FL&®IC
TS ARWNMETLE DWW 55 V& NSRBI
WEICE e RR YRR L, %®MMhﬁ@%ﬁ@
RIS OFIARBETHLILEEOETHHRVWTDHA T IREETH A ODBIRTH 5,

YRS R T 5o faEMBEDOSE, OGO

WA 145555 (2001)

SPring-8 m IR IV F — X #lirt — L5 4 » BL04B2
BT ST/ ZFLRPEDH AR RV F— X F# ol

DR EE, gy BOKRR?
EEILH B 2 — BT
2 AT TR AR BRI 2 % —

High-Energy X-ray Diffraction of Disordered Materials in High-Energy
X-ray Diffraction Beamline BL04B2 at SPring-8

Shinji KOHARA'! and Kentaro SUZUYA?

'Japan Synchrotron Radiation Research Institute (JASRI)
2Synchrotron Radiation Research Center, Japan Atomic Energy Research Institute

The high-energy (E>30 keV) X-ray diffraction with the latest generation synchrotron sources as well as
the introduction of advanced insertion devices has created new approaches to the quantitative study of the
structure of non-crystalline materials because of several improvements: higher resolution in real space due
to a wide range of Q, smaller correction terms (especially for absorption correction), reduction of trunca-
tion errors, the feasibility of running under extreme environments, including low- and high-temperatures,
and of obtaining a direct comparison between X-ray and neutron diffraction data. Recently, this technique
has been combined with neutron diffraction with a pulsed source to provide more detailed and reliable struc-
tural information not previously available. This article reviews and summarizes a horizontal two-axis
diffractometer for non-crystalline materials, installed at the high-energy X-ray diffraction beamline BL04B2
of SPring-8, and recent results obtained from the high-energy X-ray diffraction on several oxide glasses:
SiO, and GeO,. In particular, it addresses the structural models of oxide glasses obtained by the reverse
Monte Carlo (RMC) modelling technique using both the high-energy X-ray and neutron diffraction data.
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Table 1. Maximum Q value attainable with different neutron and
photon sources.!?
Neutrons Photons
Reactor spallation =~ HEP Mo Ka Ag Ka

(hot source)  source 100keV 17 keV 22 keV

Onmax (A1) 23a ~50P 20-50 16 20

aWith the D4b instrument at the ILL with the 1 =0.5 A option.
bThere is no principle limit in Q with spallation soruces. The time
needed to reach a sufficent statistical accuracy up to 50 A~! might
be rather long.

HG)

o L 1 N I

r(A)

Figure 1. X-ray-weighted total correlation functions, of T(r), ob-
tained by Fourier transformation with different Qp,y.2020
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Figure 3. (~1500°C) installed at

BL04B2.

High-temperature furnace

1430 mm

(b)

Schematic views of two-axis diffractometer installed at BL04B2 bending magnet beamline.2

(a) side view, (b) top view, 4 collimator, B slit, C 20 main arm, D 26 sub arm, E 0 stage, F vacuum chamber, G beam
stop, H ionization chamber, 7 scintillation counter or solid state detector, J table.
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Table 2. The specification of two-axis diffractometer installed at
BL04B2.%

26 arm 20main (Fig. 2C) —10°~150° 46=0.001°
204, (Fig. 2D) —120°~ 10° A46=0.001°
Sample stage 0 —180°~180° A46=0.001°
(Fig. 2E) X +10 mm
Y + 10 mm
VA + 10 mm
R, +3°
R, +3°
Collimator X, + 10 mm
(Fig. 2A) Z. +10 mm
R, +10°
R.. +180°
Table (Fig. 2J) X, +15 mm
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Figure 4. Raw data for vitreous SiO, at 61.7 keV. The total scat-
tering is shown as full line, the background as dashed line. Different
experimental set ups were used for the data collection at low and
high Q.
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Figure 5. Total X-ray diffraction energy spectra from v-SiO,. (a)
0=2A-1, (b) 0=10A"1, (c) 0=20A"1, (d) Q=40A-!. The
dashed line is a guide to the eye.
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Figure 6. X-ray- and neutron-weighted interference functions, Q
[S(Q)-1], of vitreous SiO,. (a) high-energy X-rays,? (b) thermal
neutrons.3 Dotted lines: experimental data, solid lines: RMC
model.®29:33) X-ray data are displaced upward by 5 for clarity.

