
Computer Simulation of Glass

Katharina Vollmayr-Lee

M

A

E

S

?

Acknowledgments:
R. Bjorkquist, L. M. Chambers, Ch. H. Gorman,

A. Zippelius, H. Castillo,
Bucknell University, Göttingen University



M

A

E

S

?



V

glass

crystal

liquid

m
TT



crystal

liquidglass

M

A

E

S

?
Y

E

S

glass

crystal

liquid

T
m

T

V



glass

time



12

−2

η
lo

g
  

  
  

[P
o
is

e
]

M

A

E

S

?

GeO2

Glycerol

2

0.4 1.0
4Ca(NO ) 6KNO 3

SiO

glass former
strong

3 2

fragile
glass former

O

N

T /Tg



te
m
p
er
at
u
re

time

adultteenagerbabyaging



1 10t [ns]

0

1

2

3

4

5

6

7

 r
n
,z

 (t
)

0.01 0.1 1 10t
w

 [ns]

10

100

1000

10000

N
p
/∆

t w
 [

1
/n

s]

T
f
=2500 K

T
f
=2750 K

T
f
=3000 K

T
f
=3250 K

O-atoms

M

A

E

S

?

adultteenagerbabyaging

adultteenagerbabyaging

te
m

p
er

at
u
re

time

time

p
o
si

ti
o
n

n
o
. 
o
f 

ju
m

p
. 
p
ar

t.

[PRL 2013]

Y

E

S

JUMPS



O

Si

Structure

Highly Ordered



O

Si

Defects



Defects

time



0 5 10 15 20 25 30

t [ns]

0

1

χ
iD

(t
,O

)

SiO-defect

Defects

time

SUDDEN



1 10t [ns]

0

1

2

3

4

5

6

7

 
r

n
,z

 (t
)

0 5 10 15 20 25 30
t [ns]

0

1

χ
iJ (

t)

Si-atom jumping

Jumps

time

SUDDEN



0 5 10 15 20 25 30
t [ns]

0

1

χ
iD

(t
,S

i)

SiSi-defect

0

1

χ
iJ (

t)

Si-atom jumping

0

1

χ
iD

(t
,O

) T
f
=2500 K

SiO-defect

Jumps

Defects

time

CORRELATED

HIGHLY



M

A

E

S

?



10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

t [ns]

0

1

2

3

4

5

6

7

χ
4O

0 ns

1.63ℜ×10
-4

 ns

1.63ℜ×10
-3

 ns

1.63ℜ×10
-2

 ns
0.14 ns
0.49 ns
1.96 ns
7.65 ns
16.7 ns
33.0 ns
65.7 ns
81.9 ns

t
w

=

q=2.7

M

A

E

S

?

aging adultteenagerbaby

d
y
n
am

ic
 s

u
sc

ep
ti

b
il

it
y

dynamic susceptibility

te
m

p
er

at
u
re

time

ag
in

g
ba

by
te

en
ag

er
ad

ul
t



10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

t [ns]

0

1

2

3

4

5

6

7

χ
4O

0 ns

1.63ℜ×10
-4

 ns

1.63ℜ×10
-3

 ns

1.63ℜ×10
-2

 ns
0.14 ns
0.49 ns
1.96 ns
7.65 ns
16.7 ns
33.0 ns
65.7 ns
81.9 ns

t
w

=

q=2.7

M

A

E

S

?

0.4 0.6 0.8 1

1-C
O

0

0.5

1

χ
4
/χ

m
ax

O

0.14 ns
0.49 ns
1.96 ns
5.21 ns
7.65 ns
16.7 ns
33.0 ns
65.7 ns
81.9 ns

t
w

=

aging adultteenagerbaby

d
y
n
am

ic
 s

u
sc

ep
ti

b
il

it
y

te
m

p
er

at
u
re

time

n
o
rm

. 
d
y
n
. 
su

sc
ep

ti
b
il

it
y

E

Y

S
ag

in
g

ba
by

te
en

ag
er

ad
ul

t

SAME SHAPE!



M

A

E

S

?

-1 -0.5 0 0.5 1

C
r

O

0

0.5

1

1.5

P
(C

rO
)

0.14 ns
0.49 ns
1.96 ns
5.21 ns
7.65 ns
16.7 ns
33.0 ns
65.7 ns
81.9 ns

t
w
= q=2.7Å

-1

C
O
=0.5

aging

aging

te
m

p
er

at
u
re

time

E

Y

S

d
is

tr
ib

u
ti

o
n

distribution

adultteenagerbaby

SAME SHAPE!



M

A

E

S

?

O

Si

0 0.2 0.4 0.6 0.8 1

(χ
4
/χ

max

Si
)
q=2.7Å

0

0.2

0.4

0.6

0.8

1

(χ
4/

χ
m

ax

O
) q
=
2.
7Å

0.14 ns
0.49 ns
1.96 ns
5.21 ns
7.65 ns
16.7 ns
33.0 ns
65.7 ns
81.9 ns

t
w
=

q=2.7

aging adultteenagerbaby

te
m

p
er

at
u
re

time

E

N

W

n
o
rm

. 
d
y
n
. 
su

sc
ep

ti
b
il

it
y

O
−

at
o
m

s

Si−atoms
norm. dyn. susceptibility

SAME SHAPE!

WOW!



M

A

E

S

?

O

Si

E

Y

S
R. Bjorkquist, L.M. Chambers

A. Zippelius, H. Castillo

Ch.H. Gorman

Bucknell, Goettingen Univ.

Acknowledgments:


