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Abstract : A fine structural description of the local order around zinc and tin atoms of a bmary metal oxtde 
catalyst, namely SnOs-ZnA120JA1203 which can be used as a DeNO, catalyst, is achieved through XAS (X- 
ray absorption Spectroscopy) and AWAXS (Anomalous wtde angle X-ray scattering). The analysis ofthe data 
was supported by ub rnitio calculations based on the multiple scattering processes for the XAS spectroscopy 
and ab inrrro calculations based on the Debye equation in the case of anomalous scattering We found that the 
tetrahedral sites occupied by the zinc atoms are not completely filled and that part of the zinc atoms are 
engaged in a SnOr like structure. Also, It seems that most of the tin atoms are engaged in tin dioxide clusters 
For the set of in situ XAS experiments done at the K Zn edge and K Sn edge, no sigmficant modification of 
the interatomic distances around each of the two metals versus the reactive gases are measured. Taking into 
account the prevtous results obtained on the monoxide metal supported catalyst Z~IA~~O.+IA~~O~, we can 
assume thus that only a dramatic lack of occupancy on the metal site favours an incursron of light atoms in the 
network. This structural property can explain in return the expanston of the crystallographic cell as well as a 
significant increased ofthe Debye-Wailer factor associated to zinc-zinc pairs 

R&m6 : Une description d&aillee de I’ordrc local amour du zinc et de Main est effect&e sur un catalyseur 
SnOr-ZnAIrO~Alr03 par deux techniques specitiques au rayonnement synchrotron, la spectroscopic 
d’absorption X et la diffractton anomale. Une attention parttculite est port& sur I’analyse des don&s. En ce 
qui conceme la spectroscopic #absorption X, celle-ci s’effectue par le biats de logictels prenant en compte les 
processus de diffusion multiple du photoelectron. La simulatton numerique des differentielles obtenues par 
soustraction des diagrammes de diffraction s’effectue a partir de I’equation de Debye en tenant compte des 
fluctuations du facteur de diflirsion atomique en fonctjon de I’energie du photon incident. Le jeu de resultats 
ainst recueilli permet une mesure precise de Vetat electronique du zmc, du taux d’occupation des sites 
t&a&iriques ainsi que de la taille du cristalhte de I’oxyde etudit. Se basant sur des resultats pr6c6dcnts 
inherents au monom&allique ZnA120JA120,, nous discutons I’importance du caractcrc lacunaire en zmc du 
catalyseur et la relation existant entre cette specificit et la modification des pammetres structuraux enregistres 
h haute temperature. 
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1. INTRODUCTION 

In order to control the emissions of nitrogen oxides in the flue gases from cars [ 1,2] as well as 
from power plants and stationary sources, different families of materials have been developed 
[3,4]. More precisely, several works deal with the catalytic behaviour of spine1 materials [see for 
example ref. 51 but only a few ones try to link their specific catalytic properties to structural 
characteristics. In a previous work [6], a Xas (X-ray absorption spectroscopy) [7,8] - Awaxs 
(Anomalous wide angle X-ray scattering) [9,10] combined approach [ 11,12,13] was used for the 
supported system ZnA1204/Al203. 

The use of this experimental approach [ 14,151 knows now a tremendous expansion with 
the development of experimental set-ups completely dedicated to study such low-ordered 
materials and equipped with special reaction cells in order to mimic different chemical reactions 
[ 16,171. The different publications in the field of heterogeneous catalysis [ 18,191 for example 
demonstrate clearly that these in situ studies are mostly important as they provide essential 
information on the real catalyst and temperature as well as the nature of the reactive gas are there 
parameters to take into account [20,21]. 

For the supported system ZnA1204/Alt03, this family of compounds has been the subject of 
several studies since it has been used for adsorption and conversion of methanol [22,23]. In our 
case [6], among the different key results, we have found a significant lack of occupancy on the 
tetrahedral zinc site. This structural characteristic seems to favour an incursion of light atoms in 
the zinc network which can explain in return the expansion of the crystallographic cell associated 
to zinc atoms as well as the significant increased of the Debye-Wailer factor associated to zinc- 
zinc pairs. 

