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What is a Glass?

Examples:

» Drinking Glass, Pyrex, Schott
Ceran Cooktop

» Fiber-Optics, Telescope Lense,
Reading Glasses

» Solar Panel Glass
» Vulcanic Glass
» Golf-Club
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What is a Glass?
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System: SiO,
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Model: BKS Potential

[B.W.H. van Beest et al., PRL 64, 1955 (1990)]

2
Qb('rz]) _ qlq,]e + Aije—Bijrij _
T'ij
112 Si & 224 O p=232g/cm3
T, = 3330 K

Cij

6
T

> rich phase diagram

» similar to water (H,0)

Si



Numerical Solution: Euler Step

Initialize:

X(H) v ) a)

X(ty+At), v At alt,+A b

}

X(h+2A 1), v(§ +20 1) a(f +2A 1)

l etc.
l = Iteration Step:

X(t+At)=x()+v()A t
V(t+At)=v(t)+ a(t)A t
a(t)=F(t)/m==(dU/dx)(t)




Molecular Dynamics Simulation

Initialize: particles i=1,...,N

g(b ), j, g )??1 (5 three dimensions
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l etc.

l = Iteration Step: (Velocity Verlet)

X (A=K ()+V (DA t-a () tf /2
Vi (A D)=V (1) +(a;()+a;(t+At)) A2
FO=F (0/m =5 U(/m




Simulations
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T Simulation Runs
5000 K . 20 initial configurations
3760K
3250 K
3000K Tt 0.33 ns 33 ns
2750 K NVT NVE
2500 K (Nose Hoover) (Velocity Verlet) )

time
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Aging Example: Mean Square Displacement
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Cage Picture
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Jump Definition: Aging Dependence

a o

A0
D
FETTE PR FRRTY ITETI FERTI SYETI FETE1 AT

R N W

o

1 t [ns] 4 10

|0 yyi waiting time ¢
77

0 waiting time windows

(741 1 1 1
77— T T T




Number of Jumping Particles per Time

t0000geend vl vl 0l

[
o
o
?

T=3250K - e

NJAt [1/ns]

_ Ne/At = Number of jump

1004
3 events occuring in time

: O-atoms :;';i:; interval At
0 ~ » equilibration time
R .......A.lt. [ﬁs.].....,l\l A P consistent with (', A2,
W

and x4 (see arrows)

» N./At decreasing with

increasing t,,
— N, /At depends strongly on waiting time t,,



Average Jump Length

1 111111l 1 1
257 O-atoms:
1 g T.=3250K
z 5] s
m_' -
3
EEN Si-atoms:
154 N \i" R
. i\\\ z \\
4 N T - F o — =~ T
J % P L
1-] T=5000K \{* T I‘I{%
...(.).|01. . ......(I)1 — ......I1 — ......I10 —
. 11, [ns]

— AR; is mostly independent of t,,

» O-atoms jump farther
than Si-atoms

> compare:
dos; = 1.6082, doo = 2.6264,

dsisi = 3.077A

o



Jump Length Distribution
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— P(AR;) is independent of ¢,, (colors)



Time Averages: Jump Duration At; & Time in Cage
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Distribution of Time in Cage P(Atq)
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Distribution of Time in Cage P(Atq)

saal PR r L L

To~ L _ — r E e F

\\EQ t,=1.31ns |O T=2500K [ 73 . E

5 ~< A TE2750K| | o =
1074 O T=3000K| [ &°3 J 3
X Eone4g 3

34 E

T T
1 ths] © 10
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> compare:
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[Jung et. al., JCP 2005]
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Main waiting time t,,-dependence due to
number of jump events per time Ng/At.
(not AR;, At;, Atdr)
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—— Cooperative Processes:

» space-time clusters introduce t,,-dependence
of length & time

» dynamic heterogeneity [Donati et al.,PRL 1998]

> avalanches [KVL,Baker, EPL 2006]

» dynamic fascilitation [Jung et al.,JCP 2005]
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