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Abstract

A method of determining partial pair correlation functions (pPCFs) for multicomponent systems from EXAFS data is presented. The

method is based upon the regularization procedure of solving a Fredholm integral equation of the first kind using special iteration

procedure. The effectiveness of the method has been tested on the model crystalline solids ZnBr2. We present the result for ZnBr2
aqueous solution obtained from experimental data at room temperature (303K) and pressure 250 bar. Experiments were performed using

an unique equipment at ESRF (Grenoble, France). Peculiar features of the method are high resolution for closely spaced shells and high

accuracy in the determination of pPCFs.
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1. Introduction

EXAFS spectroscopy is used to probe the local atomic
arrangement around a specific atomic species in amor-
phous alloys, catalysis, biological molecules, solutions, etc.
The conventional procedure of extracting structural
information in real space is based on Fourier transforming
the normalized oscillating part of the X-ray absorption
coefficient. It is well known that the peaks in Fourier
transform are shifted to lower r from the positions of the
corresponding peaks in partial pair correlation function
(pPCF). Besides, the real space contribution of each shell is
long range and sharply oscillatory. The contributions made
by two closely spaced shells interfere strongly.

According to theory, the EXAFS can be described as an
electron diffraction process where the electron source is the
absorbing atom i. The outgoing photoelectron wave and a
small part of it, which is backscattered from surrounding
atoms j, interfere within the excited atom. This scattering is
specified by not only the atomic amplitude fj, as is the case
in X-ray diffraction, but also the phase jj. In addition, the
scattering on the potential of the central atom i exhibits a
phase shift 2di. These scattering characteristics are involved
in the integral operator Aij, which, as it acts on the pPCF
gij, generates a contribution of a specific atomic pair ij to
the normalized oscillating part wi.
In this paper, we propose to use the dependence of the

integral operator Aij on the atomic scattering character-
istics di(k), jj(k,r) for determining pPCFs in multicompo-
nent systems from EXAFS data. Earlier, this idea was
applied to extract information about bond lengths for
multicomponent systems [1]. Now, we introduce a special
iteration procedure for obtaining pPCFs.
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2. Mathematical

EXAFS equation for n-component system has the form

wiðkÞ ¼
4pr0

k
RðkÞ

Xn

j¼1

cj

Z 1
0

f jðk; rÞe
�ð2r=lðkÞÞ

� sinð2krþ cijðk; rÞÞgijðrÞdr ð1Þ

where k is the wave number of a photoelectron, r0 is the
mean atomic density, R(k) is the amplitude reduction
factor, cj is the concentration, and cij(k,r) ¼ 2di(k)+jj(k,r)
is the total phase shift, which is a peculiar ‘‘mark’’ for a
specific pair of atoms. All atomic scattering characteristics
are calculated by FEFF 8.1 [2]. The function gij(r) is the
pPCF, which is the probability to find atom j from atom i

at the distance r by definition. In symbolic form we have

Ui ¼
Xn

j¼1

Aijgij (2)

where the function Ui(k) include experimental data wi and
asymptote Aij. Using the regularization method [3], the
solution of Eq. (1) is obtained as

CijA
�
ijUi ¼ CijA

�
ijAi1gi1 þ . . .þ gij þ . . .þ CijA

�
ijAingin,

ðj ¼ 1; 2; . . . ; nÞ. ð3Þ

The symbol * denotes transposition, Cij ¼ ðA
�
ijAij þ BjÞ

�1 is
the inverse integral operator, and Bj is the regularization
matrix. Mathematical details can be found in Refs. [1,4].

We explain the sense of the procedure by giving an
example for binary system AB:

CAA A�AA UA ¼ g
ð0Þ
AA þ CAA A�AA AAB gAB (4)

CAB A�AB UA ¼ CAB A�AB AAA gAA þ g
ð0Þ
AB (5)

where CAA ¼ ðA
�
AA AAA þ BAÞ

�1 and CAB ¼ ðA
�
AB AAB þ

BBÞ
�1 are the corresponding inverse operators. The

function g(0) is called Tikhonov’s solution. In order to
make the structure information more exact, we use the
following iteration procedure:

g
ðmÞ
AA ¼ CAAðA

�
AA UA þ BA g

ðm�1Þ
AA � A�AA AAB g

ðm�1Þ
AB Þ

g
ðmÞ
AB ¼ CABðA

�
AB UA þ BB g

ðm�1Þ
AB � A�AB AAA g

m�1ð Þ

AA Þ,

m ¼ 1; 2; 3 . . . ð6Þ

where m is the iteration number.
After obtaining the Tikhonov’s solution (m ¼ 0), it is

possible to single out the contributions from specific pairs
for iteration process. The algorithm of solving this inverse
problem is treated in detail [4].

3. Numerical simulation

The effectiveness of the method has been tested on the
model crystalline solids ZnBr2 [5]. We calculated pPCFs for
Zn–Zn, Zn–Br and Br–Zn, Br–Br pairs with artificial
values s2 ¼ 0.022 (Zn–Zn pair), s2 ¼ 0.012 (Zn–Br pair)
and s2 ¼ 0.023 (Br–Br pair), s2 ¼ 0.013 (Br–Zn pair).
Then Zn and Br EXAFS are calculated with statistical
noise. The solutions obtained are shown in Fig. 1 (solid
lines). Also we demonstrate Tikhonov’s solutions (dashed
lines). Numerical values of the structural parameters of
obtaining solutions are given in comparison crystalline
ZnBr2 data (Table 1). We can see an excellent agreement.
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Fig. 1. The pPCFs as a result of solution inverse problem for Zn (a) and Br (b) spectra: the model, Tikhonov’s solution (dashed line), the solution obtained

after iterations (solid line).
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