 
correlation function after Fourier transformation. The available frequency range allows monitoring the 
correlation function from the regime of segmental (glassy) dynamics down to Rouse and entanglement 
dynamics when frequency-temperature superposition is exploited [1]. In case of 1H NMR, the relaxation 
is of intra- as well as intermolecular nature. 1H / 2H isotope dilution experiments facilitate the separation 
of the intra- and intermolecular part. The latter is not negligible and provides the segmental mean-square 
displacement (MSD) in the sub-diffusive regime which is well described by the tube-reptation model in 
terms of observed power-laws for the free and the constrained Rouse regime. The intramolecular 
correlation function reproduces the model prediction in the free Rouse regime, however, the power-law 
exponent of the constrained Rouse regime is not observed. Thus, within the tube-reptation model, the 
connection between the MSD and the reorientational correlation function is not found. 
[1] M. Hofmann, A. Herrmann, A. Abou Elfadl, D. Kruk, M. Wohlfahrt, E.A. Rössler, Macromolecules 
2012, 45, 2390. 
[2] A. Herrmann, B. Kresse, M. Wohlfahrt, I. Bauer, A. Privalov, D. Kruk, N. Fatkullin, F. Fujara, E.A. 
Rössler, Macromolecules 2012, 45, 6516. 
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Dynamics in Bidisperse Linear Polymer Melts: Computer Simulations 
 

Wang, Zuowei2; Likhtman, Alexei E.2; Larson, Ronald G.1 

(1) University of Michigan; (2) University of Reading 
 
Melts of bidisperse linear polymers have been widely studied in both experimental and theoretical works 
for understanding the dynamics of entanglements. One advantage of such systems is that the magnitude of 
topological constraints can be tuned by carefully choosing the ratio in the molecular weights and volume 
fractions of the two species, allowing direct examination of tube-based theories, in particular those 
dealing with constraint release effects. In this work, we present extensive molecular dynamics and slip-
springs simulations on the dynamics of binary blends in which a small fraction of probe chains are diluted 
in the matrices of other chains. The combination of the two simulation methods at different coarse-
graining levels enables us to simulate chain lengths ranging from few to 100 entanglements and for time 
scales spanning for more than 10 decades. A large set of dynamical quantities are calculated and 
compared with available experimental data obtained both on the microscopic scale, such as from NMR, 
Neutron Spin Echo and dielectric relaxation measurements, and on the macroscopic scale, such as from 
chain diffusion and stress relaxation studies. These analyses are focused on understanding the 
microscopic picture of constraint release effects and on interpreting recent experimental observations.  
The validity of current tube-based theoretical models in the chain length range we studied will also be 
addressed. 
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In comparison to linear polymer melts star polymers are more confined due to the branch point. 
Following the concept of hierarchical relaxation the star arms have to fully retract to the star center before 
the whole star can move. Deeper arm retractions are expected to be retarded due to an entropic barrier. 
Using Neutron Spin Echo (NSE) spectroscopy with specific labelling it is possible to observe the different 
relaxation processes directly on a molecular level. 
In an experiment, where only the branch point in a symmetric 3 arm star was labeled, it was shown that 
the branch point is indeed localized within the NSE time range [1]. Now the process of arm retraction has 
been explored by measuring the relaxation of a symmetric 3 arm star with various arm lengths, where 2 
arms were fully labeled. The dynamic structure factors of the polyethylene stars have been compared with 
those of corresponding linear chains. To avoid any influence of the matrix, the stars and linear chains 
were imbedded in a long linear chain matrix. No different relaxation behavior was observed for stars with 
longer arm length to their linear counterparts. Only for the smallest star at longer times a slowing down of 
the relaxation function has been observed. This difference does not simply stem from different center of 
mass diffusion but seem to be an influence of the entropic barrier.  
[1] M.Zamponi, W.Pyckhout-Hintzen, A.Wischnewski, M.Monkenbusch, L.Willner, G.Kali, D.Richter, 
Macromolecules 43 (2010), 518. 
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Anomalous non-Rousean dynamics in unentangled polymer melts 

 
Semenov, Alexander 1; Farago, Jean 1; Meyer, Hendrik1 

(1) Université de Strasbourg 
 
Dynamics of polymer chains in unentangled melts is described by the Rouse theory. This classical view 
contradicts a lot of evidence obtained both experimentally and by simulations during the last 2 decades. In 
particular, it was shown that chain diffusion is anomalous in the pre-Rouse time regime: the chain centre-
of-mass MSD, h(t) scales at tz with z well below 1 instead of h(t) ~ t as predicted by the Rouse theory. In 
this talk it is demonstrated that while the well-known correlation-hole effect alone cannot explain the 
anomalous diffusion, it can be accounted for by the novel theoretical approach highlighting the important 
role of unscreened transient hydrodynamic interactions (HI). It is found that 3D polymer melts are 
characterized by long-range viscoelastic HI (VHI) whose magnitude increases at short times as 1/t0.5. The 
VHI are considered using the concept of the effective (time and wave-number) dependent viscosity. The 
theory of VHI-controlled chain dynamics predicts z=0.5 for momentum-conserving 3D polymer systems 
and z=0.58 for 2D polymer monolayers with low frictional coupling to the supporting surface. Theoretical 
aspects of the Langevin friction and finite system size effects on the chain velocity autocorrelation 
function are discussed as well. It is demonstrated that the theory is in very good agreement with computer 
simulation results. 
[1] J. Farago, H. Meyer, and A. N. Semenov, PRL 107 (2011) 178301. 
[2] H. Meyer and A.N. Semenov, PRL 109 (2012) 248304. 
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For polymers with high molecular weight, chain uncrossability is the origin of chain entanglement at 
temperatures above the glass transition temperature.  By definition, such topological constraint cannot be 
depicted in a smooth way as the tube model prescribed.  Therefore, the nonlinear responses of entangled 
polymeric liquids need to be interpreted by treating them as transient rubbery networks, an idea as old as 
the original modeling of Green and Tobolsky.  Our recent experiments explored the properties of such 
networks to show that they have a finite cohesive strength and readily suffer yielding owing to chain 
disentanglement (sliding past at entanglement points).  For well-entangled melts and solutions, solid-like 
strain localization is prevalent in both shear and extension [1].  Upon vitrification, there emerges another 
network (primary structure) arising from short-ranged inter-segmental attractions, apart from the chain 
network that is now frozen and therefore can bear considerably higher stress.  Our new experiments show 
that (a) the interplay the primary structure and the chain network dictate when a glass is brittle and why 
ductile behavior usually occurs at higher temperatures [2] and (b) the strained chain network in the glassy 
state undergoes elastic yielding [3] upon warmed up above the cold drawing temperature.  This talk 
discusses how melt rheology and fracture mechanics may be described in a common framework.     
[1] More than forty publications since 2006 are summarized at www.uakron.edu/rheology/ 
[2] "How Melt-Stretching Affects Mechanical Behavior of Polymer Glasses", Macromolecules 2012, 45, 
6719. 
[3] "Elastic Yielding in Cold Drawn Polymer Glasses well below the Glass Transition Temperature", S. 
W. Cheng and S. Q. Wang, Phys. Rev. Lett. (Feb., 2013). 
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Modeling fast elongational flows of entangled pom-pom polymers 
 

Ianniruberto, Giovanni1; Marrucci, Giuseppe1 

(1) Università Federico II 
 
The dynamical theory for entangled pom-pom polymers proposed long ago by McLeish and Larson [1]  is 
revisited with the purpose of quantitatively describing pom-pom data in fast elongational flows reported 
by the Hassager group [2]. While the basic ML theory only accounts for the localized friction at the 
branchpoints, we here also account for the effect of the friction forces distributed all along the branched 
molecule. Those distributed friction forces become relevant in the fast flows examined by Hassager and 
coworkers. Aside from quantitative details, this new theory for pom-pom polymers predicts that they 
behave similarly to linear ones in the steady state (as opposed to the startup stage) of fast elongational 
flows [3]. This is because flow-induced alignment of the molecule, coupled to arm withdrawal, reshapes 
the branched molecule to an essentially linear form. Extension of the model to the startup stage will also 
be considered. 
[1] T.C.B. McLeish & R.G. Larson, J. Rheol. 42 (1998) 81. 
[2] J.K. Nielsen, H.K. Rasmussen, M. Denberg, K. Almdal & O. Hassager, Macromolecules 39 (2006) 
8844. 
[3] G. Ianniruberto & G. Marrucci, Macromolecules 46 (2013) 267. 
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Beiner, Mario2; Mujtaba, Anas1; Keller, Melanie1; Ilisch, Sybill1; Radusch, Hans-Joachim1;  
Thurn-Albrecht, Thomas1; Saalwächter, Kay1 

(1) Martin-Luther-Universität Halle-Wittenberg; (2) Fraunhofer IWM Halle 
 
Relaxation behavior and cross-link density of styrene−butadiene rubbers filled with different amounts of 
nanometer-sized silica particles or mixtures of nanometer-sized silica particles and micrometer-sized 
borosilicate glass particles are studied by shear measurements and double-quantum NMR spectroscopy. 
Shear data show that reinforcement and dissipation G″ in the rubber plateau range depend systematically 
on the total surface area of the filler per unit composite. Reinforcement contributions due to 
hydrodynamic effects, “filler network”, glassy polymer layer, and “occluded rubber” are quantified based 
on a comparison of linear response measurements with strain sweeps performed at different temperatures. 
A decrease of the load-carrying capacity of the “filler network” with temperature is discussed as an 
indication for the existence of a glassy polymer layer on the surface of the filler particles which softens 
several ten degrees above the bulk Tg of the rubber matrix. Two dissipation regimes are found at 
temperatures significantly above Tg which both depend systematically on the surface area of the filler 
system: A strongly frequency-dependent dissipation regime with power-law behavior is observed in 
G″(ω) at temperatures up to 70 K above the bulk Tg, and a nearly frequency-independent G″ regime 
dominates at higher temperatures. The importance of these findings for tire applications is discussed. 
[1] A. Mujtaba, M. Keller, S. Ilisch, H.-J. Radusch, T. Thurn-Albrecht, K. Saalwächter & M. Beiner, 
Macromolecules 45 (2012) 6504. 
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Dynamics of Density fluctuations in Lower Order-Disorder Transition diblock copolymers by  
X ray photon correlation spectroscopy 

 
Nogales, Aurora1; Sanz, Alejandro1; A Ezquerra, Tiberio1 
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The dynamics of lower disorder-order transition temperature diblock copolymers (PS-b-PEMA) leading 
to phase separation has been investigated by X ray photon correlation spectroscopy (XPCS). This 
technique is similar to photon correlation spectroscopy (LPCS), widely used in the nineties to characterize 
the dynamics of block copolymer solutions and melts. XPCS uses partly coherent synchrotron light, and 
due to its wavelength, the dynamics at the scale of concentration fluctuations (tenths of nanometers) can 
be accessible. By XPCS two different modes have been characterized for the first time in systems 
exhibiting lower disorder-order temperature. A non-diffusive mode appears at temperatures below the 
disorder-to-order transition, and it becomes slower as the transition from disorder to order is approaching, 
despite the increase in temperature. This mode can be associated to the relative motion of each block 
giving rise to concentration fluctuations. A similar mode has been reported in the past for block 
copolymers exhibiting phase separation upon cooling. At temperatures above the disorder-to-order 
transition temperature the dynamics becomes diffusive exhibiting the characteristic quadratic dependence 
with the wave vector. These results can provide experimental support for the developing of new theories 
to describe the observed mechanisms in these systems, where, due to its finite compressibility, the well-
established mean field theory for incompressible two-component systems cannot be directly applied. 
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The dynamics of ultrapure model cyclic polyethylene glycol (PEG) in the melt was studied by Neutron 
Spin Echo spectroscopy (NSE) and Pulsed Field Gradient Nuclear-Magnetic-Ressonance (PFG-NMR). In 
comparison with their linear analogs, the ring polymers showed a significantly faster center of mass 
diffusion [1]. This turns out to be an explicit violation of the Rouse model for the smallest rings (~1 Me). 
In the case of slightly bigger rings (~3 Me) there is no indication of any topological confinement whereas 
linear chains with the same molecular weight are already slowed down due to the onset of entanglements. 
Furthermore, the transition from sub-diffusive to diffusive behaviour is quantitatively in agreement with 
theoretical predictions. The structure was explored by Small Angle Neutron Scattering (SANS) in 
parallel. The data show that rings are very compact and for PEG rings with molecular weight above the 
(linear) entanglement molecular weight, reflected in a Q-2.5 dependence of the form factor in the 
intermediate regime. This is in agreement with recent computer simulation work [2]. Ring-linear blends 
are investigated as well in the length of ring-linear interpenetration. 
[1] A. R. Brás, Bras, R. Pasquino, T. Koukoulas, G. Tsolou, O. Holderer, A. Radulescu, J. Allgaier, V. G. 
Mavrantzas, W. Pyckhout-Hintzen, A. Wischnewski, D. Vlassopoulos, D. Richter, Soft Matter, 7 (2011), 
11169. 
[2] J. D. Halverson, W. Lee, G. S. Grest, A. Y. Grosberg, and K. Kremer, J. Chem. Phys., 134 (2011), 
204905. 
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Computer simulation of the influence of collective effects on polymer-melt dynamics in confinement 
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We compare results of computer simulations of a polymer model melt consisting of Fraenkel chains in 
bulk and confined in a straight cylindrical tube. Two different models have been examined. Model #1 is 
based on a molecular dynamics simulation. All segments are assumed to interact via a Lennard-Jones 
potential which excludes any chain crossing. For Model #2,  Brownian dynamics simulations have been 
employed. In fact, this is a single-chain approximation excluding cooperative effects. Intermolecular 
interactions are rather included in the friction and the stochastic Langevin forces connected to friction by 
the dissipation-fluctuation theorem. In Model #2, the confining walls affect segment dynamics only in a 
thin surface layer. Significant differences have been found between the correlation function decays 

( ) ( ) ( ) ( ) ( ) 12200
−

= βαβαβααβ bbbbtbtbtC  predicted by the two models ( ( )tbα  is the α-component of the 

end-to-end segment vector, and yx,=≠ βα ). The functions are averaged over all segments, and the 

cylindrical tube axis is directed along the z-axis. In Model #1, the correlation functions ( )tCαβ  relax 
much more slowly in comparison with the bulk case and with Model #2 where the wall effect on polymer 
segments is restricted to the close vicinity of walls. The deviations observed in this way underline the 
importance of collective effects in the dynamics of polymer melts confined in porous media. Actually, 
this phenomenon indicates the beginning of the corset effect observed by NMR relaxometry. 
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Several mechanisms have been proposed to explain the remarkable mechanical properties of elastomers 
filled with nanometric particles. The complexity of their structure and dynamics has been evidenced 
through many experimental techniques. Understanding the various reinforcement mechanisms implies 
combining complementary techniques. Here, we propose an approach based on the combination of 
different techniques in order to discriminate various reinforcement effects in elastomers filled with carbon 
black or silica: mechanical response, independent measurements of the crosslink density by multiple-
quantum proton NMR [1] and of chain segment orientation under stretching by X-ray scattering [2,3], in 
unfilled and filled natural rubbers with various crosslink densities. In unfilled materials, all measurements 
are nicely correlated in agreement with rubber elasticity theory. In filled materials, analyzing the 
deviations with respect to the behavior of the pure unfilled elastomer matrix allows discriminating various 
physical mechanisms. We demonstrate that the mechanical response at medium/large strains is essentially 
driven by strain amplification effects, while, in the linear regime, there is a strong additional 
reinforcement which is not correlated to the properties of the elastomer matrix.  
[1] K. Saalwächter, Prog. Nucl. Magn. Reson. Spectrosc. 51 (2007) 1. 
[2] P.-A. Albouy, et al., Polymer 53 (2012) 3313. 
[3] A. Vieyres et al., Macromolecules (2013). 
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The tube model has become the basic tool for predicting dynamic and viscoelastic properties of linear 
polymer melts. However, in the case of more complex branched systems modifications of the original 
model are needed, since the presence of branch points dramatically modifies the viscoelastic properties in 
comparison to linear chains. Industrial polymers are mostly architecturally complex. Thus the 
investigation of their relaxation mechanisms  is a highly active area of research from  fundamental and 
applied points of view. Unfortunately, direct information on the microscopic details of the relaxation 
mechanisms is hardly accessible by experiments. This drawback can be solved by means of computer 
simulations. With the aid of supercomputers, we have performed large-scale molecular dynamics 
simulations of strongly entangled bead-spring polymers with complex architectures (stars, H-polymers, 
combs, Cayley trees,...). In this contribution we aim to shed light on some open questions (tube dilution, 
“fat bead” approach, hopping of branch points...) of tube-based models for relaxation of branched 
polymers. The simulation results give strong evidence of long-arm retraction and a late transition to 
reptational dynamics after relaxation of the short side branches. We quantify, directly from the simulation 
results, specific values of branch point hopping parameters postulated by tube-based hierarchical models 
[1]. 
[1]C. Das, et al., J. Rheol. 50, 207 (2006) 
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We have recently discovered that anomalous center-of-mass (CM) diffusion occurring on intermediate 
time scales in polymer melts can be explained by the interplay of viscoelastic and hydrodynamic 
interactions (VHI). Our work shows excellent agreement between theory and simulation in two and three 
dimensions [1,2]. Surprisingly, these effects are relevant for both, momentum-conserving and Langevin 
dynamics. This presentation will summarize these results and focus on the implications for the 
interpretation of simulation data where finite size effects need to be considered. 
[1] J. Farago, H. Meyer, A.N. Semenov, Phys. Rev. Lett. 107, 178301 (2011). 
[2] H. Meyer, A.N. Semenov, Phys. Rev. Lett. 109, 248304 (2012). 
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Phd abstract Rheology is a very well-known technique that has been used for decades in the 
characterization of polymers. 
Another very well known technique is the dielectric analisys. Dielectric Analysis measures the two 
fundamental electrical characteristics of a material –capacitance and conductance- as function of time, 
temperature and frequency. Dielectric analysis is powerful technique for characterizing polar materials 
(with permanent or induced dipoles) such most of polymers, foods, pharmaceuticals, etc. There is a broad 
range of applications where this technique is really valuable as phase separating systems, curing kinetics 
of materials such as epoxy and urethane systems, polymer blends, nanocomposites, etc, etc. The 
technique involves applying oscillating electrical field (AC Field) to measure the degree to which the 
sample is storing (capacitance) or transferring electric charge (conductance) through its bulk. Provides a 
frequency range of 20 Hz to 2 MHz and temperature range of -160°C to 350°C. Can be used in stand-
alone or simultaneous mechanical and dielectric techniques. 
Separately, rheology and DETA are really valuable techniques to measure a very broad range of materials 
both in research and quality control approach. Together, both techniques offers a fantastic tool for 
materials characterization. This 3 applications show only a little vision of what rheo/dielectric can do. We 
have shown mostly the applications in polymers but another kind of samples (pharmaceutical, foods, 
ceramics…) can also be investigated with this new tool. The disposable plates offer a unique platform for 
the most difficult samples like epoxies. 
  

 
 
 
Poster 

PDV-101 
Nucleation and growth of thermoreversible polymer gels 

 
Gomez-Solano, Juan Ruben1 

(1) Universitaet Stuttgart 
 
We study the spatiotemporal low-frequency microrheology of a gelatin gel during the sol-gel transition 
after a fast temperature quench by tracking the motion of embedded colloidal particles. From the particle 
dynamics two different mechanisms responsible for the gelation of the sol phase can be identified: a fast 
process associated to the local nucleation of triple helices and a slow fiber growth triggered by presence 
of an intact network. We associate the latter to a gelation front propagating into the sol phase whose speed 
depends linearly on the quench depth and which accelerates the local rate of the sol-gel transition [1]. 
[1] J. R. Gomez-Solano, V. Blickle & C. Bechinger, Phys. Rev. E 87 (2013) 012308. 
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Recently, an AFM based dielectric spectroscopy has been developed for measuring the dielectric response 
of materials with nanoscale spatial resolution. This technique is known as nanoDielectric spectroscopy 
(nDS), and is particularly useful in the study of inhomogeneous materials such as nano-composites, nano-
structured or self-assembly polymers. By taking advantage of the spatial resolution of AFM and the 
sensitivity to the polymer dynamics of BDS, nDS offers a unique possibility of studying polymer-filler 
interactions, confinement effects, conductivity or local changes in polymer relaxation. However, some 
aspects of nDS remain still uncertain, thus limiting its application range. In particular, the connection 
between nDS response and the polymer relaxation, real and/or imaginary, is not straightforward. 
Additionally, changes in nDS response with electrode-sample distance (z) and sample thickness (h) are 
also important issues to address. In this work we attempt to solve these problems by presenting a simple 
model based on the cantilever mechanics and the system capacitances. As a result, we can elucidate the 
relation between the polymer dielectric properties and nDS experimental results. We can also explain the 
obtained trends by varying z and/or h. In addition, we define the optimum experimental conditions for 
measuring the nano-dielectric response for a particular material. Finally, the possibility of increasing the 
technique sensitivity is discussed in terms of the model predictions. 
 

 
 
Poster 

PDV-103 
Dynamic crossover from viscoelastic to linear elastic behaviour of polypropylene-based  

ferroelectret films 
 

Bovtun, Viktor2; Stark, Wolfgang1; Gaal, Mate1; Kreutzbruck, Mark1; Erhard, Anton1; Yakymenko, 
Yuriy3 

(1) Federal Institute for Materials Research and Testing; (2) Institute of Physics ASCR;  
(3) NTUU Kyiv Polytechnic Institute 

 
Polypropylene-based cellular space-charge polymer electrets films named ferroelectrets (FEs) combine 
low density and extreme softness with a strong and highly nonlinear electromechanical response [1-3]. 
We report on their stress-strain dependence in a broad range of compressive stresses and strains studied 
by DMA and laser Doppler vibrometry (LDV) [3]. The DMA and LDV dependences are mutually 
complementary but reveal a different behavior: the DMA dependence is nonlinear and evidences a 
viscoelastic behavior; the LDV one demonstrates a linear elasticity. This discrepancy is explained by the 
different time scales, vibration amplitudes and relaxation conditions. In a long time scale (DMA), 
mechanical response of FEs is nonlinear and their elastic modulus is very small (~0.1 MPa) at low 
stresses evidencing an essential relaxation contribution to the strain. In a short time scale (LDV), the 
response is linear with elastic modulus around 0.3–1 MPa. The dynamic crossover from viscoelastic to 
linear elastic regime is caused by switching-off the relaxation contribution. 
[1] V. Bovtun, J. Döring, J. Bartusch, et al., Appl. Phys. A 88, 737 (2007). 
[2] J. Döring, V. Bovtun, J. Bartusch, et al., Appl. Phys. A 100, 479 (2010). 
[3] J. Döring, V. Bovtun, M. Gaal, et al., J. Appl. Phys. 112, 084505 (2012). 
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ROMAN CONCHA, FRIDA1; CALVENTUS SOLÈ, YOLANDA1; COLOMER VILANOVA, PERE1; 

HUTCHINSON, JOHN. M.1 

(1) UNIVERSITAT POLITÈCNICA DE CATALUNYA / ETSEIAT 
 
In this work we have investigated the effects of polymer architecture on the glass transition and 
secondary relaxations in a hyperbranched polymer, polyethyleneimine, (Lupasol PR8545) and its 
relaxation behaviour when incorporated into an epoxy resin matrix (DGEBA). Three systems have been 
analysed: Lupasol, epoxy and an epoxy/Lupasol mixture, denoted ELP, with a Lupasol content of 16.5 
wt%. Dielectric relaxation spectroscopy (DRS) measurements at frequencies from 0.1 Hz to 100 kHz 
show three dipolar relaxations: γ, β and α for all systems. From the plot of log(frequency) versus 
reciprocal peak temperature, the different systems are compared and the activation energies for the γ- and 
β-relaxations and the Vogel-Fulcher-Tammann (VFT) parameters for the α-relaxation have been 
determined. This analysis has established that the γ-relaxation for the ELP system (32 kJ/mol) is very 
different from that for Lupasol (74 kJ/mol) but coincides closely with that of the epoxy resin (28 kJ/mol), 
and hence can be attributed to the mobility of the epoxy groups. The β-relaxation for the ELP system (82 
kJ/mol) includes contributions both from the end groups of Lupasol (γ-relaxation) and from the 
intermediate groups of the epoxy chain (β-relaxation, 80 kJ/mol)). The α-relaxation for the ELP system 
deviates significantly from that for Lupasol, but superposes on that for the epoxy resin, and the values for 
the VFT parameters are very similar (A=36, B=1960±70 K, T0=205±3 K), from which it is concluded 
that it is predominantly due to the cooperative movement of the epoxy resin. In dynamic mechanical 
analysis measurements in shear at frequencies from 0.1 Hz to 10 Hz, both α- and β-relaxations are 
observed in all systems, the behaviour being similar to that found by DRS. 
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In this work, polyester nanocomposites with multiwall carbon nanotubes (MWCNT) as filler, were 
studied. Poly(butylene terephthalate) (PBT) and poly (ethylene terephthalate) (PET) were used as 
polymer matrices. The main objective was to obtain a general view on the influence of the fillers on the 
properties of the nanocomposites. 
The study focused on the quality of dispersion of the filler using Scanning Electron Microscopy (SEM), 
the molecular mobility mechanisms via Dielectric Relaxation Sprectroscopy (DRS) and Thermally 
Stimulated Discharge Current (TSDC), the thermal transition temperatures via Differential Scanning 
Calorimetry (DSC), the dependence of crystallization on filler via DSC and X-Ray Diffraction (XRD), 
and the electrical percolation threshold via DRS and DC Voltage Measurements. The results showed a 
good dispersion of fillers and increase of degree of crystallinity and crystallization temperature as the 
content of filler increased [1]. As expected, conductivity increased also as a function of filler content and 
the percolation threshold was found to be very low, pc = 0,06vol%, providing further support for a fine 
filler dispersion [2]. Finally, molecular mobility was quantified in terms of various parameters. 
[1]D. Wu, L. Wu, G. Yu, B. Xu & M. Zhang, Polymer Engineering and Science 48 (2008) , 1057-1067 
[2]E. Logakis, P. Pissis, D. Pospiech, A. Korwitz, B. Krause, U. Reuter, et al., European Polymer Journal 
46 (2010), 928-936 
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Unified explanation of the anomalous dynamic properties of highly asymmetric polymer blends 
 

Capaccioli, Simone1; Ngai, Kia1 

(1) Università di Pisa 
 
In polymer blends where the glass transition temperatures of the two components differ greatly, the 
segmental α-relaxation and the chain dynamics of the faster component exhibit a number of anomalous 
properties not seen before in homopolymers, and not explainable by conventional theory of polymer 
dynamics. Among these properties, we can quote: the insensitivity of segmental dynamics of the fast 
component to blend composition at short times in contrast with the huge effect reported al long times; the 
crossover of chain dynamics of the fast component from Rouse dynamics around 1 ns to non-Rouse 
dynamics with stretched correlation function in unentangled blends; and many other examples. 
We show in our work that all these anomalous properties are interconnected to each other, and that, 
applying the predictions of a single theoretical framework, i.e. the coupling model; all of them together 
can be explained in toto.  
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Solvent effect on the mechanical property of the suspended polymer wire was investigated using quartz 
tuning fork (QTF). The resonance frequency of QTF is linearly related to the modulus of polymer wire1, 
therefore, the change in the modulus of the wire upon the exposure to solvent vapor can be observed by 
monitoring the resonance frequency.  
PS-b-PMMA wire was made by using direct tip drawing method and connected between two prongs of 
QTF. When exposed to ethanol vapor, the resonance frequency of QTF initially increased but the 
gradually decreased with further exposure. This contrasting behaviors were investigated by suspending 
each homopolymer of polystyrene (PS) and polymethylmethacrylate (PMMA) on QTF and exposing 
them to ethanol vapor. In the case of PS wire, the resonance frequency increased throughout the exposure. 
Ethanol is a poor solvent for PS, therefore, PS chains shrink to reduce the contacts with ethanol vapor. In 
contrast, the resonance frequency of PMMA wire-suspended QTF decreased due to the swelling of 
PMMA chains in ethanol vapor.  As a result, in the case of PS-b-PMMA wire, the shrinkage of PS block 
and the swelling of PMMA block compete each other, and the resonance frequency shows a combined 
behavior of the homopolymers.  
We are also investigating the solvent effect on a asymetric block copolymer wire through the 
modification of the mechanical structure of the block copolymer by UV irradiation.   
[1] S. Boussaad & N. J. Tao, Nano Lett. 3 (2003) 1173. 
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Hydrogels based on 2-(2-methoxyethoxy)ethyl methacrylate (MEO2MA) are an attractive stimuli-
responsive materials for biomedical applications because of their nontoxicity, nonimmunegeniverity and 
sharp volume phase transition. Insufficiently quick response to an applied stimulus is the biggest 
disadvantage of the most of currently used sensitive materials, preventing their commercialisation. 
Considering that the kinetics of mixing/demixing of polymer-water systems should be partially stimulated 
by the dynamics of polymer chains, the knowledge of the relaxation processes seems to be crucial.  
This work was focused on the investigation of the molecular dynamics of the poly(MEO2MA)-based 
systems with different crosslinking density as well as obtained via different methods of synthesis: atom 
transfer radical polymerisation (ATRP) and free radical polymerisation (FRP). The molecular relaxation 
processes were investigated by dynamic mechanical analysis and dielectric spectroscopy. The secondary 
relaxations present below glass transition temperature (Tg) are insensible on the network architecture. 
Above Tg, beside the segmental relaxation, an additional relaxation is observed. Dynamics of this process 
strongly depends on crosslinking density, what can indicate that it corresponds to whole network 
dynamics. 
Acknowledgement: This work was supported by project No. N N209200738 from the Ministry of Science 
and Higher Education of Poland.  
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It is well known that block copolymers spontaneously microphase separate into well-defined geometries 
in the nanometer range. Such systems are interesting templates to study fundamental effects of 
confinement and interfaces on polymer dynamics. Here we investigate a series of well-defined 
poly(isoprene)-b-poly(dimethylsiloxane) (PI-PDMS) block copolymer of different molecular weights and 
compositions that form either spherical, cylindrical or lamellar structures. The general dynamics of these 
block copolymers has been studied by broadband dielectric spectroscopy (BDS) and neutron spin-echo 
spectroscopy (NSE).  BDS results show that the alpha relaxation is generally broadened and accelerated 
in the micro-segregated state [1,3]. The rawdata shows that there is an apparent acceleration of the 
“normal mode” in the case of the cylindrical and spherical phases. For the lamellar phases however, we 
detect a biomodal relaxation with a slow mode appearing in addition to the Rouse (internal mode) 
relaxation. By comparison with results from bead-spring simulations, we attribute the latter to interfacial 
dynamics [3]. We also applied NSE and various contrast variation schemes to probe the dynamics of 
cylindrical phases [2]. The results show that the dynamics is essentially dominated by restricted Rouse 
motion modulated by interface fluctuations and confined to 2-D motion along the cylinder axis. In the talk 
we will review results both from BDS and neutron scattering and discuss the detailed dynamics in these 
system.  

1. R. Lund; L. Willner; A. Alegría; J. Colmenero and D. Richter Macromolecules (Communication 
to the Editor) 41, 511, (2008). 

2. L. Willner, R. Lund; M. Monkenbusch; O. Holderer; J. Colmenero and D. Richter Soft Matter, 
 6, 1559, (2010). 

3. R. Lund; F. Barroso-Bujans; A J. Moreno; S. Zakaria; L. Willner; D. Richter; Angel Alegria and 
J. Colmenero submitted 
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Rotational and translational microrheology in complex fluids 
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The microrheology of viscoelastic fluids is obtained from rotational diffusion of optically anisotropic 
spherical colloidal probes, measured by depolarized dynamic light scattering. The storage and loss moduli 
obtained from the rotational mean squared displacement is in excellent agreement with those obtained 
from translational diffusion and by mechanical measurements. We also show that this method is 
applicable to samples with strong light scattering components. This extends the capabilities of the 
microrheological methods based on the diffusional motion of colloidal probes.  
[1] T. G. Mason and D. A. Weitz, Phys. Rev. Lett. 74 (1995) 1250. 
[2] F. C. Mackintosh and C. F. Schmidt, Curr. Opin. Colloid and Interface Sci. 4 (1999) 300.  
[3] Dynamic Light Scattering with applications to chemistry, biology, and physics. Bruce J. Berne and 
Robert Pecora. John Wiley & Sons, Inc. 
[4] Efren Andablo Reyes, Pedro Diaz Leyva and José Luis Arauz Lara. Phys. Rev. Lett.  94 (2005) 
106001. 
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We present a one-to-one comparison of polymer segmental fluctuations, as measured by small angle 
neutron scattering (SANS) in a permanent network under deformation with those obtained by neutron 
spin echo (NSE) spectroscopy. This allows an independent proof of the strain dependence of the chain 
entanglement length. The experimentally observed non-affine square-root dependence of the tube channel 
on strain is in excellent agreement with theoretical predictions and allows to exclude an often invoked 
non-deformed as well as affinely deformed tube. 
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The present work deals with the characterization of epoxy resin nanocomposites with embedded zinc 
oxide (ZnO) nanoparticles. Furthermore, the dielectric and thermal response of the produced specimens 
has been examined. Scanning Electron Microscopy has been used to check the morphology of the 
specimens for voids and clusters. The distribution of ceramic particles could be considered as satisfactory, 
although it has been found that clusters and nanodispersions co-exist in all the examined systems [1,2]. 
On the other hand Differential Scanning Calorimetry and Thermogravimetric/ Differential Thermal 
Analysis techniques have been used in order to examine the thermal response. The thermographs obtained 
through the process have been used for the determination of glass transition and decomposition 
temperature. Using Broadband Dielectric Spectroscopy (BDS) the dielectric response of nano-composites 
has been examined for frequencies ranging from 10-1 up to 109 Hz and within a temperature range of 30-
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160 oC. Relaxation phenomena are observed in the experimental results and those arise from both the 
polymeric matrix and the filler. Three distinct relaxation modes have been recorded in the spectra of all 
the systems under study. They were attributed to interfacial polarization, glass to rubber transition and 
motion of polar side groups. The energy density for all the studied systems has been calculated using as 
parameters the frequency, temperature and filler content. The functionality of the systems has been 
examined incorporating the Dielectric Reinforcing Function. 
Acknowledgement:     
This research has been co‐financed by the European Union (European Social Fund – ESF) and Greek 
national funds through the Operational Program "Education and Lifelong Learning" of the National 
Strategic Reference Framework (NSRF) ‐ Research Funding Program: THALES. Investing in knowledge 
society through the European Social Fund. 
References: 
[1] R. Popielarz , C. K. Chiang , R. Nozaki, and J. Obrzut, Macromolecules, 34(17) 5910 (2001). 
[2]  A. Patsidis, and G.C. Psarras, Express Polymer Letters, 2(10) 718 (2008). 
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Polymer matrix – conductive nanoparticle composites represent a novel class of materials with several 
interesting electrical, electronic and functional properties. These systems may be used in a variety of 
applications such as sensors, electronic packaging, self-current regulators, memory switches, membranes, 
etc [1, 2]. Dielectric properties and ac conductivity of these type of materials controlled by the type and 
the amount of filler volume fraction. Titanium carbide became important material for technological 
applications due to their interesting properties: high melting point, elastic modulus, low thermal 
expansion coefficient and electrical conductivity. Composite systems of epoxy resin matrix (ER) – 
titanium carbide (TiC) nanoparticle filler received increased attention because of their ability to switch 
from negative to positive temperature conductivity coefficient [3].    
 
In the present work the electrical, dielectric and thermal properties of ER/TiC nanocomposites have been 
investigated by means of Broadband Dielectric Spectroscopy (BDS) in a wide frequency and temperature 
range, Thermogravimetric/Differential Thermal Analysis (TGA/DTA) technique and Differential 
Scanning Calorimetry (DSC) measurements. Three distinct dielectric relaxations recorded and they were 
attributed to interfacial polarization, structural glass to rubber transition and the motion of polar side 
groups. The thermal properties enhanced and the glass transition temperature varies slightly with filler 
content.          
 
Acknowledgements: 
This research has been co‐financed by the European Union (European Social Fund – ESF) and Greek 
national funds through the Operational Program "Education and Lifelong Learning" of the National 
Strategic Reference Framework (NSRF) ‐ Research Funding Program: THALES. Investing in knowledge 
society through the European Social Fund. 
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Patsidis A, Psarras G. C, eXPRESS Polymer Letters Vol. 4 No. 4 234(2010). 
[2] “Dielectric behavior of TiC–PVDF nanocomposites”, Wang F., Zhou D., Gong S., Physica Status 
Solidi Rapid Research Letters No. 3 22(2009). 
[3] “New double negative and positive temperature coefficients of conductive epdm rubber 
TiC ceramic composites.”, El-Tantawy F. European Polymer Journal, No. 38 567(2002). 
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Abstract:We study the non-steady relaxation of a driven one-dimensional elastic interface at the 
depinning transition by extensive numerical simulations concurrently implemented on graphics 
processing units. We compute the time-dependent velocity and roughness as the interface relaxes from a 
flat initial configuration at the thermodynamic random-manifold critical force. Above a first, non-
universal microscopic time regime, we find a non-trivial long crossover towards the non-steady 
macroscopic critical regime. This “mesoscopic” time regime is robust under changes of the microscopic 
disorder, including its random-bond or random-field character, and can be fairly described as power-law 
corrections to the asymptotic scaling forms yielding the true critical exponents. In order to avoid fitting 
effective exponents with a systematic bias we implement a practical criterion of consistency and perform 
large-scale (L ≃ 2 25) simulations for the non-steady dynamics of the continuum displacement quenched 
Edwards-Wilkinson equation, getting accurate and consistent depinning exponents for this class: β = 
0.245 ± 0.006, z = 1.433 ± 0.007, ζ = 1.250 ± 0.005, and ν = 1.333 ± 0.007. Our study may explain 
numerical discrepancies (as large as 30% for the velocity exponent β) found in the literature. It might also 
be relevant for the analysis of experimental protocols with driven interfaces keeping a long-term memory 
of the initial condition. 
 
Contact: ferrero@cab.cnea.gov.ar 
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Polymer Thin Films, Nanoconfinement, and Nanofuidics 
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(1) Princeton University 
 
Significant effort has been devoted to pursing an understanding of the glass transition temperature and 
associated dynamics of polymers confined to the nanoscale.  Much of our understanding has been 
obtained via studies on thin polymer films.  Nevertheless, studies on polymers confined to other 
geometries are becoming increasingly more important as we pursue questions difficult to address using 
thin films.  We have investigated confined polymer properties utilizing nanoparticles to elucidate 
commonalities or fundamental differences in the deviations of glassy properties from the bulk, despite 
different confining geometries.  Our work suggests a common origin of size effects of the glassy 
properties of confined polymers, irrespective of geometry, that is, interfacial effects.  Furthermore, 
nanoparticles, as we will present, offer the possibility for unique measurements at the nanoscale that 
would be difficult to achieve with thin films.  Finally, we will illustrate that adaptation of the blow 
method can be used to probe the mobility distribution in substrate-supported thin polymer films. 
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Local conformation of polymer chains in a film at a substrate interface was examined by sum-frequency 
generation spectroscopy [1].  When a film of polystyrene (PS) was prepared on a quartz substrate by a 
spin-coating method, the chains were aligned in the interfacial plane of the substrate.  A dissipative 
particle dynamics simulation revealed that a spinning torque induced the chain orientation during the film 
preparation process and the extent of the orientation was a function of the distance from the interface.  
This interfacial orientation of chains was not observed for a PS film prepared by a solvent-casting 
method.  Interestingly, the local conformation of chains at the substrate interface was unchanged even at a 
temperature that was 80 K higher than the bulk glass transition temperature (Tg).  This observation means 
that polymer chains at the substrate interface can be only partially relaxed under conditions where the 
bulk chains are fully relaxed.  On the other hand, interfacial chains could be easily relaxed by solvent 
annealing.   
[1] H. Tsuruta, Y. Fujii, N. Kai, H. Kataoka, T. Ishizone, M. Doi, H. Morita, & K. Tanaka, 
Macromolecules 45(11), (2012) 4643. 
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Unlike simple liquids, polymers usually solidify via the glass transition – a process in which the viscosity 
of the liquid increases by orders of magnitude as the temperature is lowered below the glass transition 
temperature (Tg), albeit the molecular arrangement hardly changes.  Recently, numerous studies show that 
the Tg of polymer films can change notably when the film thickness is decreased to the nanometer range. 
This implies that the viscosity of the films can change significantly as well.  In this talk, I shall discuss the 
viscosity measurement we carried out on two polymer film systems - one in which the Tg decreases with 
decreasing film thickness, and one in which the Tg increases.  Our data reveal that the viscosity of the 
nanometer films changes by orders of magnitude, concomitant with the Tg.  Importantly, we uncover that 
the viscosity can be fully described by presuming the films to be a bi-layer, comprising a bulklike layer, 
hydrodynamically coupled to a nanometer thick, novel interfacial layer.  For the system where the Tg 
decreases, the interfacial layer is mobile and located at the free surface.  For the system where the Tg 
increases, the interfacial layer is slow and located at the substrate surface.  These results point to the 
importance of the interfaces on the dynamic properties of nano-confined polymers. 
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Diverse properties of polymer thin films, from phase separation and the glass transition, Tg, to various 
transport phenomena, are thickness dependent; this is due largely to the influence of interactions between 
polymer chain segments and external interfaces.  Much of what we understand about confinement 
behavior in polymeric systems is based on research of linear chain polymers. In this presentation we show 
how entropic effects associated with the architecture of a polymeric molecule can have a profound effect 
on the properties, from Tg, aging and wetting.  We show that star-shaped molecules exhibit significant 
differences in vitrification behavior based on the functionality, f, (number of arms) and the molecular 
weight per arm, M. The entropic effects have significant implications on the aging (time-dependent 
changes of physical properties, such as the specific volume, thermal conductivity, due to structural 
relaxations below the glass transition temperature), which is strongly dependent on f and M. Finally show 
how these entropic effects are manifested in the wetting behavior of these polymers where contact angles 
and line tensions are also functions of M and f. 
Glynos et al. Phys. Rev. let 107, 118303 (2011) 
Frieberg et al. Phys. Rev. Lett 108, 268304 (2012) 
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We have performed molecular-dynamics simulations to explore the influence of confinement [1] and 
shear [2] on glassy dynamics for supported and capped atactic-polystyrene thin films of different 
thickness and different strengths of attraction to the substrate. For the whole film the average Tg value 
remains almost constant for films down to 2 nm thickness, where film middle layer vanishes. For the 
middle layer itself Tg does not depend on the total film thickness, while an increase up to 70 K is 
measured for the substrate layer depending on the strength of attraction to the actual substrate. The 
surface layer remains liquid-like in the whole temperature range. We claim that the redistribution of mass 
in the three film layers may explain the change with film thickness of the average Tg, if the latter is 
determined from linear fits of the average glass and melt densities. 
The influence of cyclic shear on segmental mobility has been simulated as well. Immediately after 
deformation the storage modulus is decreased and the loss modulus is increased, reflecting the mechanical 
rejuvenation of a polymer glass. After the cyclic yield, recovery of the shear moduli takes place, which is 
an evidence of the enhanced physical-aging rate. We found also the temporal acceleration of the 
dynamics in the middle layers, and slowing down of the dynamics in two interface layers. 
[1]. D. Hudzinskyy, Alexey V. Lyulin, A.R.C. Baljon, N.K. Balabaev, M.A.J. Michels, Macromolecules 
44 (2011) 2299. 
[2]. D. Hudzinskyy, M.A.J. Michels and A.V. Lyulin Macromol. Theory Simul., 2012, DOI: 
10.1002/mats.201200050. 
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Ultrathin films of glass forming liquids, both small molecules and polymer melts, show deviations from 
their bulk behaviour as typically manifested by changes in the glass transition temperature, the 
viscoelastic and other physical properties. There is a growing consensus, based on experimental evidence 
from the recent years, that polymer chains in nanometer film geometry tend to adopt highly non-
equilibrium, meta-stable states, which, in the presence solid interfaces, are governed by chain adsorption 
[1] and corresponding packing phenomena. 
The aim of this paper is to investigate ultrathin polymer layers in extreme non-equilibrium conditions, 
which are prepared by organic molecular beam deposition onto a glass substrate at temperature well 
below and above the glass transition temperature [2].  Using interdigitated comb electrodes, we are able 
to follow the structural dynamics – the dynamic glass transition – of oligo- and polystyrene in real-time 
by dielectric spectroscopy.  
While spin-casting of polymers, the standard procedure to produce ultrathin polymer films, starts from an 
equilibrium system, a (semi)-dilute polymer solution, the OMBD- approach actually represents a single-
molecule deposition technique: Polymer molecules are deposited at a very low deposition rate (as isolated 
molecules) into their glassy state (Ttarget<<Tg), which prevents spreading, effective adsorption and 
interpenetrating of individual chains.  
These polymer glasses reveal an extremely accelerated glass transition dynamics as well as whole chain 
mobility even below the corresponding bulk-Tg. The results are discussed in terms of molecular packing 
[3], chain overlap and possible other factors. 
[1] S. Napolitano and M. Wübbenhorst, Nature Communications, 2011, 2, 260 
[2] S. Capponi, S. Napolitano, and M. Wübbenhorst,  Nature Communications, 2012, 3, 1233 
[3] S. Napolitano, A. Pilleri, P. A. Rolla, and M. Wübbenhorst, ACS Nano, 2010, 4, pp. 841-848 
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Conductive polymer nanocomposites have attracted much attention. The main objective is to obtain the 
lower percolation threshold with the lower volume fraction of conductive particle was the main objective. 
According to Balberg equation, the higher the aspect ratio of conductive particles., the lower the 
percolation threshold. Nano objects such as CNTs[1] and metallic  nanowires[2] enable the elaboration of 
poorly filled conductive composites. A recent study[3] has shown a low percolation threshold (pc ) of 
0.75 vol% and an electrical conductivity of 100 S/m above  for composites of P(VDF-TrFE) filled with 
nickel and silver nanowires. The Dynamic Dielectric Spectroscopy was used to study the charge transport 
in composites as a function of temperature and frequency for the identification of behavior laws 
(tunneling, hopping). A comparative study of nano objects of various aspect ratio was realized by  
dynamic mechanical relaxations.  The effect of increasing volume fraction of metallic particles on the 
morphology and crystallization of the semi-crystalline matrix was investigated by differential scanning 
calorimetry. 
1.Barrau S., Demont P., Peigney A., Laurent C., Lacabanne C., Macromolecules, 2003. vol(36), p. 5187 
2.Lonjon A., Laffont L., Demont P., Dantras., Lacabanne C., J.  Phys. Chem. C, 2009. 113, p. 12002 
3.Lonjon A., Laffont L., Demont P., Dantras., Lacabanne C., J. Phys. D: Applied Physics, 2010,43, p. 345 
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When most prior studies on thin polymer films have shown that glass transition temperature (Tg) 
decreases under nano-confinement, differential alternating current (AC) chip calorimetric method 
shows little dependence of Tg on thickness for supported film. To reveal this contradiction, we have 
manipulated a controlled interface by spin-coating polystyrene (PS) with an immiscible surfactant 
tetraoctylammonium bromide (TOAB). Since the immiscible surfactant did not show plasticizing effect 
for PS, there was no reduction of Tg for their powdered blend. But the surfactant molecules assembled 
on the interface during the process of spin-coating. The molecular mobility at the interface was 
dramatically increased, which was detected by dipolar filter sequence NMR spectroscopy. As a result, 
AC chip calorimetric measured Tg exhibited thickness-dependence for the PS film with immiscible 
surfactant. We proposed that TOAB at the interface formed a mobile layer for spin-coated PS film, and 
thus reduced the interfacial stress for film. For comparison, PS film mixed with miscible dilute, such as 
pyrene showed a reduced Tg from bulk PS, but exhibited no thickness dependence. These data 
unambiguously demonstrates that thickness dependence of Tg is an intrinsic property of thin film 
confined by geometry and dimensions. 
References 
[1] M. Alcoutlabi and G. B. McKenna, J. Phys.: Condens. Matter 17, R461 (2005). 
[2] O. Baumchen, J. D. McGraw, J. A. Forrest, and K. Dalnoki-Veress, Phys. Rev. Lett. 109, 055701 
(2012). 
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(1) Juelich Centre for Neutron Science; (2) Institut Laue-Langevin; (3) BAM Federal 
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Discotic liquid crystals (DLCs) are self-assembled materials where self-assembly is driven by 
noncovalent intermolecular interactions. The molecules consist of a flat and rigid aromatic core 
substituted by aliphatic side chains. While the former is responsible for the π-stacking, the latter gives rise 
to an increased solubility, processability, and rich thermotropic behavior. The disc-shaped molecules form 
columns that further assemble into two-dimensional arrays with a hexagonal mesophase. The alkyl chains 
fill the intracolumnar space giving rise to a nanophase separated state. Two homologous triphenylene 
derivatives were investigated as model systems for DLCs where the length of the aliphaitic side chains is 
varied. Measurements were carried out in the bulk and confined to the nanometre wide channels of anodic 
aluminum membranes (Pore diameter 20 nm, 40nm, 80 nm and 180 nm) by means of calorimetry, 
dielectric relaxation spectroscopy and neutron scattering. For the latter experiments both the vibrational 
density of states (Boson Peak) as well as the molecular dynamics on a time scale of ca. 1 ns were 
considered. Structural information is retrieved by X-ray diffraction carried out on a synchrotron. 
The dynamics of these unique soft matter materials are discussed in detail considering their structure 
(lenghts of the aliphatic side chains) and the effects of self-confinement (of the aliphatic chains in the 
intracolumnar space) and extrinsic confinement (influence of the pore size). Comparison is further made 
to a pyrene based system [1-3]. 
 
[1] Krause, C.; Yin, H.; Cerclier, C.; Morineau, D.; Wurm, A.; Schick, C.; Emmerling, F.; Schönhals, A. 
Soft Matter 8 (2012) 11115 
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Numerous studies have documented changes in the glass transition temperature (Tg) with decreasing 
thickness for thin polymer films less than ~100 nm in thickness.  However, understanding of the 
fundamental mechanisms causing this phenomenon are still unknown.  We have recently demonstrated 
that two separate mechanisms can act simultaneously to propagate enhanced mobility from the free 
surface deeper into the interior of the film resulting in two distinct reduced Tgs within single high 
molecular weight (MW) free-standing polystyrene films [1].  These two transitions, which can be 
separated by up to 60 K, show qualitatively different behaviors.  The lower transition is MW dependent 
and appears to be unique to high MW chains, while the upper transition is MW independent and appears 
to be common across multiple glass forming systems such as polymers, small molecules, and colloids.  
This more universal mechanism induces a gradient in dynamics near the free surface or interface that 
propagates some characteristic distance, believed to be related to cooperative motion [2], before the 
dynamics return to their bulk value.  Our current understanding of these nanoconfinement mechanisms 
will be discussed along with unresolved issues. 
[1]  J.E. Pye & C.B. Roth, Phys. Rev. Lett. 107 (2011) 235701. 
[2]  J.E. Pye, K.A. Rohald, E.A. Baker, C.B. Roth, Macromolecules 43 (2010) 8296-8303. 
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Glass transition and dynamics of multi-layered thin polymer films 
 

Fukao, Koji1; Hayashi, Tatsuhiko1; Takaki, Hirokazu1 

(1) Ritsumeikan University 
 
It is well-known that the glass transition temperature is decreased with decreasing film thickness for many 
polymeric systems. As the physical origin of the depression there are several candidates. One of the most 
important one is surface and interfacial interaction. Recently we have investigated multi-layered thin 
films of several polymers such as polystyrene (PS) and poly(2-chlorostyrene) (P2CS) in order to evaluate 
the effect of the interfacial interaction on the glass transition dynamics[1].  In this study, we have 
investigated the glass transition dynamics of multi-layered systems of poly(methyl methacrylate) 
(PMMA),  and also those of PS and P2CS.  In the former case, the beta-process shows almost same 
dynamics as the bulk one even for as-stacked thin films and shows no change for the subsequent 
annealing process. On the other hand, the alpha-process of as-stacked thin films shows a faster dynamics 
like a single thin polymer film, but the dynamics approaches to the bulk one with annealing. In the latter 
case, we have investigated the dynamics of the thin layer of P2CS intervening between two layers of PS.  
These measurements show a possible positional dependence of the glass transition dynamics of P2CS thin 
layer. Such dependence can  be regarded as a measure of the effect of the interfacial interaction on the 
dynamics.  Detailed results will be given in our presentation.  
[1]  K. Fukao, T. Terasawa, K. Nakamura, D. Tahara, Adv. Polym. Sci. (2013) 252, 65-106.   
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The heterogeneity of glassifying systems has been of enduring interest in the experimental and 
theoretical/simulation communities. We have developed a simple lattice model that exhibits kinetic arrest 
and dynamic heterogeneity.  Most recently we have applied this model to thin films and multilayer films. 
In this talk I will present our current results, and will make connections with recent experimental 
observations. 
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The effects of size and confinement on glassy polymers have widely been investigated. However, the 
behaviour of glass transition temperature on glassy thin polymer films has been a controversial subject. In 
this study, we performed X-ray reflectivity measurements of polystyrene thin films supported on Si 
substrates at various heating and cooling rates ranging between 0.5 K/min to 0.01 K/min. For 
conventional heating/cooling rates, glass transition width did not show any noticeable thickness 
dependence, although slower heating/cooling rates showed a remarkable thickness dependence. We 
consider that our results lead us to a conclusion that the heterogeneous dynamics inherent in thin films 
can be transformed into a more homogeneous one for glassy polymeric films with thicknesses comparable 
to a critical thickness that depends on the rate of temperature variation; the thickness below which the 
variation of glass transition width is remarkably noticeable is around 20 nm, which is larger than the 
length scale of a single cooperatively rearranging region reported for bulk polystyrene. 
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Many research groups stated in the last twenty years that that some properties deviate from bulk behavior 
for polymers in thin film confined less than 50 nm [1]. Diffusion studies were undertaken in these films 
with classical solvent and super-critical fluids as well to figure out particular diffusion, swelling or 
residual molecules [2]. We report here original in-situ x-ray reflectivity (XRR) studies of thin films 
isothermally exposed to ScCO2 as a function of CO2 pressure starting from ambient pressure up to its 
supercritical state. Swelling of Polystyrene thin films is analyzed in terms of CO2 uptake that depends on 
the film thickness. We evidence hyper-swelling of the PS exist up to 35% for confined films compared to 
5% in the bulk. This phenomenon is ascribed to a decrease of the free volume in an interfacial adsorbed 
layer [3] in confined film that can recover the bulk free volume under the action of ScCO2.  The more the 
interfacial free volume is restricted the more the hyper swelling of the film.  This theory is consistent with 
the observation of a stratification in thin films evidenced by multi thickness dependent glass transitions of 
the PS thin films (Tg(h)) measured by ellipsometry [4]. These Tg(h) were also measured after ScCO2 
treatment. This stratification reinforcement is ascribed to the differential swelling of the layers according 
to the substrate distance that strengthen the interphases allowing multi-Tgh(h) detection by ellipsometry. 
After a post thermal treatment the thin films recover their initial Tg(h) removing the ScCO2 history 
showing the importance of the confinement restoring forces.  