Here, through a study of a binary metal oxide supported system Sn02-ZnAIz04/A1203, we 
want to evaluate the influence of the second oxide metal namely SnO;! on the spine1 like 
environment of zinc. More precisely, we would like to determine if the expansion of the 
interatomic distance Zn-Zn at 3.50 8, as well as the dramatic increase of the Debye-Walter factor 
associated to Zn-Zn pairs are still measured at 500°C for this binary metal oxide. In a same way, a 
similar approach is done for the tin atoms in order to describe the phase in which these atoms are 
engaged. Following the same procedure used for the ZnA1204/A12G3 sample [see for more details 
reference 61, the supported catalytic system SnOz-ZnA1204/u,-A120s which have been selected for 
this study has been provided by Rhodia. 

2. EXPERIMENTAL SECTION 

2.1 X-ray Diffractometer 

Classical X-ray powder pattern were recorded at the Centre de Recherches de Rhodia in 
Aubervilliers by using Cu Ka radiation (i= 1.5418 A) generated at 40 KeV with a current of 40 
mA on a vertical X-ray diffractometer (Philips PW 1800). This apparatus was equipped with 
automatic variable slits, diffracted beam graphite monochromator, proportional counter, and pulse 
height analyser. A scan speed of 0.2” 201s was used. 

Diffraction experiments [9] were also done at LURE (Laboratoire pour ‘Utilisation du 
Rayonnement Synchrotron), the French photon factory in Orsay using the synchrotron radiation 
from the D.C.I. storage ring running at I .85 GeV with a current of 300 mA and a time life of 200 
hours. The diffraction diagrams were collected on the W 3 1 wiggler beamline equipped with a Si 
111 double crystal monochromator. The energy calibration was made by recording the 
fluorescence of the sample and compare to Xas measurements done in transmission. To limit the 
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variation of the absorption coefficient, e/2e scanning in the range 0.5~ q<8.5A’ was performed at 
9200.eV and 9661. eV and thus below the zinc K edge . 

The incident beam was limited by an entrance slit of 2 mm * 4 mm and monitored by an 
ionisation detector. The scattered beam was collected by a 12 pixels solid state detector which 
allows to register simultaneously 12 spectra at each angular scan. This experimental improvement 
compared to the classic NaI scintillation detector yield, in about 8 hours of measurements 
differential intensities with a low noise level of a few per cent even for a low concentrated atomic 
species material [24]. 

2.2 Electron Microscopy 

The electron microscope used was a JEOL 100 system with a Kevex energy dispersive X-ray 
spectrometer for the AEM analysis. The samples for electron microscopy were made using a 
microtomy device. The microscope was operating at different direct magnification. 

2.3 Xas Spectrometer 

The Xas spectra were performed at LURE on the Exafs IV beam line positioned after a bending 
magnet [25]. The X-rays were monochromatized by two silicium (311) single crystals for the 
zinc K edge and by two germanium (400) for the tin K edge. This monochromator, operating with 
1 mm vertical slits, has an energy resolution at 1OKeV of 2.3eV and at 30KeV of more than 10. 
eV. The incident 10 and transmitted 11 intensities were recorded by use of two ionisation chambers 
filled with argon (for the zinc K edge) or krypton (for the tin K edge). Calibration of the different 
experiments were made with a reference zinc metal foil (9659.eV) or a reference tin metal foil 
(29200.eV) using the reference X-ray spectra of different metal foils. 

The catalysts were in powder form screened to 100-200 tun and the Xas spectra were 
recorded by placing appropriate quantity of the sample in thin carbon frame. Details on the 
different apparatus used in this study can be found in reference 26. The absorber thickness of the 
different samples was chosen such that @ = 1 (p is the linear absorption coefficient, x is the 
thickness) for the zinc K edge and such that px = 0.6 for the tin K edge. Finally, particular 
attention was taken in order to make the samples of homogeneous thickness. 

