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X-ray Photoacoustic Spectroscopy

Tsutomu MASUJIMA*, Hiroshi KAWATA** Masami ANDO **

* Institute of Pharmaceutical Sciences, Hiroshima University School
of Medicine, Hiroshima 734

#* Photon Factory, National Laboratory for High Energy Physics,
Tsukuba, Ibaraki 305

Transient heat generation in the X-ray irradiated materials was found to
be detected by photoacoustic method using synchrotron radiation at the Pho-
ton Factory. The photoacoustic signal intensity with white X-ray and mono-
chromatic X-ray linearly depends on ring current of the storage ring and on
the current of an ionization chamber. Maximum signal was observed for met-
al foils whose thickness were similar to X-ray absorption depth. The spectro-
scopic studies by this method revealed not only the inner shell edge absorption
but also the near edge fine structure which 1s quite corresponding to the ex-
tended X-ray absorption fine structure (EXAFS). The Fourier transform anal-
ysis of the spectra gave atomic distances. X-ray beam was also chopped by a
rotating brade with narrow slits to get semi-pulse X-ray irradiation. Anal-
ysis of the responding photoacoustic signal revealed structure under the sur-
face. Using a focused X-ray beam or a linear slit beam, scanning or computer
tomographic imaging was also successfully performed. These developed meth-
ods were applied to various layered model samples and actual samples in or-
der to get atomic distribution and structure. With these results, future poten-
tials of this method are discussed.
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Fig.1 X-ray absorption and successive phenomena.
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Fig.2 Principle of photoacoustic method.
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Fig.3 Photoacoustic signal responses for alternative and pulse-wise steps of X-ray irradiation
to the absorbing layers at surface (upper) and under layer (lower).
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Cross section view of a X-ray photo-
acoustic cell for solid samples. a) cell
body, b) beryllium window, c¢) Teflon
gasket, and d) microphone.
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Fig.6 Cross section view of a X-ray photo-
acoustic cell for gas phase. a,b) win-
dow rings, ¢) beryllium window, d)
cell body, e) connectors, f) stainless

tube, and g) microphone.

Fig.7 Photoacoustic signals of solid samples
with white X-ray. a) Cu(50 gm thick),
b) Pb(400 g#m) c) paper (100 £m), d) no
sample. The pulse at the bottom of
each figure shows X-ray irradiation
(180 degree reversed in this case).
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Fig.8 Photoacoustic signals of solid samples
with monochromatic (1.56 A) X-ray.
The same samples as in Fig.7.
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Fig.9 Dependence of X-ray photoacoustic sig-

nal intensity on thickness of metal
foils. X-ray 1.56 A, chopping frequen-
cy 8 Hz.
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Fig.10 Diagram of current experimantal setup
for the photoacoustic EXAFS study.
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Fig.11 Photoacoustic EXAFS of Cu foil (5
p#m  thick) and its absorption spectrum
detected simultaneously.
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Fig.12 The x spectrum of the photoacoustic EXAFS in Fig.11, and its Fourier transform.
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Fig.13 Amplitude (a) and phase (c) spectra of
X-ray photoacoustic signal of a nick-
el-plated Cu foil (10p¢m thick), and its

absorption spectrum (b).
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Fig.15 Two components in the photoacoustic
response for the data of Fig.14(b). a)
from surface PET and b) from under

layer Ni foil.
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Fig.14 Photoacoustic response signals of polyethylene terephthalates(PET) film (75 ¢m) (a) and
the film coated Ni foil(20 #m) (b) by semi-pulse X-ray irradiation.
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Fig.18 Two dimensional
photoacoustic method.
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