4. J. L. Keddie et al.,. Europhysics Letters (1994) 27, 59-642 
5.  T. Koga, et al. . Polymer (2011) 52, 4331 
6. 3) S.Napolitano, et al. ACS Macro lett., (2012) 1, 1189  
7. 4) A.El Ouakili, et al. Thin Solid Films (2011) 519, 2031 
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The question of how the dimensionality of geometrical confinement influences the molecular dynamics is 
up to now unexplored; 1-dimensional (1-D) confinement is realized in nanometer thin layers or films, 
while 2-D constraints take place for molecules contained in nanopores. Experimental results of poly-cis-
1,4-isoprene (PI) in thin layers down to 6 nm thickness prepared as part of a nanostructured capacitor 
arrangement and when deposited in unidirectional nanopores having pore diameters down to 4 nm will be 
presented. Due to the fact that PI is a type – A polymer having two dielectrically active relaxation 
processes; one corresponding to the fluctuations of 2 –3 polymer segments and the other being assigned 
to that of the end-to-end vector of the chain, it is possible to sense the dynamics at two well separated 
length scales. First results will be presented and compared to studies on the dynamics of low molecular 
weight glass formers and liquid-crystals confined in 2-D contraints of nanopores. 
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Block copolymer (BCP) self-assembly is currently of interest as a plactical approach for generating 
templates with well-defined periodic arrays of spherical, cylindrical, lamellar morphologies in typically 
10 to 50 nm-scale.  Despite a variety of morphological arrays of BCP, the spontaneous microphase 
separation in the thin films results in a random orientation of microdomain arrays or parallel orientation 
due to preferential interaction of one block with the substrate.  These defect-like structures limit the 
potential applications.  The efforts for the BCP thin films to control the orientation of microdomain arrays 
were dedicated to ramification of a long-range ordered structure using external fields or the surface 
modifications.  An attempt to generate larger ordered patterns (over 100-nm period size) is directly 
related to an increase in the molecular weight of BCP.  However, the translational ordering of long-
chained block copolymer is hindered by its very low chain mobility due to highly entangled 
conformation.  Using a solvent-vapor annealing process with a neutral solvent, which was sequentially 
combined with thermal annealing process, we demonstrate the rapid evolution of a perpendicularly 
oriented lamellar morphology in high-molecular-weight block copolymer films and their confined films 
by the topographically patterned substrate. 
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Glass Transition of Polymers near Their Free Surface 
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Recent experiments have indicated that the relaxation dynamics near a free polymer surface may be 
fundamentally different from bulk α-relaxation times. The dynamic properties lose their typical Vogel-
Fulcher-Tammann temperature dependence and become Arrhenius. There is also evidence that the 
dynamic properties become more homogeneous near the free surface. Such direct measurements of the 
relaxation dynamics are extremely difficult to perform.  
It has been shown that cooling rate-dependent glass transition temperature (Tg) measurements can be used 
as an effective and simple method to estimate the relaxation dynamics of the free surface. The cooling 
rate is inversely proportional to the relaxation time of the film at the temperature at which the system falls 
out of equilibrium, Tg. In thin polymer films, as the film thickness is decreased the dynamics of the film 
are affected more strongly by surface dynamics and provide a lower bound to the surface relaxation times.  
In thin polystyrene films measurements of Tg as a function of cooling rate indicate a clear onset of 
deviations from bulk properties at a temperature a few degrees above the bulk Tg. We hypothesize that 
this could be due to either a new mode of relaxation that is exclusively available near the surface, or 
typical glassy dynamics with faster time scales near the surface. In this study we investigate the effect of 
cooling rate on the value and the breadth of Tg. Under certain conditions, the system exhibits two distinct 
Tgs associated with either bulk or surface layers. This data can be used to estimate the length scale of the 
surface dynamics and the length scale over which the effects penetrate into the bulk of the film.  
Partial support from MRSEC grant (DMR-1120901) is acknowledged. 
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Surface effects on probe dynamics in thin polymer films studied using  
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The glass transition is a ubiquitous phenomenon in many materials. Despite its high importance and 
considerable research efforts, a full understanding of this property is still lacking. In thin polymer films, 
interfaces complicate things as they alter the glass transition in their vicinity. Experimental approaches to 
study the influence of interfaces on dynamics in polymers are thus very challenging.  
In our contribution, we present single molecule fluorescence microscopy as a new method to investigate 
such interfacial effects on the glass transition of polymers.[1] We measured the translational diffusion 
coefficients of single perylene diimide molecules in thin polystyrene films up to temperatures of 150 °C 
and analyzed their distributions.[2] These distributions and the number of mobile molecules depend 
strongly on film thickness. They can be modeled with Monte Carlo random walk simulations assuming a 
reduced glass transition temperature and an increased residence probability of dye molecules at the 
polymer surface. Both assumptions are known from simulations [3] but only the single molecule approach 
allowed for their experimental confirmation. 
[1] B. M. I. Flier, M. Baier, J. Huber, K. Müllen, S. Mecking, A. Zumbusch & D. Wöll, PCCP 13 (2011), 
1770.   
[2] B. M. I. Flier, M. Baier, J. Huber, K. Müllen, S. Mecking, A. Zumbusch & D. Wöll, JACS 134 
(2012), 480. 
[3] J. L. Barrat, J. Baschnagel & A. Lyulin, Soft Matter 6 (2010), 3430. 
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Relaxation processes in ionic liquids in the bulk and on the surface of onion-like carbon 
Relaxation processes involving cations in EMIM-Tf2N, HMIM-Tf2N and BMIH-Tf2N ionic liquids in 
their bulk state and when confined on the onion-like carbon (OLC) surface were studied using 
quasielastic neutron scattering (QENS). The cations, EMIM, HMIM and BMIH are structurally different 
molecules. The EMIM is a comparatively smaller molecule than HMIM. However, EMIM and HMIM 
molecules have a single imidazole ring and a methyl group chain attached to it, whereas BMIH has two 
imidazole rings at both ends of the methyl group chain. In the bulk ionic liquids, these three cations 
exhibit stretched exponential alpha-relaxation process, which becomes a simple exponential relaxation 
process on the OLC surface. On the other hand, the beta relaxation of BMIM and HMIM is an 
exponential decay; however, BMIH cations show a logarithmic beta decay process. The logarithmic beta 
decay process is still present in the OLC surface-confined BMIH-Tf2N liquid. We observed that the 
diffusion of cations in the bulk and on the OLC surface did not depend on the size of the molecules. 
Nevertheless, the diffusion mechanism changes fundamentally; in particular, the temperature dependence 
of the relaxation time changes from super-Arrhenius in the bulk state to Arrhenius in the surface-confined 
state.   
S. M. Chathoth, E. Mamontov, P. F. Fulvio, S. Dai and D. J. Wesolowski (manuscript in preparation)   
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Effects of interfaces and interphases in polydimethylsiloxane (PDMS) matrices with in-situ synthesized 
silica (~5 nm) nanoparticles were investigated by a combination of various experimental techniques, 
including differential scanning calorimetry (DSC), broadband dielectric relaxation spectroscopy (DRS) 
and thermally stimulated depolarization currents (TSDC). Our study is focus on glass transition, 
crystallization/melting and polymer dynamics, in particular segmental dynamics (α relaxation),  
associated with the glass transition. 
The results show that the presence of nanoparticles suppresses crystallization of the PDMS matrix. The 
glass transition temperature, Tg, remains practically unaffected, however a significant fraction of the 
polymer makes no contribution to the glass transition, as indicated by the reduction of the heat capacity 
jump. The same polymer fraction is shown by dielectric techniques to give rise to a slower segmental 
dynamics. 
This work has been recently extended to include PDMS/silica core-shell nanocomposites, prepared by 
sorption of linear PDMS on different types of silica nanoparticles, characterized by textural or 
intraparticle porosity. The overall behaviour is similar in the two types of nanocomposites, however 
distinct differences have also been observed and are under further investigation. The correlation of these 
results to type of filler and matrix (linear/crosslinked), method of preparation/processing, filler content, 
and morphology are discussed.    
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Analyzing the kinetics and the morphology of a dewetting film - e.g. the relaxation of the liquid front 
profile -  reveal properties like the capillary length, the viscosity (even in the nanometer range) or the type 
of boundary condition (slip/no slip) [1,2]. Recent experiments together with numerical simulations have 
shown the interplay of these parameters. We explain how the development and macroscopic morphology 
of the rim instability are controlled by the slip of the film on the substrate. A single thin-film model, valid 
for all slip lengths, captures quantitatively the characteristics of form and the evolution of the rim 
observed in our experiments [3]. Yet what nature is slip? How can a polymer melt slide? Does it have to 
be entangled? Anwers to these questions have been gained by performing x-ray reflectometry 
experiments on dewetting polymeric films [4]. At the solid/liquid interface, we can record molecular 
order. We speculate that this type of order may be a precondition for slippage in these systems. 
[1] O. Bäumchen and K. Jacobs, Soft Matter 6 (2010) 6028.  
[2] O. Bäumchen, R. Fetzer, M. Klos, M. Lessel, L. Marquant, H. Hähl, and K. Jacobs, J. Phys.: Condens. 
 Matter 24 (2012) 325102. 
[3] R. Fetzer, A. Münch, B. Wagner, M. Rauscher, and K. Jacobs, Langmuir 23 (2007) 10559. 
[4] P. Gutfreund, O. Bäumchen, R. Fetzer, D. van der Grinten, M. Maccarini, K. Jacobs, H. Zabel, and M. 
 Wolff, Phys. Rev. E 87 (2013) 012306. 
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The presence of a solid surface reduces the number of possible conformations of a polymer chain, in 
particular for those macromolecules, which are close to the surface. Understanding the underlying 
mechanisms at and close to the surfaces is important for applications in nanotechnology such as coatings 
for electrical devices, lubricants, and polymer nanocomposite materials. In this work we focus on the 
influence of the solid surfaces and their interaction with polymers on the dynamics of polymer melt by 
neutron scattering. The confining systems are presented by well-ordered cylindrical Alumina nanopores 
(2D confinement) [1]. 
The segmental dynamics on the local time scale is studied by quasielastic neutron scattering (QENS) up 
to a few nanoseconds and on the large scale dynamics measured by high resolved neutron spin-echo 
(NSE) spectroscopy extending the time scale to a few hundred of nanoseconds [2]. We study the 
influence of the polymer-surface interactions on the local segmental dynamics, unentangled Rouse 
dynamics and the polymer entanglement network [3,4]. In particular, it will be demonstrated that the 
attractive polymer-surface interaction leads to the formation of the heavily discussed interphase in a 
confined linear polymer melt [5]. 
[1] H.Masuda, K.Fukuda, Science 268  (1995) 1466. 
[2] D.Richter, M.Monkenbusch, A.Arbe, J.Colmenero, Adv. Polym. Sci. 174 (2005) 1.   
[3] M.Krutyeva, et al., J. Chem. Phys. 131 (19) (2009) 174901. 
[4] J.Martín, M.Krutyeva, et al., Phys. Rev. Letters 104 (2010) 197801. 
[5] M.Krutyeva et al., accepted to Phys. Rev. Letters. 
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Investigations on attograms of material (1 attogram=10-18 grams) open the door for fundamental questions 
in soft-matter physics, such as for instance “What is the minimum amount of matter necessary to “define” 
the material properties?”. The present contribution aims to review recent developments in investigating 
molecular dynamics and phase transitions of extremely small amounts of polymeric materials. The first 
part of the presentation will be dedicated to nanofluidics, i.e. monitoring the flow of polymers into 
nanopores by means of electrical measurements [Ref. 1]. Two different aspects of polymer dynamics can 
be investigated in a single experiment: (a) the kinetics of the flow process and (b) the molecular dynamics 
of the polymer during the flow process. In the second part, it will be shown that investigations on 
attograms of matter are possible by using a novel experimental concept which employs nano-containers 
as measurement cells [Ref. 2]. 
[1] A. Serghei ,  D. Chen ,  D. H. Lee and T. P. Russell, Soft  Matter 6, 1111 (2010)  
[2] A. Serghei, W. Zhao, D. Miranda, and T. P. Russell, Nanoletters (2013), DOI: 10.1021/nl304103y 
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Polymer thin films are utilized in the field of industrial applications including lithography, coating, 
lubricant and so on and the extensive studies have revealed that thermal and mechanical properties of 
polymer thin films were quite different from those of bulk.  Thickness dependence of glass transition 
temperature Tg and thermal expansivity, ultra-slow expansion and contraction process, and the dewetting 
at the temperature lower than bulk Tg are some of the representative examples for the anomalous 
properties of polymer thin films [1]. 
In the last decade our group has studied polymer thin films using various experimental techniques such as 
X-ray and neutron reflectivity, ellipsometry, inelastic and quasielastic neutron scattering with various 
energy resolutions [1] to reveal the origin of the singular properties of polymer thin films. In the 
presentation, we will discuss our recent results on the heterogeneity of polymer thin films revealed by 
neutron reflectivity [2,3] 
 [1] R. Inoue and T. Kanaya, Heterogeneous dynamics of polymer thin films as studied by neutron 
scattering, Advances in Polymer Science, Springer, 2012, in press. 
[2] R. Inoue, K. Kawashima, K. Matsui, M. Nakamura, K. Nishida, T. Kanaya and N. L. Yamada,  Phys. 
Rev. E 84, 031802 (2011) 
[3] R. Inoue, K. Kawashia, K. Matsui, T. Kanaya, K. Nishida, G. Matsuba, M. Hino,   Phys. Rev. E83, 
21801 (2011) 
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The water uptake of polyvinyl acetate (PVAc) at different relative humidity for bulk like and ultra-thin 
films (>20 nm) was studied by AC-chip calorimetry. For a micrometer sized sample of about 200 ng on 
the chip the plasticizing effect of water vapor is the same as for bulk samples. The water dissolved 
(absorbed) in the film results in a shift of the glass transition temperature (plasticizing effect) and an 
increase in heat capacity. With decreasing film thickness the water uptake becomes more complex. An 
increasing amount of adsorbed water is observed. The adsorbed water does not plasticize the film but 
contributes to the measured heat capacity (J/K). A water layer of about 2 to 17 nm forms in addition 
depending on the relative humidity in the environment. For the experiments an AC-chip calorimeter was 
employed to measure heat capacity of the thin film samples under controlled humidity. 
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Interfacial Effects on Nanoconfined Diffusion of Poly(isobutyl methacrylate 
 

Ellison, Christopher1; Katzenstein, Joshua1; Janes, Dustin1; Katsumata, Reika1; Prisco, Nathan1 

(1) University of Texas at Austin 
 
Self-diffusion of polymers parallel to their confining interfaces has received limited experimental 
attention to date even though it is important in a variety of applications such as nanocomposite 
exfoliation, hard drive lubrication and molecular transfer printing. Fluorescence recovery after patterned 
photobleaching (FRAPP) has been refined by our group into an in-situ imaging technique that allows for 
direct visualization of fluorescently labelled polymer diffusion in a periodic pattern. Using poly(isobutyl 
methacrylate) (PiBMA) as a model polymer, we have studied [1] self-diffusion as a function of film 
thickness. PiBMA is an ideal choice for these studies because, on quartz or silicon wafers, it exhibits a 
film thickness independent glass transition temperature (Tg). This is important because, according to the 
Rouse model, the diffusion coefficient depends on the proximity of the diffusion temperature to Tg. 
Therefore, in our systems the measured diffusion coefficient is possibly decoupled from Tg changes that 
are present in other polymer systems. In this talk we will also discuss the effect of varying the confining 
interface chemistry as a way of tuning the polymer/substrate interactions. 
[1] Katzenstein, J. M.; Janes, D. W.; Hocker, H. E.; Chandler, J. K.; Ellison, C. J. Macromolecules 2011, 
45, 1544-1552. 
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New thermoplastic elastomer based on poly(vinylidene fluoride) (PVDF) and epoxidized natural rubber 
(ENR) at blend ratio 50/50wt% and two types of ENR (ENR with 25 and 50mol% of epoxide content 
called ENR-25 and ENR-50 respectively) were prepared by melted blending. Dynamic mechanical and 
dielectric properties and morphological analysis of the blends were investigated. PVDF/ENR-50 showed 
storage modulus higher than that of PVDF/ENR-25. Temperature dependent of tan δ plot in DMA and 
DEA showed one relaxation for PVDF/ENR-25while PVDF/ENR-50 showed two relaxations which 
correspond to α-relaxation associated to glass transition temperatures (Tg) of PVDF and ENR-50, which 
were furthermore moved slightly toward higher and lower temperature respectively. Such shift of Tg in 
opposite direction indicated the formation of partial compatibility between the two phases. The 
permittivity (ε’) value of PVDF/ENR-25 is between the values of the ε’ of the two components while ε’ 
of PVDF/ENR-50 shows higher value than that of two components. SEM micrographs show that ENR-50 
has been precisely finer dispersed in PVDF matrix than that of ENR-25. When barium titanate (BaTiO3) 
particles are added to 80/20 and 50/50 PVDF/ENR-50 blends to increase the permittivity value of the 
blends, BaTiO3 particles selectively locate in ENR-50 phase, which leads to change the phase 
morphology and tailored relevantly the properties of the blends.  
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Dynamics and Rheology of Chain-Grafted Poly(butyl acrylate)-Silica Nanocomposites 
 

Johnston, Kim1; Arrighi, Valeria1; Kraft, Arno1; Khlifa, Moussa 1; Ross, Gavin1 

(1) Heriot-Watt University 
 
Making use of a controlled radical polymerisation technique (atom transfer radical polymerisation 
(ATRP)) we have been able to graft poly(butyl acrylate) (PBA) chains onto the surface of silica 
nanoparticles and have investigated the physical properties of the resulting nanocomposites [1, 2]. We 
discuss the effect of adding the nanoparticle filler on the mechanical properties of PBA and the local 
behaviour of the polymer chains as determined by in-depth analysis of the quasielastic neutron scattering 
measurements (QENS) and rheological data of the pure polymer and the nanocomposites. We also discuss 
the effect on these physical properties for chain-grafted nanocomposites compared to samples with 
dispersed nanoparticles in the polymer matrix. 
[1] A. Kraft, P.M.E. Adams, V. Arrighi, J. Harkins, A. McAnaw, I.J. McEwen, S.J.Mayhew, L. 
Ragupathy, C. Waring, Polym. Mater. Sci. Eng., 96 (2007) 43 
[2] A. Kraft, V. Arrighi, N. Grima, Polym. Mater. Sci. Eng., 98 (2008) 686 
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The effects of physical aging and solvent annealing on the thermomechanical properties of polymers were 
investigated using silicon microcantilever and quartz tuning fork measurements. Polystyrene (PS), 
polymethylmethacrylate (PMMA), or PS-PMMA diblock copolymer were applied to one side of a 
microcantilever, and the temperature-dependent thermal stress in the polymers was measured. A 
maximum compressive stress peak was observed for the PS- and PMMA-coated cantilevers during 
heating but not during cooling, which produced hysteresis. Physical aging of the polymers was found to 
contribute to the development of the hysteresis properties. To investigate the confinement effect on the 
glass transition, PS was confined into nanopores of anodic aluminum oxide cantilevers. Further, the 
solvent annealing effect on the stretched polymer nanowires was investigated using quartz tuning forks.  
[1] N. Jung, M. Yun, S. Jeon. Journal of Chemical Physics, 136 (2012) 104903. 
[2] M. Yun, C. Yim, N. Jung, S. Kim, T. Thundat, S. Jeon, .Macromolecules, 44 (2011) 9661-9665. 
[3] M. Yun, N. Jung, C. Yim, S. Jeon,  Polymer, 52 (2011) 4136-4140. 
[4] N. jung, S. Jeon,  Macromolecules, 41(2008), 9819-9822. 
[5] N. Jung, H. Seo, D. Lee, C. Y. Ryu, S. Jeon, .Macromolecules, 41(2008), 6878-6875.  
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Structure and dynamics of poly (ethylene oxide) confined in the interlayer space of graphite oxide 
 

Barroso-Bujans, Fabienne1 
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We explore the effects of chain size on the structure and dynamics of poly(ethylene oxide) (PEO) 
confined in the interlayer space of graphite oxide (GO). To this end, a PEO series of increasing chain 
length have been studied by means of high-resolution inelastic neutron spectroscopy (INS) on the 
TOSCA spectrometer, ISIS, UK, [1], and broad band dielectric spectroscopy (BDS) [2]. PEO chains are 
accommodated in a layer of thickness 3.0–3.4 Å characterized by planar zigzag (trans–trans–trans) 
conformations. Moreover, we observe a strong reduction of vibrational motions for the confined polymer 
phase, as clearly evidenced by the disappearance, shift, and/or broadening of mode-specific INS spectral 
features, as well as by the complete suppression of crystallization and glass transition. All of these effects 
are surprisingly insensitive to the length of the PEO chains. BDS experiments of confined PEO show two 
relaxations: the faster one is independent of the chain length in agreement with INS results, whereas the 
slower one is dependent on the chain length and it could be associated to interfacial effects, typical of 
heterogeneous systems.  
[1] F. Barroso-Bujans, F. Fernandez-Alonso, S. Cerveny, S. Arrese-Igor, A. Alegría, J. Colmenero. 
Macromolecules 45 (2012) 3137.  
[3] F. Barroso-Bujans, F. Fernandez-Alonso, S. Cerveny, S. Parker, A. Alegría, J. Colmenero. Soft Matter 
7 (2011) 7173. 
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The properties of molecular assemblies confined in pores a few nanometers across play a dominant role in 
phenomena ranging from clay swelling, frost heave, oil recovery and catalysis, to colloidal stability, 
protein folding and transport in cells and tissues. Therefore the advent of tailorable nano- and mesoporous 
membranes has led to a growing interest in the equilibrium and non-equilibrium behavior of solids and 
liquids confined in such environments. In the first part of my presentation I will present x-ray diffraction 
and optical birefringence measurements on the crystallization and glass formation of molecular 
assemblies in monolithic porous silica, silicon and alumina as a function of the complexity of their basic 
building blocks (water, n-alkanes, n-alcohols, liquid crystals) [1]. The second part addresses dynamical 
phenomena in mesopores ranging from self-diffusion and liquid flow to pore translocation, as probed by 
neutron spin-echo spectroscopy, radiography and gravimetric imbibition experiments. Depending on the 
molecular species investigated a remarkable robustness of macroscopic concepts, however, also 
significant deviations from the bulk behavior are observable [2,3]. 
[1] A. Henschel, K. Knorr & P. Huber, Phil. Mag. Lett. 90, 481 (2010). 
[2] S. Gruener & P. Huber, J. Physics: Cond. Matt. 23, 184109 (2011). 
[3] S. Gruener, Z. Sadjadi, H.E. Hermes, A.V. Kityk, K. Knorr, S.U. Egelhaaf, H. Rieger, & P. Huber, 
Proc. Nat. Acad. Sc. 109, 10245 (2012).  
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Equilibrium versus out-of-equilibrium dynamics in polymers under confinement 
 

Cangialosi San Sebastian, Daniele1 

(1) CSIC 
  
The spontaneous evolution toward equilibrium of glasses, the so-called physical aging, is known to be 
one-to-one related to the glass intrinsic molecular mobility. This relation is generally found to hold in 
bulk glasses. In this talk we address this issue in polystyrene (PS) under confinement. To do so, we probe 
the segmental mobility, the glass transition temperature (Tg) and physical aging of thin PS films [1,2]. The 
former is investigated by alternating current (AC) calorimetry and broadband dielectric spectroscopy 
(BDS). The Tg, underlying the equilibrium to out-of-equilibrium crossover from the supercooled liquid to 
the glass, and physical aging are studied by differential scanning calorimetry (DSC) and capacitive 
dilatometry (CD). We show that the intrinsic molecular mobility of PS is thickness independent, whereas 
the Tg decreases and the physical aging accelerates with decreasing film thickness. Analogy with results 
in different confining geometries, in particular polymer nanocomposites [3] and nanospheres [4], is 
discussed. The key implication of these results is that the notion that segmental mobility and the out-of-
equilibrium dynamics are fully interrelated must be questioned in confinement. In this case, the molecular 
mobility and out-of-equilibrium dynamics are affected differently by geometric factors [2-4]. 
[1] V. M. Boucher, D. Cangialosi, H. Yin, A. Schönhals, A. Alegría, & J. Colmenero Soft Matter 8 
(2012) 5119. 
[2] V. M. Boucher, D. Cangialosi, A. Alegría & J. Colmenero Macromolecules 45 (2012) 5296. 
[3] V. M. Boucher, D. Cangialosi, A. Alegría, J. Colmenero, I. Pastoriza-Santos & L. M. Liz-Marzan Soft 
Matter 7 (2011) 3607. 
[4] C. Zhang, V. M. Boucher, D. Cangialosi & R. D. Priestley Polymer 54 (2013) 230. 
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Federal Institute for Materials Research and Testing; (5) Faculdade de Ciências e Tecnologia/Lab. 

RequiMte/Universidade Nova de Lisboa; (6) Université Lille 
 
Motivated by the knowledge that molecular mobility and phase transformations can be significantly 
altered when a glass-former is confined into the nanoscale, several molecular guests impregnated in 
mesoporous silica matrixes were investigated. When the dimensions of the pore matrix interfere with the 
length scale of molecular motions it can influence the dynamic glass transition and enhance molecular 
mobility. By other side for rather low pore sizes, the guest molecules can undergo specific interactions 
with the pore wall, and the molecular dynamics can slow down. Therefore both confinement and surface 
effects can influence the molecular mobility of the guest hosts being possible to find conditions where 
both effects manifest simultaneously.   This was shown by dielectric relaxation spectroscopy for confined 
Ibuprofen drug [1] and the nematic E7 [2]. Additionally, nanoconfinement can be used as a strategy to 
avoid crystallization allowing producing usable amorphous materials stabilized in highly disordered 
forms as found for a surfactant and an ionic liquid. 
Acknowledgements: The authors thank Fundação para a Ciência e Tecnologia by the financial support 
through contract PEst-C/EQB/LA0006/2011 and projects PTDC/CTM/098979/2008 and 
PTDC/CTM/103664/2008. M.T.V. thanks F.C.T. by the postdoctoral fellowship SFRH/BPD/39691/2007. 
[1] A. R. Bras, E. G. Merino, P.D. Neves, I. M. Fonseca, M. Dionisio, A. Schoenhals & N. T. Correia, J. 
Phys. Chem. C 115 (2011)4616. 
[2] A. R. Brás, S. Frunza, L. Guerreiro, L. I. M. Fonseca, A. Corma, L. Frunza, M. Dionísio & A. 
Schönhals,  J. Chem. Phys. 132 (2010) 224508-1. 
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Impact of interparticle correlations on the dynamics of liquids confined at the nanoscale level 
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We propose an analysis of the changes in the structural relaxation time in ultrathin films of glass forming 
liquids based on the two-order-parameter (TOP) model [1], where the slower interfacial dynamics is 
explained in terms of excess in bond orientational order (BOO) near the wall. We successively verified 
that the dielectric strength, Δε, (the contribution of the orientational polarisation to the dielectric constant) 
is a robust probe for the BOO [2]. Exploiting such a correlation, we analyzed all the liquids for which the 
thickness dependence of Δε was measured so far. Although for all the systems Δε decreases in the thinner 
films due to the reduction in mean square dipole moment upon adsorption [3], we indentified two 
different classes of liquids, based on the value assumed by the dielectric strength at the very interface 
with the solid wall, Δεint. Slower dynamics was univocally correlated to nonzero positive values of Δεint, 
implying larger interparticle correlations near the wall, in line with the predictions of the TOP model. On 
the contrary, for those liquids where Δεint ≈ 0, we found faster or unperturbed interfacial dynamics. We 
discuss this last finding in terms of packing frustration [4] and its interference on the formation of the 
excess in BOO near the wall. [1] Watanabe, Kawasaki, Tanaka, Nature Materials 2011, 10, 512 [2] 
Capponi, Napolitano, Wübbenhorst, Nature Communications 2012, 3, 1233 [3] Napolitano, 
Wübbenhorst, Nature Communications 2011, 2, 260 [4] Napolitano et al., ACS Nano 2010, 4, 841 
 

 
 
Invited talk 

PTF-35 
Effects of annealing and plasticization in polyvinyl acetate ultra thin films 

 
Prevosto, Daniele1; Labardi, Massimiliano2; Nguyen, Kim Hung3; Capaccioli, Simone2;  

Lucches, Mauro2; Rolla, Pierangelo2 

(1) Institute for Chemical and Physical Procesess, Italian National Research Council; (2) University of 
Pisa;  

(3) Tohoku University 
 
The importance of the annealing of ultrathin polymer films in determining their final dynamic properties 
has obtained a great recognition in the last years [1]. In particular much attention has been devoted to the 
evolution of the metastable state of the polymer at the true interface [2]. In this contribution I will show 
results on the characterization of the development of interfacial layers at the polymer/metal interface. In 
particular the properties of these layers and their influence on physical properties of ultrathin films will be 
discussed [3,4]. Particular attention will be directed to the influence on water absorption and 
plasticization in ultrathin films of polyvinyl acetate [4]. 
[1] A. Serghei & F. Kremer, Macromol. Chem. Phys. 209 (2008) 810. 
[2] S. Napolitano & M. Wübbenhorst, Nature Commun. 2 (2011) 260. 
[3] H.K. Nguyen, M. Labardi, S. Capaccioli, M. Lucchesi, P.A. Rolla & D. Prevosto, Macromol. 45 
(2012) 2138.  
[4] H.K. Nguyen, M. Labardi, M. Lucchesi, P.A. Rolla & D. Prevosto, Macromol. 46 (2013) 555. 
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Cold-crystallization of PLA is followed by Wide Angle X-Ray Scattering (WAXS) and  Broadband 
Dielectric Spectroscopy with the same temperature protocol. The knowledge of the  local and segmental 
dynamics of PLA in the initially amorphous and after cold crystallization allow to evidence a delay 
between the loss of mobile amorphous  phase and the appearance of 3D order detected by WAXS. The  
presence of a second amorphous phase too rigid to contribute to the segmental mobility and not visible by 
WAXS was observed and quantified. This Rigid Amorphous Fraction (RAF) variation is a decreasing 
function of the crystallinity degree thus indicating that it might be considered as an early stage of the 
crystalline structure. The similarity in the multicomponent character of glassy dynamics in amorphous 
and semi-crystalline PLA as seen by the analysis of the low temperature region of the spectra, indicates a 
common origin for the 3 secondary modes. These relaxations present differences in the activation 
parameters which systematically slows the local dynamics in the semi-crystalline sample in addition of an 
intensity reduction as a result of the relative proportion of the 3 existing phases. The addition of carbon 
nanotubes in concentrations below the electric percolation threshold (pc = 3 wt%) showed slight changes 
in the VFT parameters of the α  relaxation, but a clear decrease in the sample dynamic fragilities. This 
effect is more pronounced in the semi-crystalline sample. 
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Building new devices that benefit from the strange transport behavior of fluids at nanoscales is an open 
and worthy challenge that may lead to new scientific and technological paradigms [1-3]. 
We present here a new class of nanofluidic device, made of individual Boron-Nitride (BN) nanotube 
inserted in a pierced membrane and connecting two macroscopic reservoirs.   
We explore fluidic transport inside a single BN nanotube under electric fields, pressure drops, chemical 
gradients, and combinations of these.  
We show that in this transmembrane geometry, the pressure-driven streaming current is voltage gated, 
with an apparent electro-osmotic zeta potential raising up to one volt.  
Further and most important, we measured that currents induced by a salinity contrast exceed by two 
orders of magnitude their pressure-driven counterpart. This result is ascribed to the remarkably large, pH 
dependent, surface charge bared by the BN nanotube. It corresponds to a produced power density in the 
kW/m2 range, orders of magnitude higher than reported with classical exchange membranes, and 
demonstrates the unique potential of BN nanotube membranes for energy conversion [4]. 
[1] L. Bocquet, E. Charlaix, Chem. Soc. Rev., 39 (2010) 1073. 
[2] M. Majumder et al., Nature, 438, (2005) 44. 
[3] J.K. Holt et al. Science, 312 (2006) 1034. 
[4] A. Siria et al. Nature (2013) accepted for publication. 
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The dynamic behaviour of a polymer nanocomposite material: Poly (ethylene oxide) (PEO) confined in 
graphite oxide (GO) layers (interlayer distance of about 7.5 angstrom) is studied in this work by means of 
atomistic molecular dynamics simulations performed with the COMPASS forcefield. 
This forcefield has previously been tested by us during recent years to produce an excellent mimic of the 
dynamic behaviour of this polymer both in bulk as well as in its blend (PEO 20 w%) with poly (methyl 
methacrylate) PMMA. This latter system could be considered as an example of confinement for PEO due 
to the much reduced mobility of PMMA at the studied temperatures.  
In the work we present here, we confine PEO in thin films sandwiched by GO and use a similar 
methodology as in the previous works to study its modified dynamics. However, due to the different 
nature of this new system with respect to bulk polymers or blends, care was taken to grant that the 
COMPASS forcefield (which is mainly aimed to be used within polymeric systems) can also describe 
faithfully the interactions between the PEO polymer and the GO film substrate. This had previously been 
done by comparing such interactions with others calculated by means of Density Functional Theory of 
different levels of accuracy. We discuss the results obtained in terms of the atomic mean-squared 
displacements, self van Hove correlation function, incoherent scattering function and hydrogen bonding 
between PEO and GO defects.  
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We extend a model for the dynamics of non-polar polymers, based on percolation of slow subunits, which 
has been proposed regarding dynamical heterogeneities and glass transition mechanisms. We calculate the 
mechanical properties of polymers close to the glass transition in the linear regime of deformation, with a 
spatial resolution corresponding to about 3-5 nm. We focus here on the case of polymers confined 
between two substrates with non-negligible interactions between the polymer and the substrates, a 
situation which may be compared to filled elastomers. We calculate the evolution of the elastic modulus 
as a function of temperature, for different film thicknesses and polymer-substrate interactions. We find 
increases of glass transition temperature up to 20 K. Moreover, between the bulk Tg and Tg + 50 K the 
modulus G’ of the confined layers is found to decrease very slowly as a function of temperature, with 
moduli more than ten times larger than that of the pure matrix at temperatures up to Tg+50 K. This is 
consistent with what is observed in reinforced elastomers. This slow decrease of the modulus is 
accompanied by huge fluctuations of the stress at the scale of a few tens of nanometers that may even be 
negative as compared to the solicitation. As a consequence, confinement may result not only in an 
increase of the glass transition temperature, but in a huge broadening of the glass transition. 
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Neutron scattering experiments on the dynamics of confined soft matter became increasingly popular 
during the last decade mainly due to two features: Firstly, neutron scattering allows studying the spatial 
aspect of microscopic dynamics. Secondly, the separation of the sample signal from that of the matrix is 
easier than for other susceptibilities because it does not require an effective medium calculation. But the 
studies performed so far often either were done on matrices with a broad pore size distribution (e.g. 
‘Geltech’ glasses) or required elaborate synthesis (e.g. anodically oxidized aluminium). Here we present 
results using an organically templated xerogel which is comparatively easy to synthesise. As confined 
material, polyethylenepropylene was used in most experiments. We employed neutron time-of-flight 
spectroscopy and backscattering spectroscopy for the fast and slow local dynamics respectively. In order 
to observe the slow chain motion we used neutron-spin echo spectroscopy. The results are compared to 
molecular dynamics simulations of a fully atomistic representation of the chain and the surrounding silica 
matrix. 
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The mechanical properties of liquids confined at the scale of several molecular sizes are still a widely 
debated topic [1, 2]. We study here the rheological behaviour of simple liquids confined between rigid 
surfaces and show that the mechanical response of the confining surfaces has a dramatic influence. In 
particular, the deformation of surfaces as rigid as bulk glass leads to an apparent elastic response of the 
liquid and an apparent change of its viscosity.  
We demonstrate the importance of these effects experimentally using a very sensitive dynamic Surface 
Force Apparatus: we measured the apparent shear modulus of four different liquid films (two silicon oils 
and two glycerol-water mixtures with 20 to 100 mPa.s viscosities) confined between smooth Pyrex 
surfaces (less than 1 nm RMS). When the confinement was changed from micrometers to a fraction of 
nanometre, we measured an increase of an apparent elastic modulus, along with an apparent change of the 
viscous modulus. 
The perfect agreement with elasto-hydrodynamic calculations [3] shows that the apparently complex 
rheological behaviour of the confined liquids is fully explained by the picometric elastic deformations of 
the confining surfaces. No change in the viscosity of the simple Newtonian liquids is observed. 
[1] Y. Zhu & S. Granick, Langmuir 19 (2003) 8148.  
[2] S. de Beer, W. K. den Otter, D. van den Ende, W. J. Briels & F. Mugele, Tribol. Lett. 48 (2012) 1-9. 
[3] S. Leroy & E. Charlaix, J. Fluid. Mech. 674 (2011) 389. 
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We combine dielectric spectroscopy with atomic force miscroscopy (AFM) to study local segmental 
dynamics in the miscible blend Poly(vinyl acetate)/poly(ethylene oxide) (PVAc/PEO) . This technique is 
usually referred to as local dielectric spectroscopy (LDS) [1] and it was employed recently to study thin 
films of PVAc [2] and immiscible blends of PVAc with poly(styrene) PVAc/PS [3]. PVAc/PEO is 
miscible in bulk for low concentrations of PEO (wPEO < 0.2) [4]. We present LDS results for different 
blending ratios of PVAc/PEO in the miscible region and find key signatures of dynamic heterogeneity in 
the tan(δ) spectrum, i.e. peak shift and peak broadening, both characterizing dynamic heterogeneities. The 
results for PVAc/PEO films of 200 nm in thickness compare well with bulk results measured with 
broadband dielectric spectroscopy. For thinner films (50 nm) we find clear evidence of phase separated 
regions even for bulk-miscible blending ratios. Such regions exhibit typical PEO seaweed and dendritic 
structures [5]. By means of LDS we demonstrate that these structures grow on the film surface by phase 
separation of PEO from the blend, depleting the underlying and adjacent blend film from PEO. 
Furthermore we are able to follow the phase separation kinetics by LDS. LDS proves to be a sensitive 
probe of the local composition in miscible polymer blends. 
[1] P.S. Crider et al., Appl. Phys. Lett. 91 (2007), 013102. 
[2] H.K. Nguyen, et al., Macromolecules 45 (4) (2012), 2138-2144. 
[3] C. Riedel et al., Appl. Phys. Lett. 96 (2010), 213110. 
[4] G. Zardalidis & G. Floudas, Macromolecules 45 (2012), 6272-6280. 
[5] G. Zhang et al., ACS Macro Lett. 1 (2012), 217-221. 
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R. Villey, E. Martinot, L. Léger , C. Cottin-Bizonne, E. Charlaix and F. Restagno 

 
The nano-mechanics of soft, thin materials, such as polymer coatings, has become an important issue with 
the development of composite and nano-composite new materials and their applications in many 
industrial processes (surface coatings, stability of structures used in micro-electronics… Direct 
characterization based on touching the surface with a solid probe does not always provide an absolute 
determination of elastic moduli, since adhesion and friction forces are intrinsically of the same magnitude 
as the elastic forces. In some extreme cases, such as bubbles or biological systems, contact forces can 
even ruin the sample. In a recent paper, we proposed theoretically to use a liquid probe as an alternative to 
the classical hard contact mechanics. More precisely the nano-hydrodynamic interaction between a sphere 
and a soft layer supported on a rigid substrate has been calculated 1 and we have proposed that the 
measurements open up new opportunities for contactless mechanical testing and should be a new, precise, 
and faithful method for measuring its absolute elastic properties2.  
The interplay between viscous and elastic effects results in a very rich scaling of the force response and 
provides a signature of the surface elastic behavior without influence of adhesion forces. Using a Surface 
forces apparatus (SFA), we will illustrate different cases on complex thin layers: thin compressible layers 
of bubbles, thin incompressible film of elastomer and the more complex case of the viscoelastic response 
of a swollen grafted brushes deformed by its solvent flow. 
 
1. Leroy, S. & Charlaix, E. Hydrodynamic interactions for the measurement of thin film elastic 
properties. J. Fluid Mech.674, 389–407 (2011). 
2. Leroy, S. et al. Hydrodynamic Interaction between a Spherical Particle and an Elastic Surface: A 
Gentle Probe for Soft Thin Films. PhysRevLett108, (2012). 
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PTF-44 
Transition Behaviors of Block Copolymer/Homopolymers in Bulks and Thin films 

 
Ahn, Hyungju1; Lee, Hoyeon 1; Park, Sungmin1; Ryu, Du Yeol1 

(1) Yonsei University 
 
We investigated the transition behavior such as the order-to-order transition (OOT) and the order-to-
disorder transition (ODT) for binary mixtures, composed of asymmetric polystyrene-block-polyisoprene 
(PS-b-PI) and polystyrene homopolymer (PS) using small angle x-rays scattering (SAXS) and grazing 
incidence small angle x-rays scattering (GISAXS) for binary mixture of PS-b-PI and PS in bulks and 
films. The neat PS-b-PI bulk, which has asymmetric composition of isoprene block, presented multiple 
order-to-order transition, composed of lamellae, hexagonally perforated layer, gyroid and hexagonally 
packed cylinder with increasing temperature. These transition and phase behavior for binary mixtures of 
PS-b-PI and PS, changed with increasing amount of PS, were significantly influenced by the interfacial 
interactions in thin films, leading to the different path-way of phase transitions. From these results, we 
will discuss about the composition and interfacial interaction effects on the phase behaviors in bulks and 
thin films system of binary mixture. 
[1] C. Shin, D. Y. Ryu, J. Huh, J. H. Kim, and K.-W. Kim Macromolecules 42 (2009) 2157-2160.  
[2] H. Ahn, C. Shin, B. Lee, and D. Y. Ryu, Macromolecules, 43 (2010) 1958-1963.  
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PTF-45 
Competitive effects in the segmental dynamics of nanoconfined polymers 

 
Batistakis, Chrysostomos1; Lyulin, Alexey V.1; Michels, M.A.J.1 

(1) Eindhoven University of Technology 
 
Filler particles are widely used in elastomers in order to improve mechanical properties. In high volume 
fractions, these fillers connect to each other through ultrathin polymeric bridges and they create a 
percolation network inside the polymer matrix. The rigidity of this network depends on the filler volume 
fraction and is rapidly breaking down under loading. The scope of this work is to understand the polymer 
dynamical behavior of the interparticle polymeric bridges. For that purpose we have performed 
molecular-dynamics (MD) simulations on coarse-grained polymer films which are confined between two 
crystalline Lennard-Jones substrates for different substrate-substrate separations. Various polymer-
substrate attraction strengths have been chosen. The polymer structure and segmental dynamics in 
different film layers has been analyzed. We found that increasing attraction strength leads to deceleration 
of the film dynamics due to a slowing down close to the substrates, but decrease of film thickness leads to 
an acceleration of these dynamics [1]. We attribute this acceleration to finite-size scaling effects. For 
thick films an acceleration of dynamics in the middle takes place for sufficiently high attraction strengths 
due to the creation of glassy layers close to substrates which effectively cause decrease of film thickness 
and therefore, additional finite-size effects are present. 
[1] C. Batistakis, A. V. Lyulin and M. A. J. Michels, Macromolecules 2012, 45, 7282-7292 
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PTF-46 

Single file and dual mode diffusion in highly confined fluids 
 

Bowles, Richard1; Wanasundara, Surajith1; Spiteri, Raymond1 

(1) University of Saskatchewan 
 
Particles experiencing a Brownian background and confined to a narrow channel, such that they are 
unable to pass, exhibit single file diffusion (SFD), where the mean squared displacement (MSD) increases 
linearly with the square root of time. They then undergo a dynamic transition from SFD to normal 
diffusion, where the MSD increases linearly with time, when the channel is just wide enough for the 
particles to hop past each other. We use molecular simulation to show that the long time diffusion 
coefficient of the particles in this transition regime can be described in terms a hopping time, defined as 
the average time it takes a particle to escape the cage formed by its neighbours. An attractive feature of 
the hopping time approach is that the important physics of the long time dynamics, such as particle-
particle and particle-wall interactions, are all contained within this single parameter and we develop a 
simple transition state theory that can be used to describe the hopping time process. Finally, we show that 
binary and ternary mixtures of particles can exhibit dual mode diffusion, where one component performs 
SFD while the others diffuse normally, and that a specific channel diameter maximises the relative MSD 
of the particles, suggesting this dynamic phenomenon can be used to effectively separate particles of 
different sizes. 
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PTF-47 
Heterogeneous viscoelasticity of polymer surface layer investigated by atomic force microscopy 

 
Nguyen, Hung K. 1; Wang, Dong 1; Nakajima, Ken 1 

(1) WPI-Advanced Institute for Materials Research (WPI-AIMR), Tohoku University 
 

For polymer thin films the existence of a mobile layer with thickness around 2-3 nm at the free surface 
even at far below the glass transition temperature has been evidenced by many experimental methods 
[1]. The enhancement of dynamics of such mobile layer with respect to the bulk behavior has been 
used as a main factor for interpreting the increase of polymer dynamics with decreasing film thickness 
down to tens of nanometers. Even though a number of efforts have been made to investigate the 
dynamics properties near the free surface, definite experimental evidences, which can directly 
illustrate the heterogeneous dynamics of the mobile layer, are rare. 
In our work, by using amplitude-modulated atomic force microscopy (AM-AFM) with the cantilever 
having 1-nm radius sharp tip, the heterogeneous viscoelasticity of polymer surface is mapped [2]. The 
correlation length of such heterogeneous regions is measured to be ~ 2 nm for polystyrene films at 
room temperature in dependence of film thickness as thin as 12 nm. Furthermore, relying on 
measurements of amplitude-phase-distance curves, the indentation of the tip into polymer surface 
during our experiments is kept to be less than 2 nm. By this way we can attribute that the 
heterogeneous viscoelasticity obtained by our method represent the dynamics properties of the mobile 
layer.      
 
[1] Z. Yang, Y. Fujii, F. K. Lee, C-H. Lam & O. K. C. Tsui, Science 328 (2010) 1676. 
[2] D. Wang, Y. Liu, T. Nishi & K. Nakajima, Appl. Phys. Lett. 100 (2012) 251905 
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Structural Properties of Polymers in Nanocylinders 
 

Wang, Rong1; Xue, Gi1 

(1) Nanjing University 
 
The constraint on the macromolecular conformations is effected by spatial confinement of the polymer in 
restricted volumes, e.g., between parallel plates, in a cylinder, or even into a sphere. Confinement of 
polymers plays a role in processes such as filtration, colloid stabilization, flow-injection problems, drug 
delivery applications, etc. Structural properties of a polymer melt confined in nanocylinders are 
investigated by Monte Carlo simulation, which was successfully used to consider the conformational 
property of constrained polymers. The conformational properties of the polymers close to the inside walls 
exhibit the different features. There are several maxima near the wall, which shows that distribution of the 
polymer in the nanopore is not universe. The density profiles of the monomers are enhanced at the walls 
and decay toward the bulk value. Due to the confinement effect near the wall, the distribution of polymers 
has local maxima. Therefore, the density of the chains near the wall is higher. That is to say, the nanopore 
confinement causes the different packing densities near the wall and far from the wall. Comparing the 
highest densities near the inside wall of the nanopore, we can find that the highest density decreases with 
increasing the radius of the nanopore. Our results are very helpful in understanding the different packing 
information induced physical behaviors of polymers in nanocylinders, such as glass transition, 
crystallization, etc. 
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PTF-49 
Inter and intra-molecular dynamics of polymethylphenylsiloxane under 1-D and 2-D confinement 

 
Kipnusu Kiprop, Wycliffe1; Mapesa Urandu, Emmanuel1; Treß, Martin1; Kremer, Friedrich1 

(1) University of Leipzig, Linnestr. 5, 04103 Leipzig 
 
Broadband dielectric (BDS) and Fourier transform Infrared (FTIR) spectroscopy are employed to study 
molecular dynamics of polymethylphenylsiloxane (PMPS) in 1-D and 2-D geometrical constraints. PMPS 
under the former confinement of thin films down to thickness of 7 nm spin cast on highly conductive 
silicon wafers in combination with nanostructured counter electrodes are studied by BDS while in the 
latter case, PMPS infiltrated into porous silica membranes with unidirectional nanopores having 
diameters down to 4 nm are probed by both BDS and FTIR. The glass transition temperature (Tg) of thin 
films for all the thickness investigated remained bulk-like but the Tg decreases with the reduction of pores 
sizes for 2-D confinement where additional interfacial relaxation process is observed. This change in Tg is 
attributed to reduction of density of bulk-like molecules at the center of the pores. The intra-molecular IR 
vibrations of different moieties show dissimilar T-dependencies with little influence of confinement. The 
intermolecular dynamics is therefore impacted by the dimensionally of confinement. 
[1] Schöenhals, A; Goering, H; and Schick, C MRC proceedings Vol 899 2005. 
[2] Gitsas, A; Floudas G; White, R.P and Lipson J.G. Macromolecules 2009, 42, 5709–5716 
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Effect of substrate topography on adhesion properties of polymer coatings 
 

Mahajan, Dhiraj Kumar1; Varnik, Fathollah1; Hartmaier, Alexander 1 

(1) Interdisciplinary Centre for Advanced Materials Simulation (ICAMS), Ruhr University Bochum, 
Germany 

 
Cohesively bonded polymer-solid interfaces, essentially required for all kinds of applications such as 
protective coatings, are characterized by substrate roughness scale of few nanometers to several 
micrometers. While polymer conformation is essentially independent in the case of micrometer sized 
roughness patterns, it may be strongly influenced in the nanometer limit, when the roughness scale 
becomes comparable to the characteristic dimension of polymer (determined via, e.g. radius of gyration, 

). Roughness is known to strengthen the polymer-solid bonding either by increase in the effective 
contact area (quantified as roughness factor: ) or by mechanical 
interlocking of polymer between surface undulations. However, little is known regarding the role of 
relative dimensions of polymer chains with respect to surface undulations in effecting the bonding. To 
this end, we have performed molecular dynamics (MD) simulations to access this information. Coating 
systems are obtained by bonding coarse-grained polymer molecules with planar substrate and several 
rough substrates with periodic surface undulation. To quantify the role of roughness, the undulation 
features are varied in comparison to the average of the polymer. The coating systems are subjected to 
different loading modes while monitoring their stress-strain behavior and the work of separation. We find 
that polymer confinement is caused by roughness features with dimensions of the order of . At these 
dimensions, mechanical interlocking in place of increase in the effective contact area appears to play a 
role in improving polymer bonding. Furthermore, confinement also shows the ability to switch the mode 
of failure from adhesive to cohesive. 
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PTF-51 
What predicts the dynamics of nanoscale-confined liquids? 

