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The Key Problem SotaBarbera 2010
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R How do we define Cooperativity? Sarta Bateraz010

» The amount of atoms (particles) involved in a single relaxation event?

»Size of dynamic heterogeneities?
>0

Coloring monomers
by how far they
moved in

time At shows
monomer motion

is spatially correlated.

Connectivity not important!

Analysis of the fastest 5% of particlesin MD- Similar picture emerges from
simulations demonstrates existence of clusters optical microscopy of colloids
— ‘strings’ [Bennemann, et al. Nature 399, 246 (1999)] [Weeks, et al. Science 287, 627 (2000)].
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stronger (b) systems [Riggleman, et al. Soft Matter 6, 202 (2010)] ik d
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Dynamic Heterogeneity in Simulations Sonta Barbara 2010
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Dynamic Heterogeneity in Experiments Senta Barbara 2010

] | 4AD-NMR provided estimates of the size
} " 107, 459 (2003)].

{ [ of dow-relaxing domains [Qiu, Ediger, JPC B

No connection to fragility???
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Attempts to estimate cooperativity (4-point  7pis analysis also did not find the

correl at_i ol function)  from  2-point cooperativity -> fragility connection.
susceptibility [Berthier, et al., Science 310, 1797 (2005)]



Cooperativity from Theories
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Santa Barbara 2010

Stevenson and Wolynes analyzed
existing experimental data In
framework of RFOT and found
the characteristic length scale &
at Tg scaled by interatomic
distance a to be amost universal
number independent of M [cond-
matt/0609677].

Schwelizer and Saltzman also came to asimilar conclusion in the
framework of Entropy Barrier Theory [JrPc B 108, 19729 (2004)].

For dense atomic and flexable polymer hqmds mteracting w1a
repulsive forces, both infegral equation theorvy and molecular
dynamics simulations* find £, = 0.5—1. Equation 16 thereby
vields a domain diameter of £ /0 = 3—4. Although this estimate



The Boson Peak and Heterogeneity Length é SantaBarbara 2010
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Comparison of the Boson Peak and NMR data [Qiu, Ediger, J. Phys. Chem. B 107, 459 (2003)]
reveals a good agreement, supporting the proposed idea.

L. Hong, et a., J. Chem. Phys. 131, 194511 (2009).



Heterogeneity vs Fragility

Santa Barbara 2010
No clear correlation between & and fragility.
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Systems that deviates from a general trend have weak variation of Tg under pressure

L. Hong, et a., J. Chem. Phys. 131, 194511 (2009).



Activation Volume AV* and cooperativity

Santa Barbara 2010
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L. Hong, et a., J. Chem. Phys. 131, 194511 (2009).



Two contributions to fragility Sonta Barbara 2010
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Volume (density) contribution to fragility SantaBarbera 2010
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Heterogeneity Volume vs Activation Volume Sonta Barbera 2010
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Different species at ambient pressure: g

Changing molecular weight at ambient pressure: @ PPG,; PS

Changing pressure : COGlycerol; OPS oligomer ;A PMPS; * PIP



Cooperativity and Fragility SontaBarbara 2010
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> depends on type of the system (smallest in éx@ ~35-6

H-bonding and BM G, highest in polymers);

» |t does not correlate to fragility
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Santa Barbara 2010

I - T,\'IB ®1,.4PBD P'S { AG cooperativity parameter
9 o e | Z estimated from the
6 o 1 change in activation energy.
R O
LLJ
= a4 Carbonate 1 (Arrhenius regime)
LIJD: Glycerol
3- O |
,il oS¢ { Ex(TQ) - activation energy
21 B, 1 at Tg estimated from VFT.
o® O
1 —- S|02 ZI"\C|2 m
0 T T T T T T T

20 40 60 80 | 1(I)0 | 150 | 14I10
m
» The parameter Z (as expected) has clear correlation to fragility and
differs significantly between strong and fragile systems.
>t isinconsistent with rather universal &/aat Tg reported in many

papers.



Con clusions Santa Barbara 2010
thelr Importance, dynamic heterogeneity and
cooperativity remain ill-defined quantities.

»There Is no correlation between fragility and dynamic
heterogeneity length scale. £ seems to be dependent on the type
of the system (e.g. H-bonding, polymers).

»One should aways separate volume and energetic
contributions to fragility. Only activation volume at Tg correlates
to the heterogeneity volume.

» Does the Adam-Gibbs approach provide the right picture?
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