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Photoacoustic EXAFS of Solid Phase
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Fine structures observed in X-ray photoacoustic spectra of various solids were compared with those in the absorption
spectra. For a precise comparison, the photoacoustic spectra were corrected for energy-depending X-ray absorption of
gas existing in the optical path. Finally corrected photoacoustic spectra showed a leveled or decreasing trend with increas-
ing photon energy. Good correspondence between the X-ray photoacoustic spectra and the absorption spectra further
confirmed that the fine structures in the photoacoustic spectra are identical with the extended X-ray absorption fine struc-

tures (EXAFS).
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§1. Imtroduction

X-ray absorption spectroscopy is now widely used in
the characterization of materials. In these fields, the ex-
tended X-ray absorption fine structure (EXAFS)Y
methods based on the various effects of X-ray absorption
are now widely employed as powerful tools for atomic
structure analysis. As a further effect of X-ray absorp-
tion, heat generation should also be considered. Recent-
ly, the heat generation by monochromatic X-ray irradia-
tion was detected by means of a microphonic
photoacoustic (PA) method using the synchrotron radia-
tion,? and further spectroscopic study showed a fine
structure in its primitive spectrum.” In the meanwhile, a
theoretical study was also started to explain the
phenomena using our primitive spectrum.” In these cir-
cumstances, further studies using various samples were
performed in order to check the truth and generality of
this phenomenon and to study the common features.

§2. Experimental

The monochromatic X-ray was obtained by Silicon
(111) double crystals at Beam Line 4A of the Photon Fac-
tory, Japan. The X-ray photoacoustic (PA) cell and the
instrumentation have heen detailed elsewhere.>” Ioniza-
tion chambers were set on both sides of the PA cell in
order to compare the PA spectrum with the simultaneous-
ly detected absorption spectrum.” A chopper rotating at
the chopping frequency, 10 Hz, was set at the upstream
of these detectors. The solid samples were Cu and Ni
foils with various thicknesses, NiSO,, NiCl,, and CuSO.,.
The metal foils were rolled thin films and were all pur-
chased. Other chemicals were all of reagent grade and
used as received.
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§3. Results and Discussion

Figure 1 shows a primitive PA spectrum (a) and an ab-
sorption spectrum (d) of a Ni foil sample (5 um thick).
The corresponding fine structure seems to show that the
EXAFS is also reflected in the PA spectrum, in other
words, in the heat generation. The only difference be-
tween these two spectra is a trend for the PA signal to in-
crease. monotonously with increasing photon energy.
However, this primitive spectrum which was normalized
to the first ionization chamber current should be cor-
rected for the energy-dependent X-ray absorption by gas
(air) existing in the optical path. The effective X-ray flux
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Fig. 1. X-ray photoacoustic spectra of the primitive data of signal

amplitude (a), the corrected signal amplitude using eq. (1) (b) and
phase (c), and the absorption spectrum (d) of a nickel foll (5 pm).
Chopping freq. 10 Hz. The inserted figure is the results of a Fourier
transform of Kai components of the X-ray photoacoustic (solid line)
and the absorption spectra (broken line).
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at the surface of the sample, I, can be estimated by the
following equation.

I=k X ICo/ (1 —exp (—uw(E)px1) X exp (—p(E)px), (1)

where IC, is the upstream ion chamber current; u(E) is a
mass absorption coefficient at a photon energy, E; p is a
density of air; x; is the length of the ionization chamber;
and x is the total optical length from the inlet face of the
ionization chamber to the surface of the sample. The first
term of eq. (1) is a correlation constant, k; the second is
the correction for iomization yield due to the energy
dependence of the absorption coefficients; and the third
is the correction for the gas absorption throughout the
optical path. By this correction, the primitive spectrum
((a) in Fig. 1) was changed to show a slight decreasing
trend (as (b)), like the absorption spectrum as shown in
Fig. 1.

The atomic radial dispersions were obtained by the
Fourier transform analysis®” of the fine structures of the
PA and the absorption spectra as shown in the insertion
of Fig. 1. These dispersions are similar to each other,
especially in the peak positions of the nearest neighbor
atomic distances, and this further confirms that the
photoacoustically detected fine structure is the EXAFS.

The phase spectrum shows the average depth of the
heat generation which originates from an exponential X-
ray absorption profile in the material. This phase value
was the output from the lock-in amplifier with offset of
+180 degrees, i.e., —0+180 degrees. It is interesting
that the phase value decreases, i.e., 6 increases, stepwise
at the K-edge point. This means the average depth of the
heat generation became deeper from the surface due to
an increase in absorption coefficient.

The aforementioned solid samples were all tested in the
same procedures. As an example, Fig. 2 shows the EX-
AFS spectra of NiSO, and the result of its Fourier
transform. Since the PA detector is not sensitive enough
at present, the PA EXAFS of a sample at lower metal
content is a little noisy, and these noises also seems to be
converted by the Fourier transform to higher F(r) values
seen in the radial dispersion above 4.5 A. The phase spec-
trum is almost constant on account of the signal from the
surface of the inorganic powder, which has a small heat
diffusion coefficient and a high surface area. Commonly
observed good correspondence in the fine structures and
the similarity of the radial dispersions between the results
obtained by the photoacoustic and absorption methods
confirmed our first conclusion that the fine structures in
the X-ray photoacoustic spectra are the EXAFS.? The in-
terpretation of these phenomena from theoretical and ex-
perimental viewpoints is now in progress. Garcia ef al.
have applied their theory to our primitive data with an ab-
normally high ratio of the fractions of energy-heat con-
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Fig. 2. The X-ray photoacoustic spectra of the corrected signal
amplitude (a), phase (b), and the absorption spectrum (c) of a NiSO,
powder. Chopping freq. 10 Hz. The inserted figure is the results of a
Fourier transform of Kai components of the X-ray photoacoustic
(solid line) and the absorption spectra (broken line).

version.” This finally corrected data should be useful for
further theoretical investigations. The photoacoustic
method can be applied to all types of shapes and states of
the sample and also to non-destructive depth profiling,
and this finding will greatly expand the methodology of
EXAFS.
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