 
S. Ingebrigtsen, Trond1; R.  Errington, Jeffrey3; M. Truskett, Thomas2; C. Dyre, Jeppe1 

(1) Roskilde University; (2) The University of Texas at Austin; (3) University at Buffalo 
 
The properties of confined liquids can be strikingly different from those of bulk liquids, even when 
compared at the same temperature and average density. These differences, typically manifesting as 
inhomogeneous density profiles and position-dependent relaxation processes, become pronounced for 
supercooled states near the glass transition. A basic unanswered question is whether these equilibrium and 
dynamic consequences of confinement are related to each other in a simple way, allowing aspects of the 
latter to be predicted from knowledge of the former. In this talk, we study this question using a model 
liquid comprising asymmetric dumbbell-shaped particles. We find that its dimensionless structural 
relaxation times - spanning six decades as a function of temperature, density, and degree of confinement - 
collapse when plotted versus excess entropy. This result is consistent with past theories relating entropy 
to dynamics [1,2], however, we find also a good collapse using the isochoric heat capacity. Both scaling 
behaviours may be justified by appealing to the predictions of the isomorph theory for strongly-
correlating bulk liquids [3]. Our results suggest that perhaps the heat capacity has been overlooked as a 
possible candidate to control the relaxation time in supercooled liquids near the glass transition. 
[1] Y. Rosenfeld, Phys. Rev. A 15 (1977) 2545. 
[2] J. Mittal et al., Phys. Rev. Lett. 96 (2006) 177804. 
[3] N. Gnan et al., J. Chem. Phys. 131 (2009) 234504. 
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PTF-101 

Glassy Properties of Confined Polymer under Isobaric and Isochoric Conditions 
 

Zhang, Chuan1; Guo, Yunlong1; Priestley, Rodney1 

(1) Princeton University  
 
Polymers confined to the nanometer length-scale play a crucial role in applications ranging from active 
layers in photovoltaic cells to vehicles in drug delivery.  As shown extensively in the past, the glass 
transition temperature (Tg) (and its associated dynamics) of polymer thin films can deviate substantially 
from the bulk.  Here, we explore the impact of isobaric (constant pressure) and isochoric (constant 
volume) confinement on the Tg and dynamics of polystyrene (PS) and poly(4-methylstyrene) (P4MS) in 
the nanoparticle geometry.  Utilizing a unique confining geometry, i.e., silica-capped polymer 
nanoparticles, we show that isochoric conditions can be established, a feat difficult to accomplish in the 
thin film geometry.  In the case of isobaric confinement, i.e., bare PS and P4MS nanoparticles, the Tg 
decreases significantly with decreasing diameter.  On the contrary, for isochoric confinement, i.e., silica-
capped PS and P4MS nanoparticles, the Tg remains invariant as a function of diameter.  Furthermore, 
using variable cooling rate differential scanning calorimetry, we measure the isochoric fragility (mv) of 
silica-capped PS and P4MS nanoparticles, which decreases significantly with confinement.  In the case of 
P4MS, we also show that the ratio of the isobaric fragility to the isochoric fragility, i.e., mp/mv, remains 
constant with diameter, indicating that the relative effects of thermal activation and volume contribution 
on the dynamics near the glass transition remain unchanged under confinement.  We explain the observed 
Tg-confinement and fragility-confinement results in terms of interfacial effects perturbing glass transition 
dynamics.           
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PTF-102 
Local and global dynamics of confined poly(cis-1,4-isoprene) 

 
Mapesa, Emmanuel1; Treß, Martin1 ; Reiche, Manfred2 ; Kremer, Friedrich1 

(1) Uni Leipzig; (2) Max Planck Institute of Microstructure Physics  
 
Broadband Dielectric Spectroscopy (BDS) – in combination with a nanostructured electrode arrangement 
– is used to study thin layers of poly(cis-1,4-isoprene) (PIP). Being a Type A polymer, PIP enables the 
investigation of two distinct relaxation modes taking place at two different length scales: the segmental 
motion which involves structures of about one nanometer in size and the normal mode which represents 
the global dynamics of the chain. For molecular weights (24.5, 44.5, 53 and 75 kg/mol) much greater than 
Mc (the critical molecular weight, Mc = 104), down to thicknesses comparable to the respective radii of 
gyration, it is observed that: (i) the segmental mode as a local relaxation process is unaffected by the 
confinement in thin layers; (ii) the normal mode becomes faster with decreasing layer thickness, and (iii) 
this change in the normal mode is molecular-weight dependent. For M~Mc, both the segmental and 
normal modes remain unaffected by changes in layer thickness.  
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PTF-103 

Calorimetric glass transition temperatures in polymer thin films with controlled inter-chain 
stresses 

 
Chen, Jiao1; Zhou, Dongshan1; Xue, Gi1 

(1) Nanjing University 
 

When most prior studies on thin polymer film have shown that glass transition temperature (Tg) decreases 
under nano-confinement, differential alternating current (AC) chip calorimetric method shows little 
dependence of Tg on thickness (h) for supported film.[1] Here we measured Tg for low molecular weight 
polymer by differential AC-chip calorimeter and it shows reduction of Tg as h is decreased. Both the 
polystyrene and poly(methyl methacrylate) have similar behavior. Polymer with low molecular weight 
has reduced interchain coupling. The potentially large stress between chain molecules contributes 
segmental relaxation in spin-cast thin film.[2] Moreover, we used the fluorescence nonradiative energy 
transfer (NRET) to detect the interchain distances. The result gives strong evidence that interchain stress 
is small for spin-cast low Mwt polymer film. We argue that the reduction of Tg from bulk low molecular 
weight is due to the release of the interchain coupling. It seems that the reduction of Tg is an intrinsic 
property of ultra thin polymer film confined by geometry and dimensions. 
References 
[1] D. Zhou, H. Huth, Y. Gao, G. Xue, and C. Schick, Macromolecules 41 (2008). 
[2] J. Mark, K. Ngai, W. Graessley, L. Mandelkern, E. Samulski, J. Koenig, and G. Wignall,  
Cambridge University Press (2003). 
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PTF-104 
Chain arrangement and glass transition temperature variations in polymer  

nanoparticles under 3D-confinement 
 

Martinez-Tong, Daniel2; Soccio, Michelina2; Sanz, Alejandro2; Garcia, Carolina1;  
Ezquerra, Tiberio2; Nogales, Aurora2 

(1) IQFR-CSIC; (2) EM-CSIC 
 
Polymer nanospheres with different size distributions are prepared by two different methods: with and 
without the aid of an anionic surfactant. Calorimetric traces of these nanospheres show a different glass 
transition temperature, with respect to that of the bulk, which has been discussed in terms of an entropy 
model. The total confinement, imposed by the spherical geometry, leads to a limiting number of repeating 
polymer units in the sphere and thus to a reduction of the possible configuration states of the polymer 
chains. This is ultimately related to variations in the bulk value of the glass transition temperature. The 
model is evaluated against our calorimetric measurements as well as with the data available in the 
literature. Good agreement between data and model is found for many cases, proving that confinement 
can be related to reductions in the entropy of these nanosystems. 
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Glass transition and dynamics of multi-layered thin films of PS and P2CS 
 

Takaki, Hirokazu1; Fukao, Koji1 

(1) Ritsumeikan University 
 
Abstract - In the solid state some polymeric systems have no crystalline order, but have a randomly 
ordered molecular arrangements like a liquid state, that is, glassy state. In the case of the polymeric 
system with thickness of several tens of nanometers, it has been reported that the glass transition 
temperature, Tg, is decreased. As for the physical origin of the depression of Tg there are several 
candidates including the confinement effect, surface and  interfacial effects and so forth.  In this study, we 
made dielectric relaxation measurements on multi-layered polymer thin films in order to understand how 
the interfacial interaction plays a role in determining the motion of polymer chains in thin polymer films.  
Here, we used polystyrene (PS) and poly(2-chlorostyrene) (P2CS), because they have different Tg,  but 
have a similar molecular structure. A thin P2CS layer with high dielectric relaxation strength was inserted 
on various positions of multi-layered thin PS films, and then we have tried to observe a possible 
positional dependence of segmental motion. Our measurements so far clearly show that there are 
positional dependence of the Vogel temperature and dielectric relaxation strength of the alpha-process of 
P2CS thin layer. The detailed results and the interpretation will be given in this presentation. 
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PTF-106 
Dielectric relaxation and thermally activated conductivity in PET-MWCNT nanocomposites 

 
Bovtun, Viktor2; J. Petzelt, Jan2; Nuzhnyy, Dmitry2; Savinov, Maxim2; Kempa,  

Martin2; Mayoral, B.1; McNally, T.1 

(1) Queens University; (2) Institute of Physics ASCR 
 
Poly(ethylene terephthalate) - multiwalled carbon nanotubes composites (PET-xMWCNT, x = 0–3 vol.%) 
were prepared from the polymer melt and their dielectric and ac conductivity spectra were studied in a 
very broad frequency range from 10-4 Hz to 1012 Hz [1]. Dielectric/conductivity dispersion was observed 
in the whole frequency range. The low-frequency conductivity plateau is attributed to the dc conductivity 
in percolated MWCNT clusters. Above the plateau, the ac conductivity increases with frequency up to the 
THz range and is mainly caused by the conductivity of MWCNT in finite clusters. Fitting with a set of 
Cole-Cole relaxations and Drude conductivity yields a reasonable agreement with the experiment. The 
relaxation frequencies increase with increasing concentration of MWCNT above the percolation threshold 
xC ~0.07 vol.%. Polydispersive character of the spectra indicate distribution of energy barriers for the 
electron hopping mechanism. Temperature dependences of the low-frequency conductivity plateau (down 
to 5 K) reveal semiconductor behavior of the dc conductivity with small activation energy of ~3 meV. 
The behavior is compatible with the fluctuation-induced tunneling conductivity model through a thin (~1 
nm) polymer contact layer between the adjacent MWCNT within the percolated clusters. 
[1] D. Nuzhnyy, M. Savinov, V. Bovtun, M. Kempa, J. Petzelt, et al., Nanotechnology 24 (2013) 055707. 
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Dielectric properties of Portland cement at different water cement ratio 
 

Monasterio, Manuel3; Jansson, Helen1; Cerveny, Silvina2 

(1) Chalmers University of Technology; (2) Centro de Física de Materiales (CSIC - UPV)  
 and Donostia International Physics Centre (DIPC); (3) Material Physics Centre (MPC) 

 
Portland cement is the most used construction material and it is mainly composed of alite (calcium 
silicates), belite, aluminate and ferrite phase. When Portland cement is hydrated, the chemical reactions 
taking place are generally more complex than simple conversions of anhydrous compounds into the 
corresponding hydrates. During hydration a complex random network is developed and a nanostructure 
with different length scales from < 1 to 20nm is formed. By broadband dielectric spectroscopy, it is 
possible to analyze the dynamic of water as well as other components in these complex materials [1].  
In this work we investigate the dielectric and calorimetric properties of water confined in Portland cement 
(CEM II- Sweden) in a temperature range from 110K to 300K and in the frequency range of 10-2 to 107 
Hz. Samples have been prepared with different water/ cement ratio from 0.25 to 0.50. Four different 
relaxation processes were observed for all the hydration levels analyzed. Different characteristics of these 
processes will be discussed in this work in relation with the nanostructure developed by the cement. 
[1] .S. Cerveny, S. Arrese-Igor, J.S. Dolado et al, J. Chem. Phys. 134, 034509 (2011) 
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Effect of physical cross-links on confined polymer segmental dynamics 

 
Davris, Theodoros1; Batistakis, Chrysostomos1; Lyulin, Alexey1 

(1) Eindhoven University of Technology 
 
Fillers, as carbon black or silica, are used in polymer composites to improve their mechanical properties. 
With increase of the filler concentration the polymer chains between individual filler particles are 
strongly confined. We perform molecular-dynamics canonical-ensemble simulations of entangled random 
AB-copolymer melt confined between two crystalline surfaces. The degree of confinement (distance 
between substrates), the polymer chain length, temperature and the strength of the polymer-substrate 
interactions have been varied. The structural properties (density profiles, monomer order parameter) as 
well as the segmental dynamics in different polymer layers inside the film have been analyzed and 
compared with those for non-entangled systems. Our further plans are to apply shear deformation to these 
films in order to study stress-strain dependences and other mechanical properties. 
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PTF-109 
Cation effects in imidazolium ionic liquids on the performance of nitrile rubber composites 

 
BOITEUX, GISELE1; Laskowska, Anna2; Marzec, Anna1; Zaborski, Marian2; Gain, Olivier1; Serghei, 

Anatoli1 

(1) University of Lyon, Université Claude Bernard Lyon1; (2) Technical University of Lodz 
 
The use of ionic liquids (ILs) as performance additives in rubber compounds formulations is increasing 
due to their antistatic [1], antimicrobial [2], lubricant properties [3] etc. Moreover, ILs have been 
demonstrated to be interactive towards numerous fillers (carbon nanotubes [4], silica [5], etc.) improving 
their dispersion in the elastomer matrix. For the present work we investigated the influence of highly 
conductive ionic liquids  (1-ethyl-3-methylimidazolium (EMIM TFSI), bis(trifluoromethanesulfone)imide 
1-butyl-3-methylimidazolium bis(trifluoromethanesulfone)imide (BMIM TFSI), 1-hexyl-
methylimidazolium bis(trifluoromethanesulfone)imide (HMIM TFSI)) on dielectric relaxation 
spectroscopy (DRS), mechanical and thermal properties of the nitrile rubber composites: acrylonitrile 
butadiene rubber NBR and carboxylated nitrile butadiene rubber XNBR. It was detected that the presence 
of these ionic liquids modified the relaxation behavior of the NBR and XNBR matrix (filled with silica 
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and LDH, respectively). However, the increase in the length of the cation side-chain (from ethyl- to 
hexyl-) had a slight impact on investigated properties.  
[1] J. Pernak, A. Czepukowicz & R. Prozniak, Ind. Eng. Chem. Res. 40 (2001) 2379-2383. 
[2] M. Kathryn, K.M. Docherty & C.F. Kulpa, Green. Chem. 7 (2005) 185-189. 
[3] M.D. Bermudez, A.E. Jimenez, J. Sanes & F.J. Carrion, Molecules 14 (2009) 2888-2908. 
[4] Y.D. Lei, Z.H. Tang, B.C. Guo, L.X. Zhu & D.M. Jia, Express Polym. Lett. 4 (2010) 692-703. 
[5] K. Subramaniam, A. Das, L. Haussler, C. Harnisch, K.W. Stockelhuber & G. Heinrich, Polym. 

Degrad. Stabil. 97 (2012) 776-785.  
 

 
 
Poster 

PTF-110 
Glassy dynamics of condensed isolated polymer chains 

 
Tress, Martin1; Mapesa, Emmanuel U.1; Kremer, Friedrich1 

(1) University Leipzig 
 
The glassy dynamics of randomly distributed, condensed isolated poly(2-vinylpyridine) (P2VP) polymer 
chains is studied by means of Broadband Dielectric Spectroscopy (BDS). Therefore, a recently developed 
nano-structured electrode arrangement is refined to achieve an electrode-to-electrode distance of only 40 
nm. On one of the ultra-flat, highly conductive silicon electrodes semi-isolated polymer coils are 
deposited. Atomic Force Microscopy scans of the identical sample before and after the BDS measurement 
reveal that the mean volume of the coils is 1 to 2 times the volume expected for a single chain (as 
estimated from the molecular weight and the bulk melt density). The results prove experimentally that 
isolated polymer chains exhibit glassy dynamics, and that the mean relaxation rate is not shifted 
compared to the bulk. Furthermore, a broadening in the relaxation time distribution mostly at lower 
frequencies is observed. This emersion of new, slower relaxation modes is attributed to attractive 
interactions of the P2VP segments with the supporting silica surface. 
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Effect of confinement on polymer crystallization and the local segmental dynamics 

 
Suzuki, Yasuhito2; Duran, Hatice3; Steinhart, Martin1; Butt, Hans-Jurgen2; Floudas, George4 

(1) University of Osnabrück; (2) Max-Plank Institute for Polymer Research; (3) TOBB University of  
Economics and Technology; (4) University of Ioannina 

 
We report on the effect of confinement on polymer crystallization and the local segmental dynamics 
within self-ordered nanoporous Alumina (AAO). A recent study on  isotactic polypropylene reported a 
shift from heterogeneous to homogeneous nucleation under confinement as well as the complete 
suppression of crystallization below about 20 nm. (Ref. [1]) Here we investigate poly (ethylene 
oxide)(PEO) (Ref. [2]), poly( -caprolactone)(PCL) (Ref. [3]) and diblock copolymer of PEO-b-PCL 
within self-ordered AAO. In all systems, when the templates had a diameter of 25 nm, homogeneous 
nucleation is the main process. However, for larger pore diameters there is an interplay between 
heterogeneous and homogeneous nucleation. In PCL, multiple nucleation processes are observed. Surface 
functionalization permits the identification of the influence of surfaces on the heterogeneous nucleation 
processes. These results are discussed in view of the altered segmental dynamics under confinement. In 
the case of the PEO-b-PCL block copolymer there exists a double confinement: one from the nanophase 
separation of the diblock itself and one form the templates. The former one dominates the nucleation for 
the templates with the smaller pores.  
[1] H. Duran, M. Steinhart, H.-J. Butt and G. Floudas, Nano Lett., 2011, 11, 1671–1675. 
[2] Y.Suzuki, H. Duran, M. Steinhart, H.-J. Butt and G. Floudas, Soft Matter., 2013, DOI: 
10.1039/c2sm27618f. 
[3] Y.Suzuki, H. Duran, M. Steinhart, H.-J. Butt and G. Floudas, in preparation. 
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We analyze the local structure and dynamics in model glasses in searching of appropriate parameters to 
identify “soft spots” in amorphous solids where particle rearrangements are initiated. Previous studies 
propose that soft spots can be identified by the local bond-orientational order [1] or loosely constrained 
particles vibrating strongly in low-frequency normal modes [2-4]. We introduce here a new parameter, 
the minimum local potential curvature, to describe the softness of a single particle. We find that our new 
parameter works better than previous ones to identify soft spots, because it has the strongest correlation 
with local potential energy barrier height and consequently local dynamics. Moreover, the correlation 
between soft spots identified by different parameters may help to figure out the origins of the quasi-
localization of low-frequency normal modes and plastic deformation of amorphous solids and particle 
rearrangements in supercooled liquids. 
[1] T. Kawasaki, T. Araki, and H. Tanaka, Phys. Rev. Lett. 99 (2007) 108302. 
[2] A. Widmer-Cooper, H. Perry, P. Harrowell, and D. R. Reichman, Nature Phys. 4 (2008) 711. 
[3] K. Chen et al., Phys. Rev. Lett. 107 (2011) 108301. 
[4] M. L. Manning and A. J. Liu, Phys. Rev. Lett. 107 (2011) 108302. 
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Conductive fillers in polymers are interesting for tuning the electrical properties of composites. 
Nanotubes and nanowires are particularly attractive because they can allow percolation for a minimal 
concentration which does not significantly affect the polymeric host properties. In this context, Mo6SxIy 
inorganic nanowires (NWs) have attracted attention for their interesting structure and remarkable 
properties [1]. In this work, thin nanocomposite films of polyvinylpyrrolidone (PVP) and Mo6S2I8 
nanowires were obtained by spin-coating on conductive substrates, and their electric properties were 
characterized on a nanometric scale by local dielectric spectroscopy, a scanning probe tool derived from 
AFM. Relaxation dynamics of the polymer close to the polymer/nanowire interface was studied at 
variance of temperature and moisture content. Electric field enhancement at the conductive nanowires 
allows selective characterization of  secondary relaxation processes of PVP at the interface region. 
Dominance of gamma-relaxation is observed, suggesting that formation of pyrrolidone-rich domains can 
be favored at the interface with the nanowires. Furthermore, slower dynamics observed when increasing 
moisture content could be explained by the hindering of pyrrolidone ring motions due to hydrogen 
bonding [2]. 
[1] D. Mihailovic, Progress in Materials Science 54 (2009) 309. 
[2] M. Labardi, J.H. Park, H.K. Nguyen, D. Prevosto, A. Mrzel, C.-Y. Seong & G. Scalia, J. Non-Cryst. 
Solids (submitted). 
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Sakai, shun1; Inoue, Yuko1; Nagoe, Atsushi1; Fujimori, Hiroki1 

(1) Nihon University 
 
The binary system for (2,5-dichlorothiophene)1-x(2,5-dibromothiophene)x forms solid solution at low 
temperature. The phase separation behavior on melting and thermal properties for this system were 
investigated by DSC measurement. Phase separation on melting was observed with depending on 
scanning rate in a bulk state. But it was not observed in silica-gel nano-pores just like Ref. [1]. The 
diffusive motions of molecules in solid and liquid solutions were suppressed under silica-gel nano-
confinement. The difference of excess thermodynamic enthalpy and entropy between solid and liquid 
solutions were evaluated. Both become larger when it was confined within silica-gel nano-pores. The 
distortion of solid state in a mixed system becomes remarkable under nano-confinment and makes stable 
for liquid state. 
[1] X. Z. Lan et al., Chinese Chem. Lett. 22 (2011) 1497. 
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When fillers are added to the polymer-matrix nanocomposites, it may lead to the enhancement of 
resulting composite mechanical properties. However, the quantitative relationships between the structure 
and mechanical properties of nanocomposites and chemical constitution and interactions of their 
components remain unknown. 
We set up molecular dynamics simulations of polymer films separating the surfaces of nanoparticles to 
quantify their structure, dynamics, and stress state. Samples of non-crosslinked cis-1,4 polyisoprene film 
confined between flat amorphous silica surfaces and bulk cis-1,4-polyisoprene have been prepared and 
simulated with the Gromacs engine. The thermodynamic (volume as a function of temperature), 
conformational (torsion angle distributions), and dynamical properties (orientational correlation functions 
for various bonds and associated decay times at various temperatures) of the non-confined bulk polymer 
are calculated and agree with existing simulations and experiment. For the polyisoprene film between two 
amorphous silica planes detailed study of statistical and dynamic behavior (layer density of polyisoprene, 
orientational relaxation autocorrelation functions of chain bond vectors) as function of the surface-to-
surface distance and temperature is performed. The future goal is to focus on stiffness loss, in particular 
Payne effect, microscopic intermolecular interactions and mesoscopic network structure of the composite. 
 

 
 
Poster 

PTF-116 
Measuring Thermoviscoelastic Response of Supported Thin Polymer Films 

 
Guo, Yunlong1; Priestley, Rodney1 

(1) Princeton University 
 
Traditional research has focused broadly on the influence of size on the transformation from liquid to 
solid, i.e., the glass transition temperature.  Undoubtedly this is an important material parameter to 
characterize; yet reduction to a single parameter alone masks the more complex materials behavior.  As 
with all confined materials, an increasingly larger fraction of the system is in direct contact with a surface 
or interface, which could locally influence the material properties.  We have adapted the blow-off method 
to measure to the thermoviscoelastic properties of substrate-supported thin polymer films.  With this 
technique, we are able to obtain the time-dependent shear response of thin films supported on a substrate 
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over a wide range of temperatures and shear stresses. This work provides experimental evidence of a 
smooth distribution of viscoelastic properties away from the free surface and polymer-substrate interface.  
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Glass transition behaviour of different ultrathin polymer films (down to around 10 nm) was investigated 
by specific heat spectroscopy using differential AC calorimetry. For thin homopolymer films like 
polystyrene (PS) [1] and poly (vinyl methyl ether) (PVME) [2], no thickness dependence of the dynamic 
glass transition temperature was observed down to 10 nm. In addition, the width of the glass transition is 
independent of the film thickness which indicates that the extent of the cooperativity is essentially smaller 
than 10 nm. For polymer blend thin films in the case of PS/PVME with the weight fraction of 50/50, 
broadening effect of blending was observed in the measurements of AC calorimetry, the same as 
observed in the DSC measurements [3]. Moreover, only one glass transition temperature was detected by 
means of AC calorimetry for all film thicknesses. The dynamic glass transition temperature was found to 
be decreasing with reducing the film thickness ranging from 162 to 11 nm. This phenomenon is explained 
in terms of surface enrichment of PVME in the polymer blend system where PVME has a lower surface 
energy than PS. X-ray photoelectron spectroscopy (XPS) was used to probe the surface composition in 
order to confirm such surface enrichment phenomena. 
[1] V. M. Boucher, D. Cangialosi, H. Yin, A. Schönhals, A. Alegría & J. Colmenero, Soft Matter 8 
(2012) 5119 
[2] H. Yin & A. Schönhals, Polymer submitted. 
[3] H. Yin & A. Schönhals, under preparation. 
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Broadband dielectric spectroscopy, capacitive scanning dilatometry and specific heat spectroscopy were 
used to examine the glass transition and segmental dynamics of ultrathin polycarbonate (PC) [1, 2] and 
polystyrene (PS) films [3]. For ultrathin PC films capped between two aluminium layers an increase of 
Vogel temperature as well as glass transition temperature with decreasing film thickness was observed 
when the thickness is less than 20 nm. Moreover, the segmental relaxation time at a fixed temperature 
was found to increase for ultrathin PC films (<20 nm) in the dielectric measurements, whereas no 
thickness dependency of the segmental dynamics was detected within the experimental error limit for the 
supported PC films (10-192 nm) in the calorimetric measurements. In the dielectric measurements of 
aluminium capped PS films, it is shown that the intrinsic segmental dynamics of PS are independent of 
the film thickness, which is consistent with the results obtained by using specific heat spectroscopy. 
However, glass transition temperature decreases with film thickness from several microns down to 15 nm. 
These properties are discussed in terms of the thin film geometry and the relevant interfacial interaction 
between the polymer and the substrate. 
[1] H. Yin, S. Napolitano & A. Schönhals, Macromolecules 45 (2012) 1652. 
[2] H. Yin & A. Schönhals, Soft Matter 8 (2012) 9132. 
[3] V. M. Boucher, D. Cangialosi, H. Yin, A. Schönhals, A. Alegría & J. Colmenero, Soft Matter 8 
(2012) 5119. 
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The dielectric relaxation of optically transparent organic semiconducting (poly)3,4-
ethylenedioxithiophene: polystyrene sulfonate (PEDOT:PSS) films [1] coated on PET substrate was 
studied by complex impedance spectroscopy in the frequency domain from 1 mHz to 1 MHz, in order to 
monitor  electric charge flow at various spatio-temporal scales [2]. Surface ac conductivity was measured 
on the open end of the films in vacuum conditions from the liquid nitrogen temperature to 420K. The 
relaxation spectrum is dominated by a broad dielectric loss mechanism around the kHz region, which is 
probably related with localized electric charge transport within a matrix of inhomogeneous disorder. 
 [1] S. A. Choulis, V.-E. Choong,  A. Patwardhan,  M. K. Mathai and F. So, Advanced Functional 
Materials, 16 (2006) 1075 
[2] A.N. Papathanassiou, J. Grammatikakis, I. Sakellis, S. Sakkopoulos, E. Vitoratos and E. Dalas, Appl. 
Phys. Lett. 87 (2005) 154107 (2005) 
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Many liquids show a dramatic change in their molecular dynamics, when they are put in a confining 
environment. The effects of the confinement on a liquid range from a suppression of crystallization below 
a certain pore size to an up- or downshift of the glass transition of supercooled liquids within the pores. 
However, a separation of surface, density and finite-size effects in classic spectroscopic techniques, 
which average over the macroscopic sample, is very difficult. With the method of triplet solvation 
dynamics it is possible to locally access the relaxation dynamics. By pumping with a pulsed UV-Laser a 
dye molecule immersed in the liquid can be excited in a long-lived triplet state. Due to the relaxation of 
the surrounding liquid a Stokes-shift of the emission wavelength of the dye occurs, which can be 
measured in the time range from 1 ms to 1 s [1]. Depending on the dye it is possible to access the 
mechanical or the dielectric response of the system separately [2]. To enhance the population of the triplet 
state a laser system for a STIRAP [3] excitation scheme is set up. We present first measurements on 
water-alcohol mixtures in the bulk and in various confinement situations, in particular within porous 
glasses as well as in the droplet phase of a glass forming microemulsion. 
 
[1] R. Richert, J. Chem. Phys. 113 (2000) 8404. 
[2] W. Wen & R. Richert, J. Chem. Phys. 131 (2009) 084710. 
[3] K. Bergmann, H. Theuer and B. Shore, Rev. Mod. Phys. 70  (1998) 1003–1025. 
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Incorporation of nanoparticles into glass forming liquids leads to composite systems which may have 
different glass forming dynamics compared to liquids without nanoparticles. Due to the enormous surface 
of nanoparticles, possible interactions at the nanoparticles' surfaces affect a considerable part of matrix 
molecules. Beside these direct interactions, the mere presence of the nanoparticles can be the cause of a 
geometrical confinement of the matrix molecules. Investigations of the glass transition behaviour of three 
nanocomposites based on the low molecular weight glass former DGEBA (diglycidyl ether of bisphenol-
A) filled with titania, silica and alumina nanoparticles are presented. Temperature Modulated DSC 
(TMDSC) was used to determine the characteristic length of the cooperative rearranging regions near the 
thermal glass transition temperature [1]. The influence of different parameters determined by calorimetry 
on the calculation of the characteristic length by Donth's ansatz [1] is analyzed in detail. It turns out that 
the influence of the interaction potential between nanoparticles and matrix molecules on the characteristic 
length determined by calorimetry is only weak. It is mainly affected by the amount of filler particles 
which is related to the magnitude of geometrical confinement.  
 
[1] E. Donth, Journal of Non-Crystalline Solids 53 (1982) 325. 
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The enormous change of the molecular dynamics of glass formers when approaching the thermal glass 
transition temperature is usually attributed to the increase of the size of cooperative rearranging regions 
(CRR). Spatial confinement is known to take influence on the glass transition when the scale of 
confinement is in the same order as the size of the CRRs. There have also been indications that the 
macroscopic properties of the confining system are influenced by the glass former (Ref. [1]). In this work 
we present investigations of the properties of a low molecular weight epoxy resin (Diglycidil Ether of 
Bisphenol A, DGEBA) confined in nanoporous silica glasses. The effect of confinement is studied in 
different ways: i) the molecular dynamics of the epoxy are investigated by modulated calorimetry, 
dielectric spectroscopy. ii) properties of the macroscopic system, i.e. porous glasses filled with the glass 
former are investigated by thermo-mechanical analysis and dynamic mechanical analysis. 
We observe a significant shift of Tg towards higher temperatures for small pores which is even split into 
two transition regions. The macroscopic investigations confirm this showing the large impact the filling 
with DGEBA has on the otherwise rigid porous glass.  
 
[1] J. Koppensteiner, W. Schranz & A.M. Carpenter, Phys. Rev. B 81 (2010) 024202. 
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Nanobubble inflation technique is an innovative approach that has been applied to the investigation of the 
dependence of the viscoelastic creep compliance of free standing films on film thickness of different 
polymers [1,2]. In nanometer thin films, the observed large shift of the compliance to shorter times 
indicates significant decrease of glass transition temperature, Tg, However, accompanying the shift there 
is a substantial decrease in the rubbery plateau compliance. The decrease becomes more dramatic in 
ultrathin polymer films at lower temperatures thus showing a stiffening of the film in conjunction with  
the reduction of Tg. This anomalous viscoelastic behaviour of thin films deserves attention and needs to 
be explained together with the reduction of Tg. In this presentation, the viscoelastic anomaly observed in 
ultrathin polymer films is explained in the framework of the Coupling Model [3] based on the 
thermorheological complexity of Rouse, sub-Rouse and segmental relaxation modes of polymers. 
[1] O’Connell, P. A.;McKenna, G. B. Science 307 (2005)1760. 
[2] O’Connell, P. A.; Wang, J.; Ishola, T. A.; McKenna, G. B. Macromolecules 45 (2012) 2453. 
[3] K.L. Ngai, D. Prevosto, L. Grassia J. Polymer Sc: B: Pol. Phys. 51 (2013) 214. 
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Audio frequency electrical relaxation studies have been carried out in a variety of oxides such as BaTiO3, 
BaZrO3, and SrTiO3 in a variety of forms including single crystals, nanopowders (in a cavity) and 
ceramics.  Measurements have been made in vacuum over the temperature range 5.5K-400K.  In the case 
of BaTiO3 nanoparticles and ceramics, a new, low temperature relaxation occurs [1,2].  Particle size 
effects are observed both for the low temperature relaxation and the structural phase transitions [1,2].  In 
the present work, the results are compared with those for single crystal BaTiO3.  In the case of SrTiO3, 
results for single crystals are compared with those for nanoparticles.  Studies of SrTiO3 containing iron 
have also been carried out.  A new relaxation is found at low temperatures for that material.  Also, 
nanocomposites formed using nanoparticles in either poly(ether imide) or polycarbonate (e.g. BaTiO3 in 
polycarbonate) have been studied.  Electrical relaxation in the nanocomposites is compared with that for 
the nanoparticles, themselves. 
[1] J. F. Lomax, E. A. Lomax, S. C.-L. Lu, L. Haverhals, J. J. Fontanella, C. A. Edmondson, M. C. 
Wintersgill & M. A. Westgate, Smart Mater. Struct. 21 (2012) 085017. 
[2] J. F. Lomax, J. J. Fontanella, C. A. Edmondson, M. C. Wintersgill, M. A. Westgate & S. Eker, J. 
Phys. Chem. C 116 (2012) 23742-23748. 
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We investigated the finite size effects on the kinetics of irreversible adsorption of a linear polymer onto a 
flat solid substrate. More than 1200 thin films of polystyrene spincoated on wafers of Si covered by a 
native oxide layer were analyzed as a function of the temperature of annealing, the molecular weight of 
the chains and the thickness of the film before adsorption, L. Such an extensive investigation permitted to 
verify that the adsorption kinetics proceeds via two distinct regimes: a) at short annealing times, the 
growth of the adsorbed layer is thickness independent and is governed by noncooperative chain 
rearrangements with a thermal activation energy of 70 kJ/mol; b) when the adsorbed layer reaches a given 
fraction of the statistical dimension of the macromolecule, the kinetics is finally limited by an entropic 
barrier, arising from hindrance of the chains already adsorbed onto the interface. Such a barrier increases 
upon reduction of L, following the reduction of configurational entropy upon confinement.  
In line with recent literature, our results confirmed that the gradient introduced by a solid interface can 
propagate up to thicknesses exceeding by 5-6 folds the molecular size. 
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We studied the thickness dependence of thermal expansion in extremely thin films of polystyrene (1 nm < 
h <16 nm) deposited onto wafers of Si covered by a native oxide layer. Samples were prepared following 
the experiment of Guiselin, where thermal annealing in the liquid state induces adsorption and 
nonadsorbed chains are washed away in a good solvent. Differently than spincasting, such a procedure 
permitted to prepare flat continuous films (roughness below 0.4 nm) much thinner than those previously 
investigated. Compared to bulk samples, the thinnest films (h <10 nm) showed excess in thermal 
expansion following an inverse-square law with distance from the solid interface. Solution of inverse 
problems permitted to obtain gradients in thermal expansion coefficients (TECs), following the scaling 
predicted by mean-field theory for packing frustration in proximity of nonrepulsive interfaces [1,2]. 
Through a careful analysis of the thickness dependence of the TECs in the melt and in the glassy state, we 
could follow the mechanisms of formation of the (immobilized) dead layer and of the (liquid-like) free 
surface. While the latter is present already in the thinnest films, the former arises from densification at the 
polymer/solid interface occurring when the film thickness exceeds the length scale of packing frustration. 
[1] P. K. Brazhnik, K. F. Freed, H. Tang, H., J. Chem. Phys. 101 (1994), 9143–9154. [2] S. Napolitano, 
A. Pilleri, P. Rolla, M. Wübbenhorst, ACS Nano 2 (2010) 841–848 
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Thin polymer films are an important material system for the fundamental study of small volumes of non-
equilibrated matter. They are also an emerging material class for new applications throughout high tech 
manufacturing and nano-medicine industries. Flat punch 
nanoindentation (performed through experiments as well as finite element simulations) on polymer thin 
films can successfully explore mechanical properties such as modulus, creep, yield and post-yield 
extrusion [1-3], all extracted from a full stress-vs.-strain (rate) curve. By exploiting high precision 
nanofabrication techniques, exquisite control of the contact mechanics boundary conditions is achieved 
allowing new levels of control and interpretation in these experiments. Nanoindentation of thin atactic 
polystyrene films is performed using diamond fabricated flat punches and an Agilent Nanoindenter DCM 
load cell transducer continuously monitoring forces and displacements with nN and 0.1 nm resolutions 
respectively. Post-deformation film geometry is measured by in situ AFM imaging. 
 
In this work, we present evidence that, up to the point of extrusion, flat punch indentation of thin polymer 
films closely approximates a state of uniaxial strain. Our study suggests intrinsic yielding takes place at 
low strain (ca. 0.1 as expected), but the inelastic behaviour is initially associated with a segmental scale 
local rearrangement within the polymer (densification) instead of large scale plastic extrusion, due to the 
type of geometric confinement associated with a condition of uniaxial strain. From our stress vs. strain 
curves, the elastic modulus can be extracted through direct measurement of the contact and bulk moduli 
from the pre- and post-yield response respectively, prior to film extrusion. We further present studies of 
controlled preparation treatments of the thin glassy films, to explore the role of out-of-equilibrium 
polymer chain conformations contributing to the mechanical response. 
 
References: 
 
[1] Rowland, H. D., King, W. P., Pethica, J. B., & Cross, G. L. (2008). Molecular confinement accelerates 
deformation of entangled polymers during squeeze flow. Science, 
322(5902), 720-724. 
[2] Rowland, H. D., King, W. P., Cross, G. L., & Pethica, J. B. (2008). Measuring glassy and viscoelastic 
polymer flow in molecular-scale gaps using a flat punch mechanical probe. ACS 
Nano, 2(3), 419-428. 
[3] Cross, G. L., Pethica, J. B., Rowland, H., & King, W. P. (2008). Variable temperature thin 
film indentation with a flat punch. Review of Scientific Instruments, 79(1), 013904-013904 
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We analyze the local structure and dynamics in model glasses in searching of appropriate parameters to 
identify “soft spots” in amorphous solids where particle rearrangements are initiated. Previous studies 
propose that soft spots can be identified by the local bond-orientational order [1] or loosely constrained 
particles vibrating strongly in low-frequency normal modes [2-4]. We introduce here a new parameter, 
the minimum local potential curvature, to describe the softness of a single particle. We find that our new 
parameter works better than previous ones to identify soft spots, because it has the strongest correlation 
with local potential energy barrier height and consequently local dynamics. Moreover, the correlation 
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between soft spots identified by different parameters may help to figure out the origins of the quasi-
localization of low-frequency normal modes and plastic deformation of amorphous solids and particle 
rearrangements in supercooled liquids. 
[1] T. Kawasaki, T. Araki, and H. Tanaka, Phys. Rev. Lett. 99 (2007) 108302. 
[2] A. Widmer-Cooper, H. Perry, P. Harrowell, and D. R. Reichman, Nature Phys. 4 (2008) 711. 
[3] K. Chen et al., Phys. Rev. Lett. 107 (2011) 108301. 
[4] M. L. Manning and A. J. Liu, Phys. Rev. Lett. 107 (2011) 108302. 
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In between the two extremes of dry nanoparticle (NP) deposits and bulk dilute NP suspensions there is an 
intermediate regime in which the NPs are confined within nano-thick solvent films [1]. We have explored 
this regime by implementing a dedicated sample environment allowing controlled evaporation of dilute 
NP solutions onto supporting substrates, followed by finely tuned adsorption of wetting solvent films 
from a vapour phase [2]. The evolving NP dynamics are probed in-situ by time-resolved coherent 
grazing-incidence small-angle x-ray scattering (cGISAXS) at the ID10 beamline of the ESRF. We 
observe remarkably slow NP dynamics, with relaxation times of seconds or longer. Tuning the amount of 
adsorbed solvent enables control over the further dynamic slowing-down (thinner films) or reactivation 
(thicker films). The functional form of the observed correlation functions include simple exponential, 
stretched and compressed exponential, and occasionally more peculiar oscillatory behaviours. A fast 2D 
detector yields cGISAXS movies of dissolving NP superlattices. In conclusion, the simple thinning of the 
suspending solvent down to the nano-scale originates dynamical signatures reminiscent of phenomena 
observed in bulk concentrated systems, such as aging, glassy states, super-diffusive dynamics, and 
pseudoperiodic rearrangements.   
[1] D. Pontoni, K.J. Alvine, A. Checco, O. Gang, B.M. Ocko & P.S. Pershan, Phys. Rev. Lett. 102 (2009)  
 016101.  
[2] D.C.E. Calzolari, D. Pontoni, J. Daillant & H. Reichert, J. Synch. Rad. 20 (2013), 
doi:10.1107/S0021889813001143 
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We study the similarity and correlations between relaxations and plastic deformation in metallic glasses 
(MGs) and MG-forming liquids.  It is shown that the microscope plastic events, the initiation and 
formation of shear bands, and the mechanical yield in MGs where the atomic sites are topologically 
unstable induced by applied stress, can be treated as the glass to super cooled liquid state transition 
induced by external shear stress. And the glass transition, the relaxations, plastic deformation and yield 
can be attributed to the free volume increase induced flow, and the flow can be modeled as the activated 
hopping between the inherent states in the potential energy landscape.  We propose an extended elastic 
model to describe the flow based on the energy landscape theory. That is, the flow activation energy 
density is linear proportional to the instantaneous elastic module, and the activation energy density ρ is 
determined to be a simple expression of ρ =10G/11 + K/11 [1].  The model indicates that both shear and 
bulk module are critical parameters accounting for both the homogeneous and inhomogeneous flows in 
MGs. We show that the elastic perspectives offers a simple scenario for the flow in MGs and MG-forming 
liquids, and are suggestive for understanding the glass transition, plastic deformation, and nature and 
characteristics of MGs 
[1] W.H. Wang. J Appl. Phys. 110, 053521 (2011) 
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Abnormal three-steplike sub-Tg enthalpy relaxation pattern in hyperquenched metallic glasses 
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Our recent work observed a quite different relaxation pattern, i.e., the abnormal three-steplike sub-Tg 
relaxation in CuZrAl GRs[1]. However, the generality and the origin of this remarkable thermodynamic 
anomaly remain enigmatic. By hyperquenching strategy, the present work investigated the dependence of 
thermal history on the sub-Tg enthalpy relaxation pattern (ERP) of Cu46Zr46Al8 glasses, as well as 
La55Al25Ni20 for comparisons. It has been found that the presence of the three-steplike sub-Tg ERP of 
Cu46Zr46Al8 closely relates to the fictive temperature Tf, whereas no such anomaly is observed in 
La55Al25Ni20 GRs. However, the correlation between Tf and the activation energy for initiating the energy 
releasing during thermal scanning is three-steplike for La55Al25Ni20, revealing the similar phenomenon 
with the abnormal ERP of Cu46Zr46Al8. These unexpected phenomena have been well explained by the 
models based on the competitions between the low-temperature and high-temperature clusters used in the 
terms of the fragile-to-strong (F-S) transition. By analysis on the different chemical feature between 
Cu46Zr46Al8 and La55Al25Ni20 alloys, it is believed that such anomaly of thermodynamic evolution exists 
generally in metallic glass-forming liquids, and corresponds to the different extent of the F-S transition. 
 
[1]. Lina Hu & Yuanzheng Yue, APL 98(2011) 081904 
 

 
 



   304 

Oral 
SR-3 

The beta relaxation in metallic glasses 
 

Yu, Hai-Bin1 
(1) I. Physikalisches Institut, Universität Göttingen, D-37077 Göttingen, Germany 

*E-mail: hyu1@gwdg.de 
 

Metallic glasses, combining the metallic bonding and disordered atomic structures, are at the cutting edge 
of metals research. Recent advances in this field have revealed many key questions in glassy physics are 
inherently connected to one important relaxation mode: the so-called secondary (β) relaxation. Here, in 
metallic glasses, we report the features of β relaxations and their relations to other processes and 
properties. Special emphasis is put on their current roles and future promises in understanding the glass 
transition phenomenon, mechanical properties and mechanisms of plastic deformations, and diffusions. 
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Strict relationship between susceptibility and acoustic attenuation in glasses 
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In reactive epoxy-amine mixtures, polarized Brillouin light scattering measurements are used to measure 
the evolution of the acoustic attenuation and the sound velocity while the system passes from the liquid to 
the glassy phase upon increasing the number of covalent bonds among the constituent molecules. On the 
same samples, the modifications of the quasi-elastic signal are followed by Raman and neutron scattering 
measurements. In particular, the evolution of the depolarized Raman and Brillouin spectra and the so 
obtained susceptibility has been studied as a function of the reaction time in a wide frequency range from 
2 GHz up to 10 THz. A strict relationship between the imaginary part of the susceptibility and the 
acoustic attenuation at the same frequency has been found at any given time: without invoking any model, 
the quasi-elastic contribution and the acoustic attenuation demonstrate their common physical origin. Our 
results, exploiting a different path to the glassy phase, confirm precedent studies performed as a function 
of temperature [1, 2] and pressure [3] in different glasses ranging from strong to fragile ones and support 
the quantitative relation foreseen by recent theoretical studies [4]. 
[1] S. Caponi et al., Phys. Rev. B 76, 092201 (2007). 
[2] L. Comez, et. al. Phys. Rev. Lett. 106, 155701 (2011). 
[3] L. Hong et. al. Phys. Rev. Lett. 102, 145502 (2009). 
[4]W. Schirmacher et. al. Phys. Rev. Lett. 98, 025501 (2007). 
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scattering, dielectric spectroscopy and NMR 
 

Rössler, Ernst1; Petzold, Nikolaus1; Schmidtke, Bernd1; Kahlau, Robert1; Micko, Björn1; Meier,  
Roman1; Rössler, Ernst1 

(1) Universitat Bayreuth 
 
Molecular glass formers are not well investigated above the melting point. Correlation times down to 10-

12s are accessible to light scattering when studying low-Tg systems with Fabry-Perot interferometer and 
monochromator (up to 440K). Combined with photon correlation spectroscopy (PCS), broad band suscep-
tibility spectra become available which can compete with those of dielectric spectroscopy (DS). 
Comparing results with those from DS, optical Kerr effect and field-cycling NMR we describe the 
susceptibility from the boiling point down to Tg, i.e., from simple liquid to glassy dynamics.[1,2] 
Attention is given to the emergence of the excess wing contribution which is probed by PCS, yet with 

mailto:hyu1@gwdg.de
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stronger relaxation strength compared to DS. The probe dependent apparent stretching of the α–process is 
explained by different contributions of the excess wing, the latter being attributed to a small-angle 
precursor process. Many glass formers show also a β-process which is probed by DS and NMR, but not 
by PCS, and thus has to be distinguished from the excess wing. The β-relaxation strength reported for the 
single-particle dynamics by NMR does not agree with that of DS, possibly due to a collective nature.[1] 
In binary glass formers we find that the β–process does not include all molecules like in neat systems, i.e., 
“island of rigidity” appear; we propose a cluster model. 
[1] N. Petzold et al., J. Chem. Phys. 138 (2013) 12A510. 
[2] B. Schmidtke et al., Phys. Rev. E 86 ( (2012) 041507. 
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In broadband dielectric loss spectra of glassy matter, besides the so-called α peak mirroring the structural 
relaxation process [1], numerous additional dynamic processes are revealed. Despite they often are 
assumed to play an essential role in the glass transition, their microscopic origin is only poorly 
understood until now. In my talk, I will briefly review these processes and provide broadband spectra of a 
variety of glass formers extending up to the region of the boson peak at THz frequencies. I will especially 
concentrate on the excess-wing relaxation, revealed by a second power law beyond the α peak, and on the 
fast β process showing up in the region beyond GHz, which was first predicted by the mode coupling 
theory. To clarify the origin of the excess wing and its relation to the Johari-Goldstein β relaxation, also 
nonlinear dielectric measurements will be considered. In addition to conventional molecular glass formers 
like glycerol, monohydroxy alcohols showing an additional slow Debye relaxation will also be treated. In 
this context, I will also briefly address the relaxation dynamics of water, which either can be interpreted 
along the same lines as for monohydroxy alcohols (Debye + α peak) or may be explained analogous to 
conventional molecular glass formers (α peak + excess wing + boson peak). 
[1] P. Lunkenheimer, U. Schneider, R. Brand & A. Loidl, Contemp. Phys. 41 (2000) 15. 
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Simple liquids' quasiuniversality and its consequences for understanding what  

controls the relaxation time 
 

Dyre, Jeppe1 
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Is the relaxation time of a supercooled liquid controlled by its entropy, its high-frequency elastic 
properties, or by another physical property? We review recent results [1] on the quasiuniversality of 
simple liquids, where a simple liquid is defined as a system with strong virial / potential-energy 
correlations in the equilibrium NVT fluctuations [2,3]. Such systems have good isomorphs, which are 
curves in the phase diagram along which structure, dynamics, and some thermodynamic properties in 
reduced units are invariant to a good approximation [4,5]. It was recently conjectured [1] that simple 
liquids have almost the same isomorphs; this was justified by arguing that a common single-parameter 
family of reduced-coordinate constant-potential-energy manifolds exists that encode all isomorph 
invariants. Entropy is the logarithm of the area of this manifold and the high-frequency elastic constant is 
basically the surface’s curvature. Since the (reduced) relaxation time is also encoded in the manifold, both 
the entropy and the high-frequency elastic constant appear to control the relaxation time - but so does any 
other isomorph invariant. No causal relationship is implied. 
[1] J. C. Dyre, Phys. Rev. E, in press (2013) [arXiv:1208.1748]. 
[2] N. P. Bailey et al., J. Chem. Phys. 129 (2008) 184507. 
[3] T. S. Ingebrigtsen et al., Phys. Rev. X 2 (2012) 011011. 
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[4] N. Gnan et al., J. Chem. Phys. 131 (2009) 234504. 
[5] T. S. Ingebrigtsen et al., J. Chem. Phys. 136 (2012) 061102. 
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Beta-Peak and Wing Phenomena in Frequency and Time Domain 
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The Cole-Cole law has been known for a long time to describe relaxation spectra [1]. Recently, it was 
shown how the Cole-Cole law and corrections to it can be derived rigorously from the solutions of mode-
coupling theory for ideal glass transitions (MCT) [2]. The validity of this description has been 
demonstrated for several molecular glass-forming liquids on the basis of schematic models [3, 4, 5]. In 
the time domain, the Cole-Cole relaxation can be observed as nearly-logarithmic decay in the colloidal 
hard-sphere system [6]. Here, additional results are presented for both time and frequency domains, 
including examples from granular, colloidal, and molecular glass forming systems. The application of the 
derivations beyond MCT shall be discussed. 
[1] K. S. Cole and R. H. Cole, J. Chem. Phys 9, 341 (1941). 
[2] M. Sperl, Phys. Rev. E 74, 011503 (2006). 
[3] W. Gotze, M. Sperl, Phys. Rev. Lett. 92, 105701 (2004). 
[4] H Z Cummins, J. Phys.: Condens. Matter 17, 1457 (2005). 
[5] M. Sperl, J. Non-Cryst. Solids, 4851 (2006). 
[6] M. Sperl, Phys. Rev. E 71, 060401(R) (2005). 
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Hopping has long been suspected as an important mode of transport in supercooled liquids at 
temperatures below Tc. It has been observed in model systems, but until now, has not been directly 
observed in molecular liquids. We show that incoherent quasi-elastic neutron scattering (QENS) reveals a 
two-state scenario where, on a 1 ps timescale, molecules are either confined to motion on a lengthscale of 
0.05 rH, or free to undergo motion on a much larger lengthscale of roughly 0.3 rH, where rH is the 
hydrodynamic radius. The motion executed by the less-constrained molecules fits the description of 
hopping motion observed in model simulations and colloid experiments. The population of the less-
constrained particles gives rise to hopping at low temperature where the mobile states are long-lived. We 
show also that this two-state scenario holds well above Tc, where the mobile state lifetime exhibits 
apparently universal behavior, and transport appears to proceed by both small-step diffusion and larger-
step "hopping" processes. Our interpretation of the neutron scattering data is confirmed by optical Kerr 
effect (OKE) measurements and atomistic MD simulations, which reveal additional richness, and suggest 
that this very short-time two-state behavior may be the precursor to dynamic heterogeneity as observed on 
longer timescales. 
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Relaxation processes in binary mixtures: secondary relaxations and intrinsic confinement effects 
 

Blochowicz, Thomas2; Schramm, Sebastian 1; Lusceac, Sorin1; Vogel, Michael 1; Stühn, Bernd1;  
Gutfreund, Philipp3; Bernhard, Frick2 

(1) TU Darmstadt; (2) Institut Laue Langevin; (3) Institut Laue Langevin 
 
We investigate the dynamics in binary glass forming liquids with differential scanning calorimetry, 
dielectric spectroscopy, quasielastic neutron scattering and depolarized dynamic light scattering. The 
combination of different methods not only allows us to cover a broad dynamic range from picoseconds to 
several thousand seconds but also to identify the various relaxation processes that occur in binary systems 
in between microscopic dynamics and the final α relaxation. Those processes appear particularly 
interesting in mixtures with a large dynamic asymmetry, i.e. mixtures which differ significantly in their 
pure components Tg. One observation in such systems is that secondary processes that appear as high 
frequency wing or as a shoulder in the lower Tg component appear as a well-separated β-peak in the 
mixture. Moreover, in highly asymmetric blends, the smaller, more mobile component may still relax in a 
slower or dynamically arrested matrix. Although the relaxation, which is associated with those fast 
molecules, has properties that resemble those of a β-process in many ways, like in the low-temperature 
Arrhenius behavior or the temperature dependence of the relaxation strength, it turns out that these 
properties are caused by an intrinsic confinement of the small molecules by the surrounding frozen 
matrix. This confinement causes the small molecules to undergo an unusual type of glass transition (so-
called type-A transition), which was previously predicted by mode coupling theory for binary mixtures. 
Our experiments indicate that this unusual glass transition is related to a partial reorientation of small 
molecules close to the slow matrix, which only becomes fully isotropic when the matrix structure relaxes. 
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Secondary relaxation in ionic liquids: ionic or dipolar mechanism? 
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Secondary relaxations visible in highly supercooled and glassy state of molecular liquids can have 
different origin. There are a lot of evidences allowing to divide these phenomena into two groups: 
intramolecular – coming from conformational changes within the molecule, and intermolecular (called 
Johari – Goldstein relaxation) – coming from small reorientational motions of the whole particles inside 
cages made up from neighboring molecules, preceding the cooperative motion of structural relaxation. 
However, there is a very special group of liquids for which one more mechanism similar to JG process 
should be considered. These are ionic liquids (ILS). Due to existence of charged species in these materials 
also the translational movement of ions confined inside cages built up by surrounding molecules in 
addition to reorientational motion of dipoles should be visible. This type of relaxation could be called 
ionic JG relaxation.  
The dielectric spectroscopy is a powerful method to study both the reorientational dipolar movements and 
translational ionic motions. Thus, during my talk I will discuss the possibility of distinguishing these 
three mechanisms of secondary relaxation for ILS basing on the dielectric measurements and theoretical 
calculations.  
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Relaxation in the supercooled plastic phase of Hexasubstituted Benzenes:  
The Question of JG-Relaxation 
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We have studied some hexasubstituted benzenes for supercooling of plastic phases using dielectric 
spectroscopy and differential scanning calorimetry (DSC). These substances dispersed in glassy o-
terphenyl matrix showed a well pronounced sub-Tg relaxation (in addition to the primary process) with 
activation energy (E) in the range 21 – 26 KJ/mol, slightly larger than that of fluorobenzene (E = 14.5 ± 2 
KJ/mol) and benzene {studied by earlier researchers by using NMR (nuclear spin-lattice relaxation) 
which is 15.46 – 16.8 KJ/mol}, and correlates well with the size of the molecule. This relaxation may 
well be identified as JG-relaxation of the molecules around the hexad-axis. 
However, these hexasubstituted benzenes do not reveal any well resolved β – relaxation 
in the supercooled plastic phase. All these substances are non-cubic crystals, and may have different 
orientations of the molecules in their plastic phase. The evidence presented here show that these processes 
co-exist in plastic phase which get resolved on supercooling, and are not part of glass transition 
phenomena. The cases of 2,3,4,5,6-Pentafluoroaniline and 2,3,4,5,6- Pentachlorophenol are discussed in 
detail which reveal a glass transition, and Arrhenius behavior for the main α-relaxation. The apparent 
activation energies are 43.4 kJ/mol & 44.1 kJ/mol respectively, and the relaxation deviates from Debye. 
The lack of strong signature of Tg in DSC temps us to club them as strong glasses. The absence of JG 
relaxation found for these solutes in the glassy o-terphenyl matrix, in the glassy plastic phase is discussed. 
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A number of general trends are known to occur in systems displaying secondary processes in glasses and 
glass formers, such as mixtures of rigid and plastic molecules, like quinaldine and tristyrene, or 
polyalcohols, e.g., xylitol and sorbitol, else in polymers such as polymethyl methacrilate or propilene 
glycol. Universal features can be identified as components of large and small cooperativeness, 
indivudually displaying glassy behavior, compete leading to excess wings or apart peaks in the 
suscecptibility spectrum. To the aim of understanding such rich and complex phenomenology we analyze 
the behavior of a model combining two apart glassy components with relatively different cooperativeness. 
The model salient feature is, indeed, based on the competition of the energetic contribution of groups of 
dynamically relevant variables, e.g., density fluctuations, interacting in small and large sets with, 
respectively. smaller and larger local coordination. We investigate how the model is able to reproduce the 
secondary processes physics in its broad variety of different real glass formers without further ad hoc 
ingredients and we try to set up a comprehensive theory for secondary processes in their generality, 
reproducing trends and properties under cooling or pressing. 
 

