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Glass:Disordered solidike state obtained by
rapidly cooling a liquid to a temperature lower than
the equilibrium crystallization temperature

The glassy state is metastable

Examples:

xhEARS 3flFaasSa 6aAiAf A0l DSNJ
x| KIFf O23SYyARS 3Jfl aasa oDS{o
Metallic glasses (FE-FMo-GB, MgCu¢ 0 = X ® U

Polymer glasses (polystyrene, poinpylacetate,..)

Colloidal glasses
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x Simple molecular glasses (ortterphenyl, salol,..)



Viscosity increases by 114 orders of magnitude as
the temperature of a supercooled liquid is decreased|b
about 100 degrees
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Viscosity 101 poise at the experimentally defined glass transijtion
temperature, 1,
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Mode Coupling Theory provides a qualitatively
correct description of the dynamics in the weakly su-
percooled regime

“Ideal” MCT: Divergence of 17 at 1.

Experiments: T, > T,, n(T.) ~ 10* poise, crossover in
dynamics near 1" = 1.
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Thermodynamic Glass Transition at 1y = 1 x7



Existence of a growing length scale near
the glass transition??

Adam-Gibbs theory postulates the existence of a
growing length scale that represents the size of
Nncooperatively rearranging

Recently, many experimental, numerical and theoretical

studies have investigated the existence of a length scale
associated with dynamical heterogeneity that describes
the spatial heterogeneity of the local relaxational kinetics

INn supercooled liquids.




Dvnamical Heterogeneity:

Four-point Correlation function:
94(r:t) — <5p(0}0)5,0(0}t)5p(1‘} 0)5,0(1"}@)
— (0p(0,0)3p(0,2)){Sp(r, 0)dp(r, 1))
CD, Indrani, Ramaswamy and Phani (1991)
x4(t) = galk = 0,1)
o v4(t) peaks at t = 7(7).

o Vi(T) = xu(t = 7) and 7(T) increase as T is de-
creased toward the “mode-coupling transition
temperature” /..



Biroli and Bouchaud (2004 ); Berthier, Biroli, Bouchaud,
Kob, Miyazaki, Reichman (2006):

Growth of x4(T) and 7(7T') is associated with a dy-
namical correlation length &(7T') that grows as T is
decreased toward 7.
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Crossover to “activated dynamics” is believed to occur
in three-dimensional systems at a temperature slightly

higher than /..

The system-size dependence of ¥4 (7T) and 7(T") in the
temperature range in which they exhibit power-law
crowth should exhibit finite-size scaling similar to
that observed near a continuous phase transition.



Molecular Dynamics Simulations

Kob-Andersen binary (80:20) Lennard-Jones mixture
CAd — 1.0} CERR — 0.5} €EAR — 1.5;

TAA — 1.0} ORB — 0.88} JAB — 0.80.

Number density p= 1.2

Temperature range: 0.45 <71' < 1.0

Number of particles: 40 < N < 1000
Newtonian dynamics simulations in (N, V,T) ensemble
with periodic boundary conditions.

Qt) = 5 w(|ri(0) — 1i(t)]) where
w(r)=1if r <a(= 0.3), = 0 otherwise.

“Overlap” function go(t) = (Q(t)).

Anal ogous tpartofthe évo-pomtedenkity correlation function

Four- point susceptibility:

xa(t) = Q1) — (Q(t)7].



Results of MD simulations
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go(t) fitted to stretched exponential form, VET Fit for the temperature
g2(t) = goexp[—(t/7a)"], to obtain 74(T).  dependence of the relaxation time
15=0.3
AMod®uplingo fit: !

Tl 1) o (T — Tc)_é with T. ~ 0.43 and
0~ 24 for 0.47 <Y < 1.0.



I'- and N-dependence of y4
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N-dependence of y4(T, N) for T = 0.45, 0.47, 0.48,
0.50, 0.52, 0.55, 0.60, from top to bottom

vy Increases with N and then saturates.



Finite-size scaling for y4(T, N)
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N/E
Xa(T', L) = xo(T) f(L/E(T)), with xo(T') oc (T =1T¢)77,
and f(z) — 1lasz — oo, f(z) x 27" as x — 0.
Plots of (T, L) /xo(T) vs. L/&(T) or N/Ve with V; =
¢ for different NV, T should collapse to the same scaling
curve.,



0 & A
Amve® AV 4
i oafl ¥ ¢
0.1 o$*
I JA' T = 0.470
0.2 é o N =150 e T=0.450
. i oo N =1600 ¢ T=0470
H\ @ B T=0.500
%-03—8 A T=0.520 . . .
E |g v T=0550 Finite-size scaling
§ ® T=0.570
0.4 & o T=0600 of the
" A T=0.800 Binder Cumulant
0.5
=
@
® | |
0 35 40 45

Binder Cumulant

< [QUa— < Qg =)t >
F T =5 Q- < Qg >2>2
B(N,T) = g(N/£3(T)) Inset: Probability Distribution of &} {7}

PlR(r)] = (@) —zw(|rslfo) —r:lfo+m)[))



P
x 4(T.N)

40.0

10.0

N
L A R \\\ ]
L A N |
A
A
N
- N ]
i n ]
L N 4
L PN i
N
n
L L L v | L o A
0.1 1.0
(T_TMCT)/TMCT




