Journal of Physics: Conference

Series
OPEN ACCESS You may also like

. . . - Bond compressibility and bond Griineisen
Local structure information by EXAFS analysis pamelers o CaTe

P Fornasini, R Grisenti, T Irifune et al.

using two algorithms for Fourier transform

- Large negative thermal expansion of the

| I t Co subnetwork measured by EXAFS in
caiculation highly disordered Nd, Co_thin films with
perpendicular magnetic anisotropy
J Diaz, R Cid, A Hierro et al.
To cite this article: N Aldea et al 2009 J. Phys.: Conf. Ser. 182 012056 ) _ ) )

- Low-dimensional systems investigated by
x-ray absorption spectroscopy: a selection
of 2D, 1D and OD cases
Lorenzo Mino, Giovanni Agostini, Elisa
Borfecchia et al.

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.142.197.198 on 10/05/2024 at 19:25


https://doi.org/10.1088/1742-6596/182/1/012056
https://iopscience.iop.org/article/10.1088/1361-648X/aac188
https://iopscience.iop.org/article/10.1088/1361-648X/aac188
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0953-8984/25/42/426002
https://iopscience.iop.org/article/10.1088/0022-3727/46/42/423001
https://iopscience.iop.org/article/10.1088/0022-3727/46/42/423001
https://iopscience.iop.org/article/10.1088/0022-3727/46/42/423001
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjst6LvvhDgHU_uXjQAbOj4HegXdrwHZZio__h5V5hX7S60aeg81hR0DPeGB7ZKrDMM0awjEFjJH-5DRYsidCVMoOSv6yR8cWS5bc2OPFkPUezFxM1y_MYaf2TbI769ecHnS5QK58Sk5PQ5dRvRQpD8Kv8zdzdQbHuUKJFGj9DjI1DaKM_Sp5gbLJnb3Cxg3ME37Hje5WsyGncA01r2BNAtup7pc7qp1kpABOwprDGuK-XaDtGG8jsk3z3Ddai1xXJkeL13E21er4UgHaQ9a4bc8Naj5W_wiHmVPxx6Ainq7yMFkJfMvdkW-WG4VsxTath9FDhJVBcwvuzSbq3_M5ie-qs9IaCQ&sig=Cg0ArKJSzFwlejFq05Uv&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

Processes in Isotopes and Molecules IOP Publishing
Journal of Physics: Conference Series 182 (2009) 012056 doi:10.1088/1742-6596/182/1/012056

L ocal structureinformation by EXAFS analysis using two
algorithmsfor Fourier transform calculation

N Aldea’, SPintea’, V Rednic', F Matei®, Hu Tiandou® and Xie Yaning®

! National Institute for Research and Development of Isotopic and Molecular
Technologies, 65-103 Donath, 400293 Cluj-Napoca, Romania

2University of Agricultural Sciences and Veterinary Medicine, 3-5 Calea Manastur,
400372 Quj-Napoca, Romania

®Beijing Synchrotron Radiation Facilities of Beijing Electron Positron Collider
National Laboratory, People's Republic of China

E-mail: nicolae.aldea@itim-cj.ro

Abstract. The present work is a comparison study between different algorithms of Fourier
transform for obtaining very accurate local structure results using Extended X-ray Absorption
Fine Structure technique. In this paper we focus on the local structural characteristics of
supported nickel catalysts and ;B¢ core-shell nanocomposites. The radial distribution
function could be efficiently calculated by the fast Fourier transform when the coordination
shells are well separated while the Filon quadrature gave remarkable results for close-shell
coordination.

1. Introduction

The X-ray absorption spectroscopy (XAS) can yield several characteristic of the studied material: the
electronic and structural information about the local environment around a specific atomic constituent
in the amorphous materials [1-2], the location and chemical state of any catalytic atom on any support
[3] and the nanoparticle size of the transition metal oxides [4-5]. Extended X-ray absorption fine
structure (EXAFS) is a scattering technique in which a core electron ejected by an X-ray photon
probes the local environment of the absorbing atom. The ejected photoelectron backscattered by the
neighboring atoms located around the absorbing atom interferes constructively with the outgoing
electron wave depending on its energy. The energy of the photoelectron is equal to the difference
between the X-ray photon energy and a threshold energy associated with the ejection of the electron.

