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Chemical state analysis of trace element is made using the chemical shift of
absorption edge measured by X-ray fluorescence detection. Tunable mono-
chromatic X-rays obtained from synchrotron radiation (SR} enables the
selective excitation of specific chemical species. The present technique not
only yields the same information as the conventional transmission method, but
also is particularly suitable for the measurement of trace systems because of
its high sensitivity. The chemical nature of trace elements of less than 10~'°g
can be analyzed nondestructively in a low vacuum or in air by the present
technique.

In this report, near edge absorption spectra of some transition metals taken
by X-ray fluorescence detection are shown, and practical problems arising
from both the instruments and the sample conditions are discussed in detail.
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Fig. 1  Schematics of the experimental arrangement of energy disper-
sive X-ray fluorescence measurement in monochromatic excita-
tion mode. White X-rays are monochromatized by either a
horizontal axis spectrometer equipped with a channel cut crystal
monochromator or a vertical axis spectrometer equipped with a
flat single crystal monochromator. : (L.C.) Ionization Cham-
ber ; (D) Si (Li) detector.
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Fig. 2 Near edge absorption spectra of tran-
sition metals taken by X-ray fluores-
cence detection. Oxides of manga-
nese, iron and cobalt were measured.
The first discontinuity of each metal
spectrum is set as the zero-point of
the energy, which corresponds to 6.
537 keV, 7.111 keV, and 7.709 keV for
Mn, Fe, and Co respectively.
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Fig. 3  The absorption spectra of mixed samples which contain several
chemical states. (a) Iron oxides. (b) Iron sulfate.
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(a) The energy resolution of both the horizontal and the vertical axis mono-
chromators. The energy resolution (FWHM) at iron K-absorption edge was
calculated as a function of the slit width.

(b) Effect of the energy resolution of the monochromator on the absorption
spectra. (1), (2), and (3) show the spectra with the horizontal axis spectrometer.
Vertical slit width was 0.2mm, 2mm, and 5mm respectively. (4) shows the typical
spectrum with the vertical axis spectrometer. Horizontal slit width was 0.25mm.
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Effect of the sample thickness on the absorption curve. Spectra
of iron metal film of 1040 A and 1um were shown in (a) and (b)
respectively. Solid line and broken line correspond to the results
measured by the fluorescence and the transmission methods
respectively Dependence of the spectra taken by X-ray fluores-
cence detection on thickness of the film prepared by vaccum
evaporation was shown in (c). Result of iron foil of 5um thick
was also shown for comparison.
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Effect of the sample thickness on the relationship between fluo-
rescence intensity and the absorption coefficient was calculated.
(a) The dependence of S,/Sy on the sample thickness (iron
metal).

(b) The dependence of S./Sy both on the concentration of
analyte element and the sample thickness (iron in carbon
matrix).
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The change of the energy at the mid-point was calculated as a
function of S./Sy assuming the several arctangential absorption
curves. Width of the arctangent curve, I', was taken as the
parameter. (see, eq(3)) Broken line shows the results with the
natural line width (1.25 V),
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