Energy dispersive XAS and diffraction

Ken Finkelstein

CHESS will soon provide users
the opportunity to perform Energy
Dispersive X-ray Absorption Spec-
troscopy {EDXAS) and Diffraction
(EDX DY) experiments utilizing a fo-
using crystal polychromator and po-
sition sensitive diode array detector
(PSD). A preliminary series of mea-
suremnents with this type of sy stem
has resulted in two papers; one on
Circular Magnetic X-ray Dichroism
{CMXD) and a second on EDXDF.

An energy dispersive optical sys-
tem permits the simultaneous collec-
tion of data with good energy resolu-
tion over a wide energy range’. The
data are collected using the geometry
illustrated in Figure 1. A tightly bent
silicon monochromator crystal col-
lects and focuses a horizontal swath
of bend magnet radiation. The fo-
sed beam has a broad energy
width because of the asymmetric cut
and large focal ratic. The sample is
positioned at the focus and the beam

{Figurs 1, righfl Schematic layout of an anar-
gy disparsive oplica system. The monochro-
mator is a8 bent perfect crystal {top). The
fransmission geomeny af laf is used for x-ray
ateorpiion studies. At night s ilustrated the
arangamant for dispersion-mat:had difrac-
tion from & sample single oys i,

15 either transmitted through, or dif-
fracted from this point. The PSD s
placed a sufficient distance from the
sample to permit the beam to spread
out and be collected with good spa-
tial resolution. The perfect crystal
monachromator combined with a
small source and detector pixel size
afford high energy resolution.

The monochromated intensity is
the same as, for instance, a 2cm wide
beam at C2 but the energy is spread
out over a 100 - 1000 eV range. The
PSD made by Princeton Instruments

wses a 1024 pixel {25 pm pixel size)
Redicon chip and 16-bit ADC where
typically one count is one x-ray pho-
ton. It can be read out at arate of 5
microseconds per pixel and has a
minimum exposure ime of 5 lsec,
{or 10 msecomds between exposures).
Thus the maximum count rate, about
(il photons{ second, is well matched
to the intensity from the mono. Ina
typical experiment one signal averag-
&5 by accumulating several seconds
or mare of exposune; in a high count
rate situation this means thousands
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(Figure 2, nght) The simultansous collecion
of diffaction data from the (222) reflection in a
germanium single aystall 4 cusp at the K-
adge (11 108Kal) and the so-called DAFS
am wvsible in the diffected infansiy.

of exposure-readouts. Unlike the ion
chambers we typically use for ab-
sorption spectroscopy, the PSD has
readout noise (1-2 counts/ readout)
that will ultimately limi t the mai-
mum accumulated signal to noise ra-
tie. This feature would most strong-
ly affect experiments where a weak
signal 15 to be measured in the pres-
ence of a large background intensity.
Tt has not proven to be a significant
deficiency. One strength of the ar-
rangement is the possibility of tme
sampling the signal with a frequency
range from 100 to 01 Hz. For short
time resolution processes, the best
experiments are those for which the
exctation can be repeated many
times and the sequence of ime slices
averaged.

The scientific applications of this
method can be illustrated by several
examples. In the field of electro-
chemistry, EDXAS is used for the im-
situ structural study of actve sites on
surface confined electrocatalysts.
Standard electrochemistry has of-
fered only indirect information on
the structural nature of such sites.
They are known to act as low energy
pathways connecting reactants and
products. The promise of this ap-
proach comes from combining ele-
ment specifidty with an ability to
maonitor in ime (or as a fundion of
electrode voltage) changes in short
range order.

In a related area, workers at
(HESS have used EXAFS to study
the sel Faustaining osdllatory oxida-
tiom of carbon monoade over sup-
ported platinum catalysts®, The basic
question is whether small metal duos-
ters making up the catalyst display
morphological change as their ;ada-
tion state changes. The most interest-
ing part of this reaction is re-i gnition
which lasts less than one second. By
repeated observation of the reaction
cyde it should be possible to resolve
this question wsing the sub-second
time sensitivity available with dis-
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Animportant application for
which the energy dispersive CMXD
offers significant advantage is the in-
vestigation of magnetic order using
elliptically polarized x-rays. This
spin dependent, near-ed ge absorp-
tion technique 15 sensitive to the elec-
tromic environment and magnetic
state of the spin-polarized electrons
in a solid. Measurements at CHESS
have shown that compared to a dow-
ble bounce arrangement, a single
bounce side-diffracting monochro-
matar can produce more intensity at
a higher purity of aranlar polariza-
tion. Reference 1 will describe some
results of dichroism studied asa
function of angle using the energy
dispersed beam.

Finally, a novel application for
dispersive optics is being developed
at CHESS. In the area of anomalous
diffraction it is possible to simulta-
neously collect a diffraction pattern
over a continuous energy range from
a single set of Bragg planes in a crys-
tal. This idea is illustrated in figure 2
which shows the integrated intensity
of a germanium {222} reflection in a
400 eV range about the germanium
K-edge. We have analyzed® these os-
cillativns and obtained germani um

near-nei ghbor distances in good
agreement with the know values. By
eliminating monochromator mowve-
ment as the energy is changed and
by taking advantage of the small fo-
aal spot size, this new method should
facilitate anomalous diffraction stud-
ies on small crystals. In addition, the
wide energy bandpass is ideal for
measurement of diffraction anoma-
lous fine structure ([DAFS) in single
rystals.

Results from our first energy dis-
[PETEl Ve TUN are VeTy encouraging as
is the interest it has generated in the
user community. Since that time,
Matt Borthwick, a Comell COOP
{undergraduate) student, has been
developing software that permits the
PSD to interface with the SPEC soft-
ware used for data collection at our
stations. A second run is being
planned for early Spring 1994, Please
mntact CTHESS to discuss other pos-
sible uses for dispersive optics,
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