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HTLICEOWEDOTI I F—RELFTHTHIENTE
Bo CHEMICIZ B L, METEZERAEL#EWE GF
B EY) OBE, TXVF—REZIIET S & THE
M EBEWP T I ODOFENLERPELNSL E VD T
LI B, AFETHE, X HEOHNTH X FRIFME#
EL, B X # 5 </ #EL (X-ray Raman Scattering: XRS)
WIS EHET T TOBBEWERAICOWTHHRL, £
DILFF E L THIERWBERFHC BT 5V U 7 A4 FHFAD
FE SRS 20 OWT OB A B L 72\,

2. X SRIEHIERLEL

WBEICAG SN/ XD % AFRIND 5\ i3I
WAL A5, ToO—MFIEMEMICHE SN 5, Fig. 1
12 X ARIE R L OMBERE X 2 7R 9, A X R & 8oL X R
DI FIF—%, hw, ho, FEE% ko, kr & EHETNIE,

Ao =op- ;. q = k- k;

electron

g, ko

Light source
— —

Q Detector

Fig. 1 Diagram of inelastic x-ray scattering: Incident photon has
energy nw, and momentum ko, while scattered photon has
nwyand ky. Energy of 7idw=h(wy— w;) and momentum of
q=ko— Kk, are transferred to an excited particle (or
particles) .
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0 A—% (HRM) ##%@&EL, TV F—IlE%0.1eVEE
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% IR BB RS 5 WITHRGIC S AT
57z, W & FRRIC BEES d U 2 O AU R RS A
TR A, 03 & I USSR M a2 R L
7HERITD C L AHETH B,

BRI i 5 S IR M X AREGEL O o Tt il & L T k<
HFHNLMB, THICOWTEESZONTEE/L, 7Ty
7 OEPTEMEE ML L TR ONER (AE/E=A460/tan 0p)
RO EEBERL T 5,

(i) THRIVFE—4REET, XBORBMAD 5 TR
FEDOHFRRDOE — LY A ZEDOBFAFHIZN R & D A
ET TRV AR DIRED A0 IZIHHIT S

(i) 6g—>90°D & & A0 DFEIII/NE72D, HfEREIL
TR

FEDIzE, AFTFRIVF BN DD 5 IEILEIEMIE 5
GLCIEHSk B 220 ER S (205~180°) THEMH T 5 D0
—fEHITH S, EREBIRESIE, AL RET L, A
VYA TRIL g #RHO T ENRTESL, TNz KR
E BRI BIZFT AL, BELBRE 2R < 72dick
ik (~100 mm®) OIRMEE M4, REIZH -
THEAZ T EBN NS, meV 7 5 ADE 5 fRREIEHNE
BELHOG K2 S COFRBICIE ST\, S HICHRIX
SHELE & ERENE I AS OO v & 2 AL, Fig. 290
EEEY (k) SACEEE (B Y 2Ll OSSR —EK

DETECTOR
KB Dispersive
(optional) & Axis (vert.)
e ’
SAMPLE a7
Saggital

AXxis (horiz.)
ANALYZERS

Fig. 2 Optics of Taiwan IXS beamline, BL12XU at SPring-8. DCM: silicon 111 double crystal monochromator, CM:
silicon (or platinum) collimating mirror, HRM: high-resolution monochromator using silicon 400 (220 or 333)
channel-cut crystals, PR: diamond 220 phase retarder, FM: platinum focusing mirror, KB: Karkpatric-Baez

mirror.
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TIEARE 0<30°Z#FIAL < Tt by, L,
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RN EIREE S,
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BEFERAAT S 701243, ke EIEAARICEL T 500
EDb b, MY T FIVEEDLIOICE, A5E XHED
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T, HRmPIKE LB V- A XA H
WIITEELIT IR I N 5, £, XBRAESKE
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BHo L LambHEITEDBMTII AV, FlziE, BdL
7ol LRIV F —SRIZ B0 2 5 WTiE s OISR TR, &
FERE 2 RBARBEICAKESMAZ LR TELRVEVWSH
HO/D, V7 FIVOBEN NI L->TLED R E, <
A F AM S FELET B, Si D hhh &iH G & 5 HE R & L
THWEREAILOWTE 22 61F, HENERT,
9.9 keV (Si555) +13.8keV (Si777) OWFNHTH 5o
RIZNy 7759 F ez b hkThb, JlEL 2\