 
 

mailto:ssnm0700@gmail.com
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Universality of Johari-Goldstein relaxation ¿ Evidences from flexible dipolar molecules 
 
THAYYIL, M. SHAHIN1; CAPACCIOLI, SIMONE2; PREVOSTO, DANIELE3; URPAYIL, 
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The Johari-Goldstein (JG) β-relaxation, i.e. truly intermolecular secondary relaxation, is supposedly a 
universal feature in glassy dynamics by showing its presence in common as well as exotic glassformers 
and having strong connections to the structural relaxation. However, against the hypothesis, some widely 
studied flexible small molecular glassformers like low molecular phthalates, benzophenone and 
ketoprofen give no indication the presence of JG relaxation despite variety of investigations. Interestingly, 
for most of these systems in their neat phase the α-relaxation loss peaks have narrow widths with quite 
high values of stretching parameter. Theoretical considerations suggest that the JG β-relaxation is present 
but not resolved, because it is sandwiched between the intense α- and a faster but non-JG secondary γ-
relaxation. We investigate such suggestion on several glass formers and report the data on entire class of 
small molecular phthalates, benzophenone, ketoprofen etc. investigated as a probe in apolar glassformers 
like oligostyrenes or o-terphenyl etc. and able to move the α-relaxation further away from the γ-
relaxation, and find the JG β-relaxation. We verified that this newly resolved secondary relaxation is the 
JG process by showing its pressure dependence and pressure-temperature superposition at elevated 
pressures. Improving the experimental setup, we could resolve JG in pure phase of dimethylphthalate 
(DMP) and rich binary of 90% BZP in o-terphenyl. These results evidences that JG relaxation is 
universal. 
References 
[1] G. P. Johari, M. Goldstein, J. Chem. Phys. 1970, 53, 2372. 
[2] Ngai, K. L.; Paluch, M. J. Chem. Phys. 2004, 120, 857. 
[3] S. Capaccioli, M. Shahin Thayyil, K. L. Ngai,. J. Phys. Chem. B, 2008, 112, 16035. 
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The dielectric and mechanical relaxation behaviour of a semicrystalline polyolefin, poly(4-methyl-1-
pentene) were studied. Three relaxation processes (namely beta, alpha and alphac) were identified with 
both relaxation spectroscopies,  beta and alpha being rela       c to the 
crystalline phase. The dielectric relaxation analysis shows that the beta-relaxation process is a good 
candidate for the primitive event of the alpha-dielectric-relaxation (glass transition). A completely 
different picture is found by mechanical spectroscopy where no well resolved precursor of the alpha-
mechanical relaxation process could be found. This paradigm mainly results from the differences in the 
dynamics of the alpha mechanical and dielectric relaxation processes, since the mechanical main 
relaxation is about 5 orders of magnitude slower than the dielectric main relaxation. As a result, the 
details of the dynamics (physical fragility, activation parameters, degree of cooperativity) and the 
relaxation scenario (existence of a Johari-Goldstein relaxation, dependence between the sub-Tg and the 
main relaxation process) in a given glass former cannot be considered as an intrinsic or general feature, 
although this question has alimented for years a large debate in the physics of disordered matter.  
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The elastic models of the glass transition [1] relate the increasing solidity of the glassforming systems 
with the huge slowing down of the structural relaxation and viscous flow. The solidity is quantified in 
terms of the shear modulus, i.e., the response of the system to a shear deformation. In MD simulations of 
a model polymer system, by considering the elastic response observed at intermediate time after initial 
fast stress relaxation, a precise scaling between elasticity and structural relaxation is evidenced [2]. The 
scaling regime ranges from sluggish states with virtually pure elastic response on the picosecond 
timescale up to high-mobility states where fast restructuring events are more apparent. On the contrary, 
one shows the virtual absence of correlations between the relaxation and the instantaneous elasticity, 
which deals with the elastic response to a pure affine deformation. The universal correlation of the 
residual elasticity on the picosecond timescale with the cage restructuring is validated by comparison with 
experimental data spanning about eighteen decades in relaxation time and a wide range of fragility [3].   
[1]  J.C. Dyre, Rev. Mod. Phys. 78 (2006) 953  
[2] F. Puosi & D.  Leporini, J. Chem. Phys.  136 (2012) 041104 
[3] F. Puosi & D. Leporini, arXiv:1108.4629 
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Low-temperature specific heat and inelastic light scattering experiments were performed on cesium 
borate glasses and on a cesium borate crystal. Raman measurements on the crystal reveal the existence of 
cesium rattling modes in the frequency region where glasses exhibit the Boson Peak (BP). These modes 
are supposed to overlap with the BP in cesium borate glasses affecting its magnitude. Their influence on 
the low frequency vibrational dynamics in glasses is considered and their contribution to the specific heat 
is estimated. Evidence for a relation between the BP changes induced by increased amount of metallic 
oxide and the variations of the elastic medium is provided. 
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By applying dielectric spectroscopy (DS), 2H as well as 31P nuclear magnetic resonance spectroscopy 
(NMR)  [1,2] we investigate different binary glass formers composed of a low-Tg component showing a 
secondary relaxation, usually referred to as β-process (type-B system), and a high-Tg component with a 
dynamic susceptibility only showing a so-called excess wing (type-A). By applying 2H NMR selectively 
to the type-B component, we demonstrate that for high concentrations of the latter the apparent relaxation 
strength and the time constants of the β-process are concentration independent. Below a certain threshold 
concentration the apparent relaxation strength decreases abruptly, which we interpret in terms of 
population: a fraction of type-B molecules still exhibits essentially the β-process of the neat system 
(regarding time scale and mechanism), while others have been immobilized. This scenario is verified by 
2D and spin-lattice relaxation 2H-NMR techniques and it is also observed by DS. By selectively probing 
the type-A component we show that the high-Tg sub-ensemble participates in the β-relaxation at medium 
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and high concentrations. This finding as well as the emergence of immobilized molecules (“islands of 
rigidity”) below a threshold concentration may indicate that the β-process is based on a cooperative 
mechanism.  
[1] B. Micko et al., J. Chem. Phys. submitted (2013)  
[2] N. Petzold et al., J. Chem. Phys. 138 (2013) 12A510 
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The well-known glassy dynamics features may appear even when a translational long-range ordered 
lattice exists. Thus, for some globular-shaped molecules it appears an intermediate phase between the 
liquid and the completely ordered low-temperature crystalline phase, in which the molecules can rotate 
more or less freely about the molecular centers of mass, the so-called plastic phase or orientationally 
disordered crystals. This is the case for some hexasubstituted benzenes for which, in addition, the plastic 
phase can be easily supercooled giving rise to a glassy state, the dynamics features being similar to those 
of the canonical glass state obtained from structural glasses. In this work we will describe the dynamics of 
pentachloronitrobenzene (PCNB) as a function of temperature and pressure by means of dielectric 
spectroscopy. The temperature dependence of the dynamics was stated in the past by different authors 
showing that in addition to the main α-relaxation a concomitant secondary relaxation inescapably 
appears. We will enlarge the knowledge of this secondary process by extending the previous studies to the 
pressure domain.  
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A model for viscous flow in a quenched-disordered medium is considered, in which the value of the 
viscosity - or rather its activation energy - exhibits spatial fluctuations. A coherent-potential 
approximation (CPA) is derived and solved for this model. A similar CPA has been derived previously for 
diffusion in a quenched-disordered environment. It is shown that for the same distribution of activation 
energies, i.e. in the same ragged energy landscape the diffusivity has an acrivation energy different from 
that of the viscosity at low temperatures (“Stokes-Einstein violation”). 
 
The theory allows for the calculation of an effective frequency-dependent viscosity. If this quantity is 
combined phenomenologically with a high-frequency shear modulus G

∞
, as in Maxwell's model for 

viscoelasticity, the frequency dependence of the viscosity is shown to produce a β-relaxation wing as it is 
measured frequently in supercooled liquids. 
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Dielectric Spectroscopy studies of Lithium Ferrite 
 

Soreto Teixeira, S. 1; Graça , M. P. F. 1; Costa, L. C. 1 
(1) Department of Physics and I3N, University of Aveiro (1) 

 
 

Lithium ferrite (LiFe5O8) is one of the most known cubic ferrites which belong to the group of soft ferrite 
materials with high Curie temperature, presenting a square hysteresis loop, and high magnetization. It has 
attracted special attention due to its numerous technological applications in microwave devices, namely 
due to its high Curie temperature, computer memory chip, magnetic recording, radio frequency coil 
fabrication, transformer cores, rod antennas, magnetic liquids and possible applications in biomedics. It is 
also a promising candidate for cathode materials in rechargeable lithium batteries. 
In the present work, an homogeneous mixture of Li2O-Fe2O3 powders were pressed into pellets and then 
heat-treated at several temperatures between 600 and 1200 ºC. The structure of the obtained samples were 
studied by XRD and Raman spectroscopy and their morphology by SEM and TEM microscopy. The 
dielectric properties were analysed, in the frequency range between 10 Hz and 2.7 GHz and in funtion of 
temperature (100 K – 600 K). The electrical properties were related with the structure and morphologic 
characteristics. 
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Properties of Network Glasses and Liquids Driven by Composition 
Smooth Trends versus Anomalous Behaviors 
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NG-L-1 
Glass-like transitions in partially disordered crystalline materials 

 
Lacks, Daniel1 

(1) Case Western Reserve University 
 
Calorimetric work by Hildemann and Schneider has shown that as mullite (acrystalline aluminosilicate) is 
heated, its heat capacity shows changes at high temperature similar to those found at the glass transition 
temperature of a liquid.  To elucidate these experimental results, we carried out molecular dynamics 
simulations to address the changes in heat capacity of mullite.  Mullite is a partially disordered crystal, in 
that it has a statistical distribution of oxygen vacancies and positions of tetrahedally bound cations. For 
comparison, simulations are also carried out for sillimanite, an aluminosilicate with a mullite-type 
structure that differs from mullite in that it contains no oxygen vacancies and has a fully ordered 
structure. The results show that disorder in mullite leads to differences in the behaviors of mullite and 
sillimanite at high temperature. An energy landscape analysis of the simulation results is carried out, 
which shows that a high-temperature transition occurs in mullite that is similar to the glass transition in 
supercooled liquids, whereas no transition is observed in sillimanite. 
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The description of stress relaxation events in terms of structural changes between  

subsequent ground states 
 

Hudson, Toby1; Harrowell, Peter1; Chowdhury, Sadrul1 

(1) The University of Sydney 
 
In this talk, I will discuss the transitions between ground states, and their role in stress relaxation. We are 
interested in the slowest relaxations of the most stable glassy configurations. Models of stress relaxation 
in crystalline solid phases make use of specific, easily-defined, heterogeneously-located localized defects 
– dislocation glide or vacancy-mediated creep. While there has been much recent interest in dynamic 
heterogeneities in super-cooled liquids approaching the glass transition, it is not clear what role these 
thermally-induced heterogeneities play in stress relaxation. Specifically, we do not know what the 
relationship is between the density of these mobile domains and the spatial extent over which a local 
reorganization can relax stress. Is stress relaxation in a deeply super-cooled liquid or glass best thought of 
as a heterogeneous process or a homogeneous one?  What is the microscopic nature of relaxation events 
in networks and binary liquids, and how does each type of event couple to the stress changes of the 
system?  We address these questions with two sets of computer simulations:  firstly, defect-free 
Continuous Random Networks undergoing WWW bond-flip moves in a Monte Carlo simulation;  
secondly, a two-dimensional repulsive binary super-cooled liquid which is routinely quenched to 
investigate the transitions between inherent structures, and the changes in inherent stresses and strains. 
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Low frequency mode anomalies and glass transition 
 

Gerardo G. Naumis 1 
(1) Depto. de Física-Química, Instituto de Física, UNAM 

 
In this talk, we will discuss how low frequency anomalies are fundamental to understand glass transition. 
We focus on the effects of flexibility and chemical composition in the variation of the glass transition 
temperature by using the Lindemann criteria. Using this criteria and that floppy modes at low frequencies 
enhance in a considerable way the average quadratic displacement, we show that the consequence is a 
modified glass transition temperature.   
This approach allows to obtain in a simple way the empirically modified Gibbs-DiMarzio law, which has 
been widely used in chalcogenide glasses to fit the changes in the glass transition temperature with the 
chemical composition . The method predicts that the constant that appears in the law depends upon the 
ratio of two characteristic frequencies (or temperatures). This constant is estimated for the Se1-x-y(GeyAs1-

y)x glass by using the experimental density of vibrational states, and the result shows a very good 
agreement with the experimental fit from glass transition temperature variation. 
We also present numerical simulations in binary Lennard-Jones glasses, in which the Boson peak evolves 
with the flexibility of the lattice, allowing to confirm the hypotesis of the relationship between rigidity 
and glass transition. 
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Atomic structure, bonding properties and dynamical behavior of chalcogenides: a first-principles 

approach 
 

Massobrio, Carlo1 

(1) Institut de Physique et Chimie des Matériaux de Strasbourg 
 
The talk will be devoted to a survey of what has been done, by using first-principles molecular dynamics, 
to characterize the structure of disordered network-forming materials containing Ge and Se within a wide 
range of GexSe(1-x) compositions [1-9]. Whenever needed, explicit reference to analogous systems 
(SixSe(1-x), GexS(1-x)) will be made. By taking as a starting point the case of liquid and glassy GeSe2, we 
will show under which conditions the structural motifs inherent in the topology of these networks can be 
correlated to the presence of intermediate range order. A strong methodological emphasis will be put on 
relevant details of the density functional scheme playing a crucial role in conferring a predictive power to 
our models. Changes in bonding character will be analyzed in terms of structural and electronic 
properties, with a focus on the presence of defects and their correlation to electronic localization effects. 
[1] S. Le Roux, A. Bouzid, M. Boero, C. Massobrio, Phys. Rev. B 86, 224201 (2012).  
[2] A. Bouzid, C. Massobrio, J. Chem.Phys. 137, 224201 (2012).  
[3] K. Sykina, E. Furet, B. Bureau, S . Le Roux, C. Massobrio, Chem. Phys. Lett. 547, 30 (2012).  
[4] M. Micoulaut, S . Le Roux, C. Massobrio, J. Chem.Phys. 136, 224504 (2012).  
[5] M. Bauchy, M. Micoulaut, M. Celino, S. Le Roux, M. Boero, C. Massobrio,  
Phys. Rev. B 84, 054201 (2011). 
[6] S. Le Roux, A. Zeidler, P.S. Salmon, M. Boero, M. Micoulaut, C. Massobrio,  
Phys. Rev. B 84, 134203 (2011).  
[7] M. Kibalchenko, J.R. Yates, C. Massobrio, A. Pasquarello, Phys. Rev. B  82, 020202(R) (2010). 
[8] M. Micoulaut, R. Vuilleumier, C.Massobrio,  Phys. Rev. B  79, 214205 (2009).  
[9] C.Massobrio, M. Celino, P.S. Salmon, R.A. Martin, M. Micoulaut, A. Pasquarello,  

Phys. Rev. B  79, 174201 (2009). 
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Rigidity and structural/dynamical anomalies in glasses and glass-forming liquids 
 

Micoulaut, Matthieu1; Bauchy, Mathieu1 

(1) Université Pierre et Marie Curie 
 
Structural and dynamical properties of glasses and liquids are investigated using Molecular Dynamics 
simulations. The target systems densified sodium silicates (2SiO2-Na2O, NS2) and AsxSe1-x 
chalcogenides. Common features emerge from the analysis, underscoring the similar phenomenology of 
flexible to rigid transitions driven either by pressure or by compositional changes.  
From the analysis of the first sharp diffraction peak (FSDP) in the amorphous phase of NS2, it is found 
that some of its characteristic parameters (position, width) in partial structure factors display minima in a 
certain pressure interval. Such extrema can be correlated with anomalies in transport properties (diffusion, 
viscosity) and their activation barriers. The number of topological constraints sensitive to pressure and 
temperature is also computed. We show that in this obtained pressure interval, an adaptative behavior 
takes place which tends to soften angular constraints in order to reduce the increasing strain/rigidity 
induced by pressure. A similar behavior is found for the chalcogenide system where the same anomalies 
are found to be located in the so-called “intermediate phase” found experimentally between the flexible 
and stressed rigid phase. The present study links for the first time characteristic structural features with 
transport properties and rigidity properties in the liquid. 
[1] M. Bauchy, M. Micoulaut, Phys. Rev. Lett.  110 (2013). 
[2] M. Micoulaut, M. Bauchy, Phys. Status. Solid B 250 (2013). 
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Transport anomalies, structure and ring structure in densified liquid B2O3 
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(1) Université Pierre et Marie Curie 
 
The dynamic and structural properties of densified liquid B2O3 are investigated using Molecular 
Dynamics simulations based on a Polarizable Ion Model.  While there has been many studies devoted to 
densified tetrahedral liquids (silica, water, germania), little has been performed numerically on systems 
having a different local geometry (here BO3 planar triangles). Furthermore, the B2O3 system is one of 
the best known examples for which supra-molecular units are detected, and these consist of six-membered  
boroxol rings.  
The study has focused on several isotherms and different densities. Along such isotherms, anomalies 
(extrema) appear in transport coefficients (diffusion, viscosity) when followed under density change. The 
evolution of the local structure (from three-fold to four-fold boron) and intermediate range structure 
(boroxol rings) is also followed with density, and compared to the trends of the dynamic properties.  
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The tellurium coordination and the role of oxygen in pure amorphous TeO2 and tellurite glasses 
 

Hannon, A C 2; Barney, E R 1; Holland, D 4; Feller, S A 3; Umesaki, N 6; Tatumisago, M 5; Orman, R G 4 
(1) Faculty of  Engineering, University of Nottingham; (2)Rutherford Appleton Laboratory; (3) Coe 

College; (4)University of Warwick; (5) Osaka Prefecture University; (6) Japan Synchrotron Radiation 
Research Institute 

 
The structure of tellurite glasses is less well understood than is the case for other glass forming systems 
such as silicates, borates and germanates. Two factors which contribute to this lack of understanding are: 
1) The basic structural unit in tellurite glass is a more complex issue, with a composition-dependent 
change in coordination between [TeO4] pseudo trigonal bipyramids and [TeO3] trigonal pyramids. 2) 
Pure amorphous TeO2 cannot readily be prepared, with the consequence that it is little studied, and 
usually it is assumed that its structure involves only [TeO4] units, as in crystalline -TeO2.  
Neutron diffraction was performed on a sample of pure amorphous TeO2, prepared by a rapid quenching 
twin-roller technique, yielding a Te–O coordination number of 3.68(4), and a corresponding O–Te 
coordination number of 1.84(1). This shows that about 16% of the oxygens in pure amorphous TeO2 are 
terminal oxygens, and the Raman spectrum of pure amorphous TeO2 is also consistent with the presence 
of terminal oxygens.  
Neutron diffraction measurements on potassium tellurite and vanadium tellurite glasses yield a Te–O 
coordination number which is constant for less than about 15 mol.% K2O, with a decline in the 
coordination number for larger modifier contents. This decline is readily explained as occurring when the 
terminal oxygens are fully coordinated by modifier cations. 
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Are the dynamics of silicate glasses and glass-forming liquids embedded in their elastic properties? 

 
Smedskjaer, Morten M.1 ;Mauro, John C.2 

1. Aalborg University; (2)  Corning Incorporated  
 

According to the elastic theory of the glass transition, the dynamics of glasses and glass-forming liquids 
are controlled by the evolution of shear modulus. In particular, the elastic shoving model expresses 
dynamics in terms of an activation energy required to shove aside the surrounding atoms, which is 
determined by the shear modulus. First, we here present an in situ high-temperature Brillouin 
spectroscopy test of the shoving model near the glass transition of eight aluminosilicate glass-forming 
systems [1]. We find that the measured viscosity data agree qualitatively with the measured temperature 
dependence of shear moduli, as predicted by the shoving model. However, the model systematically 
underpredicts the values of fragility. Second, we also present a thorough test of the shoving model for 
predicting the low temperature dynamics of an aluminosilicate glass system [2]. This is done by 
measuring the nonequilibrium viscosity over a wide range of fictive temperatures. We show that the 
model systematically underpredicts the changes in nonequilibrium viscosity with fictive temperature 
when compared with experimental data. Hence, both set of experiments suggest that the dynamics of the 
silicate glass transition are governed by additional factors beyond the evolution of the shear modulus. 
 
[1] M. M. Smedskjaer, L. Huang, G. Scannell, J. C. Mauro, Phys. Rev. B 85 (2012) 144203. 
[2] M. Potuzak, X. J. Guo, M. M. Smedskjaer, J. C. Mauro, J. Chem. Phys. (DOI: 10.1063/1.4730525). 
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Compositional trends in natural and radiation-induced physical ageing of ternary Ge-As-Se glasses 
 

Shpotyuk, Mykhaylo2; Golovchak, Roman3; Kozdras, Andrzej1; Shpotyuk, Oleh4; Iovu, Mihail5 

(1) Opole University of Technology; (2) Scientific Research Company ¿Carat¿; (3) Lehigh University;  
(4) Jan Dlugosz University; (5) Institute of Applied Physics 

 
We examined the ability of ternary GexAsxSe1-2x glasses (x = 0.05, 0.07, 0.09, 0.11, 0.14, 0.16, 0.18, 0.20, 
0.25 and 0.30) to be subjectedf by natural and radiation-induced physical ageing, using conventional 
differential scanning calorimetry (DSC) applied in a so-called backward-rejuventation chronology. It was 
shown that 2 years of natural storage, as well as high-energy gamma-irradiation (the absorbed dose was 
near 1 MGy) led to significant ageing effect in the glasses with x < 0.14. Within 0.14 < x < 0.25 domain, 
no changes were detected in the glass transition peak area and enthalpy losses testifying in a favour of 
possible optimally-constrained phase. This result contradicts to conclusions on self-organization in this 
system within 0.09 < x < 0.14 range followed from temperature-modulated DSC measurements [1], but it 
is in a good agreement with our previous data extracted using high-resolution XPS technique [2]. 
[1] P. Boolchand, D.G. Georgiev, T. Qu, F. Wang, L. Cai and S. Chakravarty, C.R. Chimie 5 (2002)713.  
[2] R. Golovchak, O. Shpotyuk, M. Iovu, A. Kovalskiy and H. Jain, J. Non-Cryst. Sol. 357 (2011) 3454. 
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Experimental measuring techniques exploring positron-electron interaction, namely the positron 
annihilation lifetime spectroscopy (PALS) and Doppler broadening of annihilation radiation (DBAR), are 
analysed as high informative tools to study intrinsic (natural physical ageing) and externally-activated 
(radiation- and thermally-induced physical ageing) relaxation phenomena in chalcogenide glasses (ChG) 
of As-S system. Time-dependent processes of voids agglomeration/expansion, fragmentation/refining and 
disappearing/contraction are shown to be principal stages of natural physical ageing in under-constrained 
(floppy) S-rich ChG, while a competitive channel of coordination defect formation associated with void 
charging are revealed in a vicinity of near-stoichiometric optimally-constrained compositions. In contrast 
to numerous speculations with unverified radiation-induced effects in ChG [1], the presented data of 
PALS/DBAR measurements are put in a strong correlation with direct fingerprint of the observed 
structural changes determined by fundamental optical absorption edge of the affected ChG. This approach 
allows us to propose a meaningful model of relaxation-driven evolution in the void structure of ChG 
giving a unified insight on their structural-chemical nature. 
[1] T. Kavetskyy, V. Tsmots, O. Sausa & A.L. Stepanov. Phys. Stat. Sol., C9 (2012) 2420. 
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Gaussian particles at high density: local structure and slow dynamics 

 
Coslovich, Daniele1; Ikeda, Atsushi1; Miyazaki, Kunimasa2 
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Recent numerical simulations [1] have revealed that, at sufficiently high density, fluids of particles 
interacting via a Gaussian potential become good glass-formers and display an unprecedented agreement 
with the predictions of the mode coupling theory (MCT). Here we extend these simulations in various 
directions. We characterize the local structure and the potential energy surface of the fluid over the 
accessible range of density and temperature. In contrast to other model glass-formers based on Lennard-
Jones interactions [2], the Gaussian core model does not exhibit, above Tc, extended domains formed by 
locally favored structures that compete with the thermodynamically stable crystalline order. The absence 
of such static heterogeneities confirms the mean-field character of the fluid. Further, we extend the 
simulations to even higher densities and critically assess the feasibility of a thermodynamic scaling of the 
relaxation dynamics. Our results show that the scaling neither follows the behavior observed along the 
melting line nor stems from the existence of pressure-energy correlations, which are characterized in this 
model by a peculiar negative slope. 
[1] A. Ikeda and K. Miyazaki, Phys. Rev. Lett. 106 (2011) 015701 
[2] D. Coslovich, Phys. Rev. E  83 (2011) 051505 
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External pressure applied to a molecular system influences its physical properties considerably. This is 
due to relatively weak intermolecular interactions. In liquid crystals (LCs) constituted of strongly 
anisotropic molecules the interaction potential consists of a distant dependent and orientation dependent 
parts. This causes that pressurization may change the phase diagrams, the molecular ordering within a 
given LC phase as well as practically all physical properties of a substance, quite easily. Moreover, a 
relatively low hydrostatic pressures (up to, say, hundreds MPa) are sufficient to involve considerable 
changes of the properties of a LC system. Results of high pressure experiments performed for calamitic 
liquid crystals will be presented. They concern: phase diagrams, equation of state V = f(P,T), order 
parameter, dielectric properties, molecular dynamics, intermolecular interaction potential. Special 
attention will be paid to a possibility of determining the parameters characterizing the interaction 
potentials in the LC phases via analyses of the longitudinal relaxation time τ||(TVγ) (dynamical approach) 
and the Tc vs. Vc

Γ along the clearing line (thermodynamic approach). A few important questions needing 
theoretical elucidation will be formulated. 
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The Defect Diffusion Model and Volume vs. Temperature Effects in Glass-Forming Liquids 
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In previous papers, the authors have applied the defect diffusion model (DDM) to temperature vs. density 
effects for both the alpha relaxation and ionic conductivity in glass-formers [1].  First, the ratio of the 
apparent isochoric activation energy to the isobaric activation enthalpy, EV

*/H*, was calculated using the 
DDM.  Good agreement with experiment was found and it was shown how the ratio can either increase or 
decrease as temperature increases depending upon the material and the temperature range.  Also, it was 
shown how the correlation between EV

*/H* and monomer volume [2] arises in the DDM.  In the DDM, 
the volume change upon clustering of defects is responsible for the magnitude of the ratio.  In the present 
paper, further details of the relationship between the DDM and EV

*/H* are given.  Another topic that was 
considered was scaling where data often collapse to a single curve when the logarithm of a dynamical 
quantity is plotted vs. 1/TVg.  In the DDM, scaling occurs because the critical temperature can be 
approximately represented by a power law and a connection between EV

*/H* and scaling arises naturally.  
In the present paper, it is shown how the DDM accounts for the scaling curve, itself. 
[1] J. T. Bendler, J. J. Fontanella, M. F. Shlesinger & M. C. Wintersgill, J. Non-Cryst. Solids 356 (2010) 
547; 357 (2011) 404; Electrochim. Acta 57 (2011) 160. 
[2] G. Floudas, K. Mpoukouvalas, & P. Papadopoulos, J. Chem. Phys. 124 (2006) 074905. 
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It is generally agreed that the supercritical region of a liquid consists of one single state. We show that 
liquids in this region exist in two qualitatively different states: “rigid” liquid and “non-rigid” gas-like 
fluid. Rigid to non-rigid transition corresponds to the condition of equality of the liquid relaxation time 
and the minimal period of transverse-like quasiharmonic vibrations. This condition defines a new 
dynamic line on the P,T and ρ,T-phase diagrams, and corresponds to the loss of shear stiffness of a liquid 
at all available frequencies, and consequently to the qualitative change of many important liquid 
properties,  e.g. viscosity, diffusion coefficient, thermal conductivity, sound velocity, heat expansion 
coefficient etc. The reaching of the new line corresponds to the disappearance of high-frequency sound, 
disappearance of roton-like minima, increase of particle thermal speed to half of the speed of sound and 
reduction of the constant volume specific heat to 2kB per particle. The new dynamic line is universal: it 
separates two liquid states at arbitrarily high pressure and temperature, and exists in systems where liquid 
– gas transition and the critical point are absent altogether.  
[1] V. V. Brazhkin & Kostya Trachenko, Phys. Today 65(11) (2012), 68; doi: 10.1063/PT.3.1796           
[2] V.V. Brazhkin, Yu.D. Fomin, A.G. Lyapin, V.N. Ryzhov & K. Trachenko, Phys.Rev. E 85 (2012) 
031203 
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Heterogeneity of Polymer Dynmics near the Glass Temperature 
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Dynamics of polymers near the glass temperature (Tg) are complex as they reflect spatial and temporal 
heterogeneities. We report on the origin of heterogeneous dynamics in bulk polymers by studying two 
seemingly unrelated issues. In the first we employ single molecule defocused wide-field fluorescence 
microscopy to monitor the 3D-reorientation of single molecules in a thin polymer film near Tg. The 
rotational correlation times exhibit similar temperature dependence as the ones measured with established 
bulk measurements, such as dielectric spectroscopy and rheology, on the same polymer sample. We found 
that molecular reorientation is coupled to the segmental rather than terminal relaxation of the surrounding 
polymer matrix. Single molecule spectroscopy revealed that spatial heterogeneity is more pronounced 
than temporal heterogeneity within the measurement time-scale (hours to days), whereas this information 
is hidden in the bulk measurement [1]. In the second issue we study the homogeneous polymer 
crystallization under confinement [2][3]. Homogeneous nucleation in polymers takes place at low 
temperatures, i.e. in the vicinity of the glass temperature, hence it may reflect on the spatial and temporal 
dynamic heterogeneities associated with the glass temperature.  
[1] A. Deres, G.A. Floudas, K. Müllen, M. Van der Auweraer, F. De Schryver, J. Enderlein, H. Uji-i, J. 
Hofkens, Macromolecules 44 (2011) 9703. 
[2] H. Duran, M. Steinhart, H.-J. Butt and G. Floudas, Nano Lett. 11 (2011) 1671. 
[3] Y. Suzuki, H. Duran, M. Steinhart, H.-J. Butt and G. Floudas, Soft Matter., (2013), DOI: 
10.1039/c2sm27618f. 
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Recently, we have proposed a new procedure for the thermodynamic and entropic scaling of viscosities 
for supercritical, liquid and gas states with one curve [1].The procedure has been applied to the flexible 
Lennard-Jones chain fluid (from the monomer to the hexadecamer) and to real non polar fluids, such as 
argon and the normal alkanes, considerably expanding the range of thermodynamics conditions for which 
these scaling methods are applicable [1]. 
In addition, we have determined the fitted parameter γ EOS using the EOS of Grzybowski et al.[2] for the 
density scaling of the pVT data of 51 molecular and ionic liquids. We have also tested the relation 
γ=(γEOS/φ)+γG, derived by same group [3] where φ is the stretching parameter of a modified Avramov 
relation, γ the scaling coefficient of a transport property and γG the Grüneisen constant. For all the 
substances in the database, the ratio γEOS/φ is actually higher than γ, with only two exceptions, propylene 
carbonate and 1-methylnaphthalene. Therefore it seems that this relation is not generally applicable to 
liquid transport properties such as viscosities, self-diffusion coefficients or electrical conductivities when 
tested over broad ranges of temperature and pressure [2] far from the glass transition. 
[1] G. Galliero, C. Boned & J. Fernández, J. Chem. Phys. 134 (2011) 064505 
[2] E. R. López, A. S. Pensado, J. Fernández & K. R. Harris, J. Chem. Phys. 136 (2012) 214502  
[3] A. Grzybowski, K. Grzybowska, M. Paluch, A. Swiety, & K. Koperwas, Phys. Rev. E 83, (2011) 
041505  
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Physical pictures for the activation volume in condensed matter 
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The formalism of the activation volume is commonly used to describe pressure effects on dielectric 
relaxation, diffusion, viscosity and electrical conductivity. A deep insight into the dynamics of condensed 
matter systems in microscopic (or mesoscopic) scale requires a self-consistent physical picture for the 
activation volume, i.e., a mode for the transfer of entities (like atoms, molecules, polarons etc) under 
compression, that is qualitatively and quantitatively determined by local or global density fluctuations, as 
well as, atom re-arrangement of the host matrix.  We explore the relation between the phenomenological 
activation volume and the physical visualization of the corresponding microscopic process for different 
types of materials, such as polymers, liquids and heterogeneous systems. 
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To make progress toward finding a proper linkage between dynamics and thermodynamics near the glass 
transition, we have investigated hallmarks of the density scaling in PVT data [1,2], activation volume data 
[3], and the dynamic heterogeneity degree defined by using the four-point correlation function and 
evaluated along different thermodynamic paths [4,5]. Exploiting our new equation of state [1] and 
simulation data, we achieve [2] a nontrivial result that PVT data and structural relaxation times in simple 
models of supercooled liquids based on the Lennard-Jones potential can be scaled with the same value of 
the scaling exponent γ, but the PVT scaling differs from the TVγ-scaling. We formulate an EOS for 
activation volume [3] that enables to scale the activation volume of real and model supercooled liquids in 
the manner similar to the PVT scaling. Moreover, we discuss until recently unknown differences in 
pressure dependences of the isothermal bulk moduli for volume and activation volume. Finally, we argue 
[5] that structural relaxation time cannot be in general a single variable function of the dynamic 
heterogeneity degree and requires supplementing with an additional factor that can be expressed as a 
density function if the density scaling law is obeyed.  
[1] A. Grzybowski, K. Grzybowska, M. Paluch, A. Swiety, K. Koperwas, Phys. Rev. E 83 (2011) 041505. 
[2] A. Grzybowski, K. Koperwas, M. Paluch, Phys. Rev. E 86 (2012) 031501. 
[3] A. Grzybowski, K. Koperwas, A. Swiety-Pospiech, K. Grzybowska, M. Paluch, Phys. Rev. B (in press). 
[4] A. Grzybowski, K. Kolodziejczyk, K. Koperwas, K. Grzybowska, M. Paluch, Phys. Rev. B 85 (2012) 220201(R). 
[5] A. Grzybowski, K. Koperwas, K. Kolodziejczyk, K. Grzybowska, M. Paluch, Nature Comm. (submitted). 
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Adam-Gibbs based approaches to describe the pressure/temperature dependence of the  
segmental dynamics of polymers 

 
Schwartz, Gustavo Ariel1 

(1) Centro de Fisica de Materiales CSIC-UPV/EHU / Donostia International Physics Center 
 
Among the different attempts to describe the polymers segmental dynamics as a function of pressure and 
temperature, Adam-Gibbs based approaches have shown to be a consistent framework for a broad range 
of systems and experimental conditions. Successive extensions of the AG theory have systematically 
described the polymer segmental dynamics in increasingly complex systems. The pressure extended 
Adam-Gibbs (PEAG) equation, proposed one decade ago, describes the pressure/temperature dependence 
of single polymers. Recently, it has been shown that by combining this equation with the concept of chain 
connectivity, it is possible to account for the pressure/temperature dependence of the relaxation time for 
the segmental dynamics of each component in athermal miscible polymer blends. In the case of 
interacting binary mixtures, the model has been modified to take into account the non-negligible 
interaction between the two components. Furthermore, the PEAG equation is also useful to describe the 
polymer dynamics in nano-particles filled compounds. These AG based approaches allow to separate 
thermal and volumetric effects and therefore to reach a better understanding of the glass transition 
process. We will discuss in this work the abilities and limitations of these models to account for the 
pressure/temperature dependence of the segmental dynamics in several systems as measured by means of 
broadband dielectric spectroscopy. 
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Connection between volume and relaxation-rate during aging 

 
Niss, Kristine1; Dyre, Jeppe1 

(1) Roskilde University 
 
This work studies the connection between volume and relaxation-rate during aging. Non-linear volume 
relaxation is studied with a technique analogous to time-domain capacitative dilatometry [1], only using 
larger temperature jumps. The aging of the relaxation rate is monitored via the imaginary part of the 
dielectric constant – as it was done our previous work [2]. The volume and the relaxation rate do not have 
identical relaxation functions. However, using the analysis of Ref. [2], we find that the two processes are 
governed by the same “inner-clock”. This implies time-aging-time superposition, and suggests a simple 
picture where out-of-equilibrium “states” correspond to equilibrium states – at a different temperature. 
This is in contrast to a picture where different “modes” age at different rates, as suggested in Ref. [3].  
The aging is in both cases monitored after an instantaneous temperature jump. Thus the aging is isotherm, 
and our data therefore shows directly how the relaxation-rate changes as a function of volume along an 
isotherm.  
[1] K. Niss, D. Gundermann, T. Christensen, and J.C. Dyre, Phys. Rev. E 85 (2012) 016313.  
[2] T. Hecksher, N.B. Olsen, K. Niss, J.C .Dyre, J. Chem. Phys 133 (2010)  174514.  
[3] R. Richert, Phys. Rev. Lett 104 (2010) 085702.  
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Beyond power law density scaling: Isomorph Theory 
 

Schrøder, Thomas B.2; Bøhling, Lasse2; Ingebrigtsen, Trond S. 2; Veldhorst, Arno A. 2; Grzybowski, 
Andrzej 1; Paluch, Marian 1; Dyre, Jeppe C. 2 

(1) University of Silesia ; (2) DNRF Centre "Glass and Time", Roskilde University  
 
Supercooled liquids are characterised by relaxation times that increase dramatically by cooling or 
compression. From a single assumption the Isomorph Theory [1,2] predicts a scaling law according to 
which the relaxation time is a function of h(ρ) over temperature, where ρ is the density and the function 
h(ρ) depends on the liquid in question [3,4]. This “isomorph scaling” is demonstrated to work well for 
simulations of the Kob-Andersen binary Lennard-Jones mixture and simple molecular models, as well as 
for experimental results for two van der Waals liquids. The often used power-law density scaling,  
h(ρ)=Aργ, is an approximation to isomorph scaling. An analytical expression for h(ρ) for liquids of 
particles interacting via generalised Lennard-Jones potentials is derived and shown to agree very well 
with simulations over large density changes.  
 
[1] N. Gnan, T. B. Schrøder, U. R. Pedersen, N. P. Bailey, and J. C. Dyre, J. Chem. Phys. 131 (2009) 
234504. 
[2] T. B. Schrøder, N. Gnan, U. R. Pedersen, N. P. Bailey, and J. C. Dyre, J. Chem. Phys. 134 (2011) 
164505. 
[3] T. S. Ingebrigtsen, L. Bøhling, T. B. Schrøder, and J. C. Dyre, J. Chem. Phys. 136 (2012) 061102. 
[4] L. Bøhling, T. S. Ingebrigtsen, A. Grzybowski, M. Paluch., J. C. Dyre,  and T B  Schrøder, New J. 
Phys. 14 (2012) 113045. 
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Quantum effects in the glass transition 

 
Novikov, Vladimir1; Sokolov, Alexei1 

(1) University of Tennessee 
 
It is shown that quantum effects may lead to a significant decrease of the glass transition temperature Tg 
with respect to the melting temperature Tm, so that the ratio Tg/Tm in materials where Tg is near or below ~ 
60 K can be much smaller than the typical classical value of 2/3 [1]. Furthermore, it is demonstrated that 
the viscosity or structural relaxation time in such low temperature glass-formers should exhibit highly 
unusual temperature dependence, namely a decrease of the apparent activation energy upon approaching 
Tg  (instead of traditional increase), i.e., behavior characteristic for the strong to fragile transition.      
[1] V.N. Novikov, A. P. Sokolov, Phys. Rev. Lett. 2013 (in press). 
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An Experimental Test of Isochronal Superposition 
 

Roed, Lisa Anita1; Dyre, Jeppe1; Niss, Kristine1 

(1) Roskilde University 
 
In this study, we test whether different liquids obey isochronal superposition. The isochrones are curves in 
the phase diagram where all points have the same relaxation time. A liquid obeys isochronal superposition 
if the dynamics of the liquid is the same at state points on the isochrones. Other investigations of 
isochronal superposition (Ref. [1],[2]) indicate that there are differences between hydrogen bonded 
liquids and van der Waal liquids in relation to isochronal superposition. The data analysis in Ref. [1] and 
[2] is mainly based on visually comparing the relaxation spectra. In relation to this, we develop a 
quantitative measure of isochronal superposition. We conclude that the van der Waal liquids obey 
isochronal superposition better than the hydrogen bonded liquids. Our results follow a prediction from the 
isomorph theory [3], which is previously only tested and supported by very few experimental studies (e.g. 
Ref. [4]). 
[1] C. M. Roland, R. Casalini & M. Paluch, Chemical Physics Letters 367 (2003) 259-264. 
[2] K. L. Ngai, R. Casalini, S. Capaccioli, M. Paluch & C. M. Roland, Journal of Physical Chemistry B 
Letters 109 (2005) 17356-17360. 
[3] N. Gnan, T. B. Schrøder, U. R. Pedersen, N. P. Bailey & J. C. Dyre, Journal of Chemical Physics 131 
(2009) 234504. 
[4] D. Gundermann, U. R. Pedersen, T. Hecksher, N. B. Bailey, B. Jakobsen, T. Christensen, N. B. Olsen, 
T. B. Schrøder, D. Fragiadakis, R. Casalini, C. M. Roland, J. C. Dyre & K. Niss, Nature Physics 7 (2011) 
816-821. 
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Schulz, Gunnar2; Tropin, Timur V.1; Chua, Yeong Zen2; Schmelzer, Jürn W.2; Schick, Christoph2 

(1) Frank Laboratory of Neitron Physics; (2) University of Rostock 
 
The physical characteristics of polystyrene allow straightforward and reproducible measurements of heat 
capacity, Cp, glass transition temperature, Tg, and other properties. The possibility to reuse one sample for 
numerous cooling and heating cycles permits the investigation of the influence of the cooling and heating 
rates on Cp and Tg. 
In our research, we conduct the cooling phases with various (constant) cooling rates, but the respectively 
following heating phases with only one heating rate. The comparison of the heat capacities observed after 
different cooling rates results in an excess Cp, which we also calculate by means of a model.  
Our measurements furthermore yield the fictive temperature in the cooling rate range from 10-4 Ks-1 to 
104 Ks-1. We compare these results with the dynamic Tg observed by means of temperature-modulated 
differential scanning calorimetry (TMDSC). The dependence of the fictive Tg on the cooling rate and the 
dependence of Tg on the modulation frequency turn out to be closely related. 
 

 
 



   325 

Poster 
TV-103 

 
Magnetic Relaxation Behavior due to the Aggregations of Magnetic Particles in a Ferrofluid 

 
SHIBLI, SUHAILA1 

(1) UNIVERSIDADE DE SÃO PAULO 
 

 
  
We studied magnetic relaxation behavior due to the aggregations of magnetic particles in a Ferrofluid. 
Such materials contain single domain magnetic particles whose magnetic moments may align with 
applied magnetic field by two distinct mechanisms: either bulk rotation of the particle with its magnetic 
moment locked in an easy direction of magnetization, or rotation of the magnetic vector out of the easy 
direction. This last one is known as Neel rotation. The Neel relaxation time is a rapidly varying function 
of the particle which leads to the concept of “blocked” particles. Thus, above a critical diameter the 
moment cannot relax in the time taken for a measurement of magnetization to be made and below this 
critical diameter the moment relaxes within the time of measurement. Such behavior is called 
superparamagnetic. From optical and magnetic measurements we had verified that the blocked particles 
appear at diluted ferrofluid samples, but not at the pure ones. The magnetic particles are magnetites with 
typical dimensions of about 10 nm, dispersed in a solvent, coated with dispersive agent to prevent their 
aggregation. The solvent used is water.  So, we have changed the concentration levels at this material by 
adding controlled amounts of distilled water to the matrix. These results lead us to the conclusion that the 
blocked particles are due to a high aggregation of the magnetic particles.  
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Silica-Like Sequence of Anomalies in Core-Softened Systems 

 
Elena, Tsiok1; Yury, Fomin1; Elena, Tsiok1;Valentin, Ryzhov1 

(1) Institute for High Pressure Physics, Russian Academy of Sciences 
 
In this paper we present a simulation study of density, structural and diffusion anomalies in core-softened 
system introduced in our previous publications [1,2]. It is well-known, that with appropriate 
parametrization, core-softened systems are remarkable model liquids that exhibit anomalous properties 
observed in tetrahedral liquids such as silica and water. It is widely believed that core-softened potentials 
demonstrate the water-like sequence of anomalies. We show that with increasing the depth of the 
attractive part of the potential the order of the region of anomalous diffusion and the regions of density 
and structural anomalies is inverted and have the silica-like sequence [3,4]. We also show that the slope 
of the Widom line is negative like in water. 
[1] Yu. D. Fomin, N. V. Gribova, V. N. Ryzhov, S. M. Stishov & Daan Frenkel, J. Chem. Phys. 129 
(2008) 064512. 
[2] Yu. D. Fomin, E. N. Tsiok, and V. N. Ryzhov, J. Chem. Phys. 135 (2011) 234502.  
[3] Yu.D. Fomin, E.N. Tsiok, and V.N. Ryzhov, Eur. Phys. J. Special Topics 216 (2013) 165.  
[4] Yu.D. Fomin, E.N. Tsiok, and V.N. Ryzhov, arXiv:1301.4021 (2013).  
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Dielectric Spectroscopy and Nuclear Magnetic Resonance studies of two antiferroelectric liquid-
crystalline substances 

 
Instytut of Nuclear Physics PAN (1); Adam Mickiewicz University (2); Instytute of Nuclear Physics PAN 

(3); University of Silesia (4) 
Kolek, £ukasz1; Massalska-ArodŸ, Maria3; Paluch, Marian 4; Adrjanowicz, Karolina 4; Ho³derna-

Natkaniec, Krystyna2; WoŸniak-Braszak, Aneta2 
 
For 1-[3-fluoro-4-(1-methylheptyloxycarbonyl)phenyl]-2-[4’-2,2,3,3,4,4,4-heptafluorobutoxy- 
butoxy)biphenyl-4-yl]ethane (1F7) and for 4-(6-heptafluorobutanoiloxyheksyloxy)biphenyl-4’-
carboxylan(S)-4-(1-metyloheptyloxycarbonyl)phenyl (4H6), built of chiral molecules, dielectric 
measurements of liquid-crystalline and solid phases are presented. Rich polymorphism of liquid-
crystalline phases (SmC*, SmC*A and SmI*A for 1F7 and additionally one more phase for 4H6) as well 
as of solid (Cr1 and Cr2) phases were observed down to     -130 °C [1]. In frequency range from 0.1 Hz to 
3 MHz the relaxation processes were detected in ferroelectric SmC*, antiferroelectric SmC*A and highly 
ordered SmI*A smectic phases. Mechanism of dynamics was identified with help of the bias field. 
Vitrification of conformationally disordered crystal phase Cr2 for 1F7 and two crystal-like smectic phases 
for 4H6 was found in accordance with calorimetric observations [2]. Nuclear magnetic resonance 
measurements for 1F7 confirm complex dynamics in liquid crystalline and solid phases. 
[1] Ł. Kolek, M. Massalska-Arodź, D. Majda, B. Wantusiak, S. Zalewski and P. Kula, Acta Phys Pol A 
122  (2012) 370. 
[2] Ł. Kolek, M. Massalska-Arodź, M. Paluch, K. Adrjanowicz, T. Rozwadowski, D. Majda, Dielectric 
spectroscopy of antiferroelectric liquid crystal with 4-[2-(3-fluorophenyl)ethyl] biphenyl molecular core 
(in preparation). 
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University of Leipzig (1); University of Silesia (2); Institute of Nuclear Physics PAN (3) 
Rozwadowski, Tomasz 3; Massalska-Arod¿, Maria 3; Wojnarowska, ¯aneta 2; Paluch, Marian 2; 

Jasiurkowska, Ma³gorzata 1; Kremer, Friedrich 1; Juszyñska, Ewa 3; Krawczyk, Jan 3 
 
The investigations of liquid crystalline substances, especially glass formers is one of the most interesting 
problems in condensed matter physics. 4-cyano-3-fluorophenyl 4-butylbenzoate liquid crystal (4CFPB) 
shows rich polymorphism of solid phase: two crystalline phases, glass of nematic [1]. In isothermal 
experiment performed near room temperature a nematic-smectic phase transition was induced by 
increasing pressure [2].  
Dynamics complexity of 4CFPB in various conditions is presented in frequency range from 10-1Hz to 
106Hz. Two superarrhenius α-relaxations, ascribed to the reorientations of molecules around short axes 
(main process), precession of long molecular axes and the Arrhenius type β-relaxation related to 
intramolecular motions were observed at ambient pressure as well as in the isobaric high pressure 
experiment [3]. In isothermal experiment only bimodal structural relaxation was found [2]. Dynamics in 
porous matrix, with diameter of 6nm and 8nm, is more complex, i.e. collective motions were noticed. 
 
