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Infrared Studies of Electronic Structures in Materials under High Pressure

[ 22—

Hidekazu OKAMURA

This article reviews our techniques for obtaining information about the electronic structures of materials under
high pressure using infrared spectroscopy. In our experiment, high pressure up to 20 GPa is generated by a dia-
mond anvil cell (DAC). To perform a reliable infrared study in the limited sample space of a DAC, synchrotron
radiation at SPring-8 is used as a bright infrared source. With our technique, it is possible to perform reflectance
studies of a single crystal sample, rather than powder samples, in a DAC both in the mid- and far-infrared
ranges, and to obtain the optical functions such as optical conductivity and dielectric function under high pres-
sure. To illustrate the capability of our method, actual results of high-pressure infrared studies on strongly cor-

related f-electron compounds are discussed.
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strongly correlated electron system]

1. FLBIE: FARATHNAD L, SEATT
DFAFHDE

IR IR IR T O % 727 B TR < W
LNTWHRERY 17— IEFHETH 5, Fig.
LI, BEEIC S THRIMVTHEOR G & 70 Dk« 73

% F LOTURY, RIMAROEE L ERIT LN,

CCTHAETIZAIF—10meV 25 1eV 2,
U HL 100-10000 e ! A2, 2R 1-100 pm £2 [ D
AL T\ 5, E7- Fig. 1 I3 R0 o
AT X < HVWB R HiEARs: (far infrared), HRA¢
(mid-infrared) & \\5> 458 d, TOB L ZOFEEE
R GHFEE L TOHRNGH TR, 5T DI
REBREN PR bR 2 5
PP B\ TRAV R, KT+ /v (BT
BE) OFHTICIZTHEFY VYOI AFIT A
(b 4% [FIL—T 1 IBE) RSTHXINVF—Fr v
7, BhERETEMOERR Y, BTRHRETIET 5
ECIEEICHERTH A01,2], BICEE T O
WETHENA A H5E, SEANC L 58T
RSNV P& OB ", 75/, T3

‘—&ﬁﬁ;\@}:b\/’%_éo —jii

Molecular rotations, Optical
relaxation modes..

Mslesular Vibrational
vibrations states

Electronic
states

10 100 1000 10000 v(cm’)

phonons

Carrier dynamics, band gap, SC gap,
CDW gap, ¢-f'hybridization gap, ...

< 1 1 1 1
hl T T T T
2 (4an) 1000 100 10 1
1 1 1 ] »
T T T T gl
0.001 0.01 0.1 1 hv(eV)

Terahertz Farinfrared Mid-infrared
(THz) (Far IR) (Mid-IR)

Fig. 1. (Color online) Summary of various phenomena
which have their characteristic energies and frequencies in
the infrared range. Note that 1 eV is equivalent to 8065.5
cm~ 1.
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Fig. 2. (Color online) (a) Illustration of IR reflectance

study with a diamond anvil cell (DAC). (b) Top view of a
sample loaded in a DAC.
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Fig. 3. (Color online) Transmittance spectra of type Ia

and Ila diamond anvils at room temperature [5]. The an-
vils had a 1.7 mm height and 0.6 mm culet diameter.
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Fig. 4. (Color online) Schematic illustration of (a) the

IR microscope at the beam line BL43IR of SPring-8, and
(b) the cryostat used for the diamond anvil cell (DAC).
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Fig. 9. Reflectance spectra of PrRuyP;, at high pressure
and low temperature measured with DAC [20]. The

broken curves show the extrapolations used for the KK
analysis.
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Fig. 10. Optical conductivity spectra of PrRu,P;, at high
pressure, derived with the modified KK analysis from the
R (w) measured with DAC [20]. The temperatures are

(from top to bottom) 60, 50, 40, 30, and 9 K. The spectra
are vertically offset for clarity.
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