The Exafs oscillations were extracted according to a classical procedure. Background 
subtraction, normalisation by the jump height at the K edge of the raw data, Fourier Transform 
(F.T.) uncorrected from phase shift were performed using the program written by A. Michalowicz 
[27]. Numerical refinements have been done using a simplex code [27] or using FeFF fit [28]. 
The shell occupation number and disorder parameters are highly correlated typically prevented 
the coordination number from being determined to a precision better than 21. The error in bond 
length is estimated to be of the order of +0.03,& for the nearest neighbour shell. For all 
simulations, the edge shift AE was maintained at a value less than 4 eV [29]. During the chemical 
treatment, the catalyst is treated under a flow of 330vpmN0/330vpmC& 
/370vpmCO/ll%Oz/1 l%COz/balance Nz for a VVH of 10 000 h-l for the experiments done at 
the zinc K edge and 2 000 h“ for the experiments done at the tin K edge. Control of the flow is 
done by measuring the pressure and the massflow after the sample. The temperature of the sample 
was then increased up to 500°C and the Xas spectra were recorded in situ at different 
temperatures (3O”C, 3OO”C, 4OO”C, 5OO”C, 30°C) at the Zn K edge and at the Sn K edge. A 
similar experiment has been done without the reactive gases mixture in order to distinguish 
between the effect of the two parameters (gases and temperature). On line data analysis up to the 
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Fourier transform was used in order to check that the chemical reaction was proceeding. It shows 
that under our experimental conditions, 2 hours was sufficient to complete the reactions. 

3. THEORETICAL BACKGROUND 

3.1 Theory of Anomalous Wide Angle X-ray Scattering 

The ordinary X-ray scattering methods are not atom selective, so that the scattering effects from 
the oxide particles and the support superpose. They can be separated reliably only if the 
diffraction peaks associated with the catalyst particle are sufficient sharp and the scattering from 
the support sufftciently featureless. This limitation can be avoid easily by using the anomalous 
scattering technique for which we recall now some basic aspects [30,3 1,321. Assuming a random 
(powder) arrangement of the structure with respect to the incoming X-ray beam, for a multiatom 
system, the intensity of coherently scattered X-rays is given by 

I(q) = Z, C, Us) f;(q) sintqRJqR, with f(q)=fo(q)+f(E)+if”(E) (1) 

In this equation, I(q) is the angle dependent intensity from coherent scattering, the sums 
over i and j arc over all the atoms, R,, being the distance between the atom i and j and f, and fJ 
being the angle dependent atomic scattering factors. Thus, for a structure in which all of the 
atomic positions have been specified, the diffraction intensity can be directly calculated using the 
Debye equation [ 111. 

Anomalous scattering methods use the variation of the atomic scattering power as a 
iunction of photon energy near inner shell absorption edges. For the classical part, fc(q), we use 
the Cromer and Mann parameters [33]. Moreover, special attention is paid for the determination 
of the dispersive factor f “ [34] which was carried out using also the photoelectronic cross section 
u and the optical theorem and the evaluation of f which was made using the Kramer+Kronig 
relationship (see for details ref. 35 and 361. Finally, for the analysis part, we will proceed to a 
precise comparison between the experimental signals and numerical simulations [ 11,37,38]. 

3.2 Theory of the X-ray absorption spectroscopy 

The different aspects -of the analysis procedure of experimental Exafs data have been already 
discussed in details [39] and particularly the necessity to take into account multiple scattering 
processes [40, 411. In these conditions, the Exafs spectrum is written as a sum of different 
multiple scattering contributions and each such contribution can be written in the form 

X”(k) = ~0%) exp (-L,,&-2k2d) and X0”(k) = F,(k) sin&+&,(k)) (2) 

here n represents different single or multiple scattering paths and L, is the total path length. F,(k) 
and e.(k) are the amplitude and phase which depend on k, on the scattering path involved and on 
the atomic potential parameter. 