[1] A.Inaba, H.Suzuki, M. Massalska Arodź, T.Rozwadowski, J. Chem. Thermodyn. 54 (2012) 204. 
[2] T. Rozwadowski, M. Massalska-Arodź, Ż. Wojnarowska, M. Paluch, E. Juszyńska, J. Krawczyk, 
Phys. Rev. E 86 (2012) 051702. 
[3] T.Rozwadowski, M.Massalska-Arodź, J.Krawczyk, E.Juszyńska, Ż.Wojnarowska, M.Paluch, Acta 
Phys. Pol. A 122 (2012) 378. 
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Pressure coefficient of the glass transition temperature in the thermodynamic scaling regime 
 

Koperwas, Kajetan2; Grzybowski, Andrzej2; Grzybowska, Katarzyna2; Wojnarowska, Zaneta2;  
Pionteck, Jurgen3; Sokolov, Alexei1; Paluch, Marian2 

(1) University of Tenessee; (2) University of Silesia; (3) Leibnitz Institute of  
Polymers Research Dresden 

 
Ehrenfest equations, which determine the pressure coefficient of the glass transition temperature 

, play an important role in the theory of the glass transition but they are not always fulfilled. A 

very hopeful alternative is our new equation, which describes  developed in the thermodynamic 
scaling regime, i.e., if structural relaxation times can be plotted on one master curve (independently of 
thermodynamic conditions) which is a function of  (  is a material constant interpreted as 3/m  
where m is the exponent of the repulsive part of effective intermolecular potential). We show [1] that the 
values of  from our new equation are consistent with those estimated from experimental  

( )pTg . Our relation, which links  with the exponent , reflects the important role of thermal 

activation ( ) and free volume ( ∞→γ ) in molecular dynamics near the glass transition, 
therefore it takes part in the discussion on a single- or two-order-parameter model of glass-forming 
liquids[2,3]. We find that a recent modification of Prigogine-Defay ratio [4], which results from Ehrenfest 
equations considered in the extreme case of pure free-volume, is not sufficient, because molecular 
dynamics of real glass formers is usually controlled by a combined thermal-volume effect reflected in our 
formula for  . Nevertheless, we show when single-order-parameter models can be still used. 
[1] K. Koperwas, A. Grzybowski, K. Grzybowska, J. Pionteck, A. Sokolov, M. Paluch, Phys. Rev. E 86 
(2012) 041502 
[2] D. Gundermann, U. R. Pedersen, T. Hecksher, N. P. Bailey, B. Jakobsen, T. Christensen, N. B. Olsen, 
T. B. Schrøder, D. Fragiadakis, R. Casalini, C. M. Roland, J. C. Dyre, K. Niss, Nat. Phys. 7 (2011) 816 
[3] H. Shintani, H. Tanaka, Nat. Phys. 2 (2006) 200 
[4] J. W. P. Schmelzer, J. Chem. Phys 136 (2012) 074512 
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In this presentation, an entropic model recently formulated by Mauro et al. [1] for the temperature 
dependence of viscosity in glass-forming materials is generalized [2] to describe the temperature-volume 
dependences of viscosities and structural relaxation times near the glass transition. We find that the 
generalization shows limitations of its temperature precursor. The extended model describes well 
structural dielectric relaxation times τα(T,V) of supercooled van der Waals liquids and satisfactorily 
predict the pressure dependence of the isobaric fragility parameter. The obtained results are discussed in 
the context of the thermodynamic scaling law for molecular dynamics of viscous systems, because the 
newly proposed function τα(T,V) satisfies this scaling law[1] J. C. Mauro, Y. Z. Yue, A. J. Ellison, P. K. 
Gupta, and D. C. Allan, Proc. Natl. Acad. Sci. U.S.A. 106 (2009), 19780. 
[2] E. Masiewicz, A. Grzybowski, A. P. Sokolov, and M. Paluch, J. Phys. Chem. Lett. 3, (2012) 2643. 
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TG-1 
Glass transitions out of equilibrium 

 
Berthier, Ludovic1 

(1) CNRS & Universite Montpellier 2 
 
The glass transition, extensively studied in dense fluids, polymers, or colloids, corresponds to a dramatic 
evolution of equilibrium transport coefficients upon a modest change of control parameter, like 
temperature or pressure. A similar phenomenology is found in many systems evolving far from 
equilibrium, such as driven granular media, active and living matter. While many theories compete to 
describe the glass transition at thermal equilibrium, very little is understood far from equilibrium. We 
have solved the dynamics of a specific, yet representative, class of glass models in the presence of 
nonthermal driving forces and energy dissipation, and show that a dynamic arrest can take place in these 
nonequilibrium conditions. While the location of the transition depends on the specifics of the driving 
mechanisms, important features of the glassy dynamics are insensitive to details, suggesting that an 
`effective' thermal dynamics generically emerges at long time scales in nonequilibrium systems close to 
dynamic arrest. 
[1] L. Berthier and J. Kurchan, “Nonequilibrium glass transitions in driven and active matter” (2013). 
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Normale Supérieure; (5) Duke University 

 
The glass problem is notoriously hard and controversial. Even at the mean-field level, there is little 
agreement about how a fluid turns sluggish while exhibiting but unremarkable structural changes. It is 
clear, however, that the process involves self-caging, which provides an order parameter for the 
transition. It is also broadly assumed that this cage should have a Gaussian shape in the mean-field limit. 
Here we show that this ansatz does not hold, and explore its consequences [1]. Non-Gaussian caging, for 
instance, persists all the way to the jamming limit of infinitely compressed hard spheres, which affects 
mechanical stability [2]. We obtain new scaling relations, and establish clear mileposts for the emergence 
of a mean-field description of the jamming and glass transitions [3]. 
[1] P. Charbonneau, A. Ikeda, G. Parisi & F. Zamponi, Proc. Nat. Acad. Sci. U.S.A. 109 (2012) 13939. 
[2] P. Charbonneau, E. Corwin, G. Parisi & F. Zamponi, Phys. Rev. Lett, 109 (2012) 205501. 
[3] P. Charbonneau, G. Parisi & F. Zamponi, (2012), arXiv:1210.6073. 
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(1) University of Chicago; (2) University of Pennsylvania; (3) University of Science and  
Technology of China 

 
In solid state physics, we first learn about perfect crystals because they represent an extreme limit of a 
rigid solid.  This limit is tractable and serves as a useful starting point for understanding the properties of 
real crystalline solid with defects.  Here I will argue that the marginally jammed solid at the jamming 
transition of ideal spheres constitutes an extreme limit of a fully disordered solid.   In a well-defined sense 
it is the opposite pole to the perfect crystal, and serves as a useful starting point for understanding the 
properties of real glasses. 
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Glass Transition by Random Pinning 
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The relaxation time of super-cooled liquids increases by more than ten orders of magnitude when 
temperature is decreased by a relatively small amount. This feature, which is the hallmark of the glass 
transition, is also the main obstacle to study it because liquids inevitably fall out of equilibrium before 
showing any genuine critical behavior. In this talk, I propose a way to short-circuit this problem, cross the 
phase transition and sample the ideal glass in equilibrium. It is based on the idea of pinning particles at 
random from an equilibrium configuration. Contrary to cooling protocols, immediately after pinning the 
liquid formed by the remaining free particles is automatically at equilibrium. Thus, the ideal glass can be 
reached easily: one has just to pin enough particles. This makes possible a whole new set of 
investigations; in particular one can now approach the glass transition both from the liquid and the glass 
side.  
In this talk I will present the theory of the glass transition induced by random pinning, discuss 
generalizations of the pinning procedure and point out differences with other approaches. 
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In this talk we discuss a first principle method to compute the rigidity, the plateau shear-modulus of 
super-cooled liquids, glasses including jamming systems by the cloned liquid approach, which combines 
the liquid theory and the replica method. The replica trick provides a convenient way to disentangle the 
alpha and beta like fluctuations mixed up in the thermal fluctuations in liquids so that one can extract the 
plateau modulus just from the knowledge of liquids. We discuss specific implementations in two standard 
model systems for the glass transition [1,2] and jamming transition [3] and compare our results with some 
rheology experiments, MD simulations and other theoretical approaches including the MCT. 
[1] H. Yoshino and M. Mézard, Phys. Rev. Lett., 105 015504 (2010). 
[2] H. Yoshino, J. Chem. Phys. 136, 214108 (2012).  
[3] H. Yoshino, arXiv:1210.6826, to appear in the AIP conference proceedings for “Slow Dynamics in 
Complex Systems” (Sendai, Japan, Dec. 2012). S. Okamura and H. Yoshino, in preparation. 
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The relationship between the characteristics of cooperatively rearranging regions leading to structural 
relaxation, configurational entropy and relaxation times is central to the Adam-Gibbs and random first 
order transition (RFOT) theories of the glass transition. We examine spatially correlated clusters of 
mobile, immobile and collectively moving particles, examining their geometry and time scales associated 
with them, for a model polymer melt [1]. Results will be presented from an analysis of these clusters 
within the framework of the Adam-Gibbs and RFOT theories, examining the appropriateness of 
identifying the size scales of these clusters with that of the cooperatively rearranging regions. Results 
from similar analysis for other model glass formers will be presented in order to evaluate the generality of 
the results obtained. 
[1] F. W. Starr, J. F. Douglas, and S. Sastry, J. Chem. Phys. (in press) 2013.  
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The glass transition refers to the non-equilibrium process by which an equilibrium liquid is transformed to 
a non-equilibrium disordered solid, or vice versa. Associated response functions, such as heat capacities, 
are markedly different on cooling than on heating, and the response to melting a glass depends markedly 
on the cooling protocol by which the glass was formed. I will describe [1] how this irreversible behavior 
can be interpreted quantitatively from dynamical facilitation in terms of an East-model picture of 
localized excitations, which undergo hierarchical dynamics that is manifested in the dynamic 
heterogeneity of the supercooled liquid phase. While equilibrium thermodynamics is virtually featureless, 
a non-equilibrium glass phase emerges when the model is driven out of equilibrium with a finite cooling 
rate. The correlation length of this emergent phase is large and increases with decreasing cooling rate. A 
spatially and temporally resolved fictive temperature encodes memory of its preparation. Parameters 
characterizing the model can be determined from reversible transport data, and with these parameters 
predictions of the model agree well with differential scanning calorimetry experiments.  From the 
conceptual point of view [2], I will describe how the non-equilibrium glass phases obtained at finite 
cooling relate to the dynamical, or “space-time”, phase-transitions between active and inactive dynamical 
phases revealed by the s-ensemble [3] trajectory method. 
[1] A.S. Keys, J.P. Garrahan and D. Chandler, arXiv:1211.3396. 
[2] A.S. Keys, J.P. Garrahan and D. Chandler, to appear. 
[3] L.O. Hedges, R.L. Jack, J.P. Garrahan and D. Chandler, Science 323, 1309 (2009). 
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It has been recently recognized that the replica approach, in spite of its intrinsically static character, can 
be used to extract qualitative and quantitative information on critical dynamics of glassy systems [1,2]. 
More precisely it allows to compute the so-called parameter exponent that controls all dynamical 
exponents according to Mode-Coupling-Theory (MCT). This result has a deep physical origin: the 
parameter exponent is equal to the ratio of two quasi-static six-point susceptibilites, much as the critical 
temperature is characterized by the divergence of a four-point susceptibility. 
I will give an overview of this line of research which is currently being developed in various directions. 
One is a better understanding of the connection between MCT and replica approach [3], another is the 
study of the so-called A3 singularities, that appear, for instance, in the problem of pinning. More 
strikingly this approach can be extended to off-equilibrium glassy behaviour, leading to the fact that 
various dynamical exponents related to off-equilibrium dynamics can be associated to static equilibrium 
susceptibilities [4]. 
[1] F. Caltagirone, U. Ferrari, L. Leuzzi, G. Parisi, F. Ricci-Tersenghi and T. Rizzo, Phys. Rev. Lett. 108, 
085702 (2012). 
[2] G. Parisi and T. Rizzo,  Phys. Rev. E 87, 012101 (2013). 
[3] T. Rizzo, arXiv:1209.5578. 
[4] F. Caltagirone, G. Parisi and T. Rizzo, arXiv:1212.0475. 
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The properties of glass-forming systems at the Kauzmann temperature 

 
Kob, Walter1; Berthier, Ludovic1 

(1) Universite Montpellier 2 
 
The Kauzmann temperature TK is one of the fundamental temperatures of glass-forming 
systems. There is convincing experimental evidence that glass-formers have at TK a singularity 
in their thermodynamic properties (their configurational entropy vanishes) as well as in their 
dynamics (their Vogel temperature is often very close to TK ). This observation is the reason for 
the success of the popular Adam-Gibbs theory. 
Despite the obvious importance of this temperature, nobody has so far been able to study the 
equilibrium properties of a glass-former close to its Kauzmann temperature since the 
experimental glass transition occurs well above TK , i.e.  Tg  >TK , and hence the liquid falls out 
of equilibrium. 
Recently a new method has been proposed that should make it possible to probe the equilibrium 
properties of a glass-former even at its Kauzmann temperature. In this talk I will present this 
method and discuss first results of computer simulations that give evidence that at the 
Kauzmann point the system undergoes a first order phase transition from a liquid to an ideal 
glass state.  
Ref.: W. Kob and L. Berthier, “Probing a liquid to glass transition in equilibrium” 
arXiv:1301.1795 
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Why glass elasticity affects the thermodynamics and fragility of super-cooled liquids 
 

Wyart, matthieu 1; Yan, Le1; during, gustavo 1 

(1) NYU 
 
Super-cooled liquids are characterized by their fragility: the slowing down of the dynamics under cooling 
is more sudden and the jump of specific heat at the glass transition is generally larger in fragile liquids 
than in strong ones. Despite the importance of this quantity in classifying liquids, explaining what aspects 
of the microscopic structure controls fragility remains a challenge. Surprisingly, experiments indicate that 
the linear elasticity of the glass – a purely local property of the free energy landscape – is a good predictor 
of fragility. In par- ticular, materials presenting a large excess of soft elastic modes, the so-called boson 
peak, are strong. This is also the case for network liquids near the rigidity percolation, known to affect 
elasticity. Here we introduce a model of the glass transition based on the assumption that particles can 
organize locally into distinct configurations, which are coupled spatially via elasticity. The model 
captures the mentioned observations connecting elasticity and fragility. We find that materials presenting 
an abundance of soft elastic modes have little elastic frustration: energy is insensitive to most directions 
in phase space, leading to a small jump of specific heat. In this framework strong liquids turn out to lie 
the closest to a critical point associated with a rigidity or jamming transition, and their thermodynamic 
properties are related to the problem of number partitioning and to Hopfield nets in the limit of small 
memory. 
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Random pinning glass transition: mode-coupling theory and the replica approach 

 
Szamel, Grzegorz1; Flenner, Elijah1 

(1) Colorado State University 
 
Recently, we proposed a simple mode-coupling approach to glassy dynamics of partially pinned fluid 
systems [1]. Our approach is different from the mode-coupling theory developed by Krakoviack [2]. In 
contrast to Krakoviack’s theory, our approach predicts a random pinning glass transition scenario that is 
qualitatively the same as the scenario obtained using a mean-field analysis of the spherical p-spin model 
and a mean-field version of the random first-order transition theory.  
Here we establish a relation between the transition predicted by our mode-coupling theory and the static 
replica approach. We show that the equation for the non-ergodicity parameter obtained using our theory 
can also be derived from the replica approach. 
[1] G. Szamel and E. Flenner, arXiv:1204.6300. 
[2] V. Krakoviack, Phys. Rev. Lett. 94, 065703 (2005), Phys. Rev. E 84, 050501 (2011). 
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Nonlinear mechanical response of supercooled liquids: mode coupling theory and Brownian  
dynamics simulations 

 
Fuchs, Matthias5; Brader, Joseph1; Cates, Mike2; Egelhaaf, Stefan4; Horbach, Jürgen4; 

 Krüger, Matthias3; Weysser, Fabian5 

(1) Universität Fribourg; (2) University of Edinburg; (3) Universität Stuttgart; (4) Universität Düsseldorf;  
(5) Universität Konstanz 

 
I will present and discuss a generalization of the mode coupling theory to the non-linear mechanical 
response of super-cooled liquids. Assuming homogeneous and incompressible but otherwise arbitrary 
flow, a theoretical description of the stresses, micro-structure, and particle motion are developed [1]. The 
history dependence of the glassy state can be explored. Residual stresses remain in glass after pre-
shearing, which are related to the fluidization of extended regions. The latter can be observed in the 
particle displacements, which exhibit increased mobility up to a waiting-time dependent length scale. 
Adding Brownian dynamics simulations, the shear-induced non-affine particle motion provides 
information on the microscopic transport mechanisms. Quantitative tests of the microscopic theory are 
performed and will be discussed [2].  
[1] J.M. Brader, M.E. Cates, and M. Fuchs, First-Principles Constitutive Equation for Suspension 
Rheology, Phys.Rev.E, 86, 021403 (2012).   
[2] M. Krüger, F. Weysser and M. Fuchs, Tagged-particle motion in glassy systems under shear: 
Comparison of mode coupling theory and Brownian Dynamics simulations, Eur.Phys.J. E  34, 88 (2011). 
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Connecting structural constraints on relaxation in supercooled liquids and glasses 

 
Widmer-Cooper, Asaph2; Mosayebi, Majid1; Ilg, Patrick1; Del Gado, Emanuela1 

(1) ETH Zurich; (2) The University of Sydney 
 
The structure of the potential energy landscape (PEL) sampled by supercooled liquids has been invoked 
to explain many aspects of their slow dynamics upon approaching the glass transition. Recently, the low-
frequency normal modes of local minima (IS) in the PEL have been shown to be localized in real space 
and spatially correlated with both dynamic heterogeneities (DH) present in the supercooled liquid and 
plastic instabilities present in the glass. Studying a model supercooled liquid, we show that the soft mode 
localization becomes increasingly good at predicting the spatial pattern of DH upon cooling, and find that 
~2% of the lowest frequency modes correlate strongly with DH. In contrast, only the very softest modes 
are spatially correlated with the non-affine displacements (NAD) that connect minima related via a small 
shear deformation. This indicates that the association between soft modes and plastic instabilities 
previously observed in amorphous solids has a precedent already in the supercooled liquid. Finally we 
detect a critical deformation magnitude, beyond which the spatial pattern of soft regions changes. This 
lengthscale is roughly independent of temperature and system size and thus appears to be a well-defined 
property of the PEL. It also coincides with a rise in the IS energy and a maximum in the IS shear stress, 
thus suggesting that these various features of the PEL, which have been linked to properties from DH to 
viscosity, are in fact coupled to one another. 
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Static order parameter and its critical correlations in glasses: a replica theory approach 
 

Jacquin, Hugo1 

(1) Ecole Normale Superieure de Lyon, Laboratoire de Physique 
 
The problem of the glass transition is notoriously difficult, and was historically addressed by dynamical 
approaches, since the standard structural quantities in a glass do not differ from liquid structural 
quantities. However, developments in the theory of spin glasses started to be applicable to the problem of 
structural glasses, through the identification of a static order parameter for the glass transition. A mean-
field theory started to emerge, that take into account only the presence of a large number of metastable 
states in the slowing down of the dynamics of glasses [1]. In the high dimensional limit, the picture 
offered by this theory seems to be the correct one. However, the situation in finite dimensions is much 
less satisfactory, and dynamical effects are likely to be coupled to static aspects, complicating theoretical 
treatments. Even in the static framework, drastic approximations have to be made in order to obtain 
tractable results, and this blurs the understanding of the limits of the static approach when compared to 
simulations. We will present our recent efforts [2,3] to push the static framework to its limit with the goal 
to clearly draw the line, between landscape dominated dynamics, and activated dynamics. 
[1] G. Parisi & F. Zamponi, Rev. Mod. Phys. 82 (2010) 789 
[2] H. Jacquin & F. Zamponi, to appear in J. Chem. Phys. (2013) 
[3] S. Franz, H. Jacquin, G. Parisi, P. Urbani & F. Zamponi, Proc. Nat. Acad. Science 109 (2012) 18725 
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Glass formation in polymer melts and blends: The generalized entropy theory calculations 

 
Dudowicz, Jacek2; Freed, KarL2; Douglas, Jack1 

(1) NIST; (2) University of Chicago 
 
The generalized entropy theory (GET) of polymer glass formation is based on a synthesis of the lattice 
cluster theory for the thermodynamics of semi-flexible polymer fluids with the Adam-Gibbs (AG) 
relation between the structural relaxation time and the configurational entropy sc (which characterizes the 
number of distinct fluid conformational states and excludes the contributions from vibrational motions) of 
cooled liquids. A crucial feature of the GET lies in theidentification of sc in the AG relation with the 
configuration entropy density (rather than with the entropy per unit mass). The resultant theory explains 
many aspects of the thermodynamics and dynamics of glass formation in polymer melts, including the 
molecular origins of fragility and trends in the variations of the four characteristic temperatures of glass 
formation with polymer microstructure. The theory is shown also to address within a unified framework 
glass formation under constant pressure or constant volume thermodynamic conditions. Recent work is 
described with a focuses on analyzing the coupling between phase separation and glass formation in 
polymer blends. 
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Potential Energy Landscape dynamics of single driven particles in supercooled liquids 
 

Schroer, Carsten F. E.1; Heuer, Andreas1 

(1) Westfälische Wilhelms-Universität Münster 
NRW Graduate School of Chemistry, Wilhelm-Klemm-Straße 10, 48149, Münster 

 
We study the physics of a single driven tracer particle in supercooled liquids via computer simulations. 
Our main focus relies on the relation between the dynamics of the system and the properties of the 
underlying Potential Energy Landscape (PEL). On this account, we track the minima of the PEL the 
system explores during its time evolution which allows us to define dynamic transitions between  coarse 
grained minima, called metabasins (MB). Analogous to the equilibrium case, also the discrete dynamic 
events of stationary non-equilibrium systems can be understood in terms of a continuous time random 
walk. 
The MB approach enables one to achieve a deeper understanding of the physical properties of glassy 
systems far from equilibrium, e.g. the linear and non-linear increase of the tracer particle  mobilities [1] 
and the occurrence of superdiffusivity parallel to the force direction [2]. With the help of the underlying 
PEL, important information can be gained about the dynamics, e.g. about the onset of non-linear effects. 
The non-linear regime can be discussed in terms of a rejuvenation scenario. 
[1] C. F. E. Schroer and A. Heuer, J. Chem. Phys. 138, (2013) 12A518. 
[2] C. F. E. Schroer and A. Heuer,  arXiv:1210.1081, PRL (in press). 
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Mode-coupling theory of the glass transition for confined fluids 

 
Lang, Simon3; Franosch, Thomas3; Schilling, Rolf4; Oettel, Martin1; Krakoviack, Vincent2 

(1) Eberhard Karls Universität Tübingen; (2) École normale supérieure de Lyon; (3) Friedrich-Alexander-
Universität Erlangen-Nürnberg; (4) Johannes Gutenberg-Universität Mainz 

 
We have elaborated a mode-coupling theory (MCT) for the collective [1] as well as the tagged-particle 
dynamics [2] of dense or supercooled liquids confined between two parallel walls. The lack of 
translational invariance with respect to one spatial direction requires to employ discrete symmetry-
adapted  eigenmodes  [3]. Following the framework of the projection-operator formalism of Zwanzig & 
Mori exact equations of motion are derived and closed by the scheme of MCT. Thereby, a systematic 
convolution approximation for confined fluids is performed to simplify the MCT-Vertices  [3]. The MCT 
memory function of the forces accounts for the caging  mechanisms of dense liquids in confined 
geometry via the generalized structure factor and the density profiles, which are obtained by density 
functional theory [1]. 
We solve the equations of motion for the long-time limit  in the case of hard spheres and obtain the glass 
transition line as a function of the wall separation. The transition line varies oscillatory  upon increasing 
the distance and we identify a multiple reentrant transition along paths of constant density (isopycnics) 
[4].       
[1]  S. Lang, V. Botan, M. Oettel, D. Hajnal, T. Franosch  & R. Schilling, Phys. Rev. Lett 105 (2010) 
125701 
[2]  S. Lang, R. Schilling & T. Franosch  (in preparation) 
[3]  S. Lang, R. Schilling, V. Krakoviack & T. Franosch, Phys. Rev. E 86 (2012) 021502 
[4]  S. Mandal, S. Lang, R. Schilling, V. Botan, M. Oettel, D. Raabe, T. Franosch & F. Varnik (in 
preparation) 
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Coupling of dynamics and local structure in a model glass former 
 

Speck, Thomas1; Royall, C. Patrick2; Malins, Alex2 

(1) Heinrich-Heine-Universität Düsseldorf; (2) University of Bristol 
 
While approaching the glass transition, dynamics in supercooled liquids slows down dramatically (the 
viscosity increases by ten or so magnitudes) over a rather small temperature range. It is one of the long-
standing puzzles in glassy physics that at the same time the global structure, as measured by the structure 
factor, shows very little changes. By following the "thermodynamics of trajectories" approach, we aim to 
elucidate the role of higher-order structural motifs, which have been argued to become prevalent in glass-
forming liquids upon quenching. For the popular Kob-Andersen model, we demonstrate numerically that 
slow trajectories with only very few mobile particles contain a larger than average number of a certain 
local motif. Subsequently, encouraging the supercooled liquid to form these structures, we induce the 
formation of a high-temperature, stable glass and study its melting properties. 
[1] T. Speck, A. Malins, and C.P. Royall, Phys. Rev. Lett. 109 (2012) 195703 
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Molecular dynamics simulation of orientational glass formation in anisotropic particle systems 

 
Takae, Kyohei1; Onuki, Akira1 

(1) Department of Physics, Kyoto University 
 
We propose a microscopic model of molecular dynamics simulations to study glassy dynamics of 
mixtures of spheroidal particles and isotropic impurities [1]. When the sizes of spheroids and impurities 
are almost the same, we realize face-centred cubic crystals without orientational order in a rotator phase at 
relatively high temperatures. As the temperature is lowered, the disordered matrix is gradually replaced 
by four kinds of orientationally ordered, rhombohedral domains. Two-phase coexistence is realized in a 
temperature window. The impurities serve to anchor the orientations of the surrounding anisotropic 
particles, resulting in finely divided domains or medium range orientational order, yielding an 
orientational glass. We examine the rotational dynamics of the molecular orientations which is slowed 
down at low temperature. As the singular mechanical responses to applied stress, we predict the shape 
memory effect under a stretching cycle due to inter-variant transformation. We also argue double glass 
behaviour in mixtures of spheroids and isotropic particles with large size differences, where both the 
translational and rotational disorder proliferates as increasing the concentration of the impurities. 
[1] Kyohei Takae and Akira Onuki, EPL 100 (2012) 16006. 
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Confinement Effects on the Jamming Transition in Kinetically-Constrained Models 
 

Shokef, Yair1; Teomy, Eial1; Ghosh, Antina1 

(1) Tel-Aviv University 
 
Kinetically-constrained models have trivial interactions and relatively simple kinetic rules, which 
generate clusters of mutually-blocked particles, and thus lead to cooperative and slow relaxation; and 
ultimately to jamming when the typical size of these clusters exceeds the system size. The Kob-Andersen 
and Fredricksen-Andersen models, for which the kinetic constraint depends only on the number of 
neighboring occupied sites, have finite-sized blocked clusters at any particle density, and thus jam only in 
finite-sized systems. In jamming-percolation models, such as the spiral model, the blocked particles form 
a system-spanning cluster at finite density, and thus exhibit a singular ergodic-nonergodic phase transition 
in the thermodynamic limit.  
In this talk, we present our recent investigation of jamming transitions in kinetically-constrained models. 
We generalize the spiral model to include density, temperature and nonequilibrium driving as separate 
control parameters, and disentangle the three different relaxation mechanisms responsible for unjamming 
when varying each of them. We show that dynamic heterogeneity depends on density much more strongly 
than on temperature and driving. Subsequently, we study the effects of box size and shape on jamming in 
the Kob-Andersen and Fredrickson-Andersen models. We show how jamming can occur as the system's 
aspect ratio is changed, and find that the scaling laws for the critical density vs system size depend on the 
system's shape. 
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Understanding Surface Dynamics and Viscoelastic Response of Ionic Liquids: a Grazing Incidence 

Photon Correlation Spectroscopy Study 
 

Cazzato, Stefano2; Izzo, Maria Grazia2; Chushkin, Yuriy1; Matic, Aleksandar2; Jacobsson, Per2 

(1) European Synchrotron Radiation Facility (ESRF); (2) Chalmers University of Technology 
 
Thermally-activated hydrodynamic modes at the surface of a liquid material are quite different from bulk 
modes due to the boundary conditions at the interface, resulting in the interplay of surface tension and 
bulk viscoelasticity. Theoretical arguments predict the spectrum of collective surface excitations in purely 
viscous liquids, as experimentally confirmed by Dynamic Light Scattering and, recently, by Grazing 
Incidence X-ray Photon Correlation Spectroscopy (GIXPCS) [1]. In this work, we for the first time apply 
GIXPCS to the study of surface dynamics of Ionic Liquids (ILs) in the supercooled state. We show that 
an unexpectedly complex behavior for the bulk shear modulus G(ω) must be assumed in order to 
reproduce experimental observations. In this context, a new formalism is developed, capable of providing 
an approximate analytical expression for observed relaxation patterns. 
The results, pointing towards a peculiar behavior of the low-frequency shear modulus, suggest a 
connection between the emergence of a complex viscoelastic response and the occurrence of structural 
and dynamical heterogeneity in the supercooled state. ILs are here an ideal testing ground due to the 
existence of nano-scale heterogeneities resulting from the interplay of Coulomb and van der Waals 
interactions [2]. 
[1] Y. Chushkin, C. Caronna & A. Madsen, Europhys. Lett. 83, (2008) 36001. 
[2] A. Triolo, O. Russina, H.-J. Bleif & E. Di Cola, J. Phys. Chem. B 111, (2007) 4641. 
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Cages and Jumps in supercooled liquids 
 

Pastore, Raffaele 1; Pica Ciamarra, Massimo1; Coniglio, Antonio1 

(1) CNR-SPIN, University of Naples "Federico II" 
 
On approaching the glass transition particles motion becomes intermittent: each particle rattles in a 'cage' 
for a long time until it performs a rapid 'jump' into a different cage. Cage escape by jump has been 
recognized as the elementary relaxation event which hierarchically leads to the emergence of dynamical 
heterogeneities (DHs) on larger time scales [1]. In this scenario, cooperativity arises from dynamic 
facilitation [2,3]. However, the spatio-temporal organization of these elementary events, the way they 
build up DHs, and, the temperature range, where this relaxation mechanism remains relevant, requires 
further investigations. Using molecular dynamics simulations of a supercooled liquid, we introduce a 
protocol to identify cages and jumps in the particle trajectories. A statistical and structural 
characterization of cages and jumps allows us to clarify their role in the relaxation process as the 
temperature is lowered.  
[1] A.S. Keys, L.O. Hedges, J.P. Garrahan, S.C. Glotzer & D. Chandler, Phys. Rev. X 1 (2011) 021013. 
[2] R. Candelier, O. Dauchot & G. Biroli, Phys. Rev. Lett. 102 (2009) 088001. 
[3] R. Candelier, A. Widmer-Cooper, J.K. Kummerfeld, O. Dauchot, G. Biroli, P. Harrowell & D. R. 
Reichman, Phys. Rev. Lett. 105 (2010) 135702. 
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Relating the density scaling exponent to the pair potential 

 
Bøhling, Lasse1; Schrøder, Thomas 1; Bailey, Nicholas1; Dyre, Jeppe1 

(1) Roskilde University 
 
In this simulation study, we demonstrate how the density scaling exponent relates directly to the 
interacting pair potential. The density scaling exponent gamma is the slope of lines with identical excess 
entropy, in a density – temperature log-log phase diagram. These lines are named isomorphs and describe 
e.g. freezing and melting curves [1]. They exhibit invariant structure, dynamics and other properties when 
expressed in reduced units. At one state point gamma is calculated from equilibrium potential – virial 
energy fluctuations in the NVT ensemble. The density dependence of gamma was recently found in [2] 
and used to generate isomorphs. Molecular Dynamics simulations with different atomistic systems having 
a well defined scaling exponent – strongly correlating liquids – confirm how the density scaling exponent 
calculated from fluctuations corresponds to the values calculated directly from the pair potential. This 
imply that we can determine the shape of freezing and melting lines, purely from knowledge of the pair 
potential. According to isomorph theory, the phase diagram is reduced from two independent variables to 
one. This variable is found by integration of gamma and the phase diagram is therefore mapped out 
qualitatively just from knowledge of the pair potential. 
[1] T. B. Schrøder et al. Journal of Chemical Physics, vol  134 (2011) 164505 
[2] L. Bøhling et al. New Journal of Physics, vol. 14, (2012) 113035 
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Dynamic Equivalence Between 2-dimensional Soft-Disk Glass-Forming Liquids 

 
Lázaro Lázaro, Edilio1; Gonzales Acevedo, Maria Guadalupe1; Ojeda López, Miguel Ángel1; 

Medina Noyola, Magdaleno 
(1) Universidad Autónoma de San Luis Potosí 
As is well-known, the nature of the glass transition and the physical processes involved in the vitrification 
are not fully understood. In particular, the dependence on the spatial dimension of this transition has 
barely been explored [1-5]. In this context, the dynamic equivalence between hard- and soft-core glass-
forming liquids provides a simple unifying principle of otherwise seemingly disconnected features of the 
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dynamics of glass-forming liquids [6,7]. Thus, verifying the validity of this dynamic equivalence in two-
dimensions is an important step towards understanding the effects of dimensionality on the dynamic 
arrest phenomena. With this aim, using simulations of two-dimensional bi-disperse soft-disks, along with 
the self-consistent generalized Langevin equation (SCGLE) theory of colloid dynamics, here we 
demonstrate that the three-dimensional principle of dynamic equivalence also holds between soft-disks 
and hard-disks fluids in two-dimensions. As in three dimensions, this principle describes the interplay of 
the effects of varying the density n, the temperature T, and the interaction softness ν, on the dynamics of 
soft-disk liquids in terms of simple scaling rules [8]. Thus, we identify a dynamic universality class 
associated with the hard disc fluid as the set of soft-disc systems whose dynamic properties, such as the α-
relaxation time and the long-time self-diffusion coefficient, depend on n, T, and  ν, only through the 
effective hard-disc packing fraction with the effective hard-disk diameter determined by the Andersen-
Weeks-Chandler condition for soft-sphere–hard-sphere structural equivalence [9]. We also find that the 
theoretical predictions of the SCGLE theory are in reasonable agreement with the Brownian dynamic 
simulation data.  
[1] B. Schmid and R. Schilling, Phys. Rev. E 81, 041502 (2010)  
[2] R. Speedy,  J. Chem. Phys. 110,4559 (1999). 
[3] M. Bayer, J. Brader, F. Ebert et al. Phys. Rev. E 76, 011508 (2007).  
[4]T. Kawasaki, T. Araki, H. Tanaka, Phys. Rev. Lett. 99, 055501 (2007).  
[5] D. Perera, P, Harrowell, J. Chem. Phys. 111,5441 (1999). 
[6] P. Ramírez-González, L. López Flores, H. Acuña-Campa and M. Medina Noyola Phys. Rev. Lett. 99, 
055501 (2007).  
[7]  P. Ramírez-González and M. Medina Noyola, J. Phys. Condens. Matter 21, 075101 (2009). 
[8] F. de J. Guevara-Rodríguez and Magdaleno Medina-Noyola,Phys. Rev. E 68, 011405 (2003) 
[9] H. Andersen, J. D. Weeks and D. Chandler ,Phys. Rev. A 4, 1597 (1971) 
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Relaxation phenomenon in Se-rich chalcogenide glasses - Effect of characteristic structural entities 

 
Svoboda, Roman1; Málek, Jiøí1 

(1) University of Pardubice  
 
Although the glass transition phenomenon is known for centuries, its exact fundaments are still 
undisclosed. Number of models have been developed over time in order to obtain a reliable and 
meaningful approximation of the structural relaxation behavior – phenomenological models lead the way 
nowadays. However, the question stands, whether the precise description of experimental data outweighs 
the missing physical meaning of model parameters. For this reason, there has always been an effort to 
somehow interpret these parameters and link them to the particular relaxation features or concrete 
relaxing molecular structures. In our work, we would like to introduce such interconnection for the 
current top phenomenological relaxation model – the Tool-Narayanaswamy-Moynihan model. 
Thorough study of relaxation behavior was performed for number of compositions from the Se-Te, Ge-Se 
and As-Se glassy systems. Enthalpy relaxation was measured by DSC; curve-fitting as well as non-fitting 
methods were applied to determine the values of TNM parameters corresponding to each composition. 
The compositional dependencies of TNM parameters were explained in terms of a novel conception, 
which represents a unique connection between the various molecular structures and parameters of the 
phenomenological TNM model – an interpretation that has been intensively sought over past decades.  
Authors wish to thank to project CZ.1.07/2.3.00/20.0254 realized by European Social Fund and Ministry 
of Education, Youth and Sports of Czech Republic. 
 

 
 



   340 

Poster 
TG-106 

Fragile-Strong Fluid Crossover and Universal Relaxation Times in a Confined Hard-Disk Fluid 
 

Zaeifi Yamchi, Mahdi1; Zaeifi Yamchi, Mahdi1; Bowles, Richard K.1; Selvarajan, Ashwin S.1 

(1) University of Saskatchewan 
 
We show that a system of hard disks confined to a narrow channel exhibits a fragile-strong fluid 
crossover located at the maximum of the isobaric heat capacity and that the relaxation times for different 
channel widths fall onto a single master curve when rescaled by the relaxation times and temperatures of 
the crossover [1]. Calculations of the configurational entropy and the inherent structure equation of state 
find that the crossover is related to properties of the jamming landscape for the model but that the Adam-
Gibbs relation does not predict the relaxation behaviour. We also show that a facilitated dynamics 
description of the system, where kinetically excited regions are identified with local packing 
arrangements of the disks, successfully describes the fragile-strong crossover. 
[1] M. Zaeifi Yamchi, S. S. Ashwin, and R. K. Bowles, Phys. Rev. Lett. 109 (2012) 225701. 
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Localisation of fluids in heterogenous media 
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Transport of mass in heterogeneous media is important in many fields, ranging from geophysics over 
biological systems to ion-conductors.  Typically, heterogeneous media consist of at least two components, 
a matrix and a fluid, with a strong separation of relaxation time scales. 
The simplest realization of such a system is the Lorentz model, where a single tracer particle in a matrix 
of randomly placed, overlapping, hard-sphere obstacles, and shows anomalous diffusion in the approach 
to a localization transition. This transition is well understood as a dynamic critical phenomenon, with 
critical exponents known from both scaling arguments and molecular dynamics simulations. 
It is unknown whether this transition is present in more complicated heterogeneous media or if it is 
fundamentally modified by, for example, the interaction of the fluid particles or the choice of the 
interaction potential. 
Here, we study the influence of a soft potential on the Lorentz model dynamics. First, we reproduce the 
Lorentz model with a weakly correlated matrix of soft, purely-repulsive particles into which a single 
tracer is placed. Second, we replace the single particle by an ideal gas with a Boltzmann energy 
distribution and find that the transition is smeared out. We focus in particular on the scaling predictions of 
the Lorentz model and the finite size scaling present in these two systems. 
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TG-108 
Dynamical Correlation Length and Relaxation Processes in a Glass Former 

 
Pastore, Raffaele1; Pica Ciamarra, Massimo1; de Candia, Antonio1; Coniglio, Antonio1 

(1) CNR-SPIN, University of Naples "Federico II" 
 
The dynamic slowing down occurring in supercooled liquids has been related to the presence of 
Dynamical heterogeneities (DHs), i.e. clusters of particles dynamically correlated during times and over 
lengths, whose typical size grows on approaching the glass transition. In this poster I will illustrate results 
concerning the kinetically constrained Kob-Andersen lattice glass model [1], I have investigated via 
Monte Carlo simulations. Contrary to current expectations, the relaxation process and the dynamical 
heterogeneities are characterized by different time scales. Indeed, I will show that the relaxation time is 
related to a reverse percolation transition, whereas the time of maximum heterogeneity is related to the 
spatial correlation between particles, one can rationalized using theories for diffusing defects. This 
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investigation leads to a geometrical interpretation of the relaxation process of glassy systems, and of the 
different observed time scales [2]. 
[1] W. Kob & H.C. Andersen, Phys. Rev. E 48 (1993) 4364. 
[2] R. Pastore, M. Pica Ciamarra, A. de Candia & A. Coniglio, Phys. Rev. Lett. 107 (2011) 065703. 
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TG-109 
Athermal Jamming vs Thermalized Glassiness in Sheared Frictionless Particles 

 
Teitel, Stephen2; Olsson, Peter1 

(1) Umeå University; (2) University of Rochester 
 
Simulations of bidisperse soft-core frictionless disks in two dimensions are used to study the relationship 
between athermal jamming and thermalized glassy behavior in sheared simple liquids.  Measuring the 
shear viscosity as a function of packing fraction, temperature, and applied shear strain rate, and using a 
simple dimensional analysis, we infer the hard-core limit of our soft-core results.  The hard-core jamming 
phase diagram collapses to a two dimensional phase space spanned by the packing fraction and the Peclet 
number Pe, the latter being the ratio of strain rate to temperature.  We show that the athermal jamming 
transition occurs in the limit of diverging Pe, while thermalized glassy behavior occurs in the limit of 
vanishing Pe. We thus argue that athermal jamming and thermalized glassy behavior are fundamentally 
different phenomena.  A scaling analysis suggests that the thermalized viscosity appears to diverge at a 
packing fraction lower than that where the athermal viscosity diverges [1]. 
This work was supported by NSF grant DMR-1205800 and Swedish Research Council grant 2010- 3725. 
Simulations were performed on resources provided by the Swedish National Infrastructure for Computing 
(SNIC) at PDC and HPC2N. 
[1] P. Olsson & S. Teitel, arXiv:1211.2839 (2012). 
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TG-110 
Superfragile Glassy Dynamics of a One-Component System with Isotropic Potential: Competition  

of Diffusion and Frustration 
 

Ryzhov, Valentin1; Ryltsev, Roman2; Chtchelkatchev, Nikolay1 

(1) Institute for High Pressure Physics, Russian Academy of Sciences; (2) InstInstitute of Metallurgy,  
Ural Division of Russian Academy of Sciences 

 
We investigate glassy dynamical properties of one component three-dimensional system of particles 
interacting via purely repulsive core-softened potential [1-3] by the molecular dynamic simulation in the 
wide region of densities. It is shown that the system has high glassforming ability, and the glass state in 
this system is superfragile. The glass transition temperature Tg has pronounced minimum at densities 
where the frustration is maximal [4]. 
[1] Yu. D. Fomin, N. V. Gribova, V. N. Ryzhov, S. M. Stishov & Daan Frenkel, J. Chem. Phys. 129, 
064512 (2008). 
[2] N.V. Gribova, Yu.D. Fomin, V.N. Ryzhov, Daan Frenkel, Phys. Rev. E 79, 051202 (2009). 
[3] Yu. D. Fomin, E. N. Tsiok, and V. N. Ryzhov, J. Chem. Phys. 135, 234502 (2011). 
[4] R.E. Ryltsev, N.M. Chtchelkatchev, and V.N. Ryzhov, Phys. Rev. Lett. 110, 025701 (2013). 
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TG-111 

Microscopic dynamics of glycerol: a model selection case 
 

Vispa, Alessandro1; Pardo, Luis Carlos1; Rovira-Esteva, Muriel1; Ruiz Martin, Maria Dolores1;  
Busch, Sebastian3; Unruh, Tobias2 

(1) Universitat Politecnica de Catalunya; (2) Universität Erlangen; (3) University of Oxford 
 
Glycerol C3H5(OH)3 is one of the hydrogen-bonded systems composed of small and highly flexible 
molecules. The presence of three hydroxyl groups gives rise to particularly rich and complex 
conformational and structural behaviour in condensed phase. As a consequence glycerol is an excellent 
glass former and the nature of its glass transition has been the object of several experimental 
investigations. The understanding of the microscopic structure and dynamical processes in highly viscous 
liquids such as glycerol, aimed at a unified theoretical description of the system, has been the focus of a 
great deal of attention for many decades. Despite such a high scientific focus, a comprehensive, model 
independent, theoretical explanation as to the microscopic driving mechanisms is still elusive. Many 
experiments were done using neutron scattering, but obtaining the diffusion coefficients from the 
measured quasielastic spectra requires a considerable experimental care. The technical difficulties of 
these experiments can be significantly reduced exploiting the high signal-to-noise ratio attained by the 
time-of-flight spectrometer TOFTOF at FRM II, Garching bei Munchen, Germany. We report on a QENS 
experiment carried out on TOFTOF and aimed at measuring the incoherent quasielastic scattering 
function of liquid glycerol as a function of both, instrumental resolution and momentum transfer. An 
accurate line shape analysis enabled us to compare several atomistic models of the diffusion process. 
Additionally, we show our microscopic QENS results and macroscopic NMR results. The combination of 
these two techniques of investigation allows to have a consistent picture of the system. 
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TG-112 
Shear modulus of simulated glass-forming model systems: Effects of boundary condition,  

temperature and sampling time 
 

Weysser, Fabian1; Wittmer, Joachim1; Hong, Xu1; Jörg, Baschnagel1 

(1) Institut Charles Sadron, Université de Strasbourg (2) Université de Lorraine & CNRS 
 
The shear modulus G of simulated glass-forming model systems in two and three dimensions is 
investigated by means of, respectively, molecular dynamics and Monte Carlo simulations [1]. Comparing 
ensembles where either the shear strain (γ) or the conjugated (mean) shear stress (τ) are imposed, we 
compute G from the respective stress and strain fluctuations as a function of temperature T  while keeping 
a constant normal pressure P. The choice of the ensemble is seen to be highly relevant for the shear stress 
fluctuations which at constant τ decay monotonously with T following the affine shear elasticity, i.e. a 
two-point correlation function. At variance, non-monotonous behavior with a maximum at the glass 
transition temperature Tg  is demonstrated for the shear stress fluctuations at constant γ. The increase of G 
below Tg   is reasonably fitted for both models by G(T) ~ (1-T/Tg )1/2, in qualitative agreement with 
recent theoretical predictions. It is argued, however, that longer sampling times may lead to a sharper 
transition. 
[1] J.P. Wittmer, H. Xu, P. Polińska, F. Weysser, J. Baschnagel, J. Chem. Phys., in press. 
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TG-113 

RUMD: Roskilde University Molecular Dynamics 
 

Larsen, Heine1 

(1) Roskilde University 
 
We present a software package for molecular dynamics simulation of atomic and molecular systems with 
focus on viscous liquid systems. The framework offers a range of predefined pair-potentials and easy 
ways to add new potentials. Molecular systems can include rigid and harmonic bonds, angle- and dihedral 
potentials. The systems can be simulated in the NVE, NVT and NVUensembles. 
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TG-114 
Generalized mode-coupling theory 

 
Liesbeth M. C. Janssen 1;  Peter Mayer 1; David R. Reichman 1 

(1) Department of Chemistry, Columbia University 
 
One of the most celebrated theories of glass formation is mode-coupling theory (MCT), a framework 
capable of providing (semi-)quantitative predictions on the time-dependent behavior of supercooled 
liquids using only static properties as input [1]. MCT makes use of a factorization approximation for 
density correlations to obtain a single equation for the dynamics, the solution of which correctly 
describes, e.g., the non-trivial aspects of β-relaxation. However, the theory also suffers from several 
shortcomings. MCT predicts an ideal glass transition at a temperature T0, while the experimental value is 
typically 20-30% lower. Moreover, the theory cannot account for an exponential (Arrhenius) or super-
Arrhenius divergence of the α-relaxation time, thus failing to distinguish between materials with different 
degrees of fragility. 
 
In this work, we present a novel approach that remedies the above-mentioned defects of MCT. Our 
method is based on the generalized MCT (GMCT) framework of Mayer et al. [2]. Rather than solving a 
single MCT equation, Mayer et al. considered a schematic, infinite hierarchy of MCT equations in which 
higher-order density correlations are included. This allowed them to rigorously avoid the factorization 
approximation. They showed that the ideal MCT transition at T0 disappears within the hierarchy and that 
the α-relaxation time grows exponentially. This constitutes a major qualitative improvement over other 
MCT-based theories. 
In our work, we extend and explore more features of the infinite GMCT framework by considering 
infinite hierarchies with level-dependent coupling strengths. The latter control the effective contributions 
of higher-order multi-point density correlations. We demonstrate that a suitable choice of the coupling 
strengths can lead to Arrhenius and super-Arrhenius behavior of the α-relaxation time, providing a means 
to tune the degree of fragility with a single parameter. This represents the first MCT-based theory that can 
account for different fragilities in glass-forming materials. Moreover, we discuss the correspondence 
between the standard-MCT F2 model, i.e. the first-order truncation of schematic GMCT, and certain 
types of GMCT in the full infinite-order limit. We show that the main features of the F2 solution can be 
accurately reproduced by an infinite-order model, suggesting that infinite-order GMCT constitutes a 
unifying framework for MCT-based theories. 
[1] See, e.g., D. R. Reichman and P. Charbonneau, J. Stat. Mech. P05013 (2005). 
[2] P. Mayer, K. Miyazaki and D. R. Reichman, Phys. Rev. Lett. 97, 095702 (2006). 
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The Principal Features of Relaxation Times in Glassy State as Derived from WCA and FENE 
Characteristics 

 
D'Amore, Alberto1; Grassia, Luigi1; Verde, Pasquale1 

(1) Second University of Naples-SUN 
 
Recently Grassia and Simon were able to fit the KAHR model with a modified equation for the relaxation 
time to a wide range of experimental data using a single set of model parameters [1]. Their model was 
also able to describe the tau-paradox and the related expansion gap phenomenology. In order to obtain 
this result it was hypothesized that the relaxation time is a strongly non-linear function of the departure 
from equilibrium, δ =(V-Ve)/Ve, when δ is close to zero. In particular the relaxation time shows a sort of 
jump when δ passes from negative to positive values. Here it is showed that the strong non linearity of the 
relaxation time in the vicinity of the equilibrium condition have the basis of repulsive Weeks-Chandler-
Anderson (WCA) potential [2, 3] and attractive finitely extensible non linear elastic (FENE) potential [5, 
6]. The relaxation time is calculated to be the time required to reach equilibrium after down and up jumps 
in temperatures. This approach allows reducing the fitting parameters required in the model in ref. 1 
because the out of equilibrium parameters could be uniquely related to the energy potential 
characteristics. 
[1] L. Grassia, S. L. Simon, Polymer 53 (2012) 3613-3620 
[2] D. Chandler, J.D. Weeks, and H. C. Andersen, Science 220, 787 (1983). 
[4] J. D. Weeks, D. Chandler, and H. C. Andersen, J. Chem.Phys. 54, 5237 (1971). 
[5] H.R. Warner, Ind. Eng. Chem. Fundam., 11 (1972) 379-387. 
[6] G.S. Grest et al.  Journal of Non-Crystalline Solids 274 (2000) 139-146 
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Thermal Properties and Glass Transition 
 
Oral 

TP-GT-1 
Structural interpretation of the Prigogine-Defay-ratio at the glass transition 

 
Buchenau, Uli1 

(1) Forschungszentrum Juelich 
 
On cooling through the glass transition, a many-particle system freezes into one of the many inherent 
structurally stable states which are freely accessible in the undercooled liquid. This implies a freezing of 
an additional heat capacity, an additional thermal expansion, and an additional compressibility. Analyzing 
the volume and energy distribution of the inherent states at the glass transition, one finds two kinds of 
slow density fluctuations, namely those which do require an energy change and those which do not. Their 
ratio determines the Prigogine-Defay ratio. If the second kind is absent, the Prigogine-Defay ratio is 
unity, enthalpy and volume fluctuations are strictly correlated, and the structural relaxation processes do 
not couple to an external compression. This case is not often found in real glasses, but seems to be 
realized to good approximation in Lennard-Jones systems, probably also in metallic glasses. In these two 
cases, the zero coupling is also reflected in the boson peak modes [1]. 
[1] U. Buchenau, Phys. Rev. B 86 (2012) 184105. 
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TP-GT-2 
 

Kinetic criteria of glass-formation, pressure dependence of the glass transition temperature,  
and the Prigogine-Defay ratio 

 
Schmelzer, Jürn W. P.1 

(1) University of Rostock, Institute of Physics  
 
A brief overview on different attempts of formulation of kinetic criteria of glass formation is developed. 
Here in particular the problem is discussed which characteristic times - time of observation, time of 
relaxation, time of change of external parameters - have to be employed to appropriately develop such 
criteria. Extending earlier findings, in particular, a general model-independent kinetic criterion for glass 
formation is formulated as the result of such analysis. Based on this general kinetic criterion for 
vitrification, in addition,  general relations for the dependence of the glass transition temperature on 
pressure (and vice versa) are obtained being essentially ratios of the partial derivatives of the appropriate 
relaxation times with respect to pressure respectively temperature. Employing further two different free 
volume and entropy based models for the description of viscous flow, relations similar but not fully 
identical to the classical Ehrenfest relations can be obtained. In this way, it can be explained why one of 
the Ehrenfest's relations is usually fulfilled in glass transition and the other not. Moreover, in previous 
own analysis, it was shown that - in contrast to earlier believe - a satisfactory theoretical interpretation of 
the values of the so-called Prigogine-Defay ratio, being a combination of jumps of thermodynamic 
coefficients at glass transition, can be given employing only one structural order parameter. In addition, 
an alternative method of determination of the Prigogine-Defay ratio is outlined, allowing one to determine 
this ratio having at ones disposal the generalized equation of state of the glass-forming melts. Employing, 
again, the particular model, theoretical estimates are given for this ratio being in good agreement with 
experimental data. Finally, some further consequences and possible extensions of the analysis performed 
here are discussed briefly. 
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TP-GT-3 

Residual Entropy, Temperature, and Pressure of a Nonequilibrium System 
Gujrati, P.D1 

(1) University of Akron 
 
There is a debate going on in the literature about the reality of the residual entropy in systems out of 
equilibrium. Experiments have suggested nonvanishing entropy at absolute zero through extrapolation for 
such systems. We first demonstrate that the Gibbs formulation gives the entropy of a system in any states. 
The formulation gives the correct entropy for a system in equilibrium as expected. Using the fact that the 
irreversible entropy change within a system (not to be confused with the net entropy change) is never 
negative, we prove that the experimentally observed entropy at absolute zero is only a lower bound to the 
residual entropy. Thus, the residual entropy must not be less than the extrapolated experimental entropy. 
This is sufficient to show that the residual entropy is real. We use a simple model of an ideal gas and 
study it quantum mechanically as a particle in a box to show how the temperature and pressure of the gas 
out of equilibrium can be determined. In general, the temperature and pressure of a system out of 
equilibrium is different from that of the surroundings, a fact not normally acknowledged. We use this 
observation to show that the second law requires that the entropy must decrease during relaxation.    
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TP-GT-4 
Why must there be an entropy loss during a real glass transition? 

 
Gupta, Prabhat1 

(1) The Ohio State University 
 
According to the established wisdom, a “real” (liquid to) glass transition takes place when a liquid, upon 
cooling, falls out of equilibrium when the (external) observation time becomes less than the (internal) 
structural relaxation time of the liquid. The externally imposed constraint on observation time prevents 
the system from exploring its entire phase space by freezing slow configurational transitions (i.e., degrees 
of freedom) that take place on a time scale longer than the observation time thereby partitioning the phase 
space into metabasins (MB) [1-3]. The system becomes trapped in each MB with a probability that is 
equal to the probability with which it was exploring that MB before partitioning. Therefore, the volume of 
the phase space accessible to a glass (being equal to the average volume of the MBs) is reduced resulting 
in a loss of the configurational entropy. This “entropy loss” view of a real glass transition is consistent 
with all observed thermodynamic features of glass transition such as no volume or enthalpy changes and a 
drop in the heat capacity [4,5]. It is also consistent with the fact that a real glass is mesoscopically 
inhomogeneous [6]. The entropy loss view is also consistent with salient features (such as dynamic 
heterogeneities [7]) of the unavoidable (since real time is always marching on) irreversible relaxation of 
the glassy state during which the system regains its lost configurational entropy. In this talk, we review 
arguments in support of the “entropy loss” view and show that it is consistent with the laws of 
thermodynamics and that objections raised against it are incorrect [8,9]. 
[1] P. K. Gupta and J. C. Mauro, J. Chem. Phys., 126 (2007) 224504. 
[2] J. C. Mauro, P. K. Gupta and R. J. Loucks, J. Chem. Phys, 126 (2007) 184511. 
[3] P. K. Gupta and J. C. Mauro, J. Noncryst. Solids, 355 (2009) 595. 
[4] P. K. Gupta and C.T. Moynihan, J. Chem. Phys, 65 (1976) 4136. 
[5] X. Xia and P. G. Wolynes, Proc. Natl. Acad. Sci. USA, 97 (2000) 2990. 
[6] A. J. Ikushima, T. Fujiwara, and K. Saito, J. Appl. Phys, 88 (2000) 1201. 
[7] H. C. Anderson, Proc. Natl. Acad. Sci. USA, 102 (2005) 6686. 
[8] P. K. Gupta and J. C. Mauro, J. Chem. Phys., 129 (2008) 067101. 
[9] P. K. Gupta and J. C. Mauro, Phil Mag, 91 (2011) 3858. 
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TP-GT-5 

Study of Glass Transitions using high-resolution Thermal Expansion: 
from Bucky balls to ‘Fragile’ Superconductivity 

 
Meingast, Christoph1 

(1) Karlsruhe Institute of Technology (KIT) 
 

Thermal expansion provides a complimentary (to heat capacity) thermodynamic probe not only of phase 
transitions, but also of glass transitions.  The thermal expansion coefficient directly probes the volume or 
pressure dependence of the entropy and thus provides useful predictions about how systems will respond 
to volume or pressure changes.  Here we will discuss our thermal expansion results obtained using 
capacitance dilatometry on a variety of glass formers, starting with the freezing of the rotational degrees 
of freedom in crystalline C60 [1], then moving on to an oxygen-ordering glass transition observed in the 
high-temperature superconductor YBa2Cu3O7-δ [2], and finally to a novel glass transition observed in the 
vortex matter of YBa2Cu3O7-δ [3].  We discuss our results in terms of the ‘strong-fragile’ classification.  
The vortex glass turns out to be extremely ‘fragile’, whereas the orientational glass transition in C60 is on 
the ‘strong’ side.  
[1] Frank Gugenberger et al. Phys. Rev. Lett. 69, 3774 (1992). 
[2] Peter Nagel et al., Phys. Rev. Lett. 85, 2376 (2000). 
[3] Rolf Lortz et al., J. Low Temp. Phys. 147, 365 (2007). 
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TP-GT-6 
Glass Transitions in Pressure-Collapsed Ice Clathrates and Implications for Cold Water 

 
Andersson, Ove1 

(1) Umeå University 
 
We have used thermal measurements to study pressure collapse of type II clathrate hydrates (CHs) or ice 
clathrates. On isothermal pressurization at ~130 K, CHs collapse in a time dependent manner near 1 GPa. 
On subsequent heating at 1 GPa, the collapsed state shows a broad glass transition as revealed by a 
stretched sigmoidal heat capacity increase [1] and a local peak in the thermal conductivity. Moreover, 
when the collapsed state that has been heated to high temperatures at 1 GPa is subsequently cooled and 
depressurized to 1 atm at temperatures in the 120-140 K range, or heated isobarically from 100 K at a 
pressure below ~0.1 GPa, it transforms to a new state. All these features mimic the behaviour of ice, 
which amorphizes to high density amorphous ice (HDA) on isothermal pressurization below ~140 K. 
HDA shows a glass transition with a heat capacity increase of ~3.8 J (H2O-mol)-1 K-1 on heating at 1 GPa, 
which is similar to that of the collapsed CHs, and transforms further to low density amorphous ice (LDA) 
on depressurization below 130 K. These results indicate that further studies of collapsed CHs, which are 
more stable than HDA, may help to understand the relation between HDA, LDA and liquid water, and 
evaluate the model that suggests two liquid water states with a coexistence line that ends in a critical 
point. 
 
