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Abstract.- Extended X-ray Absorption Fine Structure (EXAFS) measurements are reported for crystalline
solids o and B-Gallium, and for liquid in the supercooled state. The Comparison of these results
to the previous structure knowledge is discussed in terms of both temperature and atomic environment

dependence.

INTRODUCTION

The extended X-ray absorption fine structure
is a valuable technique for structural problems and
the determination of the local structure around a
specific atom is extremely useful in the study of
multicomponent solutions or amorphous solids when
the partial structure factors are not available.
However EXAFS spectrum analysis needs some parame-
ters one can deduce from special experiments of a
standard material whose coordination distances are
known.

The purpose of this paper is to present the
results obtained on gallium and to compare the cal-
culated EXAFS signal with the experimental data.
Gallium was chosen for at least two reasons : on the
one hand orthorhombic o-Ga is a rather suitable can-
didate for testing anisotropic effect relative to
the crystallographic orientation and for evaluating
the temperature dependence, on the other hand the
transferability of the phase shift may be tested on
both the allotrope g-Ga and the liquid.

EXPERIMENTAL

The experiments were performed at L.U.R.E. on
the DCI storage ring of Orsay ; the standard setup
and EXAFS facilities were used.

The samples consisted of rectangular foils of
thickness 35 ym ; the single crystals of a-gallium
were grown from a seed inserted in liquid squeezed
between two plates, the sample orientation being
deduced from further X-ray diffraction study. Expe-
riments on normal or supercooled liquid and on mo-

noclinic g-Gallium were carried out on samples con-
sisting on a large number of small droplets settled
on a Kapton sheet.

Using a cryostat cooled by liquid helium, the
stable o-form (melting point 303 K) was studied in
the temperature range 300 to 20 K, the 1iquid gal-
Tium down to 180 K where freezing was observed to
occur, as seen by differential thermal analysis,
and the metastable g-Ga under its melting point
(257 K) down to 20 K.

EXAFS DATA AND RESULTS

In a material composed of one kind of atom,
the amplitude y(k) of the fine structure oscilla-
tions occuring on the absorption coefficient as a
function of energy E above the K-edge Eo’ can be
described by the expression [1] :

x(k) = - Tk Pégl exp[%z(ﬁ—)-] sin[2kR+a(k) 1R
0

k = 2m(E - Eo)l/2 is the photoelectron wave vector,

f(k,m) the back-scattering amplitude, D(R) is the
pair distribution function, A(k) the electron mean
free path and a(k) the total phase shift.

In a crystal it is generally assumed that the
pair distribution of atoms surrounding the absor-
bing atom is gaussian in form (with a mean square
relative displacement 02 of the atom) and can be
expressed as a sum of shells of Ni atoms at the ave-
rage distance R; so that equ. 1 becomes :

x(k) = - 3 fham) z (8.R,)° 2} exp(-20%k?)
2R, i
exp[ﬂ%)]sin[ZRih a(k)]
This expression also inciudes the polarization de-
pendence, P being the polarization vector of the
X-ray beam.

In most previous works structural informations
have been determined by Fourier transformation. But
in order to avoid problems in determining the
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window function to isolate the successive shells of
neighbours and since the structures under investi-
gation are known in our case, we choose to compare
the measured values to the computed EXAFS signal,
in the k-space.

Experiments were performed at 20 K on a-Ga
single crystals whose orientations relative to the
polarization vector € are such that the four first
coordination shells differently contribute to the
EXAFS signal : the two spectra shown in fig. la
and 1b exhibit significant difference over the
whole range of k ; these measurements clearly con-
firm previous results [2,3,4] relative
to  EXAFS orientation dependence. In fig. 1 are
also plotted the theoretical curves computed from
equ. 2 ; the fitted phase shift expressed by :
-3.8x10% 3 +2.8x10% k% - 0.99 k +9.55
is very comparable to that deduced from TEO and
LEE calculation [5], the main incertitude arising
from the exact threshold energy determination. The
general agreement concerning both oscillations and
amplitudes, between experiment and thS?Ey is rea-
sonably good over the range 3.3 - 13 A ~ since
o and A(k) have been keeped constant and f{w,k) is
the calculated value [5].