Above the lirst shell, multiple scattering contributions cannot be systematically neglected 
and may in certain cases even be dominant. More precisely, multiple scattering contributions 
cannot be neglected in the case of the reference compound ZnAl204 [6]. 
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4. REFERENCE COMPOUNDS 

Results regarding the reference compound ZnA1204 have been already presented [6,42]. We just 
recall that in this phase the zinc atoms occupy a tetrahedral site and are thus surrounded by 4 
oxygen atoms situated at 1.95 A. The second coordination sphere is made of aluminium atoms 
(N= 12 at R = 3.35 A), oxygen atoms (N = 12 at R = 3.39 A) and zinc atoms (N = 4 at R = 3.50 
A). For the tin dioxide, figure 1 shows the classical XRD diagram (k = 1.54 18 A) from which the 
structural parameters have been extracted using a Rietveld method (table I). The different 
structural results obtained in this study are in line with the previous data given by A. Winchella 
et al. [43]. 

Rg 2b 

-.- 2 4 6 8 10 12 14 
k(A ‘) 

Figure 1: Classical difTraction diagram (Ime) and its Rietveld simulation (dots) for the compound SnOz. 
Diagramme de diffraction (hgne) et sa simulation Betveld (pomtille) pour le compose SnO2 

Figure 2: Exafs modulations (Fig 2a) and F T. Modulus (Frg 2b) at the K Sn edge of the compound Sn02. 
Modulations Exafs et transformee de Fourier obtenue au seuil K de I’&ain pour le compost SnOl. 

Table I : Structural parameters obtamed for the reference compound SnOz through a numerrcal srmulation of the 
expertmental diagram using a Rietveld method. 

Pammetres structuraux obtenus pour le compose SnOz ii partir de la simulatron Rmtveld du dlagramme 
de diffraction. 

c = 3 18624(5 j 
Atoms Y 

i:,,:,“,. 
B,, (A) 

Sn 0.59(2) 
0 0.3034(7) 0.7(l) 

0 3034(7) 
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Figure 2a shows the Exafs modulations after the K edge tin (29200 .eV) of the tin dioxide 
reference compound as a function of energy after removing the background. F.T. modules of the 
experimental data compare to the numerical simulation (gathered in table 11) have been plotted 
also on figure 2b in order to show the high quality of the numerical simulation. 

Table II ; Structural parameters which were used in the fitting procedure of the Exafs modulations associated to the 
reference compound spinelle 9102. 

Paramktres structuraux obtenus par simulation num6rlque des modulations Exafs du spectre d’absorption X 
collect& au Seuil K de Main pour le compod SnOZ. 

5. EXSITU RESULTS 

We first discuss the results observed on the air exposed sample, the SnOz-ZnAlzOdAl203 
catalyst, which readily reveal some unusual structural characteristics. 

5.1 Electron Microscopy 

A direct examination of the catalyst with the conventional transmission electron microscope 
gives evidence of different phases. On a transition alumina which seems to be of r type, a non 
homogenous distribution of the zinc atoms is measured. Moreover, grapes of dioxide tin clusters 
are detected for which the diameter is around 6 nm. These classical observations have been 
completed by fluorescence measurements which seems to show that tin atoms and zinc atoms are 
completely demixed as far as fluorescence photons can be detected. 

5.2 X-ray diffraction 

Figure 3 shows the total normalised diffraction pattern obtained at one wavelength (h = 
1 ~5418 A) taken on the classical set up. It is characteristic of a modified alumina with some small 
features which can be attributed to nanometric size clusters of tin dioxides, namely the diffraction 
peaks 110, 101 and 211. A simple analysis can be done regarding the diffraction pattern part 
associated to Sn02 clusters. The classical Scherrer formula which relates the size of the cluster to 
the width of the diffraction peak gives a diameter of 2 nm, the measurement being done on the 
(110) diffraction peak. This rough value is confirmed by numerical simulations of the diffraction 
diagram using the Debye equation [44] and which show that the presence of a secondary feature 
cannot be associated to smaller clusters (figure 3). Note that this value of 2 nm is far from the 
value given by the electronic microscopy equal to 6 nm. At this step of the analysis, this 
discrepancy can be explained by the existence of a size distribution, the electronic microscopy 
visualising mostly the bigger particles. 
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Figure 3: Classical XRD diagram of the catalyst Sn0,-ZnA120~AlA1203 compared to ab nutlo calculations of Sn02 
cluster having different diameters: I 1 ,k, line; 15 A, dots ; 20&zircles; 26A,diamonds 