2. Theoretical background
The interference between the outgoing and backscattered electron waves has the effect of modulating

the X-ray absorption coefficient. ThEXAFS function x(k) is defined in terms of the atomic
absorption coefficient by:
K) — 1, (K
X(k)zw 1)
Ho(K)
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wherek is the electron wave vecto(k) refers to the absorption by an atom from the material of
interest anduy(k) refers to the absorption by a free atom. Theories of EXAFS based on the single
scattering approximation of the ejected photoelectron by atoms in immediate vicinity of the absorbing
atom give the following expression fgtk) [6]:

x(k) = A (K)sin2kr, +8, k)| )

where the sum extends oy&rcoordination shellr; is the radial distance from thi€ shell andg(k) is
the total phase shift function. The amplitude func#R) is given by:
A K| e dz 14 (0-Kk20?2] ()

j(()_ F ((rjﬂ)ex j j( )_ aj

J

In this equatiorN; is the number of atoms in tjfshell, & is the root means squares deviation of
distance about;, F(k,r,7) is the backscattering amplitude af(k) is the mean free path function for
inelastic scattering. The backscattering factor and the phase shift depend on the kind of atom
responsible for scattering and its coordination shell [7]. The analysis of EXAFS data for obtaining
structural informationlflj, r; g, A (k)] generally proceeds by employing the Fourier transform. The
radial structure function (RSF) can be derived frpig. The single shell may be isolated by Fourier
transform:

D)= Tk“ X kK WF K )exp(-2ikr)dk. (4)

The EXAFS signal is weighted i) (n = 1, 2, 3) to get the distribution function of atom distances.
Different apodization window®/~(k) are available as Gauss or Hanning. For experimental reasons it
is not possible to cover the fuft,+0) wave vector interval. If we take into consideratian and

Ak as mesh values for variableandk and we consideX values ofk variable, then between meshes
Ar and Ak there is following relation:

1
Ar=———. 5
NAk ®)
With these assumptions the general relation for discrete Fourier transform is given by
N/2-1 7
O(nAr) =Ak Y h(mak) exp(— ZmNm”) (6)
m=—N/2

where h=k"YWF andn=0,N - 1. The fast Fourier transform algorithm [8] was developed based on

relation (6) and was successfully used in many applications. Advantages and limits of this algorithm
are treated in reference [9]. Beside this algorithm we also implemented in our software package a
generalized Filon quadrature [10] for direct and inverse Fourier transform calculation. The following
relations give the real and imaginary parts of the Fourier transform:

jxt h(k) cos27kr dk = Ak [a(27r k) (hy, sin27k,,r —h sin27k,r )+ B(2mAK)C,, + 2mak)C,, ] (7)

Li h(k) sin27kr dk = Ak [a(2718K) (h, cos27k,f — h,, cos27k, 1)+ B(2rmAK)S,, + 271AK)S,, | (8)

where
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i=1
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S, = Zn: h, sin(2nk2i ) - % [h2n sin(2nk2n) —h, sin(2nko)], S Zn: hyi Sin(2ﬂk2i —1)

i=0 i=1
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If 0<8<1, functionsa, fand y can be successfully approximated by:

26° 26° 297 2 ¥ & B° 4 & 6 6°
g=—-—-——+— [=—+ - + %/z— + — .
45 315 4725 3 15 105 56 3 15 210 11

3. Experimental
The transmission EXAFS measurements were carried out in the 4W1B beamlines at the Beijing

Synchrotron Radiation Facilities (BSRF) operating at 50-80 mA and 2.2 GeV at room temperature.
The features of 4W1B beamline are: energy range of 3.5-22 keV, energy resoluiibr-@.5-2 eV

a E = 10 keV, Bragg angle range of 5-70°, the crystals Si(111), Si(220) and Si(311) can be
alternatively used. R®, powders with 99.98% purity and Ni nanoclusters supported &b; @eated

at 350°C were used as test samples. Atomic concentration of Ni and Cr were 85%, respectively 15at%.
Harmonics were rejected by detuning of monochromator. Absorption coefficients of Fe and Ni K
edges were determined using a Si(111) double-crystal monochromator. lonization chambers monitored
the X-ray intensities of incident and transmitted beams. Special care was taken in sample preparation,
especially for the thickness and homogeneity of the samples, in order to obtain high quality absorption
spectra. All samples were ground to fine powder and homogeneously dusted on scotch tape. We used
for absorption coefficients measurements, the energy scanning range from 6994 eV to 8108 eV and
8200 eV to 9300 eV for F®, and Ni/CpO; nanosystems, respectively. The EXAFS analysis of the
absorption coefficients was processed with computer codes EXAFS51 to EXAFS56 [11] from our

library.

