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One of the broader applications of synchrotron r-diation has been to
EXAFS studies for material structure determination, i.e., for an analysis
of x-ray absorption over an extended energy region beyond a core ijoniza-
tion limit. Studies of the near edge structure (XANES) give a different
type of information, characteristic of the local symmetry and electronic
configuration of the absorbing atom. This type of irformation is re-
flected also in the x-ray emission spectra, in partic lar for transitions
involving the valence levels. Examination of the nea edge absorption or
the emission spectrum does not require an instrument : “pable of scanning
a wide energy range with high counting statistics, as o0es EXAFS; the
needs are rather for good resolution and a reliable ca:ibration of the
energy scale.

Some of the problems of near edge spectra were particularly evident in
our investigation of Ru-Lsp 15 emission from Ru(NH3)gC13. The
Ru-L8p 15 emission was measured with a laboratory Rowland circle x-ray
spectrometer with a curved quartz (1010) crystal (radius = 22 inches) in
a fixed position appropriate to the energy range, and a position sensi-
tive detector which can be positioned along the Rowland circle [1}. The
Ru spectrum was excited mainly by Sn-L, primary radiation from a Sn
anode in a demountable x-ray tube operating at 13 kV and 120 mA. The re-
solution of the instrument in this region is 1.5 eV. An accurate cali-
bration of the energy scale was conveniently obtained by measuring a re-
ference x-ray emission line in the same instrumental configuration. In
the present case the Pd-L, emission line [2] at 2838 eV was used to es-
tablish the energy scale. The energy dispersion of the instrument was
determined from the C1-Kg; emission spectrum of CH3Cl1 between 2810 eV
and 2830 eV (1] and Pd-Laj » and extrapolated to the erergy region of
the recorded emission specfrum.

Figure 1 shows a composite of our experimental Ru-LBp 15 emission
spectrum and the corresponding Ru-Lyjy absorption recorded by Sham in a
recent investigation using the focussed EXAFS spectrometer at SSRL
{3,4]. In the RU-LIII absorption spectrum the peak labelled A was as-
signed to a transition to the partially occupied t2(4d5) orbital
{3,4]. The emission spectrum corresponds to transitions involving the
same orbital and alse, the e(4d) and aj{5s) orbitals with relatively
higher binding energies. (ne would usually expect the peak A to have an
energy position at or above the high energy edge of the emission spec-

trun, in contrast to Fig. 1.
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Figure 1. A composite of the measured Ru-LBy 15 emission spectrum
(left) and Ru-Lyjj absorption spectrum (A & B structures)
from Ru(NH3)gCl3 displayed on the calibrated emission
spectrum energy scale. Binding energy measurement (see text)
suggest a2 2 to 3 eV shift of the Ru-Ljyj absorption to a
higher energy.

This observation suggested an investigation of the binding energies in
Ru(NH3)gC13 to precisely place x-ray absorption and emission spec-
tra on a common energy scale. Due to the energetic coincidence between
the Pd-L, emission line and the Ru-Lyjj binding energy in the metal
[5] we were able to use this energy as a tixed reference point to which
other bianding energies from Ru compounds are connected by relative meas-

urements.

We determined the Ru-Lyjy binding energy for Ru(Mid3)gCl3 by
means of an X-Ray Photoelectron Spectroscopy (XPS) measurement using
Ti-K, radiation on “Xratos XSAM-800" instrument. The samples were
physically mixed with finely divided silver to provide an experimentai
silver L] binding energy to correct for charging of the sample. We
determined that the Ru-Lyyy binding energy for Ru(NH3)gCl3 to be
2840.4 = 0.8 eV, which is a chemical shift of +2.4 eV reiative to Ru me-
tal. The Ru-Ly; binding energy agrees well with the fluorescence
emission spectrun {Fig. 1) in that the inflection point of the high ener-
gy ecge is at the sarve energy positicn. Thus, we suggest a shift to the
Ru-Lyjg 2bserpticn spectrun fron Ru{NH3)gCl3 by 2 to 3 eV towards

hicher energy [5].




Beyond the implications of this result for the particular compound
studied, we conclude with some general remarks. A conventional labora-
tory spectrometer would be useful as a complementary tool for the inves-
tigation of near edge absorption spectra since it provides information
about the occupied states and reliable energy calibration with the help
of reference emission lines. This is of interest for synchrotron radi-
ation experiments in general where the energy calibration of mono-
chromators is a continuing problem due to the heating of the dispersive
crystals by the absorbed x-ray power.
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