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Essential Meaning of the Vitreous State: Non-crystalline Structure
and Non-equilibrium Thermodynamic State Variable
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The essential meaning of the vitreous state is still the subject of controversy even
after the long history of glass research. In this report, two important factors, that is, non-
crystalline structure and non-equilibrium thermodynamic state variable are focused on in
order to understand the essential meaning of the glass states. Several novel techniques
based on computational materials science (ref.2) are developed and applied to silica glass.
First, a novel simulation technique named ‘structon analysis’ is developed to investigate
the local structural changes in silica glass (refs.9-11). The developed model shows that it
is important to understand the glass state is comprised of a mixture of different
fluctuating structural units. Second, a new order parameter model based on the
thermodynamics is developed. The order parameter model offers the possibility of
distinguishing structures resulting from different thermal histories through introduction
of higher moments (ref.15). Finally, new techniques base on computational materials
science will make it possible for glass scientists to explore a variety of new glass
structures at will in future.
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Fig. 1 Tetrahedral representation of a-structons
(a), B-structons (b), ystructons (c), and 5-
structons (d), where a tetrahedron refers
to a SiO, unit.
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Fig. 2 Change in the proportions of o-, -, -,
and d-structons in silica glass.

W (K ) B-structonf & 2SA L Tnwab 2 &I
b EBTIZISOK TEERKE R LI ENTH
ENTV 5, HEH DL OWARTIZIRE LA TR
RO AU S MRREATHFRICI IR L T A%,
) D4 B-structon i O IR AL ) AR I
BRI IER R 5 -0 EE & HICEE E
AERLTVWDLEEZOLNSL, TOBTADMEITE
9 5% & ystructon DA 2 F V) S-structon® B 72
BiMoABSBM S NS, & OWREERCIZIELGERE
PHALCHE Z T ZTTH D @H DL L Otk e
FERICHR 2B EOMEE R T b0 LR SN
%o

VI EFIH L CT& 7 ‘structon model’ 1ZGeO, 7 T
A, BeF. 7 ZA DOk - FEMEMAT IS INH S 1,
Si0,. GeO.. BeF.MD# T A MEE « K1k BN,
HEIZOVWTHEmM I LTV B,

3. JEFEHBNFIKEE

BIERED A VCIIENERS R 5T A% ED X
INZFEINT B0 HDHWITH V) OFEE FEo 72
T A% L TzDIZE - [ENEREEZ ED X ) 12
fLL T DIZ LEMICIEFICEELRRETH S,
NI AREEZXNT LB A—F L LTHRDH
MBBERIIHEETH LD, DI P RREBOEVER
EoXEE L THITSZ EIZIEFICH LY. —Hik
HETE YD) HH T AORBIREN T < V5% I X
DIERSERTELEHIC2D, REIREA T3
BCHEHGHRFE NG A =7 Lo TW0DBY, BE
HE5CIIREREZ RS 5E 2 HE D20
TA—FTHITADREEZFETELI L 2t
LTWwaA, Bt CTldPrigogine-Defay
RatiolZBFI 9 W80 D BEBOFRF /8T XA — & DILEL
HAHERENDLIICHoTETHDEY, BED D
VISR EEASF CAEZ FEOo 77 Z1Z o b M LA
TAEET bR UMEZFHONE ) »IZOnT
BHAAED L ZAH XL Gh o Tniv, EH TG -
SEMEREOTEEZHWTH I AREZ X T
LUIHM RTINS XA — % 2B LT E 7205 ®ik
‘atomistic energy distribution’ 12D #F/85
A—=F RR_ELTVBEY,
THMOSFENFEY I 2L —Ya yTIRETH
FHOMEAHZ AN F—2IKEL. 2 DBFFIC
) < J1% RO TR AL E AR FERMICFIRE S L
%o FHUIRREIZH B RICOWTIIMREI I F oG %
HOWTEZAVF—DEOW S L HEHT AV
F—AEHTLILENTRETH 525 HEREE
LEI)ETHLEWRKEHANLETH L 720HIRT
WEHBRTFEE IS VEEV, S SICIEFHRREA
WIEL X9 & L& I ZBIR I i AR
VENTWaR W, FEFRITHERLES I TR I N
B - BEOME/EH 25314 PO AL F—
GAELTHERTHEZEZH V%A DIEF LRV F
TR L THHT LI 2% 272 BAAMICIZAET



DOFEFHMEEHZANVF—=2/EH L TWBREIC
WEIZHDIRD E VHREZEATAHI LIZE-T
BREKDIANF -2 ETORFICEH YIRS Z LA
WREE %% COMADFEFIZEDIRO NIz 1L
F—ZHEFNBEBIANF—LIERZ EIZT 5,
KOBEHEONHEOFHERPFTIEOR T Z
OO JEFBLE X E U 72 O TR E T AV F—
DHANE— IR LTV EBORIRE 25,
HEEDFENLIFE, A DJET-20K U 5 T E T
AINF -3 WA R E o fER LR, £
DHANE T B — FIZIED > TWL, B E T+ v
F—DoAi & H I AREEDTE N OFEE ORI A A
HHIEIFEBICHMRTE DD, X5 IR %
D5 DIE T D X LA DAL B E =
LT BLERD DL, BFEOMRTIEINA 2 ERmIbd
oD ERELTE—AY MENEHH, 20D
FRAT T2 % Fr 72 AL T R OV F — D 5 126 H
T5HLIEE L7 HARIRICH LTI ROE= XV
M 2ROE—AV I, EHICEHRDE—RAY M
BRRODLZEIWZE), EEOSAIEIRE BAEET

(a) Oxygen
1
a 09 |- cristobalite =
S 08 — quenched =)
‘:.: 0.7 ——frozen P,
£ 0.6 /
E 05
g N j 4
E 0.4 -‘\ '_/
o o
s 0.3 —p<
o u 2 fF_ "
3 0-1 A_J__ ‘_»—}"-",'é"//
0 L M L
-46 -44 -42 -4
mean value (eV)
(b} Silicon
1.6 =
‘™~ 1.4 - —+ cristobalite »
'% 12 - —— quenched J/”
~ —— frozen rs
e 1 ﬁ}f
2 7
Eos -
€ 0.6 b Y
2 K 7/
8 0.4 /
$ 0.2 ;?ﬁ?’
0! !

-145 -14 -135 -13 -125 -12

mean value (eV)

Fig. 3 Relation of values and second moments of
atomistic energy distribution functions for
cristobalite, quenched and frozen silica
glasses.
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