Be K and Si L edge
C K edge 0 K edge
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Fig. 3 Inelastic X-ray scattering spectra from diamond anvil cells
and their dependence on the incident energy and the scatter-
ing angle. There are mainly contributions from the Compton
scattering or scattering due to plasmons. The inelastic scat-
tering band appears at higher energy loss region with increas-
ing the incident X-ray energy or the scattering angle. Black
arrows indicate specific edge positions of elements in an XRS
spectrum.
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2L, av/ Uil a7 v A VIEASBRO TRV
F— L BEALITKET 5720, ThbABYICERNS 5
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W3O KWINHICBE 4 5 XRSHEIELA TN T W5,
DACZ, H A7 v b (BFEEBE) 12k 7RISR
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//@sket

diamond

(®) (c)

Fig. 4 (a) Schematics of a diamond anvil cell (DAC) and possible
incident beam directions (red arrows). A sample in a DAC
(yellow) is usually a disc-shaped plate. The plate is parallel
to culets of diamonds. Generally, the diameter of a sample
disc is a few times larger than its thickness. (b) Through
gasket configuration: The incident and scattering X rays go
through a gasket made of usually beryllium. A sample disc is
located in the scattering plane. Therefore, scattering volume
is governed by the sample diameter. (c) Through diamond
configuration: The incident and scattering X rays go through
one of the diamond and the directions are nearly normal to a
sample disc. Therefore, the scattering volume is governed by
the sample thickness.
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Fig. 5 Structures of SiO, (a: quartz (Qz), b: stishovite (St)) and
MgSiO; (c: orthoenstatite (OEn), d: perovskite-type
MgSiO; (Pv)) polymorphs. Red, blue, and orange balls in-
dicate oxygen, silicon, and magnesium atoms, respectively.
Low pressure phases (Qz and OEn) consist of SiO, tetra-
hedra whereas high pressure phases (St and Pv) are made up
of SiO4 octahedra. Each SiO, tetrahedron connects to four
others in Qz whereas to two in OEn. The structure of St ap-
pears to consist of edge-sheared SiOg chains. A three-dimen-
sional network structure by corner sheared SiOg octahedra is
seen in Pv.
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Fig. 6 XRS spectra of the oxygen K edge in compressed SiO, glass.
The spectra between 1 GPa and 14 GPa is an intense peak lo-
cated at around 538 €V (labeled as Q), which is a prominent
feature in the XRS spectrum of quartz. An additional, in-
tense peak appears at around 544 eV at pressures above 19
GPa (labeled as S). The spectrum at 3 GPa was collected
from the sample quenched from ~45 GPa. (J. F. Lin et al.
2D Copyright (2008) American Physical Society)
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Fig. 7 XRS spectra of the silicon L edge for SiO, glass under high
pressure. The thin lines are smoothed curves by the three
points binning to guide the eyes. Those of quartz (red/solid)
and stishovite (blue/dotted) shown are also shown with each
spectrum for comparison.(H. Fukui et al.2?: Copyright
(2009) American Physical Society)
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Fig. 8 XRS spectra of the oxygen K edge for MgSiO; glass. Gray
area represents energy range from 539 to 549 eV, where the
intensity goes up with increasing pressure. (S. K. Lee et al.
26): Copyright (2008) National Academy of Sciences,
U.S.A)
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Abstract

Nonresonant inelastic X-ray scattering investigates electronic excitation using hard X-ray, and is

therefore applicable to materials under extreme conditions, e.g. high pressure. Excitations of inner-shell elec-
trons measured by so-called X-ray Raman scattering give information on unoccupied electronic structures. In
this article, we discuss applications of X-ray Raman scattering to high pressure studies from technical points
of view, and then introduce examples of investigations on the pressure variations on local structures of silicate

glasses discussed from the electronic structures.
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