4. Resultsand discussion
The structure of R®, nanoclusters is an interesting problem from EXAFS perspective because it

involves three types of absorbers: the tetranedrd) fhe octahedral Béand octahedral Fé
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Figure 1. The EXAFS signal of Fe K edge for Figure 2. The EXAFS signal of Ni K edge for
investigated sample. investigated sample.
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The extraction of EXAFS signals requires several steps: calculation of the threshold energy of Fe and
Ni K-edges, background removal through pre-edge and after-edge base line fitting with different
possible modelling functions, anpgd(k) andu(k) evaluation. In accordance with equation (1) EXAFS
signals were processed for intervals 37.5-160"remd 15.5-161.9 nihfor FeO, and Ni as test
samples.

In order to obtain the RSF we use equation (4). The mean Fe-O distances of the first and the second
coordination shell for standard sample at room temperature are close to vaRjes @fL89 nm and
R, = 0.209 nmBy taking into account this very small difference betwegrR, and the discrimination
steps,dk and4r of y(k) and®(r) functions given by relation (5), we conclude that it is not possible to
obtain a reliable resolution for the RSF. This means that the first and second shells are overlapped or
only partial separated.

To avoid this disadvantage we developed the Filon algorithm for calculation of the Fourier
transform described in relations (7-8). Based on this procedure the Fourier transféfpgk)\of- (k)
performed in the interval 0.01-0.5 nm, are shown in figure 3 for standa@} pewder. Each peak
from |@(r)| is shifted from the true distance due to the phase shift function that is included in the
EXAFS signal. In the standard sample, the iron ions'[Fend [Fé*, F€"] from tetrahedral and
octahedral structure are surrounded by four and six oxygen aniéhsrf@pectively. In the EXAFS
measured spectra these three contributions are averaged.

By analyzing figure 3 we can observe the advantages of Filon quadrature in comparison with the
fast Fourier transform algorithm. The peaks associated with the coordination shells have a much better
resolution than FFT algorithm. Another important advantage consists in the large number of point
pairs for each peak. This result is very important, for statistical reasons, in the numerical analysis of
the coordination number and the radius values of the coordination shells based on the inverse Fourier
transform technique.
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Figure 3. The Fourier transforms of the EXAFSFigure 4. The Fourier transforms of the EXAFS
spectra of FgO, system (Filon quadrature -solidspectra of supported Ni catalyst calculated by
line, FFT algorithm - dashed line and +). Filon quadrature and FFT algorithm.

The Fast Fourier transform method gives poor results when analyzing the close coordination shells
because the peaks of the radial structure function from figure 3 have a poor resolution. Therefore they
cannot be used in the calculation of the local structure parameters for systems that have close
coordination shells. They contain one or more types of atoms distributed at two or more unique
distances differing by 0.05 nm or less. Using Filon quadrature we obtained for the first and second
coordination shell§N; = 3.11+ 0.009 atomst; = 0.189+ 0.001 nm and\, = 5.15+ 0.01 atomsr, =
0.209+ 0.001 nm, respectively. Generally speaking, such subshells are not resolved in the fast Fourier
transform of the EXAFS spectra and can not be well analyzed by Fourier filtering technique. Other
methods such as the regularization and the beat methods [12-14] in combination with the fast Fourier
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transform of RSF are reported in literature. The results based on the last methods are more or less
reliable.

Figure 4 shows the radial distribution function for Ni supported ogOL{nanocrystallites
calculated by both Filon quadrature and fast Fourier transform algorithms. Because the first and the
second coordination shells are not cloBe= 0.2491 nm andR, = 0.3524 nm, they can be well
separated by both algorithms. By using the similar procedure for the local structural parameters we
obtainedN; = 9.32+ 0.11 atomsr; = 0.25+ 0.06 nm,N, = 4.46+ 0.02 atomsr, = 0.3520.01 nm,
respectively. The meaning of the window function for each algorithm is also presented. Various types
of window functions such as Hanning or Gaussian reduce the spurious errors due to integral truncation
but they involve a broadening for each contribution.

5. Conclusions

In the present contribution we showed how various Fourier transform algorithms with their specific
advantages apply to EXAFS analysis and what extra information can they add to understanding the
nanostructure of the magnetite and supported nickel catalysts. The following conclusions can be drawn
from these studiesi)(Filon quadrature can be successfully used for determination the local structure
of the close-shell systems as magnetite while the fast Fourier transform algorithm gives unreliable
results for this caseii] the classical fast Fourier transform method gives good results when the
investigated samples are not close-shell systems as supported metal catalysts.
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