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Abstract

Glass is an amorphous material which lacks the periodicity of crystals and behaves as solid in
mechanical properties. The most common method to make glass is cooling the viscous liquid
quickly to avoid crystallization. Although the method of obtaining glass by cooling is well
known, the microscopic mechanism of the transition from liquid to amorphous rigid structure
is not fully understood. As an effective means to study the microstructure of materials, classical
molecular dynamics simulation can provide detailed information about the static structure and
dynamic characteristics of amorphous materials and give the scientific and feasible method for
the study of glass structure. In this work, we aim at the problem that the same force field can-
not describe the physical properties at high temperature and normal temperature in the pre-
vious glass molecular dynamics simulation simultaneously. A method of topological construc-
tion of variable temperature was proposed by us, and various topological structures of SiO;
random network were obtained at different temperatures for molecular dynamics simulation
of melt cooling vitrification process. The changes of structural properties, kinetic properties
and thermodynamic properties in melt cooling vitrification process were analyzed. It is found
that the variable temperature topological construction method can accurately describe the
variation law of structural properties and dynamic properties such as radial distribution func-
tion, volume, diffusion coefficient and relaxation time with temperature in SiO; vitrification
process, and the description of the relationship between dynamics and thermodynamics in vi-
trification conforms to Adam-Gibbs theory.
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Table 1. Morse-Stretch potential parameter of SiO, glass
3= 1. SiO, BEEEAY Morse-stretch B4

Ro(A) D, (kcal/mol) y
0-0 3.7835 0.5363 10.4112
Si-Si 3.4103 0.2956 11.7139
Si-O 1.6148 45.99770 8.8022

s 1(a), N a_SiO, SEMILE xyz =ANJ7 A L9 i J5 43 %) 3.28 nm x 3.28 nm x 3.28 nm AT, LLiZid
HVE TG E5 44, Fl ¢ 1 H ¥ Morse-Stretch 352 i [ 1 [ AH ELAF FH , K S AR 2544 M\ 300 K T %2 3000
K #4710 ns ) NPT #i48, FHJ57E 3000 K F1E 10 ns () NPT “FHi #4435 SiO, HIVEIALE Y, IaikesE
4 1.87 glem®. fxJa Ak Sio, A 3000 K [ 2 51 300 K #E4T 20 ns 38 AL .

2.2. MEHRIMEFE

1E 300~3000 K i JE A E 18 AME KSR E FRIZER), BL 0.2 nm gk b iE = HI T Si-O BRI,
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Figure 1. (a) Crystal structure of SiO,; (b) glass structure of SiO,
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Figure 2. (a) RDF of Si-O atomic pair; (b) RDF of Si-Si atomic pair; (c) RDF of O-O atomic pair
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Figure 3. Volume-Temperature curve during melt cooling process
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Figure 4. (a) MSD-time curve at different temperature; (b) The diffusion coefficient varies with temperature
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Figure 5. (a) The fitting curve of dihedral Angle autocorrelation coefficient changing with time at 300 K; (b) Relaxation
time-temperature curve of Ty scale
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Figure 6. (a) Entropy of SiO, liquid and entropy of SiO, crystal changing with temperature; (b) Residual entro-
py-temperature curve with T,, scale
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Figure 7. The curve of relaxation time changing with network density
7. FASATEIRER 4 % E R T ILE

TEAE S AG AL, Adam Fil Gibbs 5] N T HME B HEX I (CRR)FIMES:, (HARATTHE T b R (0 — AN B P
R A PR T IR B I/ RS, 78 TR AR IRATRYE Trap BLAL[32]45 4 H HHEE
(Free energy landscape) 45 F A/ 72 7 &%+ CRR JU~H IS

