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Fig. 2 Experimental setup. Avalanche photodiode detectors (APD1 and APD2) are settled beside the sample and 2 m
away from the sample. Nuclear resonant scattering signals are detected by APD1, and APD2 monitors a beam

bandwidth.
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Fig. 3 Energy spectra of the nuclear resonant scattering from S’Fe
in Nafion membranes. The experimental result (®) and the
spectrum calculated by eq. (5) (solid line) with diffusion
coefficient D= (1.12+0.13) X 10-5 cm?/s are shown. The
nuclear forward scattering data points (O) from APD2 are
also shown, and the dashed line is a Gaussian curve with the
dispersion ¢ of 3.36 meV, which shows the resolution func-
tion.
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Fig. 4 Analyses of the nuclear resonant scattering spectrum using
diffusion models. The broken lines and the solid lines are
least squares fits by the normal diffusion and the restricted
diffusion in spherical potential, respectively. The closed cir-
cles show the experimental results. The shaded parts indicate
the elastic part of the scattering.
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Fig. 6 Theoretical spectra fitted to the measured nuclear resonant
scattering spectrum of Fe cations in Nafion membranes. The
closed circles denote the experimental data and the broken
lines show the background level obtained from the fitting.
(a) The solid line shows the spectrum calculated by eq. (5).
The inset shows the same spectrum in linear scale and the
shaded area represents the resolution function. (b) The solid
line shows the spectrum calculated by eq. (15) with M,=57.
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Table 1 The parameters from the fitting results. The diffusion
coefficient D and the background are obtained directly
from the fittings. The characteristic time 7, and the mean
square displacement 43y (7o) are evaluated from eq. (17)
and eq. (14) respectively.

eq. (5) eq. (15) with M,=57
D [10-5 cm?/s] 1.12+0.13 1.44+0.53
Background [a.u.] 2545 37+13
x%[a.u.] 332 185
7o [1015) 3.3
By (o) [A] — 0.102
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Fig. 8 The closed circles with error bars show the experimental data
from Fe(III) cations in an H,SO, solution and the solid line
shows the theoretical fitting line calculated by eq. (15) with
M,=57. Pointers shows the energy of v; and v, from in-
frared data®.
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Fig. 9 (a) The nuclear resonant forward scattering from tin foil
which shows the resolution function. (b) The circles show
the experimental data from liquid tin at 523 K. The solid line
is a calculated spectrum with D=2.0x 10-5 cm?/s.
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Dynamics of Fe Cations Studied by Nuclear Resonant
Quasielastic Scattering of Synchrotron Radiation

Rie HARUKI

Institute of Materials Structure Science, High Energy Accelerator Research Organization

(KEK) 1-1 Ono, Tsukuba 305-0801, Japan

Makoto SETO
Osaka 590-0404, Japan

Research Reactor Institute, Kyoto University Kumatori-cho, Sennan-gun,

Abstract The dynamics of iron cations in ion-exchange Nafion membranes and in a solution at room temper-
ature was studied by nuclear resonant quasielastic scattering. The nuclear resonant scattering of synchrotron
radiation is useful to select the information on the dynamics of the specific element, because the resonance
excitation energy is specific to each isotope. This method is applicable to the measurement of low content ele-
ments in systems such as ions in polymers or in solutions. From our measurements of nuclear resonant quasi-
elastic scattering, Fe cations in cation exchange membranes diffuse as freely as those in solutions. Furether-
more, the effect of nuclear resonant absorption for a particle diffusing in a restricted area was discussed based
on the theoretical analysis. The diffusive motion in a short time range plays an important role on the nuclear
resonant quasielastic scattering spectrum and the details are presented in this report.
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