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Figure 29  The correlation function for vitreous silica [57]. The
Range VI SAX roman numerals indicate the extent of the ranges of order defined in table 2.
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7125 AE DRERNISE ST

o EXperimental technigques
> X-ray diffraction = SPring-8
= Wide-range X-ray diffraction (WAXD)
= Energy dispersion X-ray Diffraction (EDXD)

> Neutron diffraction =) J-PARC

« Time-of-flight (TOF) neutron scattering
« Isotopic substitution

> X-ray absorption fine structure (XAFS) m) SPring-8
« Extended X-ray absorption fine structure (EXAFS)
« X-ray absorption near edge structure (XANES)

> Anomalous X-ray scattering (AXS) =) SPring-8
> Solid state NMR spectroscopy
> Raman and Infrared spectroscopy
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SP”“S 8 The 5% international conference on BORATE GLASSES,
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

0.

a) K. Handa, N. Ohtori, Y. lwadate, N. Umesaki and H. lwasaki: “XAFS Studies of
Alkaline-Earth Borate Glasses”, Jpn. J. Appl. Phys., 38 (1999) Suppl. 38-1, 148-151.

b) N. Ohtori, K. Takase, I. Akiyama, K. Handa, Y. Iwadate and N. Umesaki: “An MD
Study of the Short Range Structure of RO-xB,0, Glasses: R=Mg, Ca, Sr and Ba; x=1, 2,
3 and 4”, Third International Conference on “BORATE GLASSES, CRYSTALS &
MELTS”, 4-9 July, 1999, Sofia, Bulgaria p. 468-473.

Ca0-2B,0, glassff\ | Ca-Q (ia-Ca Ca K-XAFS
(4.038keV)
I Heat-treat )
Ca0-2B,Q,

E: = Heat {reated CaO-2B,0}
) ] ~ Metaborate (FEFF) M/-/\___ijw:s
0 4 K (A) 8 12 0 2 r(g) 6 8
Glass ij ri (A) N;; (atoms) ()2 (A) Method
B-O 1.39/1.38 3.21/3.29 - ND/MD?3
Ca0-2B,0, Ca-O 2.40+0.01/2.34 6.0+0.2/6.64 0.105+0.01/- EXAFS3/MD")
[ 24+1,2=2.39A 0.0 2.41/2.40 4.2/4.1 ND/ MD?
B-B 2.74 3.5 - MDa
B-O 1.38/1.38 3.11/3.11 - MDa
Ca0-4B,0, Ca-O 2.41+0.01/2.35 6.0+0.2/6.66 0.106+0.01/- EXAFSa/MD")
0-0 2.40/2.39 4.4/4.0 - MDa

B-B 2.12 3.8 - MD?
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—— Zr40-HO ) f\  —— Zr40-HO || —— Zr40-Ho
------- Zr40-H11 L\ Zr40-H1T i o\ e Zra0-H1

FIG. 2. The absolute values of Fourier transforms (FTs) of ks-
weighted XAFS oscillatiops (|F(r)|) of Zr30-HO (upper solid lines),
Zr30-H11 (upper dotted Iiﬁesl40-HO (lower solid lines), and Zr40-

H11 (lower dotted lines) at thele) Nis@)Nb;and (c) Zr K-edges. The ©@—O 254-255A (259 Afor Zr40-H11)
FT ranges analyzed dfe 24 -13.3 A1, 3.0 - 12. vand.2.9-13.5 A, @ —O 263-264A
for Ni, Nb, and Zr K-edges, reaectively. - o—o

324 -3.25A(3.33 Afor Zr40-H11)

-HO: NijgNDb,,Zr
lalll4 21 40)0 50Ho 11

FIG. 3. Cluster models having the icosahedral structure with the chemical
“ieompositionsiefiZighighb.(a),.and Zr.Ni:Nb, (b, c). The sites which can be

occupied by hydrogen atoms are also indicated by small blue circles. The
H.Oji, K. Handa, J. Ide, T. Honma, S. Yamaura, A. Inoue, N. Umesaki, bond-lengths obtained by the XAFS analysis are indicated in the bottom

S. Emura and M. Fukuhara: J. Appl. Phys. 105, 113527 (2009). part.
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Electrode Average Voltage Density Theoretical Capacity
[v] [g/ce] [Ah/kg] [Ah/1]
Li,CoO, (0.5<x<1) 3.7 5.1 137 699
LiMnyQ, (D<x<1) 40 4.2 148 622
Li,FePO, (D<x<t) 34 3.6 164 608
L, FeSi0, (1<x<2) 28 3.2 166 531
(D<x<2) 28 32 332 1062
Li,FeBO; (D<x<1) 26 35 220 770
Li,CeQ; (2<x<6) 25 1.8 589 1060
Aar 33 MLA, o0 =]

(c) LiFePO,

SR ERPRREOE 287 | BSOEEAILSE 35—, WAL,
2010.7.5-6, p.11-21.
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OLCAO : orthogonalized linear combination of atomic orbital
FLAPW+lo : full-potential linearized augmented plane-wave + local orbital
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(radial distribution function, . d. ~.)

Real Spqce Radial Density
Correlation
Functions

Differential
Correlation Function
dir)=dmr [plr)-p"]

plr)
d(r)

Radial density p(r) ) r

The number of neighbours2 between r and r+dr is
givenby g(r)dr=4zar p(r) _

Radial Distribution
Function
glr)=d4mr2p(r)

/] Total Correlation
Function
t{r) = 4dmrpl(r)

412 p(r)=darr? p, +£J‘Qm Q-i(Q)sin rQdQ
7 ¥ Qmin

glr)
t(r)

Fig. 8 Real space correlation function
for a monatomic amorphous
solids.
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Figure 29  The correlation function for vitreous silica [57]. The

Range VI SAX roman numerals indicate the extent of the ranges of order defined in table 2.
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w0 ~ SRXEES
- 2 TN N ~
—— o i T R — Xl
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100 25 3 10 15 20 » 25 30 35 40 45
L 1 QA"
o L o Figure 20 The neutron interference function for vitreous silica [47].
%00 | » experimental points; , cubic spline fit.
200 1 e
~ Eo ko 28
.é 100 1 E.k
KA
_@ Figure 9 A scattering event. S is the sample, 20
(] 01 the scattering angle, Eg and E the incident and final
energies and ko and k the corresponding wavevectors.
-100 1
hQ = hkO —hk Q B 472- Sin 0 Figure 10 Scalle$tgv§m:?yﬁ§?sECXl for a definition of
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Figure 23  Mozzi and Warren's [55] X-ray data for vitreous silica. The
vertical dashed line indicates the change from Cu K¢ to Rh K¢ radiation.
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SPI"IﬂS 8 The 5" international conference on BORATE GLASSES,
@ CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

Strucirure of Alkaline-Earth Borare Glasses

~ & o
s ® | + aBO; unit with

N | _0~ o gne NBO
&)
|

—0 ~o0

—0—w—o0o—

Motives of research

aBO unit

A) Network structure of B,O; glass i )

B) Structural relationship between L1 o= pybon
borate glass and melt ° °

C) Structure of alkali/alkaline earth

Boroxol 9/
B

bor‘a-re glasses :?B‘QB,O‘Bi:z);O Tetraborate Metaborate g_l {;_I Cg::l/
D) Effect of the alkali/alkaline il T

earth oxides on the short-range "

order structure of borate T o O S '

networks 4 b:i_d | ~lg" o1

Fig. 9 Superstructural units occurring in anhydrous binary
crystalline borates.
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The 5% international conference on BORATE GLASSES,
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

HIGH ENERGY X-RAY STUDY ON THE STRUCTURE
OF VITREOUS B,0,

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000), 282.

SPrins-: 3

The High energy X-ray (40-300keV) diffraction (HEXRD) measurement on the B,O, glass has been
carried out at 41keV, using a bend magnet beam at SPring-8 and a plate sample, 2.6mm in thickness.
The sample is investigated in transmission geometry. Thus, the accurate structure factor S(Q) of B,O,
glass in the Q range of 0.9 A1 —24.3 A1 is on obtained with very systematic corrections, especially for
very small absorption correction for the sample.

SPring-8 Bending Magnet Beamline BL14B1 |
JAERI Material Science Beamline |

Fully corrected and normalized data |
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The 5% international conference on BORATE GLASSES,
CRYSTALS AND MELST, July 10-14, 2005, Trento, ltaly

HIGH ENERGY X-RAY STUDY ON THE
STRUCTURE OF VITREOUS B,0,

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000),

S(Q)

282.
: B,O, glass ., BOsglass
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Fig. 7 Total and partial structure factors S(Q) of vitreous B,O,. wj;: neutron
weighted partial coefficient, w;;(Q): X-ray weighted partial coefficient

@ Neutron data from A. C. Hannon, D. I. Grimley, R. A. Hulme, A. C.
Wright and R. N. Sinclair: J. Non-Cryst. Solids, 177 (1994) 299.

Fig. 8 Slice through a RMC configuration (10Ax 10Ax10A) of vitreous B,O,.