§tr)

r(A)

Figure 7. X-ray- and neutron-weighted total pair-correlation func-
tions, g (r), of vitreous SiO,. (a) high-energy X-rays,? (b) thermal
neutrons.3 Lorch modification function3% was used in the Fourier-
transformed with Qp..=34 A-1. X-ray data are displaced upward
by 5 for clarity.
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Figure 8. X-ray-weighted total structure factor, S(Q), of vitreous
GeO, obtained with 113.8 keV photons.3?
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Figure 9. X-ray- and neutron-weighted total structure factors, S(Q) and partial structure factors S;(Q) of (a) v-SiO,

and (b) v-Ge0,.6:33

Dashed lines; RMC model, solid lines: experimental data
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Figure 12. X-ray-weighted total structure factors, S(Q), of v-
Si0,.4? Dotted line: room temperature, solid line: 1050°C

B3 % A7, 684°C, 1036 COMIERLEPHRE I N
TWb, ZOREFEIFERICEZ &, BREOEAICED
7\ Q=15A-1f> FSDP (First sharp diffraction
peak) F7-(% FSDP (First Sharp Diffraction Peak) % 4
T, Q=20A1%T S(Q) DEBAH 2 ITHEL T < Hk
FHBR S TS, —J, HIILF— XAREHTORER
T Fig. 1226575 k512, Q=4-20 A-1 o#ipHc%
it £1050°CH S(Q) ICHE AN RO, BE ERICES
IRBYOBRMEAN I TEHTOR R & B —FL T35,
Q=15A"1 T OFSDPOGREE L IE & A ¥ ZALA 7% <,
V— 7 M EAEPICER QMY 7 F LT, LLEDR
Rid, SiOy H 5 AD SiOy WHIE» B 7% % v F T — 7 H
AR TOMOTLETH D, 1000°CO R T b AR
BT K 0 b3 0T IEEES I b A B B b
BETHAILERL TS, &/, X &FEFET
O FSDP IZB ¢ 5RO FE L, FSDP D %355 f 1&
RATFOHG (ER) PXBERETFTERENRL ST
DThHhHEEZOND, COERTFHL T, B,

373

(b)
A 10 A thick slice of part of the largest RMC produced configurations of (a) v-SiO, and (b) v-GeO,.3?

RMC ¥ I 2 b—¥a VILk V) o b oz
1] L3/ nwED X D7 DD = M Th 5,
BV ORTEIZS 5 & DD, ABRIFOFIFICL - T
1500°C £ COFE M SR ITEBRL R TH S Z & h
5, %, MITVF—XHEHTICE > TEHL O
H, WAESRELEOBEMESEH I T b0 EED

N5,

4. &HYIC

ST L WO BERT P BE 2T, SVELRWED
EFr T, (KESERERS RERICITZ, Vv
ECTOWENREETD %7 IV AFRMETEPTIC K HBIZER,
INETRERL W TH-72, LL, A lEBWi
PEWTESPD Wi 72Xk 51, SPring-8 1235 v/ &
LAFRPEEROEHFAFREINTED, BT RIVF—
XBOMAIZ L > T, iEFEHMNLZSQETOX
RS2 =, DEORBTHBEICAIETE 5 LD
o TWh, 51, < OF VX LRWEOMIEE, it
F O EE 2 T 577 % it T BT R IC N EE 7 &
DREZEBLDICEBERY DT+, 7% &1 BL04B2 THE
B RIERA TR E VW ER— S, &7z, TOXDICHE
W Q ETEPFNAX—VEREL, &\ REED K ERM
T — X FIHT A FEE LURLERENTIE, & ERCBET
INCHELN /RS A FF OB A &) ORBERITE L L Th,
PDF (pair distribution function) #4445 & | Cig/tCak
IZIRE D >2%0, SPring-8 1ICk\WTad PDF #EIC k- T
A R A SRR 2R B RS O 580 e & DK
TN TS, 4%, CORBEHIRILF—XHE
EHTiED, PDFEO LS H L WikA L&D T, £OH]
RERMEA IR, v & LARMBEOREEYE S L UL 2 /T



374

B OBMRICKELS TS TEL T WL,

B, ARTEEIRVFE—XREY 2RV V&
LBHE OREFERITIC OV T ORI L 727, ESRF %
APS Tid, ZzOEVERMED HEBRIEWEIRERD T —
72 EDEFE M BIODISE (i iR ER O in-situ JIE4S),
BRILTIMEY, EEMBROMNTD 2 E) SR TICET
PNTVD, ZNHITOWTIE, G780 o i 49,51,52)
HHZIC L THE W,

