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Abstract 

The paper presents a numerical model based on multiple scattering theory (MST) used in the investigation of electronic 
structure of the supported metal catalysts (SMC) employed in H/D exchange reaction and in the catalytic recombined 
process of hydrogen from the heavy water nuclear power reactors. Structural properties were investigated by X-ray 
diffraction technique (XRD) and extended X-ray absorption fine structure (EXAFS) spectroscopy. Based on these 
information the model determines numerical K X-ray absorption near edge structure (XANES) spectra for supported Ni 
catalysts. 

1. Introduction 

It has been found that X-ray absorption spectroscopy 
can be a tool for determining the local structure around 
X-ray absorbing atom and the electronic structure of the 
materials. It is well-known that X-ray absorption spectra 
of materials are separated into two parts according to the 
spectral region. One is the structure expanding from the 
absorption threshold up to about 50 eV, the so-called 
XANES and the other is called EXAFS which appears in 
the higher-energy region following XANES. The absorp- 
tion edge before the threshold of EXAFS oscillation is 
strongly influenced by multiple scattering effects. In this 
energy range, the photoelectron is strongly scattered by 
the surrounding atoms. We have adopted the short-range 
approach which was extended to the XANES range by 
including multiple scattering events. 

Aldea et al. [1, 2] showed that the K or L~ absorption 
edges arise mainly from transition of electrons initially in 

the ls or 2s core level to empty levels above the Fermi 
levels (s ~ p), and the Ln and LIn edges are due to elec- 
tron transitions from 2p levels (p--* d). For  this reason, 
XANES contains more information on relative orienta- 
tions and bond angle of atoms surrounding the absorp- 
tion atom. The absorption coefficient is described in 
terms of XANES spectra. With it, we can estimate the 
density of states, the binding energy and the catalytic 
activity. 

2. The theoretical background 

The calculations were carried out following the formu- 
lation developed by Fujikawa et al. [31 and Kitamura 
et al. [4]. The absorption coefficient #(E) is expressed in 
terms of the XANES Z, the Fermi distribution f iE)  and 
density of states N(E)  as follows: 

* Corresponding author. 
#(E) = ~I (LIz]Lo)[2  N(E)[1  + x(E)] [1 - f ( E ) ] .  
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The XANES function is given as a sum of the following 
four equations: 

zI(E) = 29~{So,lxo)}, (2) 

z2(E) = 8~ ~J~ 

z3(E) = E E I  s~LI2, (4) 
~t L 

x4(E) = 47t ~ ~ i'~jl~(kR~p) 
ct~ fl L ~ , L 2 . L ~  

x YL~(/~O,,)C~(L3, L11L2)S~L2S~,L,, (5) 

where R~a = R , -  Ra, and the abbreviated notation 
SoL = I T ( 1 -  T)-1],L:0~:0) is used. The symbol 9/ 
means the real part of the bracket. The supermatrix 7 ~ 
describes the propagation of the photoelectron between 
atoms ~ and fl sites and has the following elements: 

['/~]0tL;BL' = t~(k)GLL'(R~ -- Ra) (1 -- 6g~.Ra). (6) 

Here t7 and GL'L (R) are the partial scattering amplitudes 
for the potential scattering at atom ~ and the angular 
momentum representation of the Green function, respec- 
tively, 

tI(k) = - -  ( e  2 i~(k)  - 1)/2ik, (7) 

GL'L(R) = -- 4rtik E i r'( _ 1)l-v+m' 

x f¢(L, I' -- m'll")hl,9(kR) Y*',m-m', (8) 

where hl t) is the spherical Hankel function of the 
first kind, Y* is the conjugate of complex spherical 
harmonics and f¢(L1, Lz[L3) is the Gaunt coefficient 
defined by 

C~(L1, L2 IL3) = fY*~(f)YL,(f) YL~(f)df. (9) 
d 

The quantity ~LI(LIzILo )[z reduces to l(10lzl00) 12 and 
its value was calculated by Miller et al. [5]. Fujikawa 
et al. and Kitamura et al. have employed this theory for 
determining Ge K-edge XANES of GeC14, respectively, 
Cl K-edge for SrClz and CsCI I-3, 4]. 

3. The description of the programs 

This program package consists of four programs 
which may be run interactively between the user and 
a batch command file in sequential or selective mode, 

depending on the user's needs. The programs package 
has the following tasks: 

(i) The muffin tin potential for Ni crystallites is cal- 
culated by Lrwdin and Mattheiss approximation [6]. 
The necessary structural parameters have been obtained 
by processing the XRD and EXAFS experimental spec- 
trum and electronic densities were calculated by Herman 
et al. [7]. The muffin tin potential Vm~ is characterized by 
muffin tin radius Ro and muffin tin zero V0. The imagi- 
nary part values of optical potential Voi for transition 
metals have been calculated by Pendry [8]. 

(ii) The calculation of the logarithmic derivatives is 
based on the muffin tin potential elaborated in the pre- 
vious step. The integration of the radial Schrrdinger 
equation has been done by the Numerov procedure. 

(iii) The phase shift function is given by relation 

. ~ k j ; ( x ) -  L,(x)jt(x) ] 
6,(k) = a t a n ~  L,(x)nt (x)J '  (10) 

where x = kRo, jl(x) and nt(x) are spherical Bessel and 
Neumann functions, Lt(x) are logarithmic derivatives 
and Ro is the muffin tin radius which is taken to be half 
the minimum distance between the nearest atoms. This 
task can also calculate the complex phase shift function 
by using Pendry's expression 

f i d E - V o - i V o i )  "~ 6 t ( E -  V o ) - i V o i  d b t ( E -  V°). (11) 
dE 

In order to see the contribution of partial wave scattering 
to K XANES signal, we calculated the total cross-section 
X(k) for the muffin tin potential constructed by the first 
code, using the relation 

X(k) = ~-v'~" )'(21 + 1)(1 - e-2"~'(k'cos(2916,(k))), (12) 

where 56t(k) means imaginary part of the phase shift 
function. 

(iv) The main part of this programs package consists 
in determining the K XANES function by the short- 
range-order multiple scattering theory. Input data are 
formed by the following information: 

(a) the phase shift function, the real part and the imag- 
inary part; 

(b) the geometrical data cartesian coordinates for each 
atom from cluster must be expressed in fractions of lattice 
parameter; 

(c) the maximum number of coordinate shells; 
(d) the range of energy, Em~., AE, E m a x ,  

(e) the Debye-Waller factor; 
(f) the dumping factor. 
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4. Results References 

In the calculation of x(E), the size of the supermatrix 
should be truncated at a certain finite size N, which is 

given by (/max + 1) 2 Natom where Natom is the total number 
of the atoms from cluster. Here we calculated the 
K XANES of Ni crystallites based on structural para- 
meters determined by EXAFS spectroscopy, for/max = 2, 
and the maximum cluster size Smax to the third coordi- 
nation shell; thus N . . . .  = 43, (S . . . .  /max) = (3, 2) and the 
supermatrix dimension is 387. Based on these numerical 
results and the experimental K XANES spectra we can 
calculate the density of states of the crystallites used in 
determining the binding energy and the catalytic activity. 

The calculations were made on S U N  SPARC Station 
at International Centre for Theoretical Physics from 
Trieste, high speed storage required is 1.4 Mbytes and 
running time in the batch queue system was about 10 h 
for hundred values of the energy. 
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