k (k)

€ :300K (¢201,5=7A)

Figure 1. Comparison of theory (solid line) with the normalized experimental EXAFS
spectra (open circles) for a-Ga single crystals (orthorhombic ; a « & 5155, |
LTSN andca58A
In f1g Yo, the vector 133 « 5+ 2 & 5 paralle) to the polarizatron
vector & . in this orientation the weighted aton numbers i (& i,)z are
003, 004, 1.32 and 1 25 for the distances R, resnectively equel to 2 44,
271,27 a2 80 A,
In fig 1b and 1c, the vector 3 - B + 2 € 15 nara)liel to & , here the weiehted
atom myzbers in the first shells are 0,14, 0.93, 0 50 and 0 67.

In employing EXAFS for unknown structure de-
termination, it is generally assumed that f(m,k)
and a(k) of the absorbing atom are independent of
the atomic environment. Gallium offers the oppor-
tunity to test this basic assumption since at
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least two different crystalline structures may be
available at very low temperature ; (i) the ortho-
rhombic a-form, just studied above, where each
atom has a first neighbour at 2.44 R, (15) the me-
tastable monoclinic g-form, where each atom has
two nearest neighbours at 2.68 3.

The results obtained on a polycrystailine
B-Ga sample at 20 K are plotted in fig. 2a ; the
theoretical curve, calculated with the same para-
meters as those used for a-Ga, show that the ato-
mic environment has little importance about the
transferability of the phase shift.

1 c 180K (1= 7 A)

$ 130K (0= 0.1, ) =

a:20K (0=0.07,)=104)

8
1

Figure 2. Comparison of theory (solfd 11ne) with the normalized exerimental EXAFS
spectra (open circles) fn flg. 2a and 2b : g-Ga powder at 20 and 190 K fn
fig. 2c : supercooled 1iquid at 180 K.

This is true at very low temperature but
partly fails when temperature is raised ; if no
significant change in the phase shift can be seen
in a-Ga at 300 K as illustrated in fig. lc, a
change in the phase function is obvious in B-Ga at
180 K (fig. 2b). As reported by EISENBERGER and
BROWN [1], this behaviour may be comes from the
fact that the gaussian pair distribution function
assumed to establish equ. 2 is an oversimplication
and a more realistic mode]l has to be used in the
B-Ga where thermal expansion and anharmenic effects
are at least twice higher than in a-Ga [6].

Another confirmation of this point of view is
provided by experiments on liquid gallium (fig.2c):
EXAFS spectrum concerning highly supercooled Tiquid
at 180 K has less details than crystalline g-Ga at
the same temperature (fig. 2b) because of lack of
Tong range order but the major maxima and zero posi-
tions of both coincide (experimental curves, open
circles) ; we are not surprised since X-ray diffrac-
tion studies had already shown a similtarity between
1iquid and B~-structure. But it is of particular



importance to note that in liquid state the
theoretical curve (fig. 2c) calculated from equ. 1
by using the diffraction data and the phase shift
previously deduced, matches well the observed curve
actually, no assumption has been made about shell

shape.

CONCLUSION

Extended X-ray absorption fine structure spec-
troscopy has been applied to the study of liquid
and solid gallium ; the well known structures of
this monoatomic system can serve to test the appli-
cability of this technique as function of the ato-
mic environment, orientation and temperature. lle
conclude that EXAFS results agree quite well, es-
pecially at very low temperature, with informatiors
provided by conventional X-ray diffraction. For
this study, experimental and calculated results
were compared in the k-space ; but it is to be fea-
red that in such complex structures, the overiap-
ping shells of neighbours will encounter severe
problems to extract the structural information by
using Fourier transform from k-space to R-space.
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