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Abstract The fine structures at the L absorption
edges of antimony in SbSI have been observed in
the paraelectric and ferroelectric phases using
synchrotron radiation. The near edge structure
(NES) has been analysed and compared with the
theoretical density of states of the conduction bands.
The analysis of the extended x-ray absorption fine
structure (EXAFS) allows to discriminate the first
three coordination shells of antimony, and to de-
termine the value of the Sb-S mean distance both
in the paraelectric and in the ferroelectric phase.

INTRODUCTION

In order to try to define the dynamics of the change of
SbSI crystal structure across the Curie temperature,we
analyzed the fine structures at the Ly and Lyry X-ray
absorption edges of the antimony ion. These measurements
have indeed become a useful research tool in the study
of condensed matter, since x-ray structures contain
information about the electronic properties and the
geometrical structure of the environment of the absorb-
ing atom.

The absorption spectroscopy measurements have been
performed at the Wiggler facility of Adone storage ring
in Frascati, using the synchrotron radiation beam emit-
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ted by a wiggler magnet inserted in the electrons path.

The experimental set-up is described in details else-
wherel.

NEAR EDGE STRUCTURE (NES) RESULTS

In the single-particle approximation the absorption co-
efficient w(E), where E is the energy of the incident
photon, depends on both the density N(E) of the avail-
able states and the transition probability P(E), i.e.

qu) o« N(E)P(E). Within a few electronvolts above the
absorption edge, P(E) varies slowly as a function of
energy? so u(E) directly reflects the distribution
N(E) of the available states. This allows a correlation
between x-ray absorption spectra and partial density
of states (DOS) curves.

The x-ray photoelectric absorption is mainly due
to electric dipole transitions. For a given transition,
P(E) depends on the gymmetry of the wave functions of
both the initial and final states. The Ly edge is ads-
cribed to 2s-—np transitions; it thus probes the den-
sity of states with p symmetry above the Fermi level.
The L17 and Lyp1 edges depend on transitions from the
core states 2p1{2 and 2p3/2, respectively, to unoccu-
pied states of both s and’d symmetries, the 2p-—-nd
transitions being by far the most favored.

The 300 KNES spectra at the Ly and Ly1y1 edges of
antimony in SbSI are shown in Figs. 1 and 2, respec-
tively. The "white peak" at the Ly edge (~4.7 keV) is
due to a high density of final states of predominant p
character. The high density of 5p states shown by the
experimental spectrum is in agreement with the total
DOS calculations performed by Nakao and Balkanski3
by the pseudopotential method, whose results are shown
for comparison in Fig.1. Nakao and Balkanski, identi-
fying qualitatively the character of the bands from the
chemical point of view, state that the low-lying group
of the ‘conduction bands,between O and 5 eV, corresponds
to the 5p-like bands of the Sb atoms.The zero of energy
has been put at the bottom Es of the conduction bands.

The peak energy of the white-line is associated
in Fig.1 with the center of gravity of the low-lying
group of the conduction bands;its FWHM is 3.2 eV. By
subtracting from this wvalue the core level width, 2.4 eV,
and the instrumental broadening, 0.5 eV, a value less
than 1 eV is obtained for the width of the p band. The
low-lying group of the theoretical bands is clearly
broader than 1 eV.This discrepancy could be attributed
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£o a broadening of the low-
lying group of the conduc-—
tion bands due to the over-
lapping of non p-symmetry
states.

This hypothesis is sup-
ported by the analysis of
the Sb Lypy edge in SbsT,
and by its comparison with
the calculated DOS(Fig.2). 0.2
Here the absorption limit
is associated with the bot- o4l
tom E5 of the conduction
bands. The experimental ool ,
spectrun exhibits two humps, A
the first one at the absorp-
tion limit, the second at
about 5 ev. It is reason-
able to attribute the first FIGURE 1 Lg absorption edge
hump to a transition 2p—5s. of antimony in SbSI (a) com-
This indicates the presence pared with the total DOS (b)
of partially unoccupied calculated by Nakao and
states of s symmetry mixed Balkanski3.The dashed area
to the prevailing p states. is the highest valence bard.

©
w
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The second hump corresponds to the onset of the transi-
tion 2p—bd.

The comparison between the experimental spectra
and the available DOS looks rather satisfactory. The
x-ray absorption spectra are gselective in angular mo-
mentum: a more profitable comparison should then be
made with the partial, rather than the total,DOS.This
could allow a more accurate interpretation of the ab-
sorption spectra and could show, in addition, the pos-
sible contributions to the NES arising from multielec-
tronic transitions, excitonic transitions, and many-body
effects.

The weak structures observable in both the Ly and
LiTT spectra between about 10 and 50 eV from the edge
are currently interpreted as due to multiple scatter-
ing of the photoelectron inside the first coordination
shells. This effect becomes negligible at higher photon
energies, where the single-scattering theory of EXAFS
is adequate.

The NES observed in samples at 300 K(paraelectric
phase) and at 275 K (ferroelectric phase) did not show
any valuable difference in the shape of the structures
nor any shift of the edge energies (within the angular
step of the monochromator,i.e. 0.3 ev). This can depend
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on the relatively small
variations of the electronic
structure,the coordination
symmetry, and the Sb ion
charge connected to the
phase transition.

o) Ly Absorption Edge a
b) Total Density of States -

o

Arbitrary Units

e

EXAFS RESULTS

The EXAFS spectra of samples
in the paraelectric phase o
(300 K) have been campared
with those of samples in 0.0
the ferroelectric phase

(275 K) .The homogeneity in

the data processing and the
identity of the phase-shifts
due to the chemical iden~ FIGURE 2 Lyyy absorption edge
tity of the samples allows of antimony in SbSI(a) com-
an accuracy in the EXAFS pared with the total DOS(b)
determination of distance calculated by Nakao and
variations greater than Balkanski3.

-5 0 5 10 15 20
E-€,}/ev

that attainable from measurements of absolute dis-
tances4.

The analysis of the EXAFS allowed us to discrimi-
nate the first three coordination shells of antimony,
and to determine the difference between the values of
the Sb-S mean distance in the paraelectric and in the
ferroelectric phase. This difference corresponds to a
relative shift of the Sb-S ions along the c-axis of
2819 pm crossing the transition temperature, a result
somewhat larger than the values of 15 pm reported by
Kikuchi et al.® and of 8.4 pm measured by Itoh et al.®
by x-ray diffraction techniques.
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