[1] O. Andersson & A. Inaba, J. Phys. Chem. Lett. 3 (2012) 1951. 
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TP-GT-7 

Heat Capacities and Glass Transitions of Vapor-deposited Molecular Glasses 
 

Yamamuro, Osamu2; Tatsumi, Soichi1 

(1) Tokyo Institute of Technology; (2) University of Tokyo 
 
There remain many unsolved problems in the physical properties of glasses, e.g., glass transitions, boson 
peaks,beta relaxations, etc. One of the essential approaches to these problems is to study molecular 
glasses with simple molecular structures. The best method to realize simple molecular glasses is a vapor-
deposition at low temperature. Its quenching rate is roughly estimated to be more than 107 Ks-1. 
We have developed an adiabatic calorimeter for vapor-deposited samples. These instruments enable us to 
prepare vapor-deposited glasses below 10 K and make in situ calorimetric measurements as a function of 
temperature. To date, we have measured heat capacities of glassy carbon tetrachloride (CCl4), propene 
(CH2=CHCH3) and propane (CH3CH2CH3). These molecules have simple molecular structures with few 
intramolecular conformational changes. On heating them, the glassy CCl4 crystallized at 50 K while the 
glassy propene and propane (with 20% of propene) exhibited glass transitions at 56 K and 45 K, 
respectively. These glass transition temperatures are the lowest observed before, reflecting their simple 
molecular structures and weak intermolecular interactions. We have analyzed these data, along with the 
previous data of more complicated molecules, to obtain universal feature of the excess heat capacity and 
configurational entropy based on the Adam-Gibbs theory [1]. 
[1] S. Tatsumi, S. Aso and O. Yamamuro, Phys. Rev. Lett., 109 (2012) 045701. 
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TP-GT-8 
GLASS TRANSITION IN ULTRA THIN POLYMERIC FILMS MEASURED BY  

DIFFERENTIAL AC-CHIP CALORIMETRY 
 

Wurm, Andreas1; Huth, Heiko1; Schick, Christoph1 

(1) University of Rostock 
 
The film thickness dependency of glass transition in polymer films is still controversially discussed. For 
different experimental probes different dependencies are observed and a generally accepted link to 
molecular mobility is not yet established. Calorimetry has proven to provide useful information about 
glass transition, because it establishes a direct link to energetic characterization. In several cases a direct 
comparison with results from other dynamic methods like dielectric spectroscopy is possible giving 
further insights. For thin films in the μm…nm range standard calorimetric methods are mostly not 
applicable. We set up a differential AC-chip calorimeter capable to measure the glass transition in 
nanometer thin films with pJ/K sensitivity in a relative broad frequency range [1-3]. Changes in heat 
capacity can be measured for sample masses below one nanogram as needed for the study of the glass 
transition in nanometer thin polymeric films. The glass transition in thin films was determined at well-
defined experimental time scales. No thickness dependency of the glass transition temperature was 
observed within the error limits - neither at constant frequency nor for the traces in the activation 
diagrams. 
[1] H. Huth, AA. Minakov, A. Serghei, F. Kremer, and C. Schick, The European Physical Journal - 
Special Topics 141 (2007) 153.  
[2] AA. Minakov, J. Morikawa, T. Hashimoto, H. Huth, and C. Schick, Meas. Sci. Technol. 17 (2006) 
199.  
[3] H. Huth, AA. Minakov, and C. Schick, J. Polym. Sci. B Polym. Phys. 44 (2006) 2996.  
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Sub-Tg enthalpy relaxation in unstable oxide glass formers: insights into the structural 
heterogeneity 

 
Yue, Yuanzheng1; Zhang, Yanfei2 

(1) Aalborg University; (2) Shanong Polytechnic University 
 
The structural heterogeneity in liquid has a strong impact on both glass stability and functionality of glass. 
Exploring the structural heterogeneity is crucial for understanding the glass transition and glass 
formation. However, one of the challenges for such exploration is lack of an effective method for 
detecting the structural heterogeneity in liquid. Here, we introduce a promising approach for detecting the 
structural heterogeneity in unstable oxide glass formers. This approach takes advantage of abundant 
features of the sub-Tg enthalpy relaxation in hyperquenched (HQ) unstable oxide glasses. We conduct the 
present study on the two unstable model glasses (towards crystallization): 65SiO2-35Al2O3 (SA) and 
57SiO2-21CaO-22MgO (SCM) (mol%). This is done by hyperquenching the liquids via fiberization, 
annealing the HQ samples below Tg, and then upscanning the annealed samples in a differential scanning 
calorimeter (DSC). For SA, we find that both sub-Tg annealing and repeated dynamic heating to Tg can 
greatly enhance structural ordering, and facilitate crystal growth upon further heating to well above Tg. 
The results indicate that highly heterogeneous structure already exists in the liquid state. For SCM, we 
observe two exothermic sub-peaks in sub-Tg relaxation region during the first DSC upscan, implying that 
two types of structural domains occur already in the liquid state before HQ. The existence of the two 
types of structural domains is verified by direct transmission electron microscopy imaging. By 
performing sub-Tg annealing, we find that one type of structural domain is fragile, whereas another is 
strong. In addition, the sub-Tg annealing can be used as a sensitive tool for determining the glass forming 
ability. 
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TP-GT-10 
Hyperageing effects on the low-temperature properties of a geological glass 

 
Pérez-Castañeda, Tomás1; Jiménez-Riobóo, Rafael J.2; Ramos, Miguel A.1 

(1) Laboratorio de Bajas Temperaturas, Departamento de Física de la Materia Condensada & Instituto de 
Materiales 'Nicolás Cabrera', Universidad Autónoma de Madrid; (2) Instituto de Ciencia de Materiales de 

Madrid, Consejo Superior de Investigaciones Científicas (ICMM-CSIC) 
 
An exhaustive study on the effects of hyperageing (i.e., natural ageing processes below the glass 
transition temperature, during tens of millions of years) in some geological glasses is presented. For this 
purpose, natural amber samples, both from Dominican and Spanish (El Soplao) origins have been used. 
Commercial Modulated Differential Scanning Calorimetry (MDSC) around the glass transition provided 
information about the enthalpy-release and the fictive-temperature shift, depending on the thermal history 
of the sample (pristine hyperaged glasses versus rejuvenated glasses). Calculation of the corresponding 
Kauzmann temperatures via entropy determination has also been addressed. A correlation between the 
high-temperature structural relaxation processes and the low-temperature anomalous properties in glasses 
has been sought by performing specific-heat measurements at very low temperatures. Evolution of the 
boson peak and the two-level systems has been studied as a function of the very different stability in the 
energy landscape for hyperaged (quasi-ideal Kauzmann glasses) relative to rejuvenated glasses. The 
phonon contribution to the low-temperature specific heat has also been measured by Brillouin 
spectroscopy, hence providing an independent way to check possible correlation of the boson peak 
maximum with the Debye frequency, as claimed by some authors. Similarities with the ultrastable glasses 
obtained by vapour deposition are discussed as well. 
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Macroscopic non-equilibrium thermodynamics of the glass transition 
 

Garden, Jean-Luc1; Richard, Jacques1; Guillou, Hervé1; Wondraczek, Lothar2 

(1) Institut Néel-CNRS et Université Joseph Fourier; (2) Otto-Schott-Institute, University of Jena 
 
Fundamental questions about the thermodynamic nature of the glass transition are still unsolved [1-6]. 
Here we employ the method of macroscopic non-equilibrium thermodynamics to investigate two essential 
questions:  
-can the experimentally determined value of the Prigogine-Defay ratio be different from unity if only one 
single underlying order parameter is assumed to be involved?  
-can the configurational entropy of glasses be equal to zero? 
The thermodynamic variables affinity, A, and order parameter, ξ, are introduced to describe the non-
equilibrium character of the process. More precisely, the lattice-hole model of liquids is used to obtain the 
behaviour of the thermodynamic coefficients Cp, αp, κT, versus temperature and pressure at different 
temperature and pressure rates. From these theoretical data, the Prigogine-Defay ratio is calculated and its 
possible departure from unity is discussed. Finally, the configurational entropy and the entropy 
production are also calculated as a function of temperature and pressure.  
[1] A. Takada, R. Conradt & P. Richet, J. Non-Cryst. Solids 360 (2013) 13 
[2] U. Buchenau, Phys. Rev. B 86 (2012) 184105 
[3] P. D. Gujrati & P. P. Aung, Phys. Rev. E 85 (2012) 041129 
[4] J.-L. Garden, H. Guillou, J. Richard, & L. Wondraczek, J. Chem. Phys. 137 (2012) 024505 
[5] J.-L. Garden, H. Guillou, J. Richard, & L. Wondraczek, J. Non-Equilib. Thermodyn. 37 (2012) 143 
[6] J. Möller, I. Gutzow, & J. W. P. Schmelzer, J. Chem. Phys. 125, (2006) 094505  
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The thermal ageing behaviour of a semicrystalline Poly(ethylene terephthalate) (PET) used in high 
voltage gas insulated substation application was studied related to relaxation dynamics and morphology. 
Semicrystalline PET samples were aged up to 3 years below Tg (at 60°C) and above Tg (80°C and 
125°C) under vacuum. The mechanical properties were studied as a function of thermal treatment. 
Two major effects resulting from this thermal ageing treatment have been found: 
(i) a reversible effect on the amorphous phase below Tg since the brittle behaviour exhibited by a sample 
aged at 60°C has been erased after thermal treatment above Tg (80°C) for two weeks showing that the 
‘rejuvenated sample’ recovers its ductile behaviour. This effect is related to the molecular mobility in the 
amorphous phase only without any change of the morphology. 
(ii) an irreversible effect induced by aging at higher temperature affects the crystalline phase morphology 
(above Tg, for thermal treatment at 80°C and at 125°C which is close to the cold crystallization 
temperature for this polymer). Actually, a significant change of morphology is observed by SAXS 
(decrease of the long period Lp) and a decrease of molecular mobility can be detected by dielectric and 
mechanical relaxation spectroscopy through the dynamics of the  relaxation proces     
glass transition. 
An amorphous PET model aged in the same conditions was used as a reference material. 
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The goal of this work is to quantify the respective influence on relaxation dynamics of molecular 
orientation and crystallinity in uniaxially drawn polyethylene terephthalate (PET) and polyethylene 
terephthalate glycol (PETg) films. A transition from fragile to strong behavior is observed in the 
temperature dependence of relaxation time of drawn PET, mainly due to the sample Strain Induced 
Crystallization (SIC) [1]. This behavior has been related to the decrease of cooperativity length scale. The 
evolution of cooperativity length scale in function of temperature [2,3] is also studied on the same 
systems showing that the crystalline phase constrains the evolution cooperativity length scale on 
approaching the glass transition. Finally combining Temperature Modulated Differential Scanning 
Calorimetry and Dynamical Mechanical Analysis investigations [4,5] we evidenced that cooperativity 
length scale at the glass transition becomes anisotropic as a function of a specific molecular orientation 
induced by drawing effect.  
References 
[1] F. Hamonic, A. Saiter, D. Prevosto, E. Dargent, J.M. Saiter, AIP Conference Proceedings 1459   
(2012) 211. 
[2] E. Donth, Acta Polymerica 50 (1999) 240. 
[3] A. Saiter, L. Delbreilh, H. Couderc, K. Arabeche, A. Schönhals, J.M. Saiter, Phys. Rev. E 81 (2010) 
041805. 
[4] C. Lixon, N. Delpouve, A. Saiter, E. Dargent, Y. Grohens, Eur. Polym. Jnl 44 (2008) 3377 
[5] N. Delpouve, C. Lixon, A. Saiter, E. Dargent, J. Grenet, Jnl of Thermal Analysis 97 (2009) 541. 
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Existing textbook expressions for the energy and heat capacity of gases and solids are widely taught in 
physics courses. However, no such expression exists for a liquid. The reason for this was summarized by 
Landau as "liquids have no small parameter", and discussed in some detail in Landau&Lifshitz Statistical 
Physics textbook. Based on the old idea of J Frenkel, I formulate the problem in the language of phonons, 
and calculate liquid energy and heat capacity for both classical and quantum cases. The resulting equation 
relates liquid heat capacity to its relaxation time (or viscosity) with no fitting parameters, and is compared 
with the experimental data of several liquids, including metallic, noble, molecular and network liquids. 
I subsequently address old and very controversial problem of glass transition, the physical origin of the 
jump of heat capacity at glass transition temperature Tg. I propose a solution that is based on liquid elastic 
and thermal properties. The jump of heat capacity at Tg takes place as a result of the change of the 
liquid’s elastic, vibrational, and thermal properties. In this theory, I discuss time-dependent effects of 
glass transition, including the widely observed logarithmic increase of Tg with the quench rate. 
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The many-body nature in the structural relaxation of glass-forming liquids, indicated by the deviation 
from exponential time dependence, is known to be of critical importance for a clearer understanding of 
glass transition [1]. However, the prominent role, of the many-body relaxation in determining the 
properties of glass-forming liquids near glass transition, is unfortunately missed in available theoretical 
efforts [1]. Actually, except an empirical measure by a stretching parameter, β, little is known for the 
microscopic details of the many-body relaxation, let along for its role. Meanwhile, although cooperativity 
[2] in structural relaxation may applaudably advance the understanding of the many-body relaxation, the 
relationship between cooperativity and β is still missing, even qualitatively. Here, by estimating the 
energy state of a liquid from crystal melting, we show a quantitative correlation of cooperativity and β, 
i.e. the many-body nature in structural relaxation. Accordingly, several notable features of glass-forming 
liquids are reasonably elucidated, particularly, the super-Arrhenius temperature dependence of structural 
relaxation time and the invariance of β to different combinations of temperature and pressure at constant 
structural relaxation time. 
[1] S. Capaccioli, M. Paluch, D. Prevosto, L.-M. Wang, K. L. Ngai, J. Phys. Chem. Lett. 3 (2012) 735. 
[2] S. Tatsumi, S. Aso, O. Yamamuro, Phys. Rev. Lett. 109 (2012) 045701. 
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Broadband dielectric relaxation and specific heat spectroscopy were applied to study the molecular 
dynamics of the discotic liquid crystal Pyrene-1,3,6,8-tetracarboxylictetra(2-ethylhexyl)ester as a model 
system [1]. The dielectric spectra show 3 processes: a β-relaxation at low temperatures and an α-
relaxation in the temperature range of the mesophases followed by a conductivity contribution. The 
dielectric relaxation follows the Vogel-Fulcher-Tammann (VFT-) law in both the plastic crystal was well 
as in the liquid crystalline phase. Therefore it is assigned to glassy dynamics. Different Vogel 
temperatures and fragilties strengths in both the phases are related to the different restrictions of the 
dipolar fluctuations. Glassy dynamics is directly proofed in the plastic crystalline phase by means of 
specific heat spectroscopy. The corresponding relaxation rates exhibit a VFT temperature dependence but 
with strongly different parameters (Vogel temperature fragility strength). This is discussed considering 
the different techniques employed and which aspects of the underlying processes they focus on. The 
fluctuation approach by Donth was used to calculate a length scale of glassy dynamics which correlates 
well with the core-core distance estimated by X-ray scattering. 
[1] C. Krause, H. Yin, C. Cerclier, D. Morineau, A. Wurm, C. Schick, F. Emmerling and A. Schönhals, 
Soft Matter 8 (2012) 11115-11122. 
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It is a longstanding question whether there is a characteristic length scale ξ  associated to the glass 
transition. We report about a combined experiment designed to determine such a length scale from a 
combination of dynamic calorimetry and quasielastic neutron scattering. This experiment has become 
possible only recently, since both methods now cover times close to one microsecond. Dynamic 
calorimetry is now approaching 1 MHz with modulated laser heated AC chip calorimeter, and neutron 
spin echo has broken the microsecond barrier. The ξ  value obtained also allows a decision on the correct 
derivation of such a length scale from thermodynamic properties. This result may have far-reaching 
consequences for the fundamental understanding of nanosystems. Particularly the question, whether 
temperature fluctuates in such nanosystems, may be tackled. 
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The effect of anharmonicity is very important in many properties of a condensed matter system. A lot of 
research has been done into anharmonic effects, resulting the qualitative understanding of the contribution 
of the effect on system properties but not the quantitative understanding. Theoretical and experimental 
limitations prevent the exact calculation of the effect [1, 2]. We propose a new simple way to estimate the 
effect of anharmonicity on system’s thermodynamics functions, such as heat capacity, through only one 
parameter, the coefficient of thermal expansion [3]. With this approach, results can be extracted not only 
for crystals but also for glasses and viscous liquids. To support our theory, molecular dynamics 
simulations of various crystalline and amorphous solids and liquids were performed. Heat capacity under 
constant volume results will be presented to prove the good agreement between theory and simulations.  
[1] R. A. Cowley, Rep. Prog. Phys, 31 123 (1968) 
[2] D. C. Wallace, Phys. Rev. B 46 5242 (1992) 
[3] K. Trachenko, Phys. Rev. B 83 014201 (2011) 
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Lyulin, Sergey2; Larin, Sergey 2; Nazaruchev, Victor 2; Gurtovenko, Andrey 2; Yudin, Vladimir 2; 

Gofman, Iosif 2; Svetlichyi, Valentin 2; Lyulin, Alexey 1 
 
In present study we simulated three types of plastic polyimides (PI), synthesized in the Institute of 
Macromolecular Compounds on the base of dianhydride R: 1,3-bis-(3’,4,-dicarboxyphenoxy)benzene and 
one of three diamines: 4,4’-bis-(4’’-aminophenoxy)diphenylsulfone (BAPS), 4,4’-bis-(4’’-
aminophenoxy)diphenyl (BAPB), and 4,4’-bis-(aminophenoxy)diphenyloxide (BAPO). Computer 
simulations were carried out with the help of the GROMACS package (parameter set Gromos53a6). 
Partial charges were calculated by different methods with the use of semi-empiric and ab initio quantum-
mechanic simulations (DFT, Restricted Hartree–Fock, and AM1). For all calculated types of partial 
charges we observed that typical times of the single chain diffusion at 600K on a distance comparable 
with Rg are lying in a microseconds scale. To decrease the length of equilibration we equilibrated PI 
melts with zero partial charges. After turning on partial charges in polyimide melts all local 
reorganizations of a structure were characterized by the times as short as ~10 ns. For considered PI we 
observed excellent agreement of the calculated thermal volume expansion coefficient with experimental 
data for which the presence of partial charges is important. The change of PI microstructure and 
decreasing of macromolecules diffusion after adding single-walled carbon nanotubes is established. 
 
This work was carried out under financial support of RFBR grants № 11-03-00944-а, 12-03-
31324_mol_a and in the framework of the state agreements № 8023 with Ministry of Science and 
Education of Russian Federation. Computer simulations were carried out on the computer cluster of IMS 
RAS and supercomputers “SKIF-Chebyshev” and “Lomonosov” of Moscow State University. 
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Field-cycling (FC) 1H NMR is applied to study dynamics in molecular liquids. This technique allows to 
measure the dispersion of the proton spin-lattice relaxation R1(ω)=1/T1(ω) in a frequency range of 10 kHz 
– 20MHz. It contains contributions from both intra- and intermolecular interactions. By an isotopic 
dilution experiment both parts were separated. The intramolecular relaxation is only mediated via rotation 
and is well described by a single Cole-Davidson spectral density as in the case of dielectric spectroscopy. 
In contrast, the intermolecular part is bimodal because in addition to rotation it also reflects translation at 
lower frequencies. This allows to evaluate the self-diffusion coefficient D(T) besides the rotational time 
constants τα(T). At low frequencies, where the rotational driven relaxation is already frequency-
independent, the intermolecular relaxation via translation is dominating the total relaxation R1(ω). It 
causes R1(ω) being linear in ω1/2 and the slope is controlled by D(T). This behavior is universal and thus 
gives a model independent way to obtain D(T) even without applying isotopic dilution. The found values 
D(T) agree well with results from field-gradient NMR thus proofing that FC 1H NMR is capable of 
accessing rotation and translation simultaneously. 
[1] R. Meier, D. Kruk, J. Gmeiner, E.A. Rössler, J. Chem. Phys. 136 (2012) 034508. 
[2] D. Kruk, R. Meier, E.A. Rössler, Phys. Rev. E 85 (2012) 020201(R). 
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We report a molecular dynamics study of transport coefficients and infinite frequency shear modulus of 
liquid iron  at high temperatures and high pressures. We observe a simultaneous rise of both shear 
viscosity and diffusion coefficient along the melting line and estimate if liuqid iron can vitrify under 
Earth-core conditions. We show that in frames of the model studied in our work iron demonstrates a 
moderate increase of viscosity along the melting line [1]. It is also demonstrated that in the limit of high 
temperatures and high pressures the liquid iron behaves similar to the soft spheres system with exponent 
n=4.6 [2]. 
[1] Yu.D. Fomin, V.N. Ryzhov and V.V. Brazhkin, arXiv:1301.7158 (2013). 
[2] Yu.D. Fomin, V.N. Ryzhov and V.V. Brazhkin, Phys. Rev. E 86 (2012) 011503. 
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The goal of this study was to investigate experimentally the thermal conductivity of simple molecular 
systems, orientational glasses in the temperature region 2-150 K. The objects were molecular 
orientational glasses (ethanol (С2Н5ОН), freon 112 (C2F2Cl4), freon 113 C2Cl3F3, cyanocyclohexane 
(C6H11CN), cyclohexanol (C6H11OH) and cyclohexene (C6H10)). The data are analyzed in terms of the 
presence of several phonon scattering channels contributing to a resistive relaxation rate which apart from 
anharmonic Umklapp processes requires the implicit account of glassy dynamical features which are here 
handled in terms of the soft potential model.  The analysis of the experimental results on the thermal 
conductivity of two types of glass – like molecular crystals (orientational glasses) shows that the 
temperature dependence of the thermal conductivity κ(T) in these substances is similar to that of 
amorphous solids. The thermal conductivity can be described as a sum of two contributions κ(T) = κI(T) + 
κII(T), where κI(T) accounts for the heat transfer by long-living acoustic excitations, and κII(T) stands for 
the heat transfer by delocalized vibrational excitations (diffusons). It is shown that the contribution κI(T) 
can be described well by the universal curve in the soft potential model. 
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Ethanol exhibits a very interesting polymorphism [1,2], presenting different solid phases below its 
melting point at 159 K: a structural (amorphous) glass, by quenching the supercooled liquid below the 
glass-transition temperature Tg= 97 K; a (bcc) plastic crystal, which by quenching below the same Tg= 97 
K becomes an orientationally disordered crystal with glassy properties (sometimes named a ‘glassy 
crystal’); and fully ordered (monoclinic) crystals. We present here infrared spectrometry (IRS) 
experiments [3] of the different phases of ethanol cryocondensates in the relevant temperature range 
around the glass-transition and crystal melting temperatures. In addition, we have concurrently performed 
thermal desorption experiments on these crystalline phases, both fully ordered and orientationally 
disordered ones, that complement our earlier studies of the glass phases.  
[1] O. Haida, H. Suga and S. Seki, J. Chem. Termodyn. 9 (1977) 1133. 
[2] M. A. Ramos, I. Shmyt'ko, E. Arnautova, R. Jiménez-Riobóo, V. Rodriguez-Mora, S. Vieira and M. J. 
Capitán, J. Non-Cryst. Solids 352 (2006) 4769. 
[3] A. Aldiyarov, M. Aryutkina, A. Drobyshev, M. Kaikanov and V. Kurnosov, Fiz. Nizk. Temp. 35 
(2009) 333 [Low Temp. Phys. 35 (2009) 251]. 
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Carbohydrate polymers in dry biological products are usually in an amorphous state. Since various 
physico-chemical properties change drastically at glass transition temperature (Tg), it is important to 
understand the Tg of carbohydrate polymers. Carbohydrate materials with low Tg, such as mono- and di-
saccharides act as plasticizers for carbohydrate polymers. However, there are relatively few systematic 
studies on the Tg of their mixtures. Thus, the plasticizing effect of glucose and maltose on the Tg of 
dextrin was investigated systematically using differential scanning calorimetry (DSC).  
Dextrin-glucose and dextrin-maltose solutions adjusted to various weight fractions were freeze-dried, and 
the mixtures were fully dried before DSC measurement. The DSC measurements were duplicated, and the 
onset (Tg-on) and offset points (Tg-off) of the glass transition were averaged. 
The Tg-on and Tg-off decreased with increasing plasticizer (glucose or maltose) content, and showed an 
abrupt depression at certain plasticizer content. The abrupt depression of Tg-off occurred at higher 
plasticizer content than that of Tg-on. A broad glass transition was observed at intermediate plasticizer 
content. The DSC thermogram of samples aged at various temperatures showed two continuous glass 
transitions in the broad glass transition. Since the samples were composed of only glucose, the mixtures 
were expected to be in a homogeneous amorphous state. These results, however, suggested that 
carbohydrate polymer-plasticizer systems can be classified into three regions: the entrapment of 
plasticizer into the polymer, the formations of the polymer-plasticizer and plasticizer-rich domains, and 
the embedment of polymer into the plasticizer. 
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The glass transition temperature (Tg) and dynamics of stacked thin thin films of poly(methyl 
methacrylate) are investigated by differential scanning calorimetry (DSC) and dielectric relaxation 
spectroscopy. Glass transition temperature of PMMA as-stacked thin films measured by DSC is found to 
be lower than that of the bulk states. This suggests that there should be an interface between the layers of 
PMMA stacked thin films and the existence of the interfaces would affect the glass transition temperature. 
Besides, the glass transition temperature of PMMA stacked thin films annealed at higher temperatures 
than Tg is almost equal to that of the bulk states, which suggests that there is no interface between the 
layers of PMMA stacked thin films after the annealing and the annealed PMMA stacked thin film is 
similar to the bulk states. Dielectric relaxation spectroscopy reveals that alpha-process dynamics of 
PMMA as-stacked thin polymer films is faster than those of the bulk PMMA, but they become slower  
during isothermal annealing process. Finally, alpha-process dynamics reaches those of the bulk one after 
sufficient annealing times.  On the other hand, the beta-process dynamics of PMMA stacked thin polymer 
films shows no changes during annealing process.  This shows that the polymer chains around the 
interface diffuse during annealing process and after sufficient annealing process, the diffusion of the 
polymer chains is completed between interface layers. 
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Specific heat and thermal conductivity measurements were conducted for Freons 1,2-difluoro-1,1,2,2-
tetrachloroethane (Freon 112, CFCl2-CFCl2), and 1,1,2-trifluoro-1,1,2-trichloroethane (Freon 113, F2ClC–
CCl2F). Both compounds are known to display orientationally disordered (plastic) phases, which can be 
supercooled preventing the orientational ordering and thus giving rise to an orientational glass (OG) state 
or glassy crystal. Specific-heat measurements at low temperature show up the Boson peak which results 
from the excess in the vibrational density of states, g(ω), over the classical Debye [gD(ω) ∝ ω2] value. 
Thermal conductivity measurements can account for the Ioffe-Regel crossover as the deviation of κph(T), 
which corresponds to the propagating acoustic phonons with long relaxation times [τR(ω,T) >> τmin(ω,T)] 
typical for resistive phonon scattering, from κmin(T), accounting for strong phonon scattering with short 
relaxation times [τR(ω,T )<< τmin(ω,T )]. We will show that OGs behave similarly to canonical glass 
formers as far as Boson peak and Ioffe-Regel crossover are concerned on the basis of the soft potential 
model. 
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Molecular dynamics (MD) simulations have been performed to study thermal properties of supercooled 
liquid near the glass transition regime and glasses in one component soft-core (SC) system with a pair 
potential ( )n

n rr /)( σεϕ =  with n=12.  Quenched glasses were obtained by a rapid cooling, while 
metastable glasses were obtained after the NVE non-equilibrium relaxations[1]. Themodynamic properties 
are examined along a phase-diagram, where the compressibility factor defined by TNkPVP B/*)(~ ≡ρ is 

plotted against  reduced density n
BTk /3)/(* ερρ =   (or reduced temperature, 3/** nT −

= ρ ).  Interestingly, 
non-equilibrium NVE relaxation towards the metastable state can be mapped on the same diagram, using 
a time-dependent dynamical compressibility factor, as well as rapid quenching case. In the SC system, a 
specific heat VC  of the liquid and super-cooled liquid was obtained as a function of *)(~ ρP , using a 
polynomial expansion of the */1 T  terms, while the value of quenched liquid state was treated as a 
function of scaled potential energy, *U , using an expansion of the *T  terms. Analytical expression of 
entropy, S, is obtained using these coefficients of polynomials. Thermodynamics in the liquid and glassy 
states are compared with those in the crystalline (fcc) state[2]. 
[1]  Junko Habasaki and Akira Ueda, J. Chem. Phys., 134, (2011) 084505. 
[2]  Junko Habasaki and Akira Ueda, Phys. Chem. Chem. Phys., 14 (2012) 7120. 
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The dynamical features characterizing the canonical glasses obtained from supercooled liquids in which 
both translational and orientational degrees of freedom are frozen in giving rise to the structural glasses 
can appear in systems which are much ordered. Thus, orientational glasses are known to be the 
nonergodic stated of the orientationally disordered or plastic phases, in which the long-range translational 
order remains whereas the orientational disorder is frozen in. Moreover, glassy features can even emerge 
when the complexity of the disordered system is even smaller. Thus, it has been shown that some 
crystalline systems present some occupational disorder that can be described as a nonergodic state with 
completely similar dynamics appearing in canonical systems. A set of these systems has been studied 
recently and we will describe them under a unified description according to the nature and origin of the 
disorder. The set contains the low-temperature monoclinic phase of adamantanone, with a statistical 
intrinsic disorder concerning the site occupancy of the oxygen atom, some halogen-ethane derivatives 
with statistical disorder concerning some sites of halogen atoms, and the low-temperature monoclinic 
phase of CCl4-n Brn (n=0,1,2) compounds, in which the statistical occupancy disorder of the halogen 
atoms gives rise to large rotations of the tetrahedral around the symmetry axes. 
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We analyze the local structure and dynamics in model glasses in searching of appropriate parameters to 
identify “soft spots” in amorphous solids where particle rearrangements are initiated. Previous studies 
propose that soft spots can be identified by the local bond-orientational order [1] or loosely constrained 
particles vibrating strongly in low-frequency normal modes [2-4]. We introduce here a new parameter, 
the minimum local potential curvature, to describe the softness of a single particle. We find that our new 
parameter works better than previous ones to identify soft spots, because it has the strongest correlation 
with local potential energy barrier height and consequently local dynamics. Moreover, the correlation 
between soft spots identified by different parameters may help to figure out the origins of the quasi-
localization of low-frequency normal modes and plastic deformation of amorphous solids and particle 
rearrangements in supercooled liquids. 
[1] T. Kawasaki, T. Araki, and H. Tanaka, Phys. Rev. Lett. 99 (2007) 108302. 
[2] A. Widmer-Cooper, H. Perry, P. Harrowell, and D. R. Reichman, Nature Phys. 4 (2008) 711. 
[3] K. Chen et al., Phys. Rev. Lett. 107 (2011) 108301. 
[4] M. L. Manning and A. J. Liu, Phys. Rev. Lett. 107 (2011) 108302. 
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 Palladium hydride PdH, which may be the most well-known metal hydride, has attracted much attention 
as a hydrogen storage material in industry field. PdH is an interesting material also from their exotic 
phenomena at low temperature; the quantum diffusion of hydrogen, superconductivity and heat capacity 
anomaly at around 50 K [1]. The mechanism of the transition has not been understood yet though a 
neutron diffraction study [2] suggested that the anomaly is due to an order-disorder transition of the 
hydrogen atoms in palladium lattice. In order to elucidate the origin of the anomaly, we have measured 
the heat of adsorption and the heat capacity of PdHx (x = 0.62, 0.725, 0.829) by means of a custom-built 
adiabatic calorimeter. For in-situ measurements, we have developed small calorimeter cell connected to 
the H2 gas line. 
A step-like anomaly of heat capacity appeared at 50-75 K; the temperature of the step depended on x. The 
most significant finding is that an exothermic followed by endothermic effect took place around the 
anomaly, implying that the sample exhibited an enthalpy relaxation to the equilibrium state. We conclude 
that the anomaly is attributed to a glass transition corresponding to the freezing of the configurational 
motion of hydrogen. In the presentation, the temperature dependence of the relaxation time in a wide 
temperature range (50-400 K) will be discussed along with the glass transition. 
[1] D. M. Nace and G. J. Aston, J. Am. Chem. Soc., 79 3627 (1957) 
[2] T. E. Ellis, C. B. Satterthwaite, M. H. Mueller and T. O. Brun, Phys. Rev. Lett., 42 459 (1979) 
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The transition between polyamorphic states has been one of the most interesting focus during the last 
decades. This transition could be observed in some materials from a first-order transition between the 
supercooled liquid state and a new amorphous phase, the “glacial state”. The nature of this new state 
remains still controversial and different explanations have been given from different theories. At present 
the glacial state is seen as a consequence of a liquid-liquid transition between two liquid states or as an 
interrupted crystallization due to the low crystal growth rate from the glass state. In this work, we will 
describe the first glacial state obtained from a plastic crystal (adamantanone). We will show that the 
features of the thermal conductivity temperature dependence at low-temperature is independent of the 
origin of the glass state and that the long range translational order does not modify the general properties 
known till present. Accordingly, the explanation of the phenomenon will be based on the low crystal 
growth rate of the low temperature ordered phase, given rise to a strongly defective crystal immersed into 
a glassy state. 
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Relaxation of the adiabatic bulk modulus of supercooled liquids can be measured by the so-called 
Piezoelectric Bulk Modulus Gauge (PBG) [1] in a continous frequency range from 1 Hz to 50 kHz and 
also at a number of discrete resonance frequencies above 100 kHz. The PBG is on top provided with an 
expansion tube. The liquid mass in the aperture between the spherical void of the PBG and the expansion 
tube gives rise to a Helmholtz-type resonance at around 1 kHz that recently has been utilised for 
determining the viscosity of the liquid sample [2]. Additionally we have recognized a resonance at 
approximately 10 kHz (and its higher harmonics) that we can attribute to Moens-Korteweg modes [3] in 
the expansion tube. These modes can be utilized for determining the expansivity of the liquid, which 
makes the PBG an even more versatile tool for studying liquid properties. 
[1] T. Christensen & N. B. Olsen, Phys Rev. B 49 (1994) 15396. 
[2] T. Hecksher, N. B. Olsen, K. A. Nelson, J. C. Dyre & T. Christensen. To appear in J. Chem. Phys. 138 
(2013). 
[3] D. J. Korteweg, Ann. Phys. Chem. (NS) 5 (1878) 525. 
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The universality of low-temperature thermal conductivity coefficient κ dependence on temperature T of 
glasses amazes the researchers for over thirty years. Yet the phenomenon remains unexplained. The fact 
that a theory describing thermal excitations in glasses and therefore thermal transport processes in them is 
still missing undoubtedly makes physics behind the universality far from being explained. In contrary to 
the glass, the thermal excitations in a crystalline solid has been thoroughly studied and understood with 
Debye approximation. The concept of phonons makes possible to describe an initial cubic temperature 
increase of thermal conductivity of a finite perfect crystal followed by an exponential decrease of the 
dependence. It also enables to understand deviation of the thermal conductivity from the T3 dependence 
observed in crystals containing defects. In spite of the abundance of functional κ(T) dependencies and the 
variety of values of thermal conductivity coefficient observed for dielectric crystals, some of simple 
molecular crystals show universality resembling that observed for glassy materials. In the current 
contribution we show the universality and try to discuss its origin. 
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The thermal conductivity coefficient dependence on temperature of donor-doped bulk samples of GaN at 
different dopant concentration was specified over temperature range 5-360K. The thermal conductivity 
drops significantly with increasing concentration of the donor admixture. The observed effect is caused 
rather by phonon-electron than phonon point defect scattering. The contribution of electron component to 
the heat flux is very small. In the experiment it was also found that the thermal conductivity temperature 
dependence on temperature of the samples show a hysteresis and evidence of memory of the thermal 
history. The tentative hypothesis explaining the observed hysteresis and thermal memory effect was 
given. 
The work was supported by Wroclaw Research Centre EIT+ within the project "The Application of 
Nanotechnology in Advanced Materials" – NanoMat (POIG.01.01.02-02-002/08) co-financed by the 
European Regional Development Fund (operational Programme Innovative Economy, 1.1.2) 
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Thermo-mechanical properties of polymer wire have been investigated based on quartz tuning fork (QTF) 
platform. Using a direct tip drawing method, polymer wire was connected between two prongs of quartz 
tuning fork. After connection of polymer wire, resonance frequency of QTF increases, while a quality 
factor decreases. It is attributed to the increase in the effective stiffness and damping, respectively [1]. 
From the frequency shift, Young’s modulus of polymer wire could be calculated. 
Also, variations in the resonance frequency and quality factor of QTF were measured simultaneously as a 
function of temperature. In case of bare QTF, no significant change in the resonance frequency and 
quality factor were observed within experimental temperature range. In contrast, as temperature increases, 
the QTFs connected by polymer wire shows a substantial decrease in the resonance frequency, and the 
minimum of quality factor, which indicates the glass transition of polymer wire. Dynamic Tg of polymer 
wire could be measured from the maximum of loss modulus, which could be obtained from variations in 
resonance frequency and quality factor. In addition, in case that two kinds of polymer wires (e.g. 
polystyrene (PS) and poly(vinyl acetate) (PVAc) wire) were loaded on the same QTF, two glass transition 
regimes associated with each polymer were observed clearly. Each dynamic Tg of PS and PVAc wire 
could be successfully measured. 
[1] S. Boussaad & N. J. Tao, Nano Lett. 3 (2003) 1173. 
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Local mobiliies in the glassy state and segmental dynamics of random copolymers of ɛ-caprolactone 
and ɛ-caprolactam, poly(CLO-co-CLA), with 6%, 36% and 55% CLO concentrations and the 
homopolymers, were studied using Wide Angle X-Ray Diffraction (WAXS) and Thermally Stimulated 
Depolarization Current (TSDC) techniques. For all copolymer compositions, CLO is unable to crystallize 
while CLA presents 3D order according to the monoclinic α phase of polyamide-6 when it is the most 
abundant component. Segmental dynamics measured by TSDC show a decoupling of the main α mode in 
two contributions, α1 and α2; in both modes a Tg composition dependence is found. These Tg values are 
intermediate relative to that of the homopolymers. This compositional variation cannot be fitted by a Fox 
mixing rule. However, the bimodal manifestation of segmental dynamics is not a consequence of phase 
segregation since a homogeneous amorphous phase has been demonstrated to exist. The segmental 
dynamics in poly(CLO-co-CLA) show the typical moisture plasticization effect on  polyamides as shown 
by the increase of both Tg after a step drying process of the samples.  Local dynamics in poly(CLO-co-
CLA) copolymers is not a superposition of the secondary modes of the homopolymers.even though the 
moisture sensitivity is still present. The effect of humidity and composition on the different mobility 
scales will be discussed. 
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The areas of application of amorphous chalcogenides grow every year thanks to their electrical and 
optical properties and their variability with the glass composition. The exact composition of these 
materials also significantly affects the temperature ranges of their using. The amorphous materials are 
stable at temperatures below the glass transition temperature Tg, but at temperatures close to Tg the 
physical ageing can significantly influence the structure and properties of amorphous material and above 
the Tg the crystallization is observed [1]. Thus, it is necessary to specify the thermal behavior of 
amorphous material which can be done using methods of thermal analysis. 
In the case of binary chalcogenide system Sb-Se the amorphous material in the form of bulk can be 
prepared only up to approximately 10% of antimony by conventional rapid quenching technique [2, 3]. 
Conventional technique means: an adequate amount of elements were accurately weighted into a fused 
silica ampoule, degasses and sealed afterwards. The batched ampoule was then annealed in the rocking 
furnace at 800 °C for 24 h. Glasses were then prepared from their melts by quenching the ampoules in 
ice-water. The amorphous nature of each glass was checked by X-ray diffraction and the basic physical 
properties of samples were checked. Structural relaxation of all SbxSe1-x samples was studied using 
differential scanning calorimeter Pyris 1 with intracooler. The cyclic relaxation experiments were 
performed as well as annealing with complicated thermal history to obtained reliable values of parameters 
of Tool-Narayanaswamy-Moynihan model [4,5]. The correlation between TNM parameters and structure 
of Sb-Se glasses is discussed. 
Acknowledgment 
This work was supported by the Grant agency of the Czech Republic under the project No. GA ČR 
106/11/1152. 
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Ethanol exhibits a very interesting polymorphism [1,2], presenting different solid phases below its 
melting point at 159 K: a structural (amorphous) glass, by quenching the supercooled liquid below the 
glass-transition temperature Tg= 97 K; a (bcc) plastic crystal, which by quenching below the same Tg= 97 
K becomes an orientationally disordered crystal with glassy properties (sometimes named a ‘glassy 
crystal’); and fully ordered (monoclinic) crystals. We present here infrared spectrometry (IRS) 
experiments [3] of the different phases of ethanol cryocondensates in the relevant temperature range 
around the glass-transition and crystal melting temperatures. In addition, we have concurrently performed 
thermal desorption experiments on these crystalline phases, both fully ordered and orientationally 
disordered ones, that complement our earlier studies of the glass phases.  
[1] O. Haida, H. Suga and S. Seki, J. Chem. Termodyn. 9 (1977) 1133. 
[2] M. A. Ramos, I. Shmyt'ko, E. Arnautova, R. Jiménez-Riobóo, V. Rodriguez-Mora, S. Vieira and M. J. 
Capitán, J. Non-Cryst. Solids 352 (2006) 4769. 
[3] A. Aldiyarov, M. Aryutkina, A. Drobyshev, M. Kaikanov and V. Kurnosov, Fiz. Nizk. Temp. 35 
(2009) 333 [Low Temp. Phys. 35 (2009) 251]. 
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In the study of structural relaxation with respect to external thermodynamical parameters it is very crucial 
to include into consideration not only the temperature, but also the pressure, the concentration of dopant 
and so on. Still the interplay between all of these parameters requires the extension of their respective 
variation ranges so that the critical region, where the crossover in the relaxation regime takes place, could 
be achieved. 
Though the variation of temperature is easily produced in the present-day dielectric spectroscopy 
experiments but the variation of pressure is not, due to the draw-backs of the widely-used cylinder-piston 
measurement cell with pressure range up to 1.8 GPa. But by the application of toroid-type cell this 
pressure range can be significantly extended up to 8 GPa. 
As it turns out this extension for the van-der-Waals bonded liquids does not lead to new relaxation 
dynamics, but for the hydrogen-bonded does. This point can be illustrated by the experimental data on 
two archetypical small-molecule glassformers – propylene carbonate and glycerol. But the simplicity of 
molecule structure does not necessarily mean the simplicity of intermolecular bonding. So the application 
of ultra-high pressures to single hydrogen bonded monoalcohols is a case which gives rise to the 
interesting physics like the transformation of complex relaxation (commonly found in the number of 
monoalcohol glassformers) and the interplay between glassification and crystallization (which could be 
observed in the simplest monoalcohols).  
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The nonlinear dielectric spectroscopy (NDS) is considered as the 21st century successor of  the broad 
band dielectric spectroscopy due to its unique ability to probe directly multimolecular heterogeneities. 
One of possible experimental solutions for NDS is based on the dual field principle, in which the 
anisotropy is induced by a pulse of a strong electric field and probed by a weak radio-frequency field. The 
latter can be scanned and the strong electric field can be employed as AC (selective mode) and DC (non-
selective mode) pulses.  Consequently, one can test the “nonlinear” behavior as the function of 
frequencies of the weak electric field, the strong electric field and focusing on  the stationary response 
and/or the decay after switching of the field. The measurement capacitor enabled tests for a set of 
isotherms without disassembling the pressure chamber. Notable is the macroscopic gap of the capacitor, 
what reduces many of possible parasitic artifacts.  
In this contribution temperature and pressure related NDS outputs in selected glass forming system is 
presented. It is related both to the evolution  of “nonlinear, heterogeneities-related” relaxation times and 
to their distribution. Results obtained indicated on the possibility of solving the long standing puzzle 
between the heterogeneous and homogeneous dynamics in the ultraviscous domain. These findings are 
compared with the behavior in the supercritical domain in liquids and liquid crystals, often considered as 
model for glassy dynamics.  
 
References:  
S. J. Rzoska, Kerr effect and nonlinear dielectric effect on approaching the critical consolute point, Phys. 
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In this work we report an experimental evidence that the excess of modes in glasses respect to its 
crystalline counterpart does not really exist, it is only apparent and it consists of crystalline acoustic 
modes modified by disorder. We performed specific heat measurements on vitreous silica, the prototype 
of glasses and on permanently densified silica, comparing our data with those of crystalline counterpart. 
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Although crystallization is one of the oldest and most commonly investigated process in nature, in many 
aspects it remains still very enigmatic. An extremely interesting topic is crystallization of glass-formers 
under pressure due to potential applications in material science. Unfortunately, even at atmospheric 
pressure thorough understanding crystallization phenomenon of supercooled liquids is still lacking. Thus, 
detailed investigation on that matter is essential.  
Herein, dielectric spectroscopy was employed to study crystallization kinetics under high pressure of low 
molecular weight supercooled liquids [1, 2, 3]. By introducing isochronal experiments we were able to 
quantitatively probe the effect of pressure (up to 1.8 GPa) on slowing down or accelerating crystal 
formation as well as extract valuable information considering molecular dynamics of investigated 
materials.  As will be shown, the advantage of isochronal approach stems from the fact that for different 
(T, p) combinations, however, while keeping the same degree of global molecular mobility we have an 
exceptional possibility to control (at least at macroscopic level) the kinetic factor of the crystallization 
process.  
 
[1] K. Adrjanowicz, et al., J. Phys. Chem. B, 114 (2010) 6579–6593 
[2] K. Adrjanowicz et al. J. Chem. Phys. 136(2012), 234509 
[3] K. Adrjanowicz et al. ‘From Heterogeneous to Homogeneous-Like Dynamics:  Behavior of Dynamic 
Heterogeneity and Crystallization of Supercooled Indomethacin under Compression’, paper under 
revision 
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Identification and understanding of the transitions occurring in glasses and in stable or undercooled 
liquids, over a wide pressure range, is an important issue in fundamental physics and often represents an 
experimental challenge with large implications in other fields, such as materials science and geophysics. 
Here we present some experimental strategies developed for X-ray Absorption Spectroscopy (XAS), 
often combined with x-ray diffraction and Raman spectroscopy, that allowed tudies of liquid and 
amorphous matter under extreme conditions over the last years. [1-3]Advances in the experimental 
techniques have been accompanied by improvements in data interpretation, that will be briefly discussed. 
We shall show a few examples and recent findings for simple covalent glasses (Ge, GeSi, GeO2) and 
elemental liquid metals (Ge, Sn, Bi, Se are typical examples) under high pressure. The new techniques 
allowed detailed studies about the occurrence of polyamorphism at high-pressure, providing also 
information on details of the local structure.   
[1] A. Di Cicco, A. Trapananti, E. Principi, S. De Panfilis, and A. Filipponi, "Polymorphism and 
metastable phenomena in liquid tin under pressure", Appl. Phys. Lett. 89, 221912 (2006) 
[2] A. Di Cicco, A. Congeduti, F. Coppari, J. C. Chervin, F. Baudelet, and A. Polian, "Interplay between 
morphology and metallization in amorphous-amorphous transitions", Phys. Rev. B 78, 033309 (2008) 
[3] F. Coppari, A. Polian, N. Menguy, A. Trapananti, A. Congeduti, M. Newville, V. B. Prakapenka, Y. 
Choi, E. Principi, A. Di Cicco, “Pressure-induced transformations in amorphous Si-Ge alloy”,  Phys. Rev. 
B vol. 85, 045201 (2012). 
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The intermediate-range order of SiO2 glass, i.e., the network structure consisting of SiO4 tetrahedra and 
interstitials voids in the structure, is an origin of various anomalous and interesting phenomena.  SiO2 
glass can be permanently densified up to 20% due to irreversible changes in the intermediate-range order, 
i.e., reconstruction of the bonding between SiO4 tetrahedra, under high pressure.  We measured the 
volume change of the fully densified SiO2 glass between 0 and 9 GPa on both compression and 
decompression and found that it behaves in an elastic manner, which is well described by the second-
order Birch-Murnaghan equation of state with a zero-pressure bulk modulus of 60.2 GPa [1].   The degree 
of densification varies continuously with the condition of pressure and temperature treatments, and these 
intermediately densified glasses are also expected to behave in an elastic manner.  It is of great interest 
that such intermediate states behave elastically like a “phase”, because this phenomenon seems to be 
unique to glasses.  We also measured the differential strain in the intermediate-range order of SiO2 glass 
under uniaxial compression (and subsequent decompression) by a radial x-ray diffraction method [2].  
The differential strain of SiO2 glass was larger than that of crystalline silicates especially below 20 GPa 
and decreased with increasing pressure in contrast to crystalline silicates.  The recovered sample showed 
a large differential strain equivalent to 2 GPa in differential stress.  This residual strain can be interpreted 
as caused by anisotropic permanent densification.  We also found that when SiO2 glass is compressed in 
helium, a large amount of helium atoms penetrates into the interstitial voids of SiO2 glass [3]. 
[1] D. Wakabayashi et al., Phys. Rev. B 84 (2011) 144103. 
[2] T. Sato et al., submitted. 
[3] T. Sato et al., Nat. Commun. 2 (2011) 345. 
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Atomic rearrangements and structural changes in glasses at high pressure and temperature are one of the 
most intriguing and puzzling topics in condensed matter physics. Anomalous properties, such as 
permanent densification of glasses subjected to high pressures, has attracted much attention to 
understanding the compression mechanisms of glasses. Previous experimental investigations of the high-
pressure structure of silicate glasses up to a pressure of ~40 GPa strongly suggest that changes in the Si-O 
coordination number are a key component of the densification mechanism. However, little is known 
about further densification above ~40 GPa due to experimental challenges and the lack of suitable in-situ 
structural probes. Acoustic wave velocity measurement is one of the most promising approaches for 
detecting structural changes of glasses and melts, inasmuch as the sound velocity directly reflects the 
density and elasticity, regardless of whether a sample is crystalline or amorphous. Our newly developed 
in-situ high-pressure Brillouin scattering spectroscopic system has recently proven to be highly suitable 
for exploring the acoustic velocities under ultrahigh-pressure conditions approaching to 200 GPa. Here 
we report in-situ high-pressure Brillouin scattering results for several silicate glasses at pressures up to 
207 GPa, revealing a precisely-determined and systematic change in the velocity-pressure trajectory 
starting at ~130 GPa. We infer this to be a new transition to a denser structure that is likely associated 
with the onset of a change in coordination number to higher than sixfold. We will also present our latest 
results of high-pressure synchrotron X-ray diffraction measurements of silica glass above ~100 GPa. 
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The structures of multi-component glasses (quaternary and beyond) under both static and dynamic 
compression have not been well understood. Most of the progress has been made for the relatively simple 
oxide glasses. Recent advances in element-specific experimental probe of local structures including non-
resonant synchrotron inelastic x-ray scattering (IXS) and multi-dimensional solid-state NMR unveil 
previously unknown structural details of the structural changes in the diverse multi-component oxide 
glasses under static and dynamic compression. Here, we provide an overview of the recent progress and 
insights by IXS and NMR into electronic structures of oxide glasses at high pressure. Contrary to an 
expected complexity in densification for multi-component oxide glasses, experimental results for multi-
component amorphous oxide at high pressure demonstrate that the pressure-induced changes in melt 
structures show a simplicity  where the effect composition can be somewhat predicted and quantified [1, 
2]. 
[1] Lee, Proc. Nat. Aca. Sci. (2011), 108, 6847; Sol. St. NMR. (2010), 38, 45  
[2] Lee, Park, Kim, Tschauner, Asimow, Bai, Xiao, & Chow, Geophys. Res. Letts. (2012) 39 5306 
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Carini, Giuseppe2; Carini, Giovanni1; D'Angelo, Giovanna2; Tripodo, Gaspare2 

(1) C. N. R.; (2) Università di Messina 
 
By quenching under GPa pressures a glass-forming liquid, it is possible to increase gradually the density 
of the glassy system which changes also its structure from that of the normal glass, obtained by quenching 
at ambient pressure, towards that of the crystal. Growing densification of v-B2O3, in fact, leads to a 
substantial decrease of the fraction of boroxol rings (B3O6) [1,2], the molecular groups formed by 
connected BO3 planar triangles, which are fully missing in crystalline B2O3. These structural changes lead 
to a progressive reduction of the low-energy vibrations causing the Boson peak and of locally mobile 
relaxing defects strongly affecting the sound propagation in glasses. To follow the correlation between 
excess vibrations, intrinsic defect states and the structural modifications, we have performed calorimetric, 
Raman scattering and ultrasonic experiments on B2O3 samples which have been high-pressure quenched 
to go progressively from the normal glass, through permanently compacted glassy phases, to the 
crystalline state. The results concerning the temperature dependence of the heat capacity, the low-
frequency Raman scattering and the sound attenuation and velocity at MHz frequencies evidence that the 
decrease of boroxol rings with increasing pressure of synthesis is associated to the progressive depression 
of the Boson peak and of the relaxation processes till their full disappearance in the crystalline phase. 

