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Fig. 1. Electron structure of water molecule!.
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Fig. 2. Crystal structure of $-SiO, using tetrahedral cluster
[Si-0,]1.
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Fig. 3. The amorphous structure of glassy silica (SiO,) in

two dimensionsl.
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Fig. 4. (a) Cluster-plus-glue-atom modell'!l; (b) the inter-

cluster distance is 3.
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Table 1. Crystal structure data of Tridymite 3-SiO,!.

0,Si Structure type O,Si Pearson symbol hP12 Space group P63/mmc No.194

a = 0.5052(9) nm ¢ =0.827(2) nm v = 120°
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Fig. 5. (a)Principal cluster [Si-O,] and [O-Siy] in B-SiO,
structure (space group 194). Large and small spheres are O

and Si atoms, respectively; (b) molecule-like structural

unit[Si-O,4]Si.
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Table 2.  Molecule-like structural units of glass-relevant oxides. Molecule-like structural unit, based on principal clusters,

are bolded.

Classification Oxide (space group) Cationic structural unit (e/u) Anion structural unit (e/w)
B-Si0, (P6y/mmc) [Si-0,]Si = 2{Si0,} (32) [0-8i,]05= 2{Si0,} (32)
B,0; (P3)) [B-04]B = {B,03} (24) [0-B,]0, = {B,03} (24)
B,0; (Cme2y) [B-O4]B;0, = 2{B,0} (48) [0-B,]0, = {B,0;} (24)

pework [0-B;JOsB; = 2(B,0s} (48)

GeO, (P4,2,2)
P,05 (Pnma)

[Ge-0,]Ge = 2{GeO,} (32)
[P-04P,0, = {P,05} (40)

[0-Gey) O3 = 2{GeO,} (32)
[0-P2]O, = {P,05} (40)
[O‘Pl]P104 = {ons} (40)

(Li, Na, K),0
(anti-fluorite Fm3m )

Network outside (Mg, Ca, Ba)O

[(Li, Na K)-0,)(Li, Na K); =
4{(Li, Na,K)O,} (32)

[(Mga Ca, Ba)'OG](Mga Ca, Ba)ﬁ =

[0-(Li, Na K)gO; =
4{(Li, Na _K)O,} (32)
[O-(Mg, Ca, Ba)¢]O5 =

body (Halite, Fm3m ) 6{(Mg, Ca, Ba)O} (48) 4{(Mg, Ca, Ba)O} (48)
Zr0O, (rutile, P4,/mnm) [Zr-Og)Zry, = 3{ZrO,} (48) [0-Z13]05 = 3{ZrO,} (48)
(sphgfe?itze?g?)m) ((Be, Zn)-0,](Be, Zn); = 4{(Be, Zn)O} (32) [O-(Be, Zn),JO; = 4{(Be, Zn)O} (32)
(Wu(r]?;}; i”}ggmc) [Z1-0,]Zn, — 4{ZnO} (32) (0-Zn,]05 = 4{Zn0} (32)
(Be, Zn)O

(Halite, Fm3m)
a-ALO;3 (R3c)
1-Al,03 (Spinel, Fd3m )

Gay03 (a-Al,O3, R3c)

Network Gay0O4 (Spinel, Fd3m )

intermediate

Fey05 (a-Aly03, R3c)
Fe;0, (Spinel, Fd3m )

TiO, (Rutile, P4,/mnm)
TiO, (Anatase, I4,/amd)
TiO, (Brookite, Pbca)
TiO, (P2,/m)

[Zn-O¢]Zns = 6{ZnO} (48)

[Al-Og)Al; = 2{A1,0,} (48)
[A1-0,]0,Al; = 2{Al,05} (48)
[Al-Og]Aly = 2{A1,O3} (48)
[Ga-04]Gay = 2{Ga,0,} (48)
[Ga-0,]0,Gag = 2{Ga,05} (48)
[Ga-Og|Gas = 2{Gay,0,} (48)
[Fe-OgFe; = 2{Fe,03} (48)
[Fe-O,]Fe, = {Fe;0,} (32)
[Fe-Og)Fe;0, = 2{Fe;0,} (64)
[Ti-04|Ti, = 3{TiO,} (48)
[Ti-0g|Ti, = 3{TiO,} (48)
[Ti-04|Ti, = 3{TiO,} (48)
[Ti-0,]Ti = 2{TiO,} (32)
[Ti-04]TiO = 2{Ti0,} (32)

[0-ZnglO; = 6{ZnO} (48)
[0-ALJO; = 2{ALO,} (48)
[0-ALJO; = 2{ALOy} (48)

[0-Gay)O5 = 2{Gay,03} (48)
[0-Ga,]O5 = 2{Ga,0;} (48)

[O-Fey]O5 = 2{Fe,03} (48)

[O-FeJO;Fe, = 2{Fe;0,} (64)

[O-Ti3]05 = 3{TiO,} (48)
[0-Ti;]05 = 3{Ti0,} (48)
[O-Ti3]05 = 3{TiO,} (48)
[O-Tiy]O3 = 2{Ti0,} (32)
[0-Ti]O3Ti = 2{TiO,} (32)
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Fig. 6. The cell structure of oxides, and large atoms are O: (a)
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Li,0, Na,O, K,O #B b Jx & f1 45 1, LA
Li,O AR, 25 0HEN Fm3m, No.225, 545 %L
a = 0.4623 nm PYEFRIA - IEFR B O(0, 0,
0) 1 L(0.25, 0.25, 0.25). LLEAT AL H 3% 551
A [Li-Oy] PUTEAARFI [O-Lig] 27 (B 7), XF W[
R 2R [Li-Oy ) A1 [O-Lig ). J5 & R F W,
FHR B2 T4 B0 R [O-Lig]Os, ¢/u = 32. FH
B RO SR BRIT A [Li-Oy4Li;, BN 50T
SR ERITAH R, (RS R T A 2. 2R R
2 4 4%

3.2

a Jd
[B-Os] 0
¢

Vi (b)
By03(P3)); (b) ByO3(Cme2,);

®

By03(Cme2y); (c) GeOz(P4 2,2); (d) 205(ana)

c) GeOy(P4,2,2); P,O5(Pnma).

7

A8 H Li,0 1Y H #% [Li-0y) 5
FHIRE. RETH O, NET A Li
Fig. 7. Clusters in anti-fluorite Li,O,

[O-Lig], J5 & N

[Li-O,) and [O-Lig)

(principal cluster). Large spheres represent O and small

spheres represent Li.

R T4 )E, t4)E CaO, MgO, BaO
ANREIE LI, T2 78 24 M 45 SMA R £ £, HRELL
N TR S 70 BT O TR P 286 1) ) it 3 T L 4 4
J&¥1h R NaCl 4514, DL CaO UK (& 8).

e s e eue ¢

« -
- b&l Lo !‘-‘- ¢ 7 [Ca-Oy

[O-Cag)
¢ ¢ l LCe e l& Y
Bl 8 NaCl&5#) CaO iy [Ca-Og) 5 [0O-Cag), T & N

FHIFE. KEF RO, /NEFH Ca

Fig. 8. Clusters in NaCl structure of Li,O, [Ca-Og] (princip-
al cluster)and [O-Cag|. Large spheres represent O and small
spheres represent Li.
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3.3 MKHEE

ANREEAAIIE BB, HAE IS T 280 LA A
W28 HMA Z 8] FERH B FRCA B0k 3 F 4 1, 2
KL AR (R AEH . WL S A ALO,,
Gay03, Fe,03, TiO,, BeO, ZnO &5 2021],

3.3.1 AlQOg, GaQOg, F8203

AL,O3, Ga,03, Fe,05 X 3 F A /b H A Hi[F]
EEH, Lh ALOs ABIULI. 76 ALO; H, AP
T LA 5K 6, i 48U ) T R HES ), Bof R T
W U FLHES Y A A, ALOs A LA R,
WA o F.

o-ALO; 25 [ B R R3¢, No.167, sS4 E o =
0.47541 nm, ¢ = 1.2992 nm. HEAMHEH 2 PHE%
R L ALFL O, AHRE 19 HT#E y [AL-Og) F1 [O-Aly)
(K19). BHES T R0 A% [Al-Og) & %, Hiy
A5 T BTN [Al-OgAly, e/u = 48. %
=l A WS, T AR ES T O SRy A
e, FH N P S5 48 BT R IR Ry [O-AL]O5, ST H
tb, JECHHIR], (HiE R s £

¢L ¢ ¢ ¢ 8§ ¢
¢ ¢6 B ¢e
Ce eVl ¢ ¢
¢ ¢ ¢6 ¢ ¢ ¢O

9 o«-ALO; T B FE: DU TE A [0-AL] 5 /M & (AL
Ogl (ERIE), /NET A Al

Fig. 9. Clusters in o-AlyO3 unit cell, including [O-Al,] and
[Al-Og] (principal cluster). Small spheres represent Al

¥-Al O3 K ALMgO, (AR A 454, 25 [N
Fdm, No.227, MFEH%E a = 0.79471 nm. Xf T4
i1 ALMgO,, A 3 HE %305 67 Mg,
Al O, LB ORISR [0-MgAly], [Mg-O4,
[AL-Og], Hrp [Mg-Oy4] & EH#E, Ko F45H ot
FEBHE T Mg 0 [Mg-O,)Aly, H e/u = 32,
M TG 5 5 Ak 2E 20 ALMgO, A TR 2Bl
o, T AR EELL ALFT O A OS5 R BT, 43 1k
[Al-Og|A1;Mg,0, Al [O-MgAl;]O;AIMg. X} F 41k
B, AL SR Mg {78, PRI R A% A o T 44 R\
KA, ERFEE A [AI-O0,] (K 10), MEHFHAY
WAk AlO,. T ALMgO, H 5 F 4544 B
JCAE [Mg-Oy4) ALy, i 2 /N TN (e/u = 32). ¥

I, 1-ALO, WIS F A5 B IT %N [AL-O )AL,
W, X ALO, 54 X A0y A—
2, H e/u = 33, AF 8 BB, At wh 20 i 4
22 B 8144 SUHILSYT (J& ALOs IYEEEILT), ik
Iy FEER BT LB [A-OJO,Aly, e/u = 48, X
5 o B [ALOg]Aly 7EIE X L —2k. Bk Ui, [
R MR 2 o F 254 BT — = — 20, X
AEER AR L B K 3 6 B O(a BY) 5578
4 7 (v BY), 2RI O BB E.

¢ e o e o
¢ *\ilfu Get
°¢ ¢ «
® [ ] 9

CC@g ¢ ¢
b
Cly L (¢
® e < ® ®

10 1=ALO4(ALMgO, 2R Fh A1 2454 I B3R, & M
AU T AR [O-Aly) AT [AL-OL](F HI %) 5 —Fh A K [AL-Og),
/N AL

Fig. 10. Clusters in 1-Al,05 (Al,MgO, structure), including
[0-Al], [Al-O,] (principal cluster), and [Al-Og]. Small
spheres represent Al.

[F Fof -7 P T A T/ TR AR P S S 6B, AL TR
FERRERSERE T, BIRG) TR L\ Th AT A 2 1 265 S
RAFTE, HRTE—E WO T GEMUT B, TEA-1E
B L IC R ), ANREA LY TR T B S S )
.

3.3.2 BeO, ZnO

ZnO W45 A 3 Fdh RSS2 (NEED AH
(SLJT ZmS 2589) . A3 A (NaCl 2549) . £F B¢ A
(N5 ZnS 454). ZnO TEBIGH—M LA [Zn-Og) 1E
R IMASE AL, (HAERE LG I T o ml LUE
B [ Zn-Oy | #EABEHE 282540, L andE by Az 5l
i 2324, BeO 5 ZnO —FEA INEER AL b1 | £F
BEAHIX 3 BRGS0, AR e 450 | TERE
MAFTEIE A ZnO —3L.

NBEAAH ZnO =5 [ F 4 F43m , o5 B 5 4L
a = 0.4629 nm, HAEFEST AT FAMEA K, JEm
TR B — A WA AS AR . H g #5544
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[Zn-0,) F1 [0-Zny) (& 11(a)). B #5504 i
o E R AHR R Z5 K 90 R [Zn-0,)Zng Fil [O-
Zn,|O3, e/u = 32.

[
M S M S
«
[ )
(b) ¢
[Zn-O4) £ g [0-Zn4]
¥
‘w b
(™
. ® o

Bl 11 ZnO WAMIZER , NEF R Zn () ZnO (F43m
); (b) ZnO (P63mc)
Fig. 11. The cell structure of ZnO, and small spheres repres-
ent Ti: (a) ZnO (F43m ); (b) ZnO (P6yme).
HWIRHEE T, ZnO HAa e M AR 7S )5 21 5
- atiAy U RIS ZnS 4544, 25 (Al P6gme, &5 FE
W o = 0.32494 nm, ¢ = 0.5203814 nm. ZnO
(ZnS #H) S M PAT AN ESEROE A Zn F1 O, DIE
AT A0 B AT 2 DU T A 1Y [Zn-Oy) 1 [O-Zny) (]
11(b)), Hrf [Zn-0O,] R E R, Hd 25X
H [Zn-04)Zn;, e/u = 32, %028 b2
445 LABTE+ O AU B 2548 B oo E o M i 4
FUFAEY 5352 A, [0-Zn Oy
ZnO(NaCl 454y, 25 [ #F Fm3m, No.225) s
P a = 0.42709 nm, S A PTASIE SRS 17
& Zn F1 O, LVENT ORI RIFE IR [Zn-Og, [O-Zng]
(K 12), B NHKR S . Zn 18 T 2E 2N
0.074 nm, \NJEFEHER | [Zn-Og) B HEYELL [O-
Zng) %, R R, HAHRN 192853 F 451 5T /2 FH
EF RO [Zn-Og)Zns, e/u = 48, ZA &l 1k
30 6 5. LIFTESF O O3 8 454 st X
W [0-Zng|Zng, WA 5§52 4.
AU A4 BeO F1 ZnO [R]HREI AU i {4
H/NTHAR, TR REAS [R] I 2 A DU AR R0 28 FTLL /T
R FERIBR, J& T A,

. £

12 ZnO(NaCl %544 ) th 19 /N T 14 ] # [Zn-Og) 5 [O-
Zng], Bi# h EWIRE. /NET N Zn
Fig. 12. Octahedral clusters [Zn-Og] (principal cluster) and

[O-Zng] in ZnO (NaCl structure). Small spheres represent
Zn.

3.3.3  TiO,

TiO, ffk FE L) 3 FIE XA AR A, &
HRELA | BURE SR ke, Hoh 421 RUAHZE
F2 TiO, W W RIS, R R
FE MR . &40 A S50 TiO,(P4y/mnm,
No.136, [l 13(a)), /A [Ti-Og) Ky £ B, AR
#)255r F 3N [Ti-Og) Tiy, e/u = 48, %S
2= 3 4%, ML O OS5 B ITFRIA H [O-
Tig)Os, e/u = 48, XM E R F B ST 1
AHIA].

BUERH™ AR 23 [BIHE N 14,/ amd, No.141, mSFF
HE a = 0.37851 nm, ¢ = 0.95146 nm. A MW E
G S T, O AL AR50 [Ti-Ogl, [O-
Tig) (Bl 13(b)). 544 A M B —+, & [Ti-
Og) My M AH 1Y F AT %, K5y F 45 o0k [Ti-
Og) Ty, e/u = 48, 1z b0 3 1.

MK B A 25 [R] BE A Pbea, No.61, »5 [ # %X
a = 0.9166 nm, b = 0.5436, ¢ = 0.5135 nm. A
3ANAESER A O1, 02, Ti. A Ti MO HI5E K
[Ti-Og), LA O1 1 02 2y .0 By K 7% ¥ 2 [O-Tiy)
(&1 13(c)). FIHT I P FP 25 # —FF ) [Ti-Og) A LA
W) E %, 5T 5B TT R [Ti-Og) Ty, e/u =
48, iz A& A2y 345, DL O1 #i 02 Ryt
FIAIA R [O-Tig) 05, e/u = 48.

TiOy it A1 — Bl 5 ¥y 1k (3R 2), =5 [a] B
P2,/m, No.11, S FEE %0 a = 1.2178710 nm, b =
0.374122, ¢ = 0.652495 nm. A 6 ™ IEZE 07 5 -
01, 02, 03, 04, Til, Ti2. LI Til fl Ti2 AL A9
# 4y W) A U s e [Ti-0,) Al = £ B [Ti-04)]
(e 13(d)), SE4sr, {5 i 2% M PTHINEE [Ti-0,)
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(a) t &’ "
6] & &
¢« ©
‘4 ‘l‘
. .
¢«¢ ¢
P ’ o, . |
. g @ _ [Ti-Og)
e® ¢ |0 TH g p‘
0e® “Guis ﬂ. e © Ti-04 g
g \iTi-Oe] Slo-iy (9 6 s
ﬁa" &b‘“’ Q 'U& ¢ (W
¢ ¢ ¢ @
L &l

B 13 TiO, W SHIZEH, /N T Ti (a) TiOy(Pdy/mnm); (b) TiOy(I4,/amd); (c) TiOy( Pbca); (d) TiOy (P2;/m)
Fig. 13. The cell structure of TiO,, and small spheres represent are Ti: (a) TiOy(P4y/mnm); (b) TiOy(H4;/amd); (c) TiOy( Pbca);

(d) TiO, (P2y/m).

o FE W H AR R AR B4 2 [Ti-O)Ti #1 [ Ti-
O3] TiO, BP fT #4 & 1Y 25 70 + 45 # B o0 o [Ti-
O Ti F1 [Ti-O4)TiO, e/u = 32, %=\ ik 2#
R 245 LU O1, 02, O3 AL H AR K [O-Tiy),
45 M B TT Jg [O-Tip) O, Lh O4 .0 Y 1 55
4 [O-Ti;]O5Ti.

TiO, 254 L [Ti-Og) /\ R A 72 R 2 BRI,
DLt — T I 4 22 A, SR 7 IO T A 1) 45 1 T
B2, IEWZS[ARE P2, /m, No.11 BZEMIITR, %45
FRE B [Ti-O,4) PUTE FIZRRITF B0, 19 = Ff
TE 2% MATTT 5 ek 1R 6 1) S ath D o A ) 45 1) 44
s T e .

4 ZWERE

AR SO FH RN $2 T A T A A 1 Rk R R
BEEHEAMIEEHE, 4 T XA T4

T EAIE. A B R Z v i B AR EZ L =T

DO A S A N EA TR ZS A AEAE, IR E8TE B
PRI A F L) = AT s DU AR B R AEAE, AN
B UL 28I AR Si0,, HiZe 73k [Si-0,)Si,
e/u = 32, TR VY A R 25 W 265 v ) 44 S8 Ak 40 Bk
AT IR B0/ TR ST DA B9 A AT 7%, > el {4
A EETE B4 B LA DY T AAFAE, B0 ALO4 32
B WANTIR Nz S (EP R T1L ia weey p e d iR
AT U AR T S 5 AL . o 45 AMA A AL LA

A RN AR NG B R IR R R a7
Li,O 20 T 45 5.0 R [O-Ligl O, i+ A kW
MgO 2T BI0 N [Mg-Og]Mgs. X235
R L L STvw vess 1L N b AN R e SN = s
TIEtE.

PR BRI T A5 BT S B K
I SEBE I AR RS TAEST T 38R, SCPRi
BT & Z R SEAL AT, ST HLEE AR AL
WA IAS B T B ST A5 PP A AR BT Y i
I3, AT T — 2L TAE RS,

S 30k

[1] Wang J C 2015 China Industry Review 0 4 (in Chinese) [T
A 2015 HETAVIES 0 4]

[2] Ma Y P 2019 Ph. D. Dissertation (Dalian: Dalian University
of Technology) (in Chinese) [H#i-F 2019 1+ 24478 3¢ (kK
s R TACE)]

[3] MaY P, Dong D D, Wu A M, Dong C 2018 Inorg. Chem. 57
710

[4] Nuernberg F, Kuehn B, Rollmann K Metrology of Fused
Silica Laser-Induced Damage in Optical Materials Boulder,
Colorado, United States, September 25 2016, p10014

[5] Salmon P S 2002 Nat. Mater. 1 7

[6] Elliot S R 1984 Physics of Amorphous Materials (London:
Longman) pp20-27

[7] Scholze H 1992 Appl. Opt. 31 31

[8] Dong C, Wang Z J, Zhang S, Wang Y M 2020 Int. Mater.
Rev. 65 286

9] Dong C, Dong D D, Wang Q 2018 Acta Mater 54 293 (in
Chinese) [# %, #/1/F, T 2018 &)@~ 54 293)

[10] Dong C, Wang Q, Qiang J B, Wang Y M, Jiang N, Han G,

136101-9


http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1021/acs.inorgchem.7b02549
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1038/nmat717
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.1080/09506608.2019.1638581
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://doi.org/10.11900/0412.1961.2017.00462
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 13 (2020)

136101

[11]
(12]
13]
[14]

(15]

LiY H, Wu J, Xia J H 2007 Phys. D: Appl. Phys. 40 273

Han G, Qian J, Li F, Yuan L, Quan S G, Wang Q, Wang Y
M, Dong C, Peter Hausslerl 2011 Acta. Mater. 59 5917

Du J, We B, Melnik R, Yoshiyuki K 2014 Acta. Mater. 75
113

Chen J X, Wang Q, Wang Y M, Qiang J B, Dong C 2010
Phil. Mag. Lett. 90 683

Dong D D, Zhang S, Wang Z J, Dong C, Héusslerl P 2016
Mater. Des. 96 115

Dong D D 2017 Ph. D. Dissertation (Dalian: Dalian
University of Technology) (in Chinese) [#F}} 2017 {20
B (R RIEF T )

Zhang S 2019 Ph. D. Dissertation (Dalian: Dalian University
of technology) (in Chinese) [7K3& 2019 [ +-2= (/1830 (Ki%:
KT K]

Lewis G N 1916 J. Am. Chem. Soc. 38 762

Miracle D, Sanders W, Senkov O N 2003 Philos. Mag. 83
2409

Villars P, Calvert L D 1985 Pearson’s Handbook of Crystallo
graphic Data For Intermetallic Phases (Ohio, USA: American

20]

(21]

[22]

(23]

(24]

[25]
(26]

136101-10

Society for Metals) pp2579—2580

Zhou Y Y, Zhang X Y 2014 Glass Chemistry (Beijing:
Chemical Industry Press) pp220—225 (in Chinese) [Jl¥a#s, 5k
ke 2014 BEIBALAE) (dEat: M Tolk k) 55220— 22551
TianY L, Sun S B 2009 New Glass Technology (Version 1)
(Beijing: China Light Industry Press) pp25-30 (in Chinese)
[MFER, PMFEE 2009 FramBids T 205 (bt drEE Tl iR
L) £525—3001]

Ozgiir U, Alivov Y I, Liu C, Teke A, Reshchikov M A, Dogan
S, Avrutin V, Chong S J, Morkog¢ H 2005 Appl. Phys. 98
041301

Yu X H 2015 Ph. D. Dissertation (Wuhan: China University
of Geosciences) (in Chinese) [A3/NL 2015 8240783 (i
B E R R )

Dai P Z, Qi P, Jiang F C, Lu M M 2006 Journal of Qingdao
University 19 22 (in Chinese) [H{35%e, WA, 228 Wk, &
2006 7§ & RFFH 19 22]

Hazen R M, Finger L W 1986 J. Appl. Phys. 59 372 8
Boettger J C, Wills J M 1996 Phys. Rev. B 54 8965


http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1088/0022-3727/40/15/R01
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2011.05.065
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1016/j.actamat.2014.04.052
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1080/09500839.2010.495356
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1016/j.matdes.2016.02.020
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1021/ja02261a002
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1080/1478643031000098828
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1063/1.1992666
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://doi.org/10.1103/PhysRevB.54.8965
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 13 (2020) 136101

Molecule-like structural units in silicate-glass-forming oxides”

Wan Fa-Qi? Ma Yan-Ping?? Dong Dan-Dan?  Ding Wan-Yu?
Jiang Hong V%  Dong Chuang®*  He Jian-Xiong?
1) (Key Laboratory of Special Glass of Hainan Province and State Key Laboratory of South China Sea
Resources Utilization, Hainan University, Haikou 570228, China)
2) (College of Physical Science and Technology, Dalian University, Dalian 116622, China)
3) (School of Materials Science and Engineering, Dalian Jiaotong University, Dalian 116028, China)
4) (Key Laboratory for Materials Modification by Laser, Ion and Electron Beam,
Dalian University of Technology, Dalian 116024, China)

5) (Hainan Zhonghang Special Glass Technology Co., Ltd. & State Key Laboratory of Special Glass, Haikou 579124, China)
( Received 15 December 2019; revised manuscript received 13 May 2020 )

Abstract

Silica glasses are composed of multi-oxides, apart from the major component silica. Though it is a general
practice in the industries to prepare glasses at specific oxide ratios, the composition rule is largely missing,
complicated by the implication of multi-oxides. Necessarily, their interpretation is rooted in chemical units, on
which the specific compositions depend. However, in silica glasses the inter-atomic bonding network is
continuous and there is no weak bonds, like the inter-molecular ones in molecular compounds, to define
molecular entities that carry the chemical information of the materials. As the first stage towards understanding
the composition rule, the present paper introduces a new method, so-called the cluster-plus-glue-atom model, to
unveil the molecule-like structural units of the glass-relevant oxides. It is pointed out that their respective
contributions to the construction of glass networks originate from their characteristic cluster structures, and
from which molecule-like structural units are proposed that represent the smallest structural units of these
oxides. Oxides participating in the glass network formation mainly present triangular or tetrahedral clusters
which are required for a three-dimensional glassy network. For example, the basic network former SiO, is
formulated as [Si-O4]Si and contains 32 valence electrons. The intermediate oxides are characterized by the
simultaneous formation of both octahedra and tetrahedra. The network modifiers present mainly cubes and
octahedra. It is confirmed that the molecule-like structural units of the glass-formation oxides all meet octet
rule (that is, the total number of valence electrons contained in each structural unit is an integer multiple of 8),
just like common molecules. The proposed concept of molecular structural units sheds a new light on
understanding the composition rule of silicate glasses and can eventually solve the long-standing problem of

composition design of silica glasses.

Keywords: silicate glasse, oxide, cluster plus glue atom model, molecule-like structural unit
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