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| ; Anharmonic Vibration of Solids Observed
k by Temperature Dependence of EXAFS:
Hlstorlcal Background and Quantum-Statlstlcal Studres

o - T OShlhlkO YOKOYAMA , o
Department of Chemzstry, Graduate School of Sczence, The Umverszty of T okyo

Temperature dependence of EXAFS (extended x—ray—absorptron ﬁne structure) is reviewed, whrch has
been studied in order to fundamentally understand EXAFS spectroscopy itself and to obtain detailed infor-
~ mation on anharmonic vibration of sohds Several key works are briefly introduced from a historical point -~
 of view, and recent our studies are subsequently reviewed. Experlmentally, EXAFS provides a radial distri-
o rbutxon functlon around an x»ray-absorbmg atom, which is often parameterlzed with the cumulants (mo-
ments): of the dlstrlbutlon For the descnptron of the EXAFS cumulants which originate from anharmonic
beratlon, two different quantums- statlstrcal approaches are p1oposed the perturbation method and the
. path—mtegral effectlve classu:al potent1a1 method ‘These two methods are formulated and the results of nu-
o mencal calculatrons are comparatlvely dlscussed together with the help of expenmental data.
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Figure 1. (a) Kr K-edge EXAFS oscillation function k3x (k) of
solid Kr at 24, 25, 29, 35, 38 and 43 K; (b) Fourier transforms of
(a) using the Fourier range of Akyr=3.2—10.4 A-1; (c) filtered
k3x (k) for the first-nearest neighbor shell using the Fourier ranges
of Akpr=3.2—10.4 A-1 and 4R=2.9—4.2 A.
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Figure 2. Temperature dependence of (a) the average interatomic
distances R,,, (b) mean-square relative displacements C, and (c)
mean-cubic relative displacements C; for the first-nearest neighbor
Kr—Kr shell estimated by the quantum-statistical calculations of the
Kr;, Kry;, Kryy, Kry, Krss, Krye and Krg; clusters (short-dashed .
lines). The results of the classical Monte-Carlo (MC) simulations
of solid Kr (long-dashed line) are also given, together with the EX-
AFS results (filled squares with error bars) and the x-ray diffraction
data (solid line) for R,,. The results of R, and C, for Kr,, are omit-
ted because these are almost identical with those of Krg,.
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Figure 3. Temperature dependence of C,, C; and C; of Br, eval-
uated by the path-integral effective classical potential method (solid
line; EP), and the first-order perturbation (dotted line; P1 for C,,
C; and C,) and second-order perturbation (short-dashed line; P2
for C, and C,) methods, together with the experimental data (filled
squares with error bars). For C, the harmonic approximation (dot-
dashed line; HA) are also given.
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Figure 4. Radial distribution functions of surrounding Ni atoms
in fce Ni at 40 and 300 K, evaluated by the path-integral effective
classical potential method (solid line) and the classical Monte-Carlo
simulation (dashed line).
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Figure 5. Temperature dependence of C, of the first- and third-
nearest neighbor Ni-Ni shells of solid Ni. Experimental data are
given as filled squares with error bars, together with those by the
path-integral effective classical potential method (solid line; x ) and
the classical Monte-Carlo method (dashed line; +).
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Figure 6. Temperature dependence of C; of the first- and third-
nearest neighbor Ni-Ni shells of solid Ni. Experimental data are
given as filled squares with error bars (for the first neighbor only),
together with those by the path-integral effective classical potential
method (solid line; % ).
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