(2) V. V. Brazhkin, I. Farnan, K. Funakoshi, M. Kanzaki, Y. Katayama, A. G. Lyapin, H. Saitoh, 
Phys. Rev. Lett. 105, 115701 (2010). 

(3) G. Carini Jr, E. Gilioli, G. Tripodo, C. Vasi, Phys. Rev. B 84, 24207 (2011). 
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Force-Induced Melting of Glasses 

 
Voigtmann, Thomas2; Fuchs, Matthias2; Harrer, Christian2; Siebenbürger, Miriam1; Ballauff, Matthias1 

(1) Helmholtz-Zentrum Berlin; (2) Universität Konstanz 
 
Due to slow structural relaxation, and their characterization as soft solids, glass-forming colloidal 
suspensions are highly susceptible to non-linear response behavior even under small external loads [1]. 
Such external fields can be applied on a macroscopic level, e.g. through mechanical stress and/or pressure 
[2], or locally on individual particles [3], e.g. through laser tweezers or magnetic forcing. The latter, 
called active nonlinear micro-rheology, is a tool to reveal information on the relevant length scales 
involved in glassy dynamics. Strong forces cause the glass to yield, while small forces can give rise to 
small non-steady deformation. We discuss several temporal regimes of yielding under macroscopic load 
as observed in creep experiments [2]. We connect this macroscopic yielding to that under microscopic 
driving. Within mode-coupling theory of the glass transition, a critical force is found where a forced 
particle delocalizes from its frozen disordered environment. We discuss some aspects of this transition, 
involving intermittent dynamics of the particle that undergoes rare large excursions in all spatial 
directions [4]. 
[1] Th. Voigtmann, Eur. Phys. J. E 34 (2011) 106. 
[2] M. Siebenbürger, M. Ballauff, and Th. Voigtmann, Phys. Rev. Lett. 108 (2012) 255701. 
[3] Ch. J. Harrer, D. Winter, J. Horbach, M. Fuchs, and Th. Voigtmann, J. Phys.: Condens. Matter 24 
(2012) 464105. 
[4] Ch. J. Harrer, A. M. Puertas, Th. Voigtmann, and M. Fuchs, Z. Phys. Chem. 226 (2012), 779. 
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Pressure-Driven Flow of a Model Viscoelastic Fluid 
 

Papenkort, Simon1; Voigtmann, Thomas1 

(1) Universität Konstanz 
 
We study the pressure-induced fluidization of glasses and glass-forming liquids by a combination of 
mesoscopic simulation and microscopic theory. These fluids exhibit a strong dependence of the viscosity 
on the shear rate, since their slow structural-relaxation dynamics is highly accelerated by shear. In 
addition, viscous forces arise not only in the direction of the flow, but perpendicular to it (as normal stress 
differences). Therefore, any flow problem will depend sensitively on the flow geometry. 
To simulate pressure-driven flow of glass-forming fluids, we have extended the Lattice Boltzmann 
method to solve the Navier-Stokes equation of creeping flow with nonlinear, non-instantaneous closure 
relations between the stresses and the flow field. For the latter, we propose a full tensorial, nonlinear 
generalization of Maxwell's model of visco-elastic fluids to account for shear thinning. This model is 
inspired by mode-coupling theory and the integration-through transients formalism, starting from the 
microscopic equations of motion. 
We find a drastic change in the behavior of the fluid. Near the center, the fluid is in a glassy state and acts 
like a solid plug. However, if the applied pressure gradient exceeds a certain threshold, high-shear regions 
form at the walls, effectively melting the fluid. Normal stresses acting in opposite directions arise and try 
to compress the fluid, thereby increasing the pressure in the plug. After switching off the driving pressure 
gradient, the fluid regains its glassy properties, indicated by a finite stopping time. 
[1] M. Fuchs and M. E. Cates, Faraday Discuss. 123, 267-286 (2003). 
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Surprising huge noble gas solubilities in vitreous silica at high pressure 

 
Rufflé, Benoit1; Weigel, Coralie1; Polian, Alain2; Kint, Mathieu1; Foret, Marie1; Vacher, René1 

(1) University of Montpellier; (2) Université Pierre et Marie Curie, Paris 6 
 
Sound velocities of vitreous silica are measured under He and Ne compression in the pressure range 0-6 
GPa by Brillouin light scattering. It is found that the well-known anomalous compressibility maximum 
observed in a non-penetrating pressurizing medium owing to the inter-tetrahedral flexibility is to a large 
extent hindered by the penetration of gas atoms in the silica network. This suggests that the elastic 
anomaly relates to the collapse of the largest interstitial voids in the structure. Further, we provide 
evidence showing that the silica network distends when gas atoms penetrate under hydrostatic 
compression. The huge difference between the acoustic compressibility and the "static" compressibility of 
silica, derived from the pressure dependence of the sample volume, indicates that the large amount of 
incorporated helium still increases at 6 GPa. 
[1] C. Weigel, A. Polian, M. Kint, B. Rufflé, M. Foret, R. Vacher, Phys. Rev. Lett. 109 245504 (2012). 
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New developments in highly stable organic glasses 

 
Ediger, Mark1; Dalal, Shakeel1; Whitaker, Katie1 

(1) University of Wisconsin-Madison 
 
In the last five years, it has been shown that highly stable glasses can be prepared by physical vapor 
deposition.   These glasses show exceptional properties in comparison to ordinary liquid-cooled glasses, 
including high density, low enthalpy, low vapor uptake, and high mechanical moduli.   We have recently 
developed a temperature-gradient stage that, in combination with ellipsometry, allows high-throughput 
characterization of stable glasses; the density, birefringence, and kinetic stability as a function of substrate 
temperature can be efficiently investigated.   Using nanocalorimetry, we have recently shown that highly 
stable organic glasses can also be formed from molecular mixtures, a finding that can significantly extend 
the utility of these materials.    
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Critical points and phase transitions in orientationally disordered solids and glassforming liquids:  

(and the plasma catastrophe in optical fibres) 
 

Angell, C.A.1 

(1) Arizona State University 
 
Despite recent controversies in the case of water [1], the existence of two distinct liquid free energy 
megabasins, LDL and HDL, that become identical at a liquid-liquid critical point (LLCP), has now been 
confirmed[2] for a popular model, ST2. Here we provide direct evidence that the same applies to the 
archetypal glassformer, liquid SiO2 at high pressures. We link the phenomenon to the general case of 
orientational glasses at the strong extreme of the Tg-scaled Arrhenius plot[3], where the glass transition is 
seen to occur at the low temperature end of a directly observable order-disorder (lambda) transition, with 
critical point of the Ising universality class. For SiO2, the LLCT is located in the coesite stability domain 
of the phase diagram, well above the glass transition temperature[4]. The liquid-liquid coexistence line 
has a negative Clapeyron slope[5], like water[2], and quickly passes below the glass transition so that the 
low density phase becomes unobservable. However, evidence for the transition may be obtainable by 
study of the little-known optical fibre plasma catastrophe that generates densified SiO2 glass by 
quenching from extreme temperature/pressure conditions[6]. 
Inverting the SiO2 phase diagram to one with positive LDL-HDL Clapeyron slope, we show how 
behavior similar to that of triphenyl phosphite[7] can be understood. The LLCT again would lie at high 
pressures, with a first order transition to the high density phase occurring near the glass transition. In less 
fragile liquids this first order transition, if it exists at all, would lie below Tg, and only be manifested by 
sub-Tg vapour deposition routes or other unusual routes. Observations on the behavior of "ultrastable" 
toluene[8] are interpreted in these terms, to provide a "big picture"[9] for the role of liquid-liquid 
transitions in glass transition phenomenology. 
References 
[1] D. T. Limmer, D. Chandler, J. Chem. Phys. 135, 134503 (2011).  
[2] Y. Liu, J. C. Palmer, A. Z. Panagiotopoulos, P. G. Debenedetti, J. Chem. Phys. 137, 214505 (2012); 
doi: 10.1063/1.4769126 (2012).  
[3] R. Brand, A. Loidl, P. Lunkenheimer, J. Chem. Physics 116, 10386 (2002). 
[4] C. A. Angell, M. Hemmati, AIP Conference Proceedings (in press), (2013). 
[5] I. Saika--‐Voivod, F. Sciortino, P. H. Poole, Phys. Rev. E 63, 011202 (2001). 
[6] R. Kashyup, K. J. Blow, Fibre Optic Catastrophe, Electron. Lett. 24, 47 (1988). 
[7] R. Kurita, H. Tanaka, Science 306, 845 (2004).  
[8] A. Sepúlveda, E. Leon-Gutierrez, M. Gonzalez-Silveira, M. T. Clavaguera-Mora, J. Rodríguez-Viejo, 
J. Phys. Chem. Lett. 3, 919 (2012). 
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Observing and manipulating mobility in highly stable glasses 

 
Sepulveda Marquez, Alfonso1; Chen, Zhen2; S. Swallen, Stephen1; Richert, Ranko2; D. Ediger, Mark1 

(1) University of Wisconsin-Madison; (2) Arizona State University 
 
When an ultra-stable glass is annealed above Tg, it transforms into the supercooled liquid by means of a 
propagating front of mobility.  This growth front is initiated in mobile regions (e.g., a free surface) and 
evolves at a constant velocity.  In this work, glasses of indomethacin (IMC) were prepared by physical 
vapor deposition. The samples were annealed above Tg and measured with secondary ion mass 
spectrometry (SIMS) and dielectric relaxation (DR). The evolution of the propagating front has been 
interpreted as kinetic facilitation, where efficiently packed molecules become un-jammed only when 
mobility is available in their neighboring regions.  SIMS studies show that capping the free surface 
eliminates surface mobility and increases sample stability1. Also, we have shown that DR can be used as a 
sensitive method for glasses and liquids by vapor-depositing onto interdigitated-electrode devices2. We 
observe that the IMC liquid recovered from the ultra-stable glass is dynamically identical to the 
conventional supercooled state even at the early stages of the transformation3. Applying this new 
approach will enable us to study sub-Tg relaxations in ultra-stable glasses. 
[1] A. Sepúlveda, Stephen F. Swallen, and M. D. Ediger, J. Chem. Phys. 138 (2013) 12A517  
[2] L. Yang, A. Guiseppi-Wilson, and A. Guiseppi-Elie, Biomed.Microdevices 13 (2011) 279  
[3] Z. Chen, A. Sepúlveda, M. D. Ediger, and R. Richert, J. Chem. Phys. 138 (2013) 12A519  
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Relaxation Behavior of Vapor-Deposited Glasses Made of Small Molecules 

 
Ishii, Kikujiro1; Nakayama, Hideyuki1 

(1) Gakushuin University 
 
Vapor deposition (VD) is expected as a useful method for fabricating organic devices such as light-
emitting diodes. We had been studying relaxation behavior of vapor-deposited glassy films of compounds 
with small molecular sizes such as benzene derivatives [1]. VD of organic molecules got into footlights 
since Ediger and his coworkers reported the formation of low-enthalpy glasses of 1,3,5-tris-
naphthylbenzene and indomethacin deposited at temperatures rather close to Tg [2]. We then studied the 
relaxation behavior of vapor-deposited glasses of benzene derivatives as a function of deposition 
temperature Td, and found that the glasses deposited at temperatures close to Tg sometimes have 
anomalously high densities and their behavior is strongly dependent on Td [3,4]. In this meeting, we will 
report and discuss our recent findings on the behavior of vapor-deposited glasses including anomalous 
endothermic relaxation in low-density glasses accompanied with volume shrinkage and gradual relaxation 
in super-cooled liquids appeared from high-density glasses through glass transition. 
[1] K. Ishii, H. Nakayama, T. Okamura, M. Yamamoto, & T. Hosokawa, J. Phys. Chem. B 107 (2003) 
876. 
[2] S. F. Swallen, K. L. Kearns, M. K. Mapes, Y. S. Kim, R. J. McMahon, M. D. Ediger, T. Wu, L. Yu, S. 
Satija, Science 315 (2007) 353. 
[3] K. Ishii, H. Nakayama, S. Hirabayashi, & R. Moriyama, Chem. Phys. Lett. 459 (2008) 109. 
[4] K. Ishii, H. Nakayama, & R. Moriyama, J. Phys. Chem. B 116 (2012) 935. 
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STABILITY OF VAPOR DEPOSITED ULTRATHIN FILMS OF INDOMETHACIN 
 
Rodríguez Viejo, Javier1; Rodríguez Tinoco, Cristian1; González Silveira, Marta1; Lopeandía Fernández, 

Aitor1;  
Garcia Alonso, Gemma1; Clavaguera Mora, Maria Teresa1 

(1) Universidad Autónoma de Barcelona 
 
Vapor-deposition at ~0.85 Tg is known to produce ultrastable glasses with much higher kinetic and 
thermodynamic stability compared to conventional glasses prepared from the liquid [1]. This behaviour 
has been now extended to a number of different molecules and is believed to be quite universal among 
fragile organic glassformers. Ultrastable films of Indomethacin are stable at room temperature and have 
been ex-situ analyzed by a number of different techniques to infer many of its physico-chemical 
properties in the stable state.  However, due to the lack of sensitivity of most techniques no reports exist 
yet on the limit of very thin films, approaching 2D solids. While the literature dealing with size effects 
and confinement in conventional glasses is very extense, only few studies have addressed the influence of 
thickness on the kinetic and thermodynamic stability of ultrathin layers of ultraestable glasses.  In this 
report, we use fast scanning nanocalorimetry to address the influence of thickness on the glas transition 
and thermodynamic stability of ultrathin layers of indomethacin. The high sensitivity of the 
nanocalorimetric technique permits accurate heat capacity measurements on ultrastable layers down to 
few nm. In accordance to previous results for toluene [2], we demonstrate the appearance of size effects is 
linked to the stability of the glass. That is, ultrathin film glasses fast cooled from the liquid, hardly exhibit 
size effects while those prepared from the vapor show clear deviations from the bulk behaviour. We also 
use complementary characterization tools to analyze the ultraestable films.     
[1] S. F. Swallen, K. L. Kearns, M. K. Mapes, Y. S. Kim, R. J. McMahon, M. D.Ediger, T. Wu, L. Yu, S. 
Satija, Science 315, 353-356 2007. 
[2] E. Leon-Gutierrez, A. Sepúlveda, G. Garcia,  M. T. Clavaguera-Mora,  J. Rodriguez-Viejo,  J. Phys. 
Chem. Lett. 1, 341 (2010) 
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The dynamic glass transition of vapor deposited glasses studied by AC-calorimetry 

 
Schick, Christoph1; Mathias, Ahrenberg1; Yeong Zen, Chua1 

(1) Universität Rostock 
 
Glasses produced by in-situ physical vapor deposition (PVD) in vacuum exhibit different properties 
depending on the deposition conditions. Glasses deposited at temperatures near 0.85 of the glass 
transition temperature, Tg, are called stable or high-density glasses (HDG). They have low enthalpy, low 
heat capacity, high kinetic stability and high density [1]. Glasses deposited at much lower temperatures 
than Tg, called low-density glass (LDG), have opposite properties [2]. We have varied the substrate 
temperature covering the range from temperatures proven to yield high enthalpy glasses up to 
temperatures proven to yield low enthalpy glasses. This way the first observation of the complete 
evolution of the mentioned stable glass properties for ethyl cyclohexane is observed. 
Ishii et al. [ref] observed also some differences in the corresponding supercooled liquids (SCL). SCL 
from LDG is less stable and relaxes from one SCL to another more stable SCL state, suggesting the 
concept of "polyliquidism", while HDG turned directly into the more stable SCL and did not exhibit the 
relaxation [3]. We have investigated the relaxation behaviors of supercooled liquids of ethylbenzene 
created from PVD in a wide range of deposition temperatures by AC chip calorimetry. The observed 
behavior is in qualitative agreement with Ishii's observations. 
[1] S.F. Swallen, K.L. Kearns, M.K. Mapes, Y.S. Kim, R.J. McMahon, M.D. Ediger, T. Wu, L. Yu, S. 
Satija, Science, 315 (2007) 353-356. 
[2] H. Hikawa, M. Oguni, H. Suga, J. Non-Crystal. Solids, 101 (1988) 90-100. 
[3] K. Ishii, Y. Yokoyama, R. Moriyama, H. Nakayama, Chemistry Letters, 39 (2010) 958-960. 
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Enhanced Kinetics at the Glass Surface: Modelling the Macroscopic Consequences of Dynamic 
Facilitation 

 
Harrowell, Peter 1 

(1) School of Chemistry, University of Sydney   
 

The enhancement of relaxation kinetics at the surface of glassy materials has been invoked in the 
explanation of the high stability of vapour deposited amorphous films and its suppression, by the capping 
of the free surface, offers some intriguing scenarios including the superheating the capped glass film. In 
this talk we describe how the simple facilitated kinetic Ising model, the model that inspired much of 
current perspective on the central role of dynamic heterogeneities, can be extended to provide an 
insightful and provocative tool for exploring the possibilities of dynamic processes involving glass 
surfaces.    
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Surface Diffusion of Organic Glasses 

 
Brian Madison, Caleb1; Yu, Lian1 

(1) University of Wisconsin-Madison 
 
Surface mobility influences many processes in condensed matter, including crystal growth, catalysis, and 
the evolution of nano-structures.  A fundamental measure of surface mobility is the in-plane surface 
diffusion coefficient Ds. While Ds has been measured extensively for metals and semiconductors, no data 
existed for organic solids until recently1.  Understanding surface diffusion in organic solids is relevant for 
many areas of current research and development, including fast surface crystal growth2, the formation of 
ultra-stable glasses by vapor deposition3, the nature of surface mobility in polymer glasses, and soft 
materials for biomedical and electronic applications. Using the method of surface-grating decay, we 
measured the surface diffusion of Nifedipine, a similar organic glass former to the previously studied 
Indomethacin, but a much faster crystallizer.  We also examined the effect of bulk aging on surface 
diffusion.  We found that surface diffusion in these organic glasses is at least one million times faster than 
bulk diffusion, that surface diffusion is the leading mechanism of surface evolution for organic glasses at 
micrometer to nanometer length scales, and that bulk aging has little effect on surface diffusion.  These 
results are analyzed in reference to two recently proposed models of surface mobility4,5. 
 
(1)  Zhu, L.; Brian, C.; Swallen, S.; Straus, P.; Ediger, M.; Yu, L. Phys. Rev. Lett. 2011, 106, 1. 
(2)  Sun, Y.; Zhu, L.; Kearns, K. L.; Ediger, M. D.; Yu, L. Proc. Natl. Acad. Sci. 2011, 108, 5990. 
(3)  Swallen, S. F.; Kearns, K. L.; Mapes, M. K.; Kim, Y. S.; McMahon, R. J.; Ediger, M. D.; Wu, T.; 

Yu, L.; Satija, S. Science 2007, 315, 353. 
(4)  Stevenson, J. D.; Wolynes, P. G. J. Chem. Phys. 2008, 129, 234514. 
(5)  Capaccioli, S.; Ngai, K. L.; Paluch, M.; Prevosto, D. Phys. Rev. E 2012, 86, 051503.  
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Vibrational dynamics of Ultrastable amorphous pharmaceuticals studied by Broadband Picosecond  
Ultrasonics and Inelastic X ray Scattering 

 
POGNA, EVA ARIANNA AURELIA1; RODRIGUEZ TINOCO, CRISTIAN2; FERRANTE , 

CARINO3; RODRIGUEZ  VIEJO, JAVIER1; SCOPIGNO, TULLIO3 

(1) UNIVERSITAT AUTONOMA DE BARCELONA; (2) UNIVERSITAT AUTONOMA DE 
BARCELONA;  

(3) UNIVERSITA' DI ROMA SAPIENZA 
 
Novel vapor deposition procedures based on the fine control of substrate temperature have proven 
successful in producing glassy materials, named ultrastable glasses that exhibit extraordinary 
thermodynamical and kinetic stability, accompanied by high packing microscopic arrangement [1]. 
Ultrastable glasses display also high elastic moduli exceeding that of ordinary glasses by up to 20% [2]. 
In an effort to pursue the correlation between stability and vibrational dynamics we report the 
investigation of elastic properties over a wide range of frequencies spanning from GHz to THz. This is 
achieved i) developing a novel realization of picosecond ultrasonics, i.e. a Brillouin scattering experiment 
in time domain performed with pump & probe approach using a femtosecond laser source [3]; ii) using 
Inelastic X-ray Scattering technique in a tightly focused geometry to enable thin film characterization. In 
the prototypical amorphous drugs Indomethacin and Celecoxib, we observe a sound velocity reduction 
upon annealing the ultrastable towards ordinary form, while the non ergodicity factor obeys the recently 
proposed correlation with fragility [4]. More important, the acoustic attenuation displays a crossover 
around 500 GHz, strongly suggestive of a correlation with the Boson Peak.   
[1] S. Singh, M. D. Ediger  & J. J. de Pablo, Nat. Mat. 12, (2013) 139–144. 
[2] K.L. Kearnes, T. Still, G. Fytas, M.D. Ediger, Adv. Mater. 22 (2010) 39-42. 
[3] E. Pontecorvo, M. Ortolani, D. Polli,  M. Ferretti, G. Ruocco, G. Cerullo and T. Scopigno. App. Phys. 
Lett., 98, (2011) 246102. 
[4] T. Scopigno, G. Ruocco, F. Sette, and G. Monaco, Science 302, (2003) 849. 
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Anomalous endothermic relaxation of vapor-deposited alkylenzene glasses accompanied with 

volume shrinkage 
 

Nakayama, Hideyuki1; Nakao, Akira1; Fukawawa, Kyohei1; Ishii, Kikujiro1 

(1) Gakushuin University 
 
We previously carried out DTA-type thermal measurements on vapour-deposited ethylbenzene (EB) 
glasses simultaneously monitoring the light reflection in high vacuum condition [1].  An exothermic peak 
was observed accompanying the liquid-liquid relaxation in supercooled liquid states appeared from the 
glasses deposited at sufficiently low temperatures.  We recently improved the sensitivity of the thermal 
sensor and the data-accumulation method.  Thus, we found two kinds of thermal responses for EB 
glasses.     One is due to the expected endothermic peak accompanying volume expansion of the dense 
EB glasses deposited at temperatures close to Tg.  The other is unexpected endothermic gradual responses 
due to the relaxation accompanied with the volume shrinkage of glasses deposited at temperatures much 
lower than Tg.  A similar endothermic peak was observed for the isopropylbenzene (IPB) glasses.  To 
obtain the structural information of such glasses, in situ X-ray measurements were carried out for the EB 
and IPB samples.  It is found that the glasses deposited at temperatures much lower than Tg comprise 
significantly inhomogeneous structures.  It is thus considered that there are anomalously high density 
local structures in such inhomogeneous samples, and they contribute the endothermic relaxation in the 
glass states.  
[1] K. Ishii, Y. Yokoyama, R. Moriyama, & H. Nakayama, Chem. Lett. 39 (2010) 958-960. 
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In-situ investigation of vapor-deposited thin films of toluene and ethylbenzene  
by AC chip-nanocalorimetry 

 
Ahrenberg, Mathias1; Ahrenberg, Mathias1; Chua, Yeong Zen1; Whitaker, Katie2; Huth, Heiko1; Ediger, 

Mark2; Schick, Christoph1 

(1) University of Rostock; (2) University of Madison - WI 
 
Physical vapor deposition can be used to produce thin films with particular material properties [1]. For 
example extraordinarily stable glasses can be obtained from organic molecules like toluene and 
ethylbenzene [2, 3]. We have investigated properties like heat capacity and kinetic stability depending on 
substrate temperature and deposition rate by in-situ differential AC chip-nanocalorimetry [4, 5]. We have 
varied the substrate temperature covering the range from temperatures proven to yield high enthalpy 
glasses up to temperatures proven to yield low enthalpy glasses. This way the complete evolution of the 
mentioned stable glass properties is observed for the first time. Moreover AC calorimetry offers the 
possibility for isothermal measurements which enables to follow the transformation of the stable glass to 
the super-cooled liquid which gives suggestion of the transformation mechanism and its temperature 
dependence. The measured data are in agreement with a growth front mechanism transforming thin films 
of stable glasses into the supercooled liquid. Due to the high kinetic stability of vapor-deposited glasses 
the time for transformation of the most stable glasses was found to exceed the structural relaxation time 
by a factor of 104. 
[1] S.F. Swallen, K.L. Kearns, et al., Science 315(5810) 2007 353-356. 
[2] E. Leon-Gutierrez, A. Sepúlveda, et al., Phys. Chem. Chem. Phys. 12 2010 14693-14698. 
[3] S.L.L.M. Ramos, M. Oguni, et al., J. Phys. Chem. B 115(49) 2011 14327-14332. 
[4] M. Ahrenberg, E. Shoifet, et al., Rev. Sci. Instr. 83(3) 2012 033902. 
[5] M. Ahrenberg, Y.Z. Chua, et al., J. Chem. Phys. 138(2) 2013 024501. 
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In-Silico Preparation of Vapor Deposited Glasses 

 
Juan de Pablo 

The University of Chicago 
 
There is considerable interest in identifying structure-property relations in glasses. Structural studies of 
glassy materials have benefitted from insights provided by molecular simulations of model glass forming 
liquids. In particular, simulations have provided support for the existence of dynamic and mechanical 
heterogeneity at the level of small groups of molecules or particles. In general, however, the cooling rates 
employed in simulations have been many orders of magnitude faster than in experiments, thereby adding 
some level of ambiguity to direct comparisons between theory and experiment. Recently, experiments 
have shown that glasses having unusually large thermal and kinetic stability can be prepared by a vapor 
deposition process. Such glasses exhibit higher onset temperatures, higher densities, and higher 
mechanical constants than those of ordinary glasses. Inspired by such experiments, we have devised a 
strategy that allows one to prepare highly stable glassy materials, in silico, having thermal and kinetic 
characteristics that are superior to those obtained by gradual cooling of liquid samples. In this 
presentation, we will describe current experimental efforts to produce and characterize stable glasses, 
along with an overview of available theoretical and computational strategies aimed at understanding their 
properties.  Emphasis will be placed on recent attempts to identify the structural origin for the 
extraordinary stability of vapor deposited glasses, with the goal of providing new insights that could be 
useful for design of stable amorphous materials deep in the potential energy landscape. 
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Differential AC chip-calorimeter for in-situ measurements of vapor-deposited glasses 
 

Ahrenberg, Mathias2; Ahrenberg, Mathias2; Shoifet, Evgeni2; Huth, Heiko2; Whitaker, Katie3;  
Ediger, Mark1; Schick, Christoph2 

(1) University of Madison; (2) University of Rostock; (3) University of Madison - WI 
 
We built an AC chip calorimeter for in-situ heat capacity measurements of as-deposited nanometer thin 
films of organic glass formers. The calorimetric system is based on a differential AC chip calorimeter [1] 
which is placed in a vacuum chamber for physical vapor deposition (10-8 mbar). The high sensitivity of 
the device allows for detection of the dynamic glass transition of thin films down to 2 nm. Moreover the 
dynamic glass transition temperature can be measured within a frequency range from 10-1 Hz to 104 Hz.  
The sample is directly deposited onto one calorimetric chip sensor while the other sensor is protected 
against deposition. The use of a quartz crystal microbalance allows us to reproduce deposition rates 
reliably but due to the low working temperature we use a FEM for determination of the absolute film 
thickness. The temperature of the sample is measured directly at the position of the sample using the 
resistive heaters of the sensor. The temperature calibration of the heaters makes use of the phase 
transitions of cyclopentane and the frequency dependence of the dynamic glass transition of toluene and 
ethylbenzene [2]. 
[1] H. Huth, A. Minakov, and C. Schick, Netsu Sokutei 32(2) 2005 70-76. 
[2] M. Ahrenberg, E. Shoifet, et al., Rev. Sci. Instr. 83(3) 2012 033902. 
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LOW TEMPERATURE HEAT CAPACITY OF ULTRASTABLE GLASSES OF 

INDOMETHACIN: ANALYSIS OF THE BOSON PEAK AND TWO-LEVEL SYSTEMS 
 

Pérez-Castañeda, Tomás1; Ramos, Miguel Ángel1; Rodríguez-Tinoco, Cristian2;  
Fernández Lopeandía, Aitor2; Rodríguez-Viejo, Javier1 

(1) Laboratorio de Bajas Temperaturas, Departamento de Física de la Materia Condensada & Instituto  
de Materiales 'Nicolás Cabrera', Universidad Autónoma de Madrid; (2) Group of Nanomaterials and 

Microsystems. Department of Physics, Universitat Autònoma de Barcelona 
 
Indomethacin (IMC) glasses prepared from vapor-deposition routes have become a model system to study 
the new physico-chemical properties that characterize ultrastable glasses. When grown from the vapor at 
0.85 Tg, ultrastable glasses show improved kinetic and thermodynamic stability. These glasses also 
exhibit outstanding properties such as front-like response to transform into the supercooled liquid and 
structural anisotropy. Here, we present low-temperature specific heat measurements performed on IMC 
stable thin film glasses to investigate the appearance of the Boson peak and the tunnelling region below 
1K. Ultraestable glasses up to 50 µm thick were grown by thermal evaporation at 0.1 nm/s onto substrates 
held at 0.85 Tg (266 K). The stability of the ultraestable glass was measured by Differential Scanning 
Calorimetry and found to be similar to previously reported values grown under the same conditions [1]. 
Thick glassy films directly quenched from the liquid were also investigated, in order to make a 
quantitative assessment of the effect of this particular kinetic and thermodynamic ultrastability on the 
low-temperature universal properties of glasses. 
[1] S. F. Swallen, K. L. Kearns, M. K. Mapes, Y. S. Kim, R. J. McMahon, M. D. Ediger, T. Wu, L. Yu, S. 
Satija, Science 315, 353-356 2007. 
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Insights into the molecular processes involving physical vapor-deposition of molecular glasses 
 

Lima de Moraes Ramos, Sergio Luis 1 
(1) Graduate School of Science and Engineering, Tokyo Institute of Technology 

 
The most traditional method for preparing materials in their amorphous state has been that of 

liquid cooling, i.e. rapidly or slowly cooling the material from the supercooled or normal liquid state to 
temperatures below the glass transition temperature Tg as to prevent crystal nucleation and, consequently, 
sample crystallization. On the other hand, vitrification by vapor deposition was commonly employed in 
the past as a complementary method for producing amorphous entities of molecular materials which were 
reluctant to vitrification via liquid cooling.  

In previous calorimetric studies [1], glasses prepared with vapor deposition temperatures TD 
much lower than Tg, were characterized as being in higher enthalpic states than those of liquid-cooled 
ones. Recently, however, we, among other research groups, have confirmed that, by setting TD to be 
immediately below Tg, samples with relatively low-enthalpic states, as compared to the glasses prepared 
by liquid-cooling, can be prepared [2]. Correspondingly, the low-enthalpic vapor-deposited glasses had 
higher devitrification temperatues than Tg, indicating the presence of a more kinetically stable structure. 

In this work, we present the thermal behaviors of amorphous ethylbenzene, ethylcyclohexane 
and phenolphthalein vapor-deposited at diverse temperatures in the vicinity of Tg. Through our results we 
identify their universal features and correlate these to potential molecular processes proceeding in the 
formation and devitrification of the vapor-deposited glasses. 
 
[1] H. Hikawa et al., J. Non-Cryst. Solids 101 (1988) 90-100 
[2] S.L.L.M Ramos et al., J. Phys. Chem. B 115 (2011) 14327 
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Water and Hydrogen Bonded Systems 
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W-HB-1 
 

Liquid Water, the most Complex Fluid: New Results in Nanoconfined and Biological Environments 
 

H. E. Stanley1, S. V. Buldyrev13, G. Franzese2, H. J. Herrmann5, T. Kesselring5, E. Lascaris1, F. 
Mallamace4, E. Strekalova1, and L. Xu1 

(1) Boston Univ, (2) Univ Barcelona, (3) Yeshiva Univ, (4) Univ Messina,  (5) ETH Zurich 
 
We will introduce some of the 64 anomalies of the most complex of liquids, water—focusing on recent 
progress in understanding these anomalies by combining information provided by recent spectroscopy 
experiments (and simulations) on water in bulk, nanoconfined and biological environments [1]. We will 
interpret evidence from recent experiments designed to test the hypothesis that liquid water may possibly 
display “liquid polymorphism” in that it can exist in two different phases—and discuss recent work on 
nanoconfined water anomalies as well as the apparently related, and highly unusual, behavior of water in 
biological environments. Finally, we will discuss how the general concept of liquid polymorphism is 
proving useful in understanding anomalies in other liquids, such as silicon, silica, and carbon, as well as 
metallic glasses, which have in common that they are characterized by two characteristic length scales in 
their interactions. 
  
[1] H. E. Stanley, ed., Liquid Polymorphism [Vol. 152 in the series Advances in Chemical Physics], S. A. 
Rice, series editor (Wiley, New York, 2013). 
[2] T. A. Kesselring, G. Franzese, S. V. Buldyrev, H. J. Herrmann, and H. E. Stanley, “Nanoscale 
Dynamics of Phase Flipping in Water near its Hypothesized Liquid-Liquid Critical Point,” Nature 
Scientific Reports 2, 474 (2012).  
 

 
 
Oral 

W-HB-2 
The interplay between hydrophilic and hydrophobic interaction in water/methanol solutions: an 

NMR study. 
 

Carmelo, Corsaro 1; Mallamace, Domenico 1; Chen, Sow-Hsin 2; Mallamace, Francesco 1, 2 
(1) Università di Messina; (2) Massachusetts Institute of Technology 

 
Proton Nuclear Magnetic Resonance experiments have been performed to investigate the properties of 
water/methanol solutions at different methanol molar fractions as a function of temperature in the range 
205K < T < 300K. We measured both dynamic and structural quantities of all the chemical groups present 
in this mixture of water with the smallest alcohol. In fact, by means of high resolution NMR 
spectroscopy, it is possible to study separately not only the protons belonging to the two component of the 
mixture but also those belonging to the alcohol different functional groups (methyl and hydroxyl). In 
particular, we determined the coefficient of self-diffusion, the longitudinal and transverse relaxation times 
and the chemical shift. 
We find that the physical properties of the solutions depend on the complex hydrogen bonding dynamics 
caused by the strong interactions occurring in the mixture. We observe how the interplay between 
hydrophobicity and hydrophilicity changes with temperature and concentration and influences the 
peculiar thermal behavior of the measured quantities of the solution.  
The overall data analysis reveals an intriguing situation on the role of these two types of interaction, i.e. 
the existence of a crossover (at about the water melting temperature) between their effects on the system 
structure and dynamics. Whereas in the high temperature region the results can be interpreted in terms of 
the existence of stable water-methanol clusters, upon cooling below the crossover temperature, when the 
hydrogen bond interaction is more stable, the thermodynamics of the system is dominated by the 
hydrophilic interaction. 
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Free energy surface of ST2 water near the liquid-liquid phase transition 

 
Poole, Peter3; Bowles, R.K.4; Saika-Voivod, I.1; Sciortino, F.2 

(1) Memorial University of Newfoundland; (2) Università di Roma La Sapienza; (3) St. Francis  
Xavier University; (4) University of Saskatchewan 

 
We carry out umbrella sampling Monte Carlo simulations to evaluate the free energy surface of the ST2 
model of water as a function of two order parameters, the density and a bond-orientational order 
parameter. We approximate the long-range electrostatic interactions of the ST2 model using the reaction-
field method. We focus on state points in the vicinity of the liquid-liquid critical point proposed for this 
model in earlier work. At temperatures below the predicted critical temperature we find two basins in the 
free energy surface, both of which have liquid-like bond orientational order, but differing in density. The 
pressure and temperature dependence of the shape of the free energy surface is consistent with the 
assignment of these two basins to the distinct low density and high density liquid phases previously 
predicted to occur in ST2 water.  Our results [1] are also consistent with those of a similar study 
conducted by Liu, et al. [2], but are not consistent with the results reported by Limmer and Chandler [3] 
[1] P.H. Poole, R.K. Bowles, I. Saika-Voivod, and F. Sciortino, J. Chem. Phys. 138, 034505 (2013). 
[2] Y. Liu, J.C. Palmer, A.Z. Panagiotopoulos, and P.G. Debenedetti, J. Chem. Phys. 137, 214505 (2012). 
[3] D. T. Limmer and D. Chandler, J. Chem. Phys. 135, 134503 (2011). 
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Van Der Waals interactions and nuclear zero point effects in the compressibility of Water 

 
Fernandez Serra, Marivi3; Corsetti, Fabiano2; Pamuk, Betul3; Artacho, Emilio2; Soler, Jose1 

(1) Universidad Autonoma de Madrid; (2) CIC nanoGUNE Consolider; (3) Stony Brook University 
 
The development of new density functionals, accounting for non local van der Waals correlations, has 
shown that the structure of liquid water is extremely sensitive to the description of these non bonded 
interactions. In this talk I will show how some of these new functionals describe the structure of liquid 
water, and its response to pressure. I will also show how these properties are modified when nuclear zero 
point effects are also taken into account in the simulations. Our results will shed light on the discussion of 
density fluctuations in water, stressing the importance of having a full first principles description to 
understand the structural and dynamical anomalies of the liquid.  
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Computer simulation studies of heat conduction in water: bulk and interfaces 
 

Bresme, Fernando1 

(1) Imperial College 
 
The investigation of water has attracted the interest of experimentalists and theoreticians.  There are now 
well-established empirical water models that describe surprisingly well the thermodynamic and 
coexistence properties of water and ice in a wide range of thermodynamic conditions. Similarly, steady 
progress is being made in the ab initio simulation of water. Despite all these advances the investigation of 
heat transport in water has been largely neglected. This is surprising since water features the largest 
thermal conductivity of any molecular liquid. Also, the thermal conductivity of water features an 
anomalous dependence with temperature. The high thermal conductivity of water contributes towards the 
efficient thermal regulation of living organisms, e.g., by providing a medium to efficiently relax excess 
energy in biomolecules. Water is also widely used in heat management applications at industrial and 
nanomaterial levels. Hence, a microscopic knowledge of the mechanisms determining heat transport in 
bulk and at interfaces is desirable. In this talk, I will discuss our recent work on non-equilibrium 
molecular dynamics simulations of heat conduction in bulk water and in water-nanomaterial/biomolecule 
interfaces. Simulations provide a unique approach to quantify heat transport in a wide range of conditions, 
including extreme pressures and nanoscale interfaces which are difficult to tackle using current 
experimental approaches.  
[1] F. Bresme & F. Romer, J. Mol. Liq, in press (2012). 
[2] F. Romer, A. Lervik & F. Bresme, J. Chem. Phys. 137 (2012) 074503.  
[3] J. Muscatello & F. Bresme, J. Chem. Phys., 135 (2011) 234111. 
[4] J. Muscatello, F. Romer, J. Sala & F. Bresme, Phys. Chem. Chem. Phys. 13 (2011) 19970.  
[5] A. Lervik, F. Bresme, S. Kjelstrup, D. Bedeaux & J.M. Rubi, Phys. Chem. Chem. Phys. 12 (2010) 
1610. 
[6] A. Lervik, F. Bresme & S. Kjelstrup, Soft Matter 5 (2009) 2407.  
[7] F. Bresme, A. Lervik, D. Bedeaux & S. Kjelstrup, Phys. Rev. Lett. 101 (2008) 020602. 
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Cooperative Dynamics and the Fragile-to-Strong Crossover in Simulated Water 
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We examine the dynamical behavior of the ST2 model of water over a broad region of the phase diagram 
via molecular dynamics simulations. The ST2 model has a computationally accessible liquid-liquid 
transition can be directly observed. We locate characteristic dynamical loci in the phase diagram and 
compare them with the thermodynamic loci. The low-density liquid phase shows a crossover from non-
Arrhenius to Arrhenius behavior, signaling the onset of a crossover from fragile-to-strong behavior. We 
focus on the nature of heterogeneous and cooperative motion in this crossover region.  In the context of 
the Adam-Gibbs (AG) or the Random First-Order Transition (RFOT) theories, the return to Arrhenius 
behavior suggests the scale of cooperative motion should reach a nearly constant value.  The scale of 
cooperativity is not well defined in the AG or RFOT theories, but recent work indicates that string-like 
motion may fit the expected behavior of this scale.  Accordingly, ST2 offers an ideal system for a 
sensitive test of consistency between proposed molecular measures of cooperativity and those envisioned 
by the AG and RFOT theories. 
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Dynamics of water in Aqueous Solutions of Lysozyme and Trehalose upon cooling 
 

Gallo, Paola1 

(1) University Roma Tre 
 
Aqueous solutions of carbohydrates have increasingly attracted the attention of scientists due to the 
extraordinary biopreservation ability of sugars, particularly of trehalose. In fact, this common 
disaccharide of glucose has been found to be especially effective in preserving membranes structure and 
in preventing proteins from denaturation at very low water content. It has also been demonstrated that 
trehalose stabilizes living cells subjected to freezing stresses. These evidences have paved the way to the 
several and diversified industrial applications of trehalose, which is currently used in pharmaceutical 
formulations as an eccipient, in food industry, in many cosmetic lines and importantly in cryogenic 
technology.  In spite of this great number of uses, the microscopic mechanism responsible for the ability 
of trehalose, and sugar in general, of bioprotection is still unclear and several hypothesis are currently 
under debate. I will present results from a molecular dynamics simulations of a solution of water, 
trehalose and lysozyme upon cooling. The dynamics of water shows well distinct relaxations. The 
fraction of water molecules interacting with the sugar has a different dynamical behavior with respect to 
that of bulk-like water molecules. The sugar hydration water is similar to that of water close to the surface 
of a protein. The analysis of the dynamics of these hydration water molecules upon cooling allows also to 
comprehend the differences between trehalose and maltose [1]. The analysis of the dynamics of water 
around the lysozyme in presence of trehalose indicates the formation of a transient cage of trehalose 
molecules containing extremely slow water molecules around the protein. The relaxation time of these 
water molecules is substantially higher than that typical of hydration water. The amount of water between 
the protein and the trehalose layer progressively increases when the temperature is lowered. These results 
point to a protective action exerted by packing slow water between the protein and a layer of trehalose 
molecules thus inhibiting crystallization, accompanied by a global slowing down of water dynamics due 
to the presence of trehalose [2]. 
1. A. Magno and P. Gallo, J. Phys. Chem. Lett.  115, 1461  (2011) 
2. D. Corradini, E. G. Strekalova, H. E. Stanley and P. Gallo, Sci. Rep. 3, 1218 (2013). 
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Water at Biomolecular Surfaces 

 
De Simone, Alfonso1 
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Water plays an active role in many biological processes by influencing macromolecular interactions, 
structural stability and aggregation. The chemico-physical properties of biological water can vary 
significantly from those of the bulk solution. In this context, dissecting the balance between entropic and 
enthalpic terms [1] in water interactions at biomolecular interfaces can contribute significantly to our 
understanding of the biological role of this molecule. Molecular Dynamics simulations have provided an 
important contribution in this field. We have largely employed this technique to investigate on the 
dynamical and structural properties of waters at the protein surfaces [2-4] or proteins at water interfaces 
[5]. 
1. F. Biedermann, V. Uzunova, O.A. Scherman, W. Nau, A. De Simone, J Am Chem Soc 34 (2012) 
15318-23. 
2. A. De Simone, G. G. Dodson, C. S. Verma, A. Zagari, F. Fraternali, Proc Nat Acad Sci USA 102 

(2005) 7535-7540. 
3. L. Vitagliano, R. Berisio, A. De Simone, Biophys. J. 100 (2011) 2253-61. 
4. G. Colombo, M. Meli, A. De Simone, Proteins 70 (2008) 863-72. 
5. A. De Simone, C. Kitchen, A. Kwan, M. Sunde, C.M. Dobson, D. Frenkel, Proc Nat Acad Sci USA 

109 (2012): 6951-6. 
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Water at interfaces: insight from atomistic and ab-initio simulations 
Galli, Giulia 1 

(1) University of California at Davis  
 
 

We will present results on the structural, vibrational and dynamical properties of water in contact with 
small hydrophobic solutes (e.g. benzene) and confined within surfaces (for example, graphene sheets, 
hydrogenetated diamond and carbon nanotubes), as obtained by atomistic and ab-initio simulations. 
Particular focus will be given to the dielectric and electronic properties of the confined fluid. 
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Towards a microscopic description of the free-energy landscape of wáter 

 
Prada-Gracia, Diego2; Rao, Francesco2; Hamm, Peter 1; Shevchuk, Roman2 

(1) University of Zurich; (2) FRIAS - University of Freiburg 
 
Free-energy landscape theory is often used to describe complex molecular systems. Here, a microscopic 
description of water structure and dynamics based on configuration-space-networks [1,2] and molecular 
dynamics simulations of the TIP4P/2005 model [3] is applied to investigate the free-energy landscape of 
water [4]. The latter is built on top of a large set of water microstates describing the kinetic stability of 
local hydrogen-bond arrangements up to the second solvation shell. In temperature space, the landscape 
displays three regions with an overall different organization. At ambient conditions, the free-energy 
surface is characterized by structural inhomogeneities with multiple, structurally well defined, short-lived 
basins of attraction. Below around ambient temperature, the liquid rapidly becomes homogeneous. In this 
regime, the landscape is funneled-like, with fully-coordinated water arrangements at the bottom of the 
funnel. Finally, a third region develops below the temperature of maximal compressibility (Widom line) 
where the funnel becomes steeper with few interconversions between microstates other than the fully 
coordinated ones. Our results present a viable a way to manage the complexity of water structure and 
dynamics, connecting microscopic properties to its ensemble behavior.  
[1] The protein folding network. Rao, F; Caflisch, A. J. Mol. Biol., 342, 299 (2004) 
[2] Complex network analysis of free-energy landscapes. Gfeller, D.; De Los Rios, P.; Caflisch, A.; Rao, 
F. Proc. Natl. Acad. Sci. USA, 104, 1817 (2007) 
[3] A general purpose model for the condensed phases of water: TIP4P/2005. Abascal, J. L. F. and Vega 
C. J. Chem. Physs, 123, 234505 (2005) 
[4] Towards a microscopic description of the free-energy landscape of water. Prada-Gracia, D; Shevchuk, 
R; Hamm, P; Rao, F. J. Chem. Phys. 137, 144504 (2012) 
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Ultra-slow dynamics of water in hygroscopic molecular solids 
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Zygouri, Panagiota3; Gournis, Dimitrios3; Tamarit, Josep Lluis1 

(1) Universitat Politecnica de Catalunya (UPC); (2) Università di Pisa; (3) University of Ioannina 
 
The dipolar relaxation dynamics of water molecules inside several hygroscopic molecular solids is 
investigated by means of broadband dielectric spectroscopy. All studied materials display one or two 
main dielectric relaxations in the temperature range from 200 to 400 K, with characteristic times that are 
much slower than for bulk or confined water. The faster relaxation, which has an activation energy of 
approximately two hydrogen bonds per molecule, is common also to nonhygroscopic solids and appears 
to stems from the orientational motion of interstitial water molecules. The slower relaxation, which is 
characterized by a higher activation energy, is only observed in hygroscopic systems near room 
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temperature or above. It is associated with dipolar molecular species present in air, suggesting that it is 
the spectroscopic signature of the diffusion of water vapour through the porous organic matrices. 
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Highly Compressed Two-Dimensional Form of Water at Ambient Conditions 

 
AlbaNova University Center, Stockholm University (1); SUNCAT Center for Interface Science and 
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Pettersson, Lars G. M.1; Kayaa, Sarp 2; Schlesinger, Daniel 1; Yamamoto, Susumu 2; Newberg, John T. 

3; Bluhm, Hendrik 3; Ogasawara, Hirohito 2; Kendelewicz, Tom 4; Brown Jr, Gordon E. 2,4;                  
Nilsson, Anders1,2 

 
The structure of thin-film water on a BaF2(111) surface under ambient conditions was studied using x-ray 
absorption spectroscopy from ambient to supercooled temperatures at relative humidity up to 95 % [1]. 
No hexagonal ice-like structure was observed in spite of the expected templating effect of the lattice-
matched (111) surface. The oxygen K-edge x-ray absorption spectrum of liquid thin-film water on BaF2 
exhibits, at all temperatures, a strong resemblance to that of high-density phases for which the observed 
spectroscopic features correlate linearly with the density. Surprisingly, the highly compressed, high-
density thin-film liquid water is found to be stable from ambient (300 K) to supercooled (259 K) 
temperatures, although a lower-density liquid would be expected at supercooled conditions. Molecular 
dynamics simulations indicate that the first layer water on BaF2(111) is indeed in a unique local structure 
that resembles high-density water, with a strongly collapsed second coordination shell. 
 