Diagramme de diffraction du catalyseur SnOrZnA120.+/A12~ cornpad a diffkrentes simulations 
correspondant ii des agrdgats de Sn02 de diffkents diamktres : I I A, ligne; 15A, points , ZOA,cercIes; 26A,diamants. 
Figure 4a: XRD diagram of the catalyst SnOz-ZnA1204/A1203 collected at two energies E= 9200. eV (dots) and 
966l.eV (line). 

Diagramme de diffractIon du catalyseur SnO*-ZnA1204/AI,03 collect6s a deux 6nergies E= 92OO.eV 
(points) and 9661 .eV (ligne) 
Figure 4b: Differential intensities of the catalyst (dots) compared to the kfference m scattered intensltles obtained 
for the reference compound ZnA1204 (line) for which the major features have been indexed. 

Mensite diffkentielle de I’&hantillon SnOZ-ZnA1204/A1203 (points) compare & celle du composC de 
r&rence ZnAlt04 (ligne). 

In order to get information relative to the zinc atoms, we have performed two dieaction 
patterns on a wiggler beam line at two energies just before the Zn K edge for which the energy is 
at 9664. eV, its electronic state being 2+. The intensities measured at these two different energies 
(E = 9200. eV and 9661 .eV) are plotted on figure 4a. Figure 4b shows the Das pattern obtained by 
subs&acting the normalised scattered. Due to the low concentration of zinc and,also a rather weak 
change in the scattering factor (of is assumed to be equal to approximately), the Das pattern is 
obviously more noisy. From a rough comparison between the differential associated to the 
catalyst and the differential obtained for the reference compound ZnAlzO4, it is clear that the local 
order around zinc atom is spine1 like. 

5.3 Xanes and Exafs results 

Figure 5a shows the near edge region at the Zn K edge of the catalyst compare to the near 
edge region associated to the model compounds zinc monoxide and the spine1 ZnAl204. Figure 
6a displays the near edge region of the absorption spectrum collected at the Sn K edge for the 
model compound Sn02 and for the catalyst. For these two elements, it is seen that the structure 
features above the edge between the catalyst and the reference compounds (ZnAl204 and SnOz) 
are very similar [45]. Thus, the electronic state of Zn atom is 2” and the electronic state of Sn 
atom is 4+. 
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Figure 5 : Xanes (FigSa) and F.T. modules (Fig Sb) at the zmc K edge of the catalyst (square) compare to the near 
edge region associated to the model compounds ZnO (dashes) and ZnA1204 (line). 

Xanes (Fig Sa) et Modules de transformde de Fourier collect& au seuil K du zmc de I’echantillon 
(car&,) et des compos& de r6ference ZnO (hgne-poutt) et ZnA1204 (Itgne). 
Figure 6 : Xanes (6a) and F.T. modules (Ftg 6b) at the Sn K edge for the model compound SnOs (hne) and for the 
catalyst (dots). 

Xanes (Fig Sa) et Modules de transform&e de Fourier collect& au seuil K de Wtain de I’bhantillon 
(pomta) et des compods de &f&ewe SnO, (ligne) 

Table III : Structural parameters which were used in the fitting procedure of the Exafs 
modulations associated to the catalyst Sn02-ZnAl204/Al20s at the Zn K edge for the first set of 
experiments. 

Pammetres structuraux obtenus au seuil K du zinc pour le premier jeu 
d’expkriences effect& sur kkhantillon Sn02-ZