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Fig. 1 (Color online) Comparison of characteristics of Synchro-
tron x-rays, neutrons, and electrons as probes.
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Fig. 2 (Color online) (a) Neutron total structure factor SN(Q), (b) x-ray total structure factor SX(Q), (c) neutron
total correlation function TN(r), and (d) x-ray total correlation function 7X(r) for SiO, and a series of 22.7R,
0-77.3Si0, glasses (R=Na, K). (Reproduced from ref. 3))
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Table 1 Structural properties of SiO, and 22.7R,0-77.3Si0, glasses
(R=Na, K). (Reproduced from ref. 3))

Glass SiO, NalOO NaSO0K50 K100
Density/g cm =3 2.200 2.429 2.439 2.404
Number density/A’3 0.06615 0.07280 0.06866 0.06416
Average (Si-O), ring size 6.6 8.3 7.9 8.1
Fraction of large rings o s6 15 110
Cavity volume ratio/ % 32.2 6.6 9.2 13.7
Maximum cavity volume/ A3 14206 166 323 1310
Nrao — 4.2 4.1 —
Nyaso 2.1 2.0
NNa-NBO 2.1 2.1
Nk-o — — 5.2 4.4
Nk-po — — 2.9 2.3
Ninso — — 2.3 2.1

BO =bridging oxygen, NBO = non-bridging oxygen, coordination
numbers were calculated up to 3.0 A and 3.3 A for Na-O and K-
O, respectively
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Fig. 3 (Color online) (a) Primitive ring statistics, (b) visualization of surface cavities, (c) the frequencies of cavities as
the functions of cavity volume for SiO, and 22.7R,0-77.3Si0, glasses (R =Na, K). The insets highlight the distri-

butions of small cavities. (Reproduced from ref. 3))
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Fig. 4 (Color online) Visualization of alkali-oxygen polyhedra
around non-bridging oxygen atoms in (a) Nal00 glass, (b)
Na50K50 glass, (c) K100 glass, and (d) typical bottle neck
structure consist of Na—O and K-O polyhedra. Red; bridging
oxygen (BO), cyan; non-bridging oxygen (NBO), yellow;
Na, gray; K. (Reproduced from ref. 3))
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Fig. 5 (Color online) Structure factor S(Q) for amorphous SiO
obtained using synchrotron x-ray scattering technique,
together with that of SiO, glass and amorphous Si.
(Reproduced from ref. 22))

51K Sept. 2022 Vol .35 No .5 ¢ 279



A=V CTHIEOaV F S AFRALN, (LFHAROEDS
EOHFENTESIND, EBE, BT ITVF—BESHIC
FOALFER R LU G OV R L T D, WH
BAEIEARE Si, REFIEIEIEMRE Si0, i1 7 A )L
BELN TV A,

22T, INOHORFIEENPOGA VT A=A — A
BT EPTE: (Fig. 6(c)) Z MW TERTEIT/SZ — v & ki
L7zo STEM OEREELTH WA C & CREFBHRMN ED
BYEHT—Z2RES L LICLY, EFEHT/ 2 —
ORSGNLE DR TP CTd 5, Fig.6(d), (e), XU
(f) 1%, HAADF-STEM g O B8k, B « BEaHIK O R
i, BXUREEE,?50.8nm FEEOEFH %2 H W TE
BNIZEFEIF/SX—VTH b, T TRLTWAE/NNT—
Vi, BE L ORHEMEeEEL TR L7237 —v 0O/
Do, WEHEEE /S 2 — R 3EEOFEHE L THr b
BONIZLDTH %, fhdh &R, B/ 2 — I3 miHE
HEOF AR RIS H 728, 2RITCHI7/382 — v (FEfh

(d) 214k y384 A" 0 A
N\ YR
®

¥3.62

DI AG N2 — ) PELN AR, LHOHE
B N0 EDRD 5, £/, Fig.6(g), (h), ¥IT3U)
1203, JFé'E Si (Fig. 6(j)), i (Fig. 6(k)), I XUIFE
fE SiO, (Fig. 6()) OREEET IV BEHHE L 22E =T
NA—=V kR LTS, TRODFRTEINIEIHE T % R
MICHEONIERESIOBEET VO—MTH %, £
THLN/N =Vt ZnT L 2 A, FICRh
IZBWTRHITRLC &S il s THEP R W—8A 55
Nic, 2O &6, FEMLE SIO ZIEMLE Si k5 LU Si0;,
M7 BIBIC N 2, REICEEO D HHEEDFAET H T LA
RSN,

WIZ, BB E» ORI EBEREZE S0,
HAADF-STEM %+ DB « BEfHIK & 2O RE 2 HE 50
LETEFSZ = W% < ED, TN OOMOPTmE* &
AFEEL, 1TRIGHRE 7 > AV L7zd D% Fig. TIC
Y, D280, IEFHE Si B LU Si0, 22 5 N7
707 7 4V R L TWh, B« B> OEAL TF

(C) BFRIO—T

i
{ | TR A I

Fig. 6 (Color online) (a) Selected area electron diffraction pattern and (b) HAADF-STEM image obtained from amor-
phous SiO, and (c) schematic diagram of angstrom-beam electron diffraction technique. Experimental angstrom-
beam electron diffraction patterns taken from bright, interface, and dark regions in (b) are shown, respectively,
in (d), (e), and (f), together with simulated patterns of (g), (h), and (i) obtained from three local atomic con-
figurations shown, respectively, in (j), (k), and (1). (Reproduced from ref. 22))

280 © #&IK Sept. 2022 Vol.35 No.5



BHEUBELZRAVCEAZ AMRORADEE —EERH T AF20222L&L T—

Fig. 7

BAfALE

Normalised intensity / arb. unit

1
y1-B0A Si0, B
Vv2.05A Si BB
T T T
0 2 4 6 8

Q/A"

(Color online) Averaged diffraction intensity profiles ob-
tained from bright, dark, and interface regions in HAADF-
STEM image of amorphous SiO. (Reproduced from ref.

22))

bNcmETOT » AUk, BICE1IEY—271Io0w T
Sik kU SO, & RW—FERLTW5, —F, HEn»rb
BEIN/ T 7 7 AVEZDOELLTHR, i
REPAELNTED, FICHE 1 ¥— 2 Fig. 5 OIFME Si
BEUSIO, DFHORBERFTRONIHZL D S &
DIEMEICE = BHEETHZEDPWHL P LT, 2D
RS O AR IERE Si0 O H O ERF ORI
KELFELTWAH EEZON S,

WBICAH V7 A a— AL — ABEFEH < STEM &,
BT T OVF B8RS THE O Nz RS IC B+ 4
h LIS, BOPEXBREFER» OB LN EREEDOR
WSS A s T ST TV OER R AT, £
JEFE Si0, D FELFI% MD BCfER L, HOfEEs <
DT, WL < MD 3 CrER L 72 FE 50 Si 2 3#iA
ATie WEBRIRT VY 2V E AW REORMA T - 72
Db, MEVTFHVEERWTRSE X HEHTTHE 6N
THEERT SQ) 1874w Fa®, ZO kDL THE
ODNEETT V% Fig. 8@@)IRL TRD, ERBIUHE
BET N LB OLN/IHEERT S(Q) DH# % Fig. 8(h)
IZRT, BONIARY U RET T IVIT RS X
EIFTFER I <HHEL T, £z, Fig.6 TRL

0 5 10 15 20 25
QA

(c)
70
60 - E
50 - k
=®
~ 40 -
f
ks}
@ 30 4
w
20 4 -
) Dy
s —
0 T T T — T
Si-4Si Si-(3Si,0) Si-(28i,20) Si-(Si,30) Si-40
Atomic coordinate

Fig. 8 (Color online) (a) Structure model for amorphous SiO, (b) experimental and simulated structure factors S(Q),
and (c) five coordination structures of Si found in (a). (Reproduced from ref. 22))
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Structure of functional glassy and amorphous
materials revealed by the complementary use of
quantum beam techniques
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Abstract A complementary use of different quantum beam experiments is quite useful in investigating the
structure of disordered materials, which has no long-range order. In this article, we introduce two
achievements taken from our recent publications, where (i) the complementary use of synchro-
tron x-ray and neutron diffraction experiments to reveal the origin of the mixed alkali effect in
oxide glass, and (ii) the synergistic studies between synchrotron x-ray and angstrom-beam elec-
tron diffraction experiments showed atomic-scale disproportionation in amorphous silicon
monoxide were performed.
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