Fig. 6 Bond angle distribution for B,O; glass
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Figure 1.4. (a) The structure of a single Cygp molecule, (b) The Le.c amangement of Cyy balls ﬁ
in solid Cgg. (c) Room temperature neutron powder diffraction data from a sample of solid Cgy at room .00 — T ¥ ¥
temperature. Note the pronounced diffuse scattering. The Bragg peaks from the f.e.c. arrangement of the balls .03 A
are evident at very low ¢ (d) Fourier transform of the data in (c) showing the PDFE, G(r), of solid Cap. L00 Lo
The sharp features at low-# are the intra-ball C-C correlations. Above 7.1 A only inter-ball correlations are 103 A
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Figure 6.5. Fits of structural models of PbZr0; to neutron powder diffraction data taken at SEPD at T'= 10 K
model. (a) Rietveld refinement carsied out in (-space. (b) Real-space fit to the PDF from the same data
(Teslic and Egami, 1998).
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Structural Models of Oxide Glasses

o Modeling of oxide glasses

> Debye scattering equation
Q-i(Q)= Zm:Z Nj exp(— bijQz)fi(Q)fj(Q)Sm(Qr)

T

> Molecular dynamics (MD) simulation

u —Zizj+f(b +b, Jex %S
P Y

I i ]

> Reverse Monte Carlo technique

, YlK@-~ @
B=" GZ(Qi)
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Structural Models of Oxide Glasses
by MD Method

X-ray and Neutron Computer Simulation with
Diffraction Methods MD simulation
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The 5% international conference on BORATE GLASSES,
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

STRUCTURAL STUDIES OF xmol%K,0-B,0, (x=0, 10 and 30)
GLASSES AND MELTS

N. Umesaki, D. A. H. Cunnigham, K. Handa and Y. lwadate: “Cation and Network Structure in Binary Potassium Borate Glasses”, Borate Glasses,
Crystals & Melts, ed. By A. C. Wright, S. A. Feller and A. C. Hannon, The Society of Glass Technology, Sheffield, (1997), p. 99-106.

Table 2 " Short-range order (SRO) parameters for K,O-B,0; glasses and melts obtained from
neutron/X-ray diffraction, EXAFS and MD results.
Glass/Melt i-j ri/A N; /atoms (oi0) IA Method
[B2O4] B-O 1.38/1.37 3.0/3.0 0.14/0.18 ND [10]
1.37 3.0 0.126 XRD
1.36 3.0 - MD g* K
0-0 2.40/2.38 - - ND [10] 7
2.38 4.0 - MD _©
2
B-B 2.64 3.0 - mP
7o -B-0=119.32"+4.34" w8 -0 - B =151.07"+13.52"
[10%K,0-B,05] B-O 1.39/1/39 3.1/3.1 - ND
0-0 2.40/2.39 - - ND
[K,0-4B,05] B-O 1.37 (1.48) 3.0 (4.0) 0.143 (0.155) XRD
1.38 3.2 - MD B
7P -B-0=118.92"+5,07" B - O0- B =150.15"+14.47"
0-0 2.36 4.0 0.15 XRD &
2.40 4.2 - MD
K-O 2.86+0.02 6.8+£0.5 0.153+0.02 EXAFS
K-O: r t+rg2=2.73A 2.83 6.0 0.182 XRD
2.74 6.1 - MD Fig. 3 Stereoscopic snapshot of the
[30%K,0-B,0;] B-O 1.42/1.40 3.4/3.4 0.23/0.23 ND ions in K,0-2B,0; glass at
[K20-2B,0;] B-O 1.38 3.3 - MD 298K.
0-0 2.40 4.6 - MD
M -B-0=115.23"+ 6.41" 7B -0 - B =148.70"+14.52"
K-O 2.83+0.04 5.9+0.4 0.100+0.02 EXAFS
2.74 6.6 - MD

XRD: X-ray diffraction; ND: neutron diffraction
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Fig. 2 Three-dimensional atomic view
of the initial NaCl type structure
(left-hand side) and relaxed structure
by RMC moves (right-hand side).

Figure 5. The RMC resulls (XRD and Ge EXAFS) for sample no.? with the sddition of the
condiions of frogen Ge, frogen 5b and frogen Ge and 5b for 5-GST. The symbols represen
experimental data and the lines are for the RMC model,

TTF [Tt T T T 31

ray diffraction data and extended x-ray
absorption fine structure data”J. Phys.: Condens.
Matter 19 (2007) 335213 (11pp).

: ' -
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——— B. E s
5F e -
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1
0

Figure 6. The gi;{r) and 5;({2) obiained from the resull for sample mo. 7. The cormesponding
FH{E] &l 1”[.!:}.5:3| are shiwmn in figure 4,
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