 
[1] Sarp Kaya, Daniel Schlesinger, Susumu Yamamoto, John T. Newberg, Hendrik Bluhm, Hirohito 
Ogasawara, Tom Kendelewicz, Gordon E. Brown Jr., Lars G. M. Pettersson and Anders Nilsson, High 
Density Liquid-like Structures in Thin Water Films on BaF2(111) under Ambient Conditions, Sci. Rep. 3, 
1074 (2013). 
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Dielectric Spectroscopy of Solute-Solute and Solute-Solvent Interactions 

 
Buchner, Richard1  

(1) Universitaet Regensburg  
 

The physicochemical properties of aqueous and non-aqueous solutions are governed by a delicate balance 
of solute-solute, solute-solvent and solvent-solvent interactions. The associated solvation and association 
processes have profound implications in many areas, ranging from biology and geochemistry to technical 
applications. Despite intensive research for more than 100 years, important features of these processes are 
still not fully understood. A major reason for that is the lack of experimental techniques that can 
characterize multistep association equilibria, especially of weak aggregates, and provide direct 
information on solvation-shell dynamics.  
Here dielectric relaxation spectroscopy (DRS) can step in [1]. Focusing on our recent work on aqueous 
electrolyte and non-electrolyte systems, the presentation will give an overview on what kind of 
information can be provided by this technique for solution chemistry and physics. Its advantages and 
specific problems encountered in the investigation of ion association equilibria will be briefly discussed. 
The main focus will be on water relaxation and how this is modified by the solute. It is shown that not 
only H2O molecules close to the solute are affected but also the dynamics and structure of the remaining 
bulk water. The hydration mechanisms for hydrophilic and hydrophobic solutes and their manifestation in 
the observed dielectric behaviour will be reviewed. 
[1] R. Buchner & G. Hefter, Phys. Chem. Chem. Phys. 11 (2009) 8984. 
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Water on Metal Surfaces from first-principles: Binding and Reactivity 

 
Cabrera-SAnfelix, Pepa1 

(1) Donostia International Physics Center 
 
 
Water growth on metal surfaces has been a topic of debate during many years. The self-organization of 
water in metallic surfaces is determined by the competition between inter-molecular and metal-substrate 
interactions. So, the molecules (i) cluster in a 3D-phase, (ii) wet the surface following a well-ordered 2D-
adlayer or even, in a more complicated scenario, (iii) a significant fraction of water molecules undergo 
partial dissociation. 
Comprehending water wetting on metal substrates is basic to understand phenomena such as corrosion 
and surface reactivity. Self-organization of water on metallic surfaces occurs well by molecules clustering 
in a 3D-phase, by wetting the surface following a well-ordered 2D-adlayer or even, by undergoing partial 
dissociation within the water layer. A review of water wetting on different substrates such as Cu(110), 
Ru(0001) and O(2x1)/Ru(0001) will discuss the competition of self-assembled structures of different 
dimensionality, possible water dissociation, water induced surface reconstructions and substrate induced 
cooperative effects on water-water interactions.1-4  
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Attractions between Like-Charged Monoatomic Ions 
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Ions with like-charges repel each other with a magnitude given by the Coulomb law. This repulsion is 
also known to persist in aqueous solutions albeit factored by the medium's dielectric constant. In this talk 
we will present results from molecular dynamics simulations showing that effective attraction between 
like-charged ions is possible in aqueous solutions. The attraction is observed at near contact between 
anions, as well as between cations, leading to the formation of dimers with lifetimes on the order of few 
picoseconds. Two mechanisms have been identified to drive this counterintuitive observation. In the first, 
the stronger local electric field generated when the two ions are in contact augments the alignment of 
neighboring waters toward the ions. This results in a gain of substantial favourable ion-water interaction 
energy, that can compensate for the direct ion-ion repulsion. The second mechanism involves mediation 
by counterions in which clusters of ion triplets are formed. Although these two mechanisms may not yield 
net attractions in many cases, they are still operational and significant, explaining effective repulsions 
between like-charged ions with magnitudes much smaller than expected based on continuum 
electrostatics. 
[1] R. Zangi, J. Chem. Phys. 136, (2012) 184501. 
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The role of water in colloidal interactions 
 

FARAUDO, JORDI1 

(1) ICMAB-CSIC 
 
There is growing evidence that water mediated effects play a substantial (even dominant) effect in 
colloidal interactions. For example, hydrophilic systems show enhanced stability due to the hydration 
force, a repulsive interaction whose molecular origin is still controversial [1].  
Also, electrostatic interactions due to surface charge and electrolyte (essential for the stability of colloidal 
systems) show substantial water effects. Recent reports show that the interaction of ions with surfaces, 
even for the case of multivalent ions, is dominated by solvation effects [2-4]. 
In this contribution, I’ll discuss recent theoretical progress in the understanding of these effects, 
essentially from MD simulations. 
[1] J. Faraudo, Current Opinion in Colloid & Interface Science 16 (2011) 557–560. 
[2] A. Martín-Molina, C. Calero,  J. Faraudo, M. Quesada-Perez, A. Travesset, R. Hidalgo-Alvarez, Soft 
Matter (2009) 5, 1350.  
[3] A. Martín-Molina, C. Rodríguez-Beas and J. Faraudo, Phys. Rev. Lett. 104, 168103 (2010) 
[4] C. Calero, J. Faraudo and D. Bastos-Gonzalez,  J. Am. Chem. Soc. (2011), 133, 15025–15035. 
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Computational  studies of the H-NMR relaxation times in bulk water and aqueous ionic solutions 
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To compute the NMR relaxation times T1 and T2 in a fluid it is necessary to faithfully describe the rapid 
random motions that particles undergo due to collisions with other particles. The most extended 
treatment, due to Debye, assumes that both the rotations of a molecule and the relative translations of  two 
molecules could be described by a diffusion equation.  In recent years, however, a combination of 
theoretical and experimental breakthroughs has provided consistent evidence suggesting a dominant 
reorientation of water via a mechanism involving large-amplitude sudden angular jumps [1].  
Consequently, many of the interpretations of experiments and theoretical predictions based on Debye's 
picture, in particular those regarding the relaxation properties of nuclear spin of protons in water, need to 
be revised. We will present a procedure to calculate the NMR relaxation times T1 and T2 for molecular 
fluids directly from the trajectories of  MD simulations, with no assumptions made regarding the nature of 
the molecular  motions. In particular, we have computed T1 and T2 for  bulk liquid water as described by 
different water models (SPC-E, TIP3P, TIP4P, and TIP4P/2005) for a wide range of temperatures and 
compared them with experiment. The results obtained have been compared with different analytical 
models to quantitatively assess the relative importance of the different contributions to the relaxation 
times. Furthermore, we have studied the dependence of the relaxation times T1 and T2 on the 
concentration of different salts containing either small (kosmotropic) or big (chaotropic) ions.  
[1] D. Laage, J. T. Hynes, Science 311, 832 (2006). 
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Computed Single-Molecule Properties Used for the Study of Dynamic Heterogeneities  
in Nanoconfined and Bulk Water 

 
Suffritti, Giuseppe B.1; Demontis, Pierfranco1; Masia, Marco1 

(1) University of Sassari 
 
The explicit trend of the distribution of two single-molecule properties (rotational relaxation constants 
and mean square displacements of O and H atoms) are used to study dynamical heterogeneities in 
nanoconfined supercooled water adsorbed in four different zeolites, which are nanoporous crystalline 
aluminosilicates, showing different pore shape and size. They are derived from classical molecular 
dynamics simulations performed in the temperature range 110-350 K, by which dynamic crossover 
phenomena had been evidenced, in spite of the different shape and size of the water nanoclusters formed 
in the nanochannels, even when the confinement hinders the formation of tetrahedral hydrogen bonds. 
Detailed studies of the temperature dependence of the dynamical properties of such clusters can be 
performed, and could be also extended to the more or less stable clusters that, according to some 
simulations and theories, form in supercooled bulk water. The discussion of the trends of both considered 
quantities at different temperatures and for the different systems, including bulk water simulated 
approximately in the same temperature range, confirms and deepens the previously proposed [1] 
interpretation of the dynamic crossovers of supercooled bulk and nanoconfined water, focusing on the 
mechanisms which determine the various dynamic behaviors and their crossover at molecular level.  
[1] P. Demontis, J. Gulín-González, M. Masia & G. B. Suffritti, J. Phys. Condens. Matter 24 (2012) 
064110 
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The explanation of the anomalous properties of water based on the existence of a liquid-liquid critical 
point (LLCP) has received much attention. Water would present a polymorphism between a low density 
(LD) and a high-density (HD) phase in the deeply supercooled region [1]. The enhancement of the 
anomalies in the supercooled region would correspond to the continuation of the liquid-liquid coexistence 
line into the one phase region along the Widom line [2,3]. The spectroscopic analyses of water may 
suggest that structural fluctuations exist in regions well above the identification of the Widom line itself 
[4], in patches of density of the order of 1 nm [5,6]. Water confined in Polyoxometalates with cavities of 
the order of 1 nm has been studied [7]. Small changes in the decoration in the inner wall of the cavity 
induce significant changes in the dynamic behaviour of the confined water, reinforcing the idea that, even 
at ambient temperatures, the system can be wandering between two different behaviours well above the 
critical point [8]. 
[1] O. Mishima & H. E. Stanley, Nature 392 (1998) 164 
[2] L. Xu, P. Kumar, S. V. Buldyrev, S.-H. Chen, P. H. Poole, F. Sciortino, & H. E. Stanley,  
Proc. Natl. Acad. Sci. 102 (2005) 16558.  
[3] P. Gallo, M. Rovere, & S.-H. Chen, J. Phys. Chem. Lett., 1 (2010) 729-733. 
[4] A. Nilsson & L. G. M. Petterson, Chem. Phys. 389 (2011) 1. 
[5] F. Sedlmeier, D. Horinek, & R. R. Netz, J. Am. Chem. Soc. 133 (2011) 1391. 
[6] F. de los Santos & G. Franzese, Phys. Rev. E 85 (2012) 010602. 
[7] T. Mitra, P. Miro, A. R. Tomsa, A. Merca, H. Bögge, J. B. Avalos, J. M. Poblet, C. Bo, & 
A. Mu ̈ller, Chem. Eur. J., 15 (2009) 1844;  
[8] M. Garcia-Ratés, P. Miró, J. M. Poblet, C. Bo, & J. B. Avalos, J. Phys. Chem. B 115 (2011) 5980. 
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Molecular dynamics simulations of water adsorbed at hydrophobic surfaces 
 

Marti Rabassa, Jordi1; Calero Borrallo, Carles1; Gordillo Bargueño, Carmen2 

(1) Technical University of Catalonia-Barcelona Tech; (2) University Pablo de Olavide  
 
Molecular dynamics simulations of liquid water at ambient conditions, adsorbed at single-walled 
armchair carbon nanotubes and flat graphene, have been performed. The analysis of Helmholtz free 
energies reveal qualitatively different ranges of thermodynamical stability, eventually starting at a given 
threshold surface density. We observed that, in the framework of the CHARMM27 [1] force field 
considered here, water does not wet graphene or large carbon nanotubes but it can coat thinner tubes, 
which indicates that the width of the carbon nanotube plays a role on wetting [2]. On the other hand, 
density profiles, orientational distributions of water and hydrogen bond populations indicate significant 
changes of structure of water for the different surfaces. It has been shown that classical simulations can 
reproduce well the position of maxima of the infrared spectra of water. Further, we computed self-
diffusion of water and spectral densities of water and carbon molecules, which again revealed different 
qualitative behavior of interfacial water depending on the size of the nanotube. In agreement with some 
theories of hydrophobicity [3], the crossover size corresponds to tube diameters of around 1 nm. 
[1] A.D.MacKerell Jr. et al., J.Phys.Chem. 102 (1998) 3586. 
[2] T.Werder, J.H.Walther, R.L.Jaffe, T.Halicioglu & P.Koumoutsakos, J.Phys.Chem.B 107 (2003) 1345. 
[3] K.Lum, D.Chandler & J.D.Weeks, J.Phys.Chem.B 103 (1999) 4570. 
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Water is the most classical example of hydrogen bonding. The strong anisotropic interaction allows the 
formation of water clusters, adding complexity in terms of reproducing its behaviour. The challenge 
becomes more complex when water interacts with other associating molecules, as self- and cross-
association occur. Water and its mixture are present in most industrial and biological processes; however, 
there is not any theory model able to provide an accurate representation of all properties of water.  
We show the capabilities of soft-SAFT, a molecular-based equation, to reproduce key thermodynamic 
properties of water mixtures. SAFT contains is a specific term to treat hydrogen bonding trough 
Wertheim’s theory [1], being particularly suited for those systems. Phase and interfacial properties of 
mixtures of water + 1-alkanols and water + ionic liquids [2] will be presented, over a wide range of 
conditions, and in excellent agreement with experimental data. The calculation of interfacial tensions of 
some of these mixtures is included by coupling a Density Gradient Theory into soft-SAFT.  
Acknowledgements: F. Llovell acknowledges a TALENT fellowship (Catalan Government). Support from 
the Spanish Government (CENIT SOST-CO2, CEN-2008-1027), Carburos Metálicos, from Air Products 
Group, and the Catalan Government (2009SGR-666) was also provided. 
[1] M.S. Wertheim, J. Stat. Phys. 35 (1984) 35; 42 (1986) 459; 42 (1986) 477. 
[2] F. Llovell et al., J. Phys. Chem. B 115 (2011) 4387. 
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Liquid-liquid transition in aqueous solutions 
 

Murata, Ken-ichiro1; Tanaka, Hajime1 

(1) Institute of Industrial Science, The University of Tokyo 
 
Contrary to the conventional wisdom that there exists only one unique liquid state for any material, there 
are growing experimental and numerical pieces of evidence for the existence of more than two liquid 
states in a single component substance. The transition between them is called liquid-liquid transition 
(LLT). LLT has attracted considerable attention because of its importance in the fundamental 
understanding of the liquid state. However, the physical nature of the transition has remained elusive. 
Particularly for water, the possible existence of LLT has special implications not only on its fundamental 
understanding, but also on a link of various thermodynamic and transport anomalies with critical anomaly 
associated with LLT. Here we show experimental evidence for LLT in aqueous solutions of sugar and 
polyols, which cause frustration against ice crystallization [1]. We found that LLT in these solutions 
proceeds either with or without accomanying phase separation. The occurrence of phase separation may 
be controlled by the degree of solute-induced frustration against the tetrahedral order and/or molecular 
weight of a solute. We also propose that the solute-induced depression of the spinodal temperature of 
LLT is controlled by the water activity. 
[1] K. Murata and H. Tanaka, Nature Mater 11 (2012) 436 
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Liquids with tetrahedral symmetry of the first coordination shell often display anomalous thermodynamic 
and dynamic behavior. Sometimes, these anomalies are associated with the liquid-liquid phase transition 
at high pressures and low temperatures. We study a family of simple models with few parameters and 
investigate the conditions for the existence of the liquid-liquid phase transition. A molecule in these 
models consists of a hard sphere with a square well and four point particles attached to the center of the 
hard sphere by directional bonds arranged in tetrahedral geometry. We also impose a condition which 
does not allow a point particle in one molecule to include in its attractive well more than one point 
particle belonging to different molecules. We find an optimal range of flexibility of the bonds created by 
the point particles for which the model displays a clear liquid-liquid critical point in the accessible region 
of the phase diagram: too flexible bonds weaken the anomalies and destroy the critical point, while too 
rigid bonds slow down the diffusion and shift the critical point beyond the glass transition. We also 
investigate how minor changes in the model parameters influence crystallization which might make 
liquid-liquid unobservable.  
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X-ray Spectroscopy and Scattering of Water Probed in Deep Supercooling and at Interfaces 
 

Nilsson, Anders1 

(1) Stanford University 
 
This talk will describe recent x-ray spectroscopy and scattering measurements of water, using both 
synchrotron radiation at SSRL and the x-ray laser at LCLS coupled with various theoretical simulations. 
We have recently been able to access the deep supercooled state of water in what has become denoted “ 
no-man’s land” at temperatures below the limit of homogeneous ice nucleation. We observe a continuous 
increase of structures with local tetrahedral coordination becoming more enhanced at deeply supercooled 
temperatures, which indicates an accelerated transition towards a low-density liquid. Among the various 
scenarios proposed for supercooled water, the liquid-liquid transition model with a critical point at a 
modest pressure is most consistent with our results. The structure of thin-film water on a BaF2(111) 
surface under ambient conditions shows a structure that strongly resemblance to that of high-density 
phases. No hexagonal ice-like structure was observed in spite of the expected templating effect of the 
lattice-matched (111) surface. 
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Molecular dynamics simulations have been performed on a series of simple non-ionic biomolecules to 
investigate the dynamics of hydrogen bonds (HBs) formed by hydration water in proximity of selected 
hydrophilic and hydrophobic molecular sites. Water molecules around caffeine are not as strongly 
localized as in simulation studies of other complex solutes since caffeine is relatively polar and 
hydrophobic due to its weakly hydrating faces. Nevertheless, it can be seen from the results that there are 
clearly preferred positions for the solvent molecules relative to the solute. More interestingly, water 
molecules cover the planar hydrophobic faces with the OH vector pointing toward the hydrophobic plane. 
Extensive MD high-density trajectories (collected at 1 fs) have been used to depict translational and 
rotational motions of water molecules within the heterogeneous hydration sites on caffeine. The results 
show that the water–water HBs present a longer relaxation time around the hydrophilic groups, and that 
the water–biomolecule HBs exhibit a distinct behavior depending on the binding sites at the hydrophilic 
or hydrophobic groups. The presence of a large hydrophobic surface enhances, in particular at low 
temperature, the dynamical heterogeneity in the neighboring hydrogen bond network. The specific static 
and dynamic fingerprinting of caffeine hydration is discussed. 
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Dielectric studies on water confined in porous glasses and on a protein surface 
 

Bruni, Fabio1 

(1) Universita' di Roma Tre 
 
Broadband dielectric spectroscopy data on water confined in three different environments, namely at the 
surface of a globular protein or inside the small pores of two silica substrates, in the temperature range 
140 K < T < 300 K, are presented and discussed in comparison with previous results from different 
techniques [1]. It is found that all samples show a fast relaxation process, independently of the hydration 
level and confinement size. This relaxation is well known in the literature and its cross-over from 
Arrhenius to non Arrhenius temperature behavior is the object of vivid debate, given its claimed relation 
to the existence of a second critical point of water. We find such cross-over at a temperature of about 180 
K, and assign the relaxation process to the layer of molecules adjacent and strongly interacting with the 
substrate surface. This is the water layer known to have the highest density and slowest translational 
dynamics compared to the average: its apparent cross-over may be due to the freezing of some degree of 
freedom and survival of very localized motions alone, to the onset of finite size effects, or to the presence 
of a calorimetric glass transition of the hydration shell at about 170 K. Another relaxation process is 
visible in water confined in the silica matrices: this is slower than the previous one and has distinct 
temperature behaviors, depending on the size of the confining volume and consequent ice nucleation. The 
likely coexistence of ice and glassy water in large pores at T ≥ 228 K  is discussed. 
[1] F. Bruni, R. Mancinelli, & M. A. Ricci, Phys. Chem. Chem. Phys. 13, (2011) 19773. 
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The Hebrew University of Jerusalem, Department of Applied Physics, Givat Ram, Jerusalem, 91904, 
Israel 
Water is the universal solvent in nature. Does this imply, however, that its interaction with its 
environment is also a universal feature? While this question maybe too fundamental to be answered by 
one method only, we present evidence that in the broadening of dielectric spectra of water one can define 
universal features of dipolar interactions with different types of matrixes. If in aqueous solutions the 
starting point of water state considered as a bulk one, which interacts with the solute only partially, the 
state of water adsorbed in heterogeneous materials is determined by various hydration centers of 
inhomogeneous material (the matrix) and is significantly different from the bulk. In both cases, the 
dielectric spectrum of water is symmetrical and can be described by Col-Cole (CC) function. A new 
phenomenological approach has been recently presented that clarifies a physical mechanism of the dipole-
matrix interaction in complex systems underlying the CC behavior [1]. This phenomenological 
consideration has been applied to water adsorbed in porous glasses and then was extended to analyses of 
dynamic and structural behavior of water in nonionic and ionic aqueous solutions. We’ll present the 
similar relaxation processes and the analyses in terms of CC dispersion that observed in clays, hydrated 
powders of proteins and water/glycerol mixtures.  
 
[1] A. Puzenko, P. Ben Ishai, and Yu. Feldman, Phys. Rev. Lett. 105 (2010) 037601. 
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Irreversible freezing of water under isenthalpic conditions 
 

Aliotta, Francesco2; Saija, Franz2; Ponterio, Rosina Celeste2; Vasi, Cirino2;  
Giaquinta, Paolo Vittorio1; Prestipino, Santi1; Pochylski, Mikolaj3 

(1) Università degli Studi di Messina; (2) Istituto per i Processi  
Chimico-Fisici, CNR; (3) Adam Mickiewicz University 

  
When a liquid is supercooled, it will return, within a finite time elapsed, to stable thermodynamic 
equilibrium. The path towards equilibrium begins as a fast process which adiabatically drives the system 
to solid-liquid coexistence. Only at later stage will solidification proceed with the expected exchange of 
thermal energy with the external bath, eventually leading to the proper thermalization for assigned values 
of the volume or the pressure. On these bases, the usual comparison between the entropy of supercooled 
liquid and of the corresponding solid is in principle not meaningful, since the two states differ not only in 
their entropy but also in their enthalpy.   
Some aspects of the adiabating freezing of metastable water at constant pressure are presented. In 
particular, it is studied the thermal behaviour of the isobaric gap between the molar volume of water 
undercooled down to a given subfreezing temperature and the warmer ice-water mixture which eventually 
forms at equilibrium. The adopted scheme suggests that, for increasing undercooling at ambient pressure, 
the volume gap gradually reduces and vanishes at a temperature close to the current estimate for the 
homogeneous nucleation temperature. This behaviour is compared with the experimental observations for 
o-terphenyl (a system which does not display a volumetric anomaly) and with the indications from a 
model van der Waals fluid. 
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Amorphous solid water (ASW) is generated by vapor deposition below 130K. [1] Its properties are 
determined by deposition conditions, for example substrate temperature and type of gas-flow, [2] and 
under certain deposition conditions ASW is a highly microporous solid. [2,3] 
Small angle scattering is a common tool to investigate porous media. [4] NIMROD (The Near and 
intermediate range order diffractometer) on the ISIS second target station is able to measure differential 
scattering cross sections between 0.01 and 50Å-1 in a single measurement which gives access to structural 
correlations on length scales up to 300Å, with 0.1Å distance resolution. [5] 
Here we show the temperature evolution (90-150K) of differential scattering cross sections of four 
different ASW samples prepared by different deposition conditions. Fitting of the data to the “new 
Guinier-Porod model” (ref. 6) reveals a transition from a cylindrical 3D-pore geometry to a platelet like 
2D-geometry above 120K. [6] 
[1] W. Hagen, A.G.G.M. Tielens & J.M. Greenberg, Chemical Physics 56 (1981), 367-379 
[2] K.P. Stevenson, G.A. Kimmel, Z. Dohnalek, R.S. Smith & B.D. Kay, Science 283 (1999) 1505 
[3] E. Mayer & R. Pletzer, Nature 319 (1986) 298 
[4] J.M. Calo & P.J. Hall, Carbon 42 (2004), 1299-1304 
[5] D.T. Bowron, A.K. Soper, K. Jones, S. Ansell, S. Birch, J. Norris, L. Perrott, D. Riedel, N.J. Rhodes, 
S.R. Wakefield, A. Botti, M.-A. Ricci, F. Grazzi & M. Zoppi, Review of Scientific Instruments 81 
(2010), 033905 
[6] B. Hammouda, Journal of Applied Crystallography 43 (2010), 716-719 
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Experimental results on the effect of biomolecules on the dynamics of hydration water 
 

Fioretto, Daniele1; Comez, Lucia1; Lupi, Laura1; Morresi, Assunta1; Paolantoni, Marco1; Sassi, Paola1 

(1) Università di Perugia 
 
Water in biological matter experiences a quite complex environment, being in contact with hydrophilic 
and hydrophobic surfaces and, possibly, with charged molecular sites that interferes with the cooperative 
rearrangement of the hydrogen bond network. The resulting dynamical perturbation is here investigated 
by Extended frequency range Depolarized Light Scattering, embracing systems of different nature and 
complexity, including small hydrophobic and hydrophilic [1] molecules, amino acids, dipeptides [2] and 
proteins [3]. Our results suggest that a reductionist approach is not adequate to describe the dynamics of 
water in aqueous solutions of bio-relevant molecules: A significant increase of the dynamical retardation 
and number of perturbed water molecules occurs when increasing the chemical complexity of the solute. 
[1] L. Lupi, L. Comez, M. Paolantoni, S. Perticaroli, P. Sassi, A. Morresi, B.M. Ladanyi, D. Fioretto, J. 
Phys. Chem. B 116, 14760 (2012). 
[2] S. Perticaroli, L. Comez, M. Paolantoni, P. Sassi, A. Morresi, and D. Fioretto, J. Am. Chem. Soc. 133, 
12063 (2011). 
[3] S. Perticaroli, L. Comez, M. Paolantoni, P. Sassi, L. Lupi, D. Fioretto, A. Paciaroni, and A. Morresi, J. 
Phys. Chem. B, 114, 8262 (2010). 
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The structure and dynamics of the protein-water interface are essential for the function of proteins as 
biological machines. We show this in application to the performance of biological energy chains of 
bacterial photosynthesis. Studies of photosynthetic electron transfer and of other redox proteins suggest 
two key ingredients of the protein-water interface that allow them to achieve low losses of energy to heat 
in the process of moving electrons: (i) the broad spectrum of electrostatic fluctuations and (ii) a broad 
range of characteristic relaxation times [1]. The tuning of biological machines is achieved by adjusting 
the time-scales of individual electron transport events to the spectrum of relaxation times. We show that 
the broad spectrum of electrostatic fluctuations is produced by elastic modes changing the shape of the 
protein, which can be modelled by elastic network models supplemented with atomistic force-field 
charges [2]. The combination of elastic deformations with electrostatic fluctuations leads to two 
crossovers in atomic rmsd’s vs. temperature. The lower-temperature crossover is assigned to the glass 
transition of the protein, while the higher-temperature crossover is the dynamical transition connecter to 
the dynamics of electric field fluctuations [3].    
[1] D. N. LeBard & D. V. Matyushov, Phys. Chem. Chem. Phys. 12 (2010) 15321.  
[2] D. R. Martin & D. V. Matyushov, J. Chem. Phys. 137 (2012) 165101.  
[3] D. V. Matyushov, Phys. Rev. E 81 (2011) 011908.  
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Quantum Nature of the Hydrogen Bond 
Michaelides, Angelos 1 

(1) Thomas Young Centre, UCL  
 

 
Some of our work in which surprisingly strong quantum nuclear effects are predicted in hydrogen bonded 
clusters, crystals, and overlayers will be discussed. I will show how zero point motion and quantum 
tunneling can lead to hydrogen bond symmetrisation in certain ice overlayers on metal surfaces [1] and 
structures resembling the superionic ice X phase of water are predicted. Also the very general role of 
quantum nuclear effects in altering hydrogen bond lengths and strengths will be discussed [2]. Time 
permitting our recent work on the development of improved van der Waals functionals for DFT will be 
discussed [3-4] as well as our recent suggestion that the surface of crystalline ice behaves like an 
amorphous material [5]. 
 
[1] PRL 104, 066102 (2010). 
[2] PNAS 106, 6369 (2011). 
[3] JPCM 22, 022201 (2010). 
[4] PRB 83, 195131(2011). 
[5] Nature Mater 10, 794 (2011). 
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Most liquids can form a single glass or amorphous state when cooled sufficiently fast.  However, there are 
a few substances relevant to scientific and technological applications that can exist in at least two 
different amorphous states, a property known as polyamorphism.   Examples include silicon, silica, and in 
particular, water.  In the case of water, experiments show the existence of a low-density (LDA) and high-
density (HDA) amorphous ice that are separated by a dramatic, first-order like phase transition. It has 
been argued that the LDA-HDA transformation evolves into a first-order liquid-liquid phase transition 
(LLPT) at temperatures above the glass transition temperature Tg.  However, obtaining direct 
experimental evidence of the LLPT has been challenging; the LLPT occurs at conditions where water 
rapidly crystallizes.  In this talk, I will (i) discuss briefly the general phenomenology of polyamorphism in 
water and its implications, and (ii) explore the effects of a LLPT on the pressure dependence of Tg(P) for 
LDA and HDA.  Our study is based on computer simulations of two water models -- one with a LLPT 
(ST2 model), and one without (SPC/E model). In the absence of a LLPT, Tg(P) for all glasses nearly 
coincide. Instead, when there is a LLPT, different glasses exhibit dramatically different Tg(P) loci which 
are directly linked with the LLPT. Available experimental data for Tg(P) are only consistent with the 
scenario that includes a LLPT (ST2 model) and hence, our results support the view that a LLPT may exist 
for the case of water. 
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Hydration properties and ageing of Laponite-water suspensions 
 

Ricci, Maria-Antonietta1; Tudisca, Valentina1; Bruni, Fabio1; Ruzicka, Barbara3;  
Angelini, Roberta3; Soper, Alan2 
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Ageing of colloidal systems towards dynamical arrest is a topic of great interest for both fundamental and 
applied research. Here we will present new experimental results on the ageing properties of aqueous 
Laponite (a widely used clay for industrial applications) suspensions. This system has a reach dynamical 
arrest phenomenology, depending on clay concentration [1]: in particular it can arrest as a Wigner glass at 
concentrations higher than 2.5% in weight, or as a gel at concentrations between 1 and 2.5%. Samples 
undergoing these two kinds of dynamical arrest processes have been investigated by Dynamic Light 
Scattering (DLS), in order to study the effects of the isotopic H/D substitution, and by Neutron 
Diffraction (ND), in order to extend previous studies, performed by Small Angle X-ray Scattering 
(SAXS), down to the atomic scale.  
The DLS experiments have suggested that the substitution of water with deuterium oxide does not change 
the physics of the dynamical arrest, although changing its timescale: a scaling law for the isotopic 
substitution has been found [2]. 
The ND experiments show that the presence of Laponite platelets affects the water structure, by 
increasing the short range order. This is particularly visible through the radial distribution functions of 
water oxygens with the oxygens on the surface of the Laponite platelets, showing a clear periodicity, and 
suggesting that the oxygens closer to the Laponite surface are preferentially located at the center of the 
hexagons formed by the Laponite oxygens. More importantly water molecules closest to the Laponite 
surface orient their dipole towards the Laponite: this polarization effect determines changes of the water 
H-bond network at longer range. 
[1] B. Ruzicka & E. Zaccarelli, Soft Matter 7, (2011)1268. 
[2] V. Tudisca, M. A. Ricci, R. Angelini & B. Ruzicka, RSC Advances, (2012) DOI: 
10.1039/c2ra21486e. 
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Upon the addition of a solute, an isolated critical point of a pure substance develops a critical line. This 
idea provides an indirect route to exploring the existence of water’s hypothesized second critical point 
[1], and is being currently exploited via simulations (see, e.g., Refs. 2 and 3). The question arises whether 
loci emanating from such liquid-liquid critical point extend to experimentally accessible regions; and if 
so, under what specific conditions? Here we present explicit results for extended versions of the model by 
Poole et al. for pure water [4] to dilute aqueous solutions. Purely hydrophobic solutes reveal size effects 
as well as the role of short-range solute-solvent interactions. With the aid of the mean spherical 
approximation for the restrictive primitive model electrolyte, the case of ionic solutes is also analyzed and 
compared with results obtained from simulations [3]. 
[1] S. Chatterjee and P.G. Debenedetti, J. Chem. Phys. 124, (2006)154503. 
[2] D. Corradini, S.V. Buldyrev, P. Gallo and H.E. Stanley, Phys. Rev. E 81 (2010) 061504. 
[3] D. Corradini and P. Gallo, J. Phys. Chem. B 115 (2011) 14161. 
[4] P.H. Poole, F. Sciortino, T. Grande, H.E. Stanley, and C.A. Angell, Phys. Rev. Lett. 73 (1994) 1632. 
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Dissociation and proton-hopping conduction in water under electric field 
 

Saitta Paris, Antonino Marco3; Saija, Franz1; ; Giaquinta, Paolo2 
(1) CNR; (2) University of Messina; (3) U Pierre Marie Curie - Sorbonne  

 
Proton hopping is a crucial phenomenon in science and engineering, up to life sciences. Here we present 
the first ab initio molecular-dynamics study of liquid water under intense electric fields, whose detailed 
description at a microscopic level is difficult to achieve experimentally [1]. We observe that the 
hydrogen-bond length and the molecular orientation are significantly modified at low-to-moderate field 
intensities. Fields beyond a threshold of about 0.35 V/Å are able to dissociate molecules and sustain an 
ionic current via a series of correlated proton jumps. Upon applying even more intense fields (~1.0 V/Å), 
a 15%-20% fraction of molecules are instantaneously dissociated and the resulting ionic flow yields a 
conductance of about 7.8 Ω-1 cm-1, in good agreement with experimental values. This result paves the 
way to quantum-accurate microscopic studies of the effect of electric fields on aqueous solutions. 
[1] A. M. Saitta, F. Saija, P. V. Giaquinta, Phys. Rev. Lett. 108, 207801 (2012). 
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I will discuss recent studies of the microscopic structure of water at various thermodynamic conditions 
and in the presence of solutes by inelastic x-ray scattering. X-ray Compton and Raman scattering provide 
information to assess the local chemical and coordination environment of water. X-ray Compton 
scattering probes subtle changes in the intra- and intermolecular geometries, while x-ray Raman 
scattering is sensitive to the short and intermediate range order. The experimental information combined 
with calculations improves our understanding of the nature of the hydrogen bond network in water and in 
aqueous solutions. The cases that I will discuss include water-alcohol solutions, water-salt solutions and 
water at elevated temperatures and pressures [1,2]. 
[1] I. Juurinen, K. Nakahara, N. Ando, T. Nishiumi, H. Seta, N. Yoshida, T. Morinaga, M. Itou, T. 
Ninomiya, Y. Sakurai, E. Salonen, K. Nordlund, K. Hämäläinen, and M. Hakala, Phys. Rev. Lett. 107 
(2011) 197401.  
[2] C. J. Sahle, C. Sternemann, C. Schmidt, S. Lehtola, S. Jahn, L. Simonelli, S. Huotari, M. Hakala, T. 
Pylkkänen, A. Nyrow, K. Mende, M. Tolan, K. Hämäläinen, and M. Wilke, submitted.  
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A structural description of the compressibility minimum in water. 

 
Argonne Nat. Lab. (1); Stony Brook University & Argonne Nat. Lab. (2); Stony Brook University (3) 

Skinner, Lawrie2; Benmore, Chris1; Parise, John3 
 

One of the many unusual properties of water is a minimum in the isothermal compressibility at 46.5 °C. 
At higher or lower temperatures the structure of liquid water changes in a way that provides less 
resistance to pressure, yet a detailed description of how this occurs at the atomic level is still missing. 
Here we present high energy x-ray diffraction data over a wide range of momentum transfer that shows 
the 1st oxygen-oxygen shell expands linearly through both the density maximum and compressibility 
minimum, and has a constant coordination of over the range -19 °C to 93°C. The second shell oxygen-
oxygen pair distribution function, however, displays a continuous structural transition, concomitant with 
the compressibility minimum at 46.5 °C. We find that the least compressible form of water at ambient 
pressure is associated with an average nearest neighbour O-O distance of 2.810(5) Å and an average O-O-
O angle of ~108°. 
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Water inside oriented carbon and imogolite nanotubes 

 
Orecchini, Andrea3; Paineau, Erwan1; Amara, Mohamed Salah1; Rouzière, Stéphane1; Albouy, Pierre-

Antoine1;  
Rols, Stéphane5; Thill, Antoine4; Launois, Pascale1; Bousige, Colin5; Kataura, Hiromichi2 

(1) Laboratoire de Physique du Solide; (2) Nanosystem Research Institute; (3) Università  
degli Studi di Perugia; (4) Laboratoire Interdisciplinaire sur l’Organisation Nanométrique et  

Supramoléculaire; (5) Institut Laue Langevin 
 
Besides the well-known interests for confined liquids, the behaviour of water inside carbon nanotubes 
(CNT) has recently attracted renewed attention, due to an anomalously high transport phenomenon 
obtained by macroscopic flow measurements of water inside CNT [1]. 
Some theoretical papers ascribed this effect to the interaction of water hydrogen bonds with the 
“hydrophobic” surface of CNT [2]. Other theories point at a structural incommensurability between water 
molecules and carbon atoms, resulting in a friction drop [3]. On the other hand, only few experimental 
microscopic determinations of both structure and dynamics of water inside CNT have been published 
[4,5]. 
Here we report the first results of a wide project aimed at comparing hydrophobic CNT with strongly 
hydrophilic imogolite clay nanotubes (INT). By X-ray diffraction we could recently determine the radial 
density profile of water molecules inside CNT [6]. Quasi-elastic neutron scattering on newly-synthesized 
oriented samples of both CNT and INT allowed us to separate and compare the microscopic diffusion 
dynamics of water in the directions parallel and perpendicular to the tubes axes. 
[1] J. K. Holt et al., Science 312 (2006) 1034. 
[2] G. Hummer et al., Nature 414 (2001) 188. 
[3] K. Falk et al., Nano Lett. 10 (2010) 4067. 
[4] Y. Maniwa et al., Chem. Phys. Lett. 401 (2005) 534. 
[5] A. Kolesnikov et al., Phys. Rev. Lett. 93 (2004) 035503. 
[6] E. Paineau et al., submitted. 
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Frontzek, Anna1; Lushnikov, Sergey1; Svanidze, Anna1; Embs, Jan Peter2 
(1) Ioffe Physical Technical Institute; (2) Paul Scherrer Institut 

 
The dynamical transition in hydrated proteins and other biopolymers attracts considerable attention 
because of its influence on the biological activity and functioning of biopolymers [1]. It can be observed 
as a sudden rise of the mean-square atomic displacement at temperatures around 200-240 K that is 
associated with the appearance of additional anharmonic contributions into the low-frequency dynamics. 
Despite numerous studies the nature of the dynamical transition is still up for debate. 
We have studied the low-frequency dynamics of bovine serum albumin (BSA) in the vicinity of the 
dynamical transition temperature by means of inelastic neutron scattering. In the experiments the 
temperature was varied from 100 K up to 340 K. The measurements have been performed at the direct 
geometry cold neutron time-of-flight spectrometer FOCUS (SINQ, Paul Scherrer Institut) using 4.3 Å 
neutrons. As a result the dynamical structure factor and the density of state of BSA have been obtained. 
The analysis of these data gave us the possibility to reveal anomalies in the temperature evolution of the 
boson peak and the relaxation dynamics around 240 K. 
[1] W. Doster, Biochim. Biophys. Acta 1804 (2010) 3. 
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The Origin of Water Relaxation up to the Boson Peak 

 
Ben Ishai Jerusalem, Paul1; Puzenko, Alexander1; Kawase, Kodo2; Feldman, Yuri1 

(1) The Hebrew University of Jerusalem; (2) Nagoya University 
 
The dielectric relaxation peak of pure water is one of the most measured and studied phenomena in 
Dielectric Physics.  The debate rages as to whether it’s almost Debye like character is the result of the 
reorientation of an apparent dipole moment of the water cluster, or simply the cumulative effect of single 
water molecule reorientation.  Furthermore, like many glass formers, it has a high frequency excess wing 
and a boson peak.  However, If we accept the first origin (water cluster reorientation), then it is still an 
open question as to what causes the reorientation of the apparent dipole.  Usually the excess wing is 
treated as evidence of a further dielectric process, existing the THz region of the spectrum.  In this paper 
we present evidence that the microscopic origin of both the excess wing and the main relaxation peak of 
pure water is the same.  The origin of these two features is explored and the implications for the 
fundamental relaxation of water are discussed.  
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1st order liquid-liquid  phase transition of  hydroxylamine doped water confined within  

MCM-41 and new suggestion about P-T phase diagram of pure wáter 
 

Nagoe, Atsushi3; Iwaki, Shinji1; Tozaki, Kenichi2; Oguni, Masaharu1 

(1) Tokyo Institute of Technology; (2) Chiba University; (3) Nihon University 
 
Water is the most abundant solvent and is well-known to show anomalous behavior. The anomaly 
becomes remarkable when the temperature approaches to about 230 K. Bulk pure water easily crystallizes 
at such low temperature and the details of the anomaly still remain unknown. Nano-confinement enables 
to explore thermal properties for supercooled water. We detected the Cp hump of confined water by 
adiabatic calorimetry. Furthermore it was found that hydroxylamine doping effect leads this hump to 1st 
order phase transition. Hydroxylamine molecule has three protons and three lone pair and is considered to 
behave like a water molecule dimer. We examined pressurization effect on the transition and proposed 
new P-T phase diagram for pure water. 
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Single viscous relaxation in deeply supercooled water 

 
Pochylski, Mikolaj1 
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When bulk water is cooled down into deeply supercooled state the high-frequency sound velocity exhibit 
a minimum. This strange behaviour, not observed in any other liquid, can be explained with anomalous 
temperature dependence of ultrasonic velocity (which decrease with decreasing temperature) and with a 
presence of the structural relaxation process. In this work we analyze the process in the hydrodynamic 
regime performing a Brillouin scattering experiment in liquid water, both in the stable conditions and in 
the supercooled matastable state. The whole set of experimental data can be well reproduced with the use 
of the generalized hydrodynamic model, where all the involved thermodynamic parameters are fixed to 
their literature values. On the contrary, the model based on memory function approach [1], described by 
the same values of parameters, cannot correctly reproduce experimental spectra. This explains apparent 
discrepancies among conclusions on water acoustic behaviour found in literature. We show how the 
behaviour can be described with a single relaxation process typical of any viscoelastic system [2] where 
the relaxation time behaves arrhenian and the relaxation strength is a constant. We conclude that, at least 
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from experiments performed within the hydrodynamic regime, there is no indication for a fast sound close 
to the hypersonic velocity observed in ice. 
[1] F. Aliotta,  et al., Phys. Rev. E 84 (2011) 051202 
[2] F. Aliotta,  et al., to be published in Phys. Rev. E  
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Spectroscopic studies on molecular interactions in polymer-water-drug systems based on 2-(2-

metoxyetoxy)ethyl methacrylate 
 

Okrasa, Lidia 1; Olejniczak, Magdalena 1; Kozanecki, Marcin 1; Matusiak, Malgorzata 1; Kadlubowski, 
Slawomir 1 

(1) Lodz University of Technology  
 

 
High water adsorptivity of many polymer hydrogels, their biocompability and mechanical properties are 
very similar to organic tissues, what results in variety of their potential medical and cosmetic applications 
like artificial tissue, dressing, implants. Among many polymers performed these requirements, thermo-
responsive hydrogels, exhibiting volume phase transition, constitute a special group of biomaterials in 
which even small change of temperature causes the answer on the precisely planned way. It means that 
during the heating the polymers become a hydrophobic and push out the water outside the gel. Except 
water, the hydrogels are able to store biologically active agent (drugs, growth factors etc.). Therefore 
during the heating drug should leave the hydrogel carrier together with water. To use thermo-responsive 
hydrogels as drug delivery system knowledge of the molecular interactions between polymer, water and 
drug is indispensable.  
Hydrogels based on poly(2-(2-methoxyethoxy)ethyl) methacrylate as well as hydrogels with solution of 
various drug incorporated were the objects of presented spectroscopic studies. Intermolecular interactions 
in the systems differing on crosslinking, swelling degrees or drug have been investigated. Received 
results will be presented and discussed in the light of data obtained for other thermo-responsive systems. 
Acknowledgements: This work was supported by project No. N N209200738 from the Ministry of 
Science and Higher Education of Poland. 
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TRANSFORMATIONS AND GLASS TRANSITIONS IN CRYOVACUUM  

CONDENSATES OF WATER AND HAVE WATER 
 

Drobyshev, Andrey2; Ramos, Miguel Angel1; Shinbayeva, Ainura2; Aldiyarov, Abdurakhman 2; 
Korshikov, Evgeni2; Kurnosov, Vasiliy2; Sokolov, Dmitriy2 

(1) Universidad Autónoma de Madrid; (2) Kazakh national university  
 
 
There is still no general consensus about the mechanism and nature of structural transformations in 
cryovacuum water and have water ices [1, 2]. There are different interpretations of the behavior of the 
cryoprecipitates with respect to the proposed glass transition in the sequence of transformations and with 
respect to the values of the glass transition temperature Tg [3, 4]. The results of an experimental 
investigation of thermally stimulated polyamorphous and polymorphous transformations in cryovacuum 
condensed films of water and have water  ices, formed at substrate temperature 16 K, are presented. The 
investigations are performed in the frequency interval 4200–400 cm−1 using a modified cryovacuum IR 
spectrophotometer. A method developed by the present authors for observing the transformations of the 
films of the cryoprecipitates at a fixed frequency of the IR spectrometer is used. Data giving more 
accurate temperature intervals of the existence and transformations of different forms of amorphous solid 
water and have water are obtained: high and low density and “restrained” amorphous phases and their 
transitions into a crystalline cubic and hexagonal  state. 
[1] C. A. Angell, Science 267 (1995) 1924  
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[2] G. P. Johari, A. Hallbrucker, and E. Mayer, Science 273, (1996) 90  
[3] Y. Yue and C. Angell, Nature 427 (2004) 717 
[4] P. Jenniskens and D. Blake, Science 265 (1994) 753 
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A new vision of dielectric relaxation in water/glycerol mixtures 

 
Greenbaum (Gutina), Anna1; Puzenko, Alexander1; Hayashi, Yoshihito1; Feldman, Yuri1 

(1) The Hebrew University of Jerusalem 
 
 
The dielectric study of water/glycerol mixtures for the last decade has left a lot of open questions 
regarding the relaxation processes that are observed in wide frequency and temperature ranges [1,2]. 
Special attention has been paid recently to the low temperature region, leading to a variety of physical 
explanations of water/glycerol structures, depending on the pre-treatment of the solution. A new vision of 
ice/ice-like structure formation in water/glycerol mixtures at low glycerol concentrations is proposed. 
Using four observed distributed relaxation processes, a study is provided that offers a clarification of the 
structural and dynamic interactions of water molecules and water/glycerol solutions with their 
environment. 
[1] Y. Hayashi, A. Puzenko, I. Balin, Ya. E. Ryabov & Yu. Feldman, J. Phys. Chem. B 109 (2005) 9174. 
[2] K. Murata & H. Tanaka, Nature Materials 11 (2012) 436. 
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A microscopic two-state description of the phase behaviour of wáter 

 
Russo, John1; Tanaka, Hajime1 

(1) Institute of Industrial Science, University of Tokyo 
 
Most mixture models have been phenomenological attempts to explain the anomalous behaviour of water, 
without any knowledge of the microscopic nature of the order parameter. With molecular dynamics 
simulations, we develop a two-state model of water from microscopic information, and show that it 
explains the phase behaviour of water across all the liquid phase, from supercooled states to boiling. 
A route for the experimental confirmation of our results is also provided.  
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Low Temperature Dielectric Relaxation of Adsorbed Water in Montmorillonites 

 
Vasilyeva, Maria1; Gusev, Yurii2; Shtyrlin, Valery1; Greenbaum (Gutina), Anna2; Puzenko, Alexander1 

(1) The Kazan Federal University; (2) The Hebrew University of Jerusalem 
 
The Dielectric spectra of Oglanlinsky montmorillonite with different exchangeable cations were 
measured at low temperatures in a wide frequency range. Two Cole-Cole type dielectric relaxation 
processes were observed, each arising from the presence of water bound to different and distinct 
hydration centers in the studied clays. The results are discussed in terms of a new phenomenological 
model [1]. It reveals aspects of universal behavior of absorbed water, reminiscent to similar behaviors 
noted in systems such as porous glasses. The implication of these points is presented. 
[1] A. Puzenko, P. Ben Ishai & Yu. Feldman, Phys. Rev. Lett. 105 (2010) 037601. 
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Spectroscopic fingerprint for the hydration shell of small hydrophobes 
 

Montagna, maria1; Sterpone, Fabio2; Guidoni, Leonardo1 

(1) Università de L'Aquila; (2) CNRS 
 
Hydrophobic interaction plays a key role in several important biological and chemical processes ranging 
from amphiphile aggregation to protein folding [1]. Thus, the behaviour of water around hydrophobic 
solutes of different sizes has been largely studied during the recent years [2]. In particular the quest for 
the fingerprint of hydrophobic hydration has inspired many experimental [3, 4] and theoretical works  [5-
7]. In this respect, we present a study on the structural, dynamical and spectroscopic properties of water 
around nonpolar molecules of different size using classical and ab-initio molecular dynamics simulations. 
We propose a decomposition of the infrared spectra, performed via Fourier transform of the dipole 
autocorrelation function, into two contributions, one corresponding to the first-shell and another to the 
bulk. With this method we can cover a wide range of the spectra and therefore detect and analyze 
plausible significant differences coming from different regions. 
[1] P.Ball, Chem. Rev. 108 (2008) 74. 
[2] D. Chandler, Nature 437 (2005) 640.  
[3] C.Peterson, K.J. Tielrooij and H.J. Bakker, J. Chem. Phys. 130 (2009) 214511(1). 
[4] J.G. Davis, K.P. Gierszal, P. Wang and Dor Ben-Amoz, Nature 491 (2012). 
[5] M. Sharma, D. Donadio, E. Schwegler and G. Galli, Nano Let. 130 (9) (2008) 2959. 
[6] M. Montagna, F. Sterpone and L.Guidoni, J. Phys. Chem. B 116 (38) (2012) 11695. 
[7] D. Laage, G. Stirnemann, F Sterpone and J.T. Hynes, Acc. Chem. Res. 45 (1) (2012) 53. 
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Graduate School of Integrated Basic Sciences, Nihon University, Sakurajosui, Setagaya-ku, Tokyo 156-
8550, Japan 
It is well accepted that water molecules in aqueous solution particularly form hydrogen-bond network 
structure with other water molecules and solute molecules tend to aggregate to form some assembling 
conformation even if it is in low concentration range. The state of assembly affects freezing point 
depression of solvent. We investigate fusion of ice in aqueous solutions of three kinds of sodium citrates 
and citric acid by DSC measurement.  Citric acid is a weak acid of trivalent.  The ionic strength of citrate 
ion shifts with the change of the number of sodium ions in a sodium citrate and is expected to affect state 
of assembly of citrate ions.  Ionic strength did not affect freesing point depression in high concentaration 
range. But significant deperassion of fusion temperature was observed in low concentration range except 
for the case of  three sodium solt. We proposed the existence of strong interaction between carboxle 
group and water molecules in only liquid state. 
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We present extensive density functional calculations of several ice phases, and of the resulting phase 
diagram, based on the quasi-harmonic approximation. In particular, we will discuss the effects of the 
nuclear quantum motions and of the van der Waals interactions. Special attention will be devoted to the 
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subtle inverse isotopic effect on the volume, which has been observed experimentally [1,2] and explained 
theoretically [2] for ice-Ih. 
[1] K. Rö ttger et al., Acta Crystallogr. Sect. B 50 (1994) 644. 
[2] B. Pamuk et al., Phys. Rev. Lett. 108 (2012) 193003 
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More than one dynamic crossover in protein hydration water 

 
Mazza, Marco1 

(1) Max Planck Institute for Dynamics and Selforganization 
 
Studies of liquid water in its supercooled region have helped us better understand the structure and 
behavior of water. Bulk water freezes at its homogeneous nucleation temperature (approximately 235 K), 
but protein hydration water avoids this crystallization because each water molecule binds to a protein. We 
discuss the dynamics of the hydrogen bond (HB) network of a percolating layer of water molecules and 
compare the measurements of a hydrated globular protein with the results of a coarse-grained model that 
successfully reproduces the properties of hydration water. Using dielectric spectroscopy, we measure the 
temperature dependence of the relaxation time of proton charge fluctuations. 
These fluctuations are associated with the dynamics of the HB network of water molecules adsorbed on 
the protein surface. Using Monte Carlo simulations and mean-field calculations, we study 
the dynamics and thermodynamics of the model. Both experimental and model analyses are consistent 
with the interesting possibility of two dynamic crossovers, (i) at approximately 252 K and (ii) at 
approximately 181 K. Because the experiments agree with the model, we can relate the two crossovers to 
the presence at ambient pressure of two specific heat maxima. The first is caused by fluctuations in the 
HB formation, and the second, at a lower temperature, is due to the cooperative reordering of the HB 
network. 
[1] M. G. Mazza, K. Stokely, S.E. Pagnotta, F. Bruni, H.E. Stanley & G. Franzese, PNAS USA 108 
(2011) 19873. 
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Numerical studies of ice clusters and of properties of super cooled water at negative pressure 

 
Valeriani, Chantal1; Sanz, Eduardo1; Gonzalez, Migue Angel1; Aragones, Juan Luis1;  

Fernandez Abascal, Jose Luis1; Vega, Carlos1 

(1) Universidad Complutense de Madrid 
 
Despite the extraordinary importance of water freezing, little is known yet of the mechanism by which 
this process takes place. Computer simulations offer the chance to get a molecular description of this 
phase transition. In fact, many simulation studies have been pursued with this motivation [1].  
However, the results are contradictory in terms of the size of the critical ice clusters and the rate of ice 
crystallization. We present a systematic study of the size of critical clusters as a function of temperature 
for some of the most widely used water models making use of state-of-the-art parallel computing. We 
observe that the size of the critical cluster sharply decreases as the supercooling is increased. We detect 
clusters with as many as 10000 molecules for a supercooling of about 20 K below freezing. To conclude, 
we compare our results with predictions from Classical Nucleation Theory [2]. 
The anomalies of water still defy explanation. Liquid water exhibits a density maximum at 4◦C, and a 
minimum in the isothermal compressibility at 46◦C. In the supercooled liquid, many thermodynamic 
quantities, for example heat capacity and isothermal compressibility, show a large increase [3]. A 
scenario based on simulations [4] suggested that these quantities would reach a peak, due to the vicinity 
of a critical point terminating a first order transition between two distinct liquid phases at low 
temperature. We report numerical measurements of the sound velocity of water in a scarcely explored 
region of the phase diagram, where water is both supercooled and under mechanical tension or negative 
pressure, and compare with experimental results at the same thermodynamic conditions. We find several 
anomalies: maxima in the adiabatic compressibility, non-monotonic density dependence of the sound 
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velocity and departure from a standard extrapolation of the equation of state. 
[1] Aleks Reinhardt and Jonathan P.K.Doye, J.Chem.Phys., 136, 054501 (2012) and references therein. 
[2] E.Sanz, C. Vega, J.L.F.Abascal and C.Valeriani, submitted (2013).  
[3]Speedy, R. J. & Angell, C. A. The Journal of Chemical Physics 65, 851–858 (1976). 
[4]P. H., Sciortino, F., Essmann, U. & Stanley, H. E Nature 360, 324–328 (1992). 
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Dependence of melting point depression of pore ice on its inverse diameter: linear or nonlinear? 

 
Wang, Lianwen1 

 (1) Lanzhou University 
 
Melting of nano-sized ice is of fundamental interests in a variety of areas e.g. frost heave, low 
temperature preservation of biological systems, Earth’s atmosphere, and so on. However, it is for a long 
time unclear whether the dependence, of melting point depression of nano-sized ice on its inverse 
diameter, should be linear or not [1,2]. Here we present our recent studies on the melting of ice in 
mesoporous silica (silica gel and SBA-15) with pore diameters ranging from 11.5 nm down to 1.7 nm. 
The pore size is characterized by using two different methods, i.e. nitrogen desorption and small-angle X-
ray scattering, and the melting of pore ice is inspected by using differential scanning calorimetry. In 
comparison with the common belief constructed in the past decade that the melting point depression 
varies non-linearly against the inverse pore diameter, our results indicate a linear dependence. The 
discrepancy between the linear and nonlinear dependences is found to come from a principal difference in 
determining pore sizes from the adsorption isotherm i.e. to use the Desorption or the Adsorption branch. 
 
[1] Y. P. Handa, M. Zakrzewski, C. Fairbridge, J. Phys. Chem. 96 (1992) 8594. 
[2] G. H. Findenegg, S. Jähnert, D. Akcakayiran, A. Schreiber, Chem. Phys. Chem. 9 (2008) 2651. 
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A great deal of effort has been made on water confined within nano-sized pore. However, little is known 
about effects of the pore morphology on the confined water. Our concern is to examine how the confined 
water behaves depending on not only pore size but also pore shape. We performed adiabatic calorimetry 
to investigate thermal properties of the water confined within the pores. The fusion and glass-transition 
behaviors were elucidated as compared with those of the water confined within typical 1-D pores in 
mesoporous silica such as MCM-41 [1]. The water within 2-D silica pores revealed two fusion and two 
glass-transition phenomena, while within 1-D pores only one respectively. Therefore, one can safely state 
that pore morphology gives big influences on the low-temperature properties. In addition, the glass-
transition temperatures of the interfacial water within 2-D pores were independent of the pore thickness, 
while that the temperatures within 1-D pores showed definite dependence. Considering that the Tg for the 
water within 1-D pores with infinite diameter coincided with the value for the 2-D pore water, it seems 
reasonable to suppose that the pore curvature might determine the Tg of the interfacial water. Furthermore, 
it is very intriguing that the Tg of the interfacial water within 2-D pores is quite close to the value of 
vapor-deposited amorphous ice. Thus, their structures may be similar, in other words, resembles each 
other at least with respect to the activation processes of the rearrangements. 
 [1] M. Oguni, Y. Kanke and S. Namba, AIP Con. Proc. / Complex Systems 98, 34, 2008. 
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Water-dependent conductivity of fullerene derivatives 
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Politècnica de Catalunya ;  (2) Layered & Nanoporous Materials Group, Department of Materials 

Science, University of Ioannina  
 

 
The DC & AC conductivity of two fullerene derivatives, (C60O24)24-Na24+ and C60Br24, were studied by 
broadband dielectric spectroscopy. In the pure (C60O24)24-Na24+ compound the conductivity is mainly 
ionic while in C60Br24 it is electronic. The as-synthesized materials contained interstitial water molecules 
(2-3% in weight), which could be removed by warming up to 140 C. The presence of water impurities 
significantly enhanced the DC conductivity, which could be due to the existence of a hydrate phase with 
higher ionic/electronic mobility, or else to a higher charge-carrier concentration due to partial ionization 
of water. In C60Br24 we observed a slow, reversible increase of the DC conductivity upon annealing at a 
fixed moderate temperature (between 300 and 350 K) over periods of time of days. This extremely slow 
variation of the conductivity, which was repeatedly observed over a series of several annealing-cooling 
cycles, might be due to a (reversible) hydrogen-bond-related polarization or ionization process. 
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