Experimental perspective on supercooled
liquids and glasses
(molecular and atomic systems)

Dynamics
Thermodynamics
Structure

Glass properties
Transformation kinetics

Glasses near the bottom of the potential
energy landscape (vapor-deposited glasses)



Dynamics in SCLs depend strongly on temperature
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Strong and fragile glassformers
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« Strong limit = Arrhenius

« Structure is strong or fragile
(with respect to temperature)

« Kkinetic fragility “m”



Relaxation times from different techniques that
measure SCL dynamics often show good agreement
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Dynamics in SCLs continued: Self-diffusion has a
weaker temperature-dependence

-6

log (D,) (cm®/sec)
> 2 R B8 &
1 1 | | 1

o
o™
1

[
N
(@]

360 400 440 480
Temperature (K)

Swallen et al., J. Phys. Chem. B, (2009)



Thermodynamics
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Kauzmann entropy crisis
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ENTROPY

Kauzmann entropy crisis and the potential energy
landscape
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Are simulated systems good mimics of experimental

glassformers?

TABLE I. Parameters related to glass transitions.

Propene Butene Pentene 3MP MTHF ETB Toluene PC
T, (K) 56.0 60.0 71.7 79.0 93 115 119 158
Tk (K) 49.8 49.3 55.9 59.8 73 101 108 135
T,/Tx — 1 0.12 0.22 0.28 0.32 0.27 0.14 0.10 0.17
T,/T, — 1 1.56 2.04 1.82 2.05 1.57 1.30 1.15 1.35
Ses JK™ ! mol™1) 6.09 13.1 18.1 204 15.6 9.25 543 9.29
z*(0) 7.26 4.76 3.82 341 3.20 5.99 7.12 5.05

Tatsumi et al. PRL 109. 045701 (2012)




Structure of supercooled liquids and glasses: Can you
find the origin of slow dynamics

Propylene glycol
Leheny et al., JCP 1996
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Structure of supercooled liquids and glasses:

Can you find T,
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Metallic glasses show correlation between temperature-
dependent structural evolution and fragility
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Deep connections between thermodynamics and
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