3.4. IMEEHXEBR T (CRR)

PE FEHEX I5(CRR) /& FHAdam A1 Gibbs e H ¥ F T B A B TS A 55 0 1) B . AEAMBAT IR T, 45
Pyt ¥  FHCRRYP R T FFES| #2111 . J5 K Takashi Yoshidome2s A\ [33] [34] [35]KCRR 5 [ Hi RETH Bk R
k4 T CRRIUGULE X o BITE H HRgIH [, Z5Hshigsst B 7 M —AN R 2 40T it i, I Bz
FEH T KR TR RGP AR T, 2R T, XK TN ECRRAIIKLIT, [FIRH 24
THANAEAR Bt 2 (OSBRI FIEERF . BT LA Takashi Yoshidome®5 AW si, 7T AE M H
EH A I P 45 74 49 B CRR AL 45, ARARATII AR AR /i 0% FEI2 ok B 75 320 B BsfobE 1R 1Y 240 Rl P 3%
LS EAT B R /MR R F AR, OV IS Mt I8 ) 5238l J1 2t 8 . AR AR, FRATTRIH
Metadynamics [36] /7714 @ SiO, BEHESEAE 1 H BHAETHT, I A E B RETH 2574 Hh FIWTCRR A R kLT 4L

s 8, ARHETrap [B7]HAY, Kedhk Z o 7 BREIFEERIE X8 BL AR A Trap X 3) Miz3), H# X

DOI: 10.12677/ms.2020.1012118 987 PR R


https://doi.org/10.12677/ms.2020.1012118

VrIGTE A&

AR AL E RS . ISR Trap X2 ) SHREEIE DX SR R AR ME FHEI iR/ AR e
X Trap X35 P 4 R334 T 10 A 2 8434341 dihedral PCA [38] (1 TH A #K dPCAYS 24 R 1E B 4L
i, FEE PR AE AR T ] LA B B, K dPCA 23T Hh B T 22 2 I A R A VR At A0 AR B o) 7 )
TEFEICA €1 60 HUFE €14 e, ERIFFAC AN PCA-1. PCA-2.. L PCA-1. PCA-2 {4 sh7% & (collective

variables)CVs 1T Metadynamics 4 58 K ¥ [39] 15 26 45 A8 &7 W) L) H HHRE

i3
Ireap < I crr

P o

Configuration Configuration
Figure 8. Trap model
8. Trap REIREE

Configuration

$5 12 LA 0.0L nm? (KBB4, 24 th A T _E th BUR A0 2 2 (AR T A O 200 A3A Trap
I TR TWEEHE, B > e R i < Koo

w9, 935 KR T, 4575 05292 nm. 0.5385 nm. 0.5441 nm. 0.5450 nm FTf ) [ HH e
M. "L M, <0.5385nm i}, Trap XI5 A A EEH (B digg il LG #oR), m

Frap > 0.5441nm B, Trap XU BT A4 T UMEEHE, FTREATIY 935K H0EE T 1A A I P E H HE X Ik
B /IR W 9 05441 nm, - 45 2 DI PSS T4 N s 40 45

o
&

—~
O

~
N
o

)
QOO NI
ST

o

W ot i
NN
SN

'
N
o

AT

Tyt
‘\“‘\‘\‘\‘I‘\“
X

5 A
8 5

Free energy (KJ/mO‘)
'é\ '

Free energy (kJ/mol)
838

0.0

PCA4 ) 1.0

Pca, 10

DOI: 10.12677/ms.2020.1012118 988

FoBLRL


https://doi.org/10.12677/ms.2020.1012118

—~
(2]
~
N
o

888 o

e
o
S

Free energy (kJ/mol)
588

Free energy (kJ/mol)

PCA.1 -3

PCA,1 -1
Figure 9. Free energy landscape with (a)

lep =052920m ; (b)) r,, =05385nm ; (¢) r,,=05441nm ; (d)
Fap = 0.5450 Nm

9. 935 K iRET Trap XHESA1A@) 1, =05292nm ; (b) r,, =05385nm; (c) r,, =05441nm ; (d)
Frrap = 0.5450 nm Bt Rz B B ER E

RS 2SR CVS R I [ 1 B LI S U E L HESh A1 R . nf&] 10, O 935 KR T r,, = 0.5450 nm f
AR P CVSRERTIIN A AR, WTRAE Y, AR RAIIRAIRERT RCVs = 0 ML 2, B HET 200 ps

AR IR AL T 1Z G - 200 ps)i 4 2 KA I B3 4R 74k, it CRRA ¥ i1 e e 22 & A DA E A
W8 i 7 P A 3 ] K [l VA SRR

(a) 30 y ' r (b) 1.8 . . .
1.6 . .
221 1.44
1.24 o

. .
104 - L

0.8+

-0.4
500 1000 1500

L) L)
500 1000
Time(ps)

1500 2000
Time(ps)
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