HiEE

SPring-8 BL04B2 ~D 5 v/ X AR W'E H Bl 751 D
BEICE, AWK R, KEEMEK (B, B
JASRI), ™F B (W) OHKEIRNTHEEEL
72 E7z, BLO4B2 OXHROFHE B LU H EF I KA
ZAEK (JASRID), —fRKFIK (JASRD), #HEEEBK
(JASRI), #rF3RFE (JASRID) i k- TirbhE L7,
HEY 7 b 7 OERIS, MAEERK (RH) O Z e,
CHHOH ETiTbNE L, CTICESE#W L £,
—HHEHT R R ORGIIC O E E L TR, U 7B LU
AZFVIFOAZ vy TOFERICIHNTAE £ L1z, E/
—HEHFEF O EFICid, SPring-8 FIRERK LSS v
X LR E R T IVF — X EGEL S 7 70— T DR,
PHF—BRIC (GZanfERE), RIEEER (PR, KH
ZREK (B, MEZRERK (JASRD), #HECAIEK
(JASRD XL TWie2&EE L7,

K FEO—EIL, FHR12FE S LU 13FE SPring-8 &
R REAMBIEBIR OB O & L ITfTbNE L7,

BEHE
1) A.C. Wright: Adv. Struct. Res. Diffr. Meth. 5, 1 (1974).
2) A.C. Wright and A. ]J. Leadbetter: Phys. Chem. Glasses 17,
122 (1976).
3) S.R. Elliott: Nature 354, 445 (1991).
4) D. L. Price: Current Opinion in Solid State & Material
Science 1, 572 (1996).
5) K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys.
Chem. Glasses 41, 282 (2000).
6) S. Kohara and K. Suzuya: Phys. Chem. Glasses, in press.
7) M. Kimura, M. Sugawara, M. Oyamada, Y. Yamada, S.
Tomiyoshi, T. Suzuki, N. Watanabe and S. Takeda: Nucl.
Instr. and Meth. 71, 102 (1969).
8) R.N.Sinclair, D. A. G. Johnson, J. C. Dore, H. H. Clerke and
A. C. Wright: Nucl. Instr. and Meth. 117, 445 (1974).
9) K. Suzuki, M. Misawa, K. Kai and N. Watanabe: Nucl. Instr.
and Meth. 147, 519 (1977).
10) W.S. Howells and A. C. Hannon: J. Phys. Condens. Matter
11, 9127 (1999).
11) R.L.Mozziand B. E. Warren: J. Appl. Cryst. 2, 164 (1969).
12) P. A. Egelstaff: Adv. Chem. Phys. 53, 1 (1983).
13) J. H. Root, P. A. Egelstaff and A. Hime: Chem. Phys. 109,
437 (1986).
14) S.Takeda and P. A. Egelstaff: Can. J. Phys. 73, 735 (1995).
15) C.]J. Benmore and P. A. Egelstaff: J. Phys. Condens. Matter
8, 9429 (1996).
16) H.F.Poulsen, J. Neuefeind, H.-B. Neumann, J. R. Schneid-

17)

18)

19)
20)
21)
22)
23)
24)
25)

26)

27)

28)
29)
30)
31)
32)

33)
34)

35)
36)

37)

38)
39)

40)

41)

42)
43)

44)

45)
46)
47)

48)

WA 145555 (2001)

er and M. D. Zeidler: Nucl. Instr. and Meth. B97, 162
(1995).

H. F. Poulsen, J. Neuefeind, H.-B. Neumann, J. R. Schneid-
er and M. D. Zeidler: J. Non-Cryst. Solids 188, 63 (1995).
R. Bouchard, D. Hupfeld, T. Lippman, J. Neuefeind, H.-B.
Neumann, H. F. Poulsen, U. Riitt, T. Schmidt, J. R. Schneid-
er, J. Stissenbach and M. von Zimmerman: J. Synchrotron
Rad. 5, 90 (1998).

J. Neuefeind and H. F. Poulsen: Physica Scripta T57, 112
(1995).

KARM—ER, hrakz, FEMGREE, SfBIEX, BeaEX
BB, PARMEE, KHZZE : ARSI 42, 68 (2000).
H. Ohno, S. Kohara, N. Umesaki and K. Suzuya: J. Non-
Cryst. Solids 293-295, 125 (2001).

L. F. Gladden: J. Non-Cryst. Solids 119, 318 (1990).

R. L. McGreevy and L. Pusztai: Mol. Simul. 1, 359 (1988).
J. Neuefeind and K.-D. Liss: Ber. Bunsenges. Phys. Chem.
100, 1341 (1996).

Y. S. Badyal, M.-L. Saboungi, D. L. Price, D. R. Haeffner
and S. D. Shastri: Europhys. Lett. 39, 19 (1997).

V. Petkov, S. J. L. Billinge, S. D. Shastri and B. Himmel:
Phys. Rev. Lett. 85, 3436 (2000).

B. Tomberli, C. J. Benmore, P. A. Egelstaft, J. Neuefeind
and V. Honkimiki: J. Phys. Condens. Matter 12, 2597
(2000).

M. Isshiki, Y. Ohishi, S. Goto, K. Takeshita and T. Ishika-
wa: Nucl. Instr. and Meth. A467-468, 663 (2001).

S. Kohara, K. Suzuya, Y. Kashihara, N. Matsumoto, N.
Umesaki and I. Sakai: Nucl. Instr. and Meth. A467-468,
1031 (2001).

A. C. Wright: J. Non-Cryst. Solids 179, 84 (1994).

Y. Yoneda, N. Matsumoto, Y. Furukawa and T. Ishikawa: J.
Synchrotron Rad. 8, 18 (2001).

K. Suzuya, 1. Sakai, N. Umesaki and S. Kohara: submitted to
J. Phys. Soc. Jpn.

S. Kohara and K. Suzuya: submitted to J. Chem. Phys.

K. Suzuya, D. L. Price, M.-L. Saboungi and H. Ohno: Nucl.
Instr. and Meth. B133, 57 (1997).

E. A. Lorch: J. Phys. C2, 229 (1969).

J. D. Wicks, L. Borjesson, G. Bushnell-Wye, W. S. Howells
and R. L. McGreevy: Phys. Rev. Lett. 74, 726 (1995)

R. L. McGreevy and M. A. Howe: Annu. Rev. Mater. Sci.
22, 217 (1992).

R. L. McGreevy: Nucl. Instr. and Meth. A354, 1 (1995).
K. Suzuya, S. Kohara and H. Ohno, Jpn. J. Appl. Phys.
Suppl. 38, 144 (1999).

C. E. Stone, A. C. Hannon, T. Ishihara, N. Kitamura, Y.
Shirakawa, R. N. Sinclair, N. Umesaki and A. C. Wright: J.
Non-Cryst. Solids 293-295, 769 (2001).

P. Vashishta, R. K. Kalia, J. P. Rino and I. Ebbsj6: Phys.
Rev. B41, 12197 (1990).

S. Kohara et al.: to be submitted.

S. Susman, K. J. Volin, D. G. Montague and D. L. Price:
Phys. Rev B43, 11077 (1991).

T. Egami: Local Structure from Diffraction, ed. by S. J. L. Bil-
linge and M. F. Thorpe, p. 1 (Plenum Press, New York,
1998).

V. Petkov, I-K. Jeong, J. S. Chung, M. F. Thorpe, S. Kycia
and S. J. L. Billinge: Phys. Rev. Lett. 83, 4089 (1999).

Y. Yoneda, N. Matsumoto, K. Suzuya, S. Kohara and ]J.
Mizuki: Ferroelectrics, in press.

H. F.Poulsen, T. Frello, N. H. Andersen, M. D. Bentzon and
M. von Zimmermann: Physica C298, 265 (1998).

H. F. Poulsen, L. Gottschalck Andersen, T. Frello, S. Pran-
tontep, N. H. Andersen, S. Grabe, J. Madsen, A. Abraham-



WA 145555 (2001)

49)

50)

sen, M. D. Bentzon and M. von Zimmermann: Physica C315,
254 (1999).

W. Reimers, M. Broda, G. Brusch, D. Dantz, K.-D. Liss, A.
Pyzalla, T. Schmackers and T. Tschentscher: J. Nondes-
truct. Evaluation 17, 129 (1998).

R. Fisker, H. F. Poulsen, J. Schou, J. M. Carstensen and S.
Garbe: J. Appl. Cryst. 31, 647 (1998).

51)

52)

375

0. V. Mishin, E. M. Lauridsen, N. C. Krieger Lassen, G.
Briickner, T. Tschentscher, B. Bay, D. Juul Jensen and H. F.
Poulsen: J. Appl. Cryst. 33, 364 (2000).

H. F. Poulsen, S. Garbe, T. Lorentzen, D. Juul Jensen, F. W.
Poulsen, N. H. Andersen, T. Frello, R. Feidenhans’l and H.
Grrafsma: J. Synchrotron Rad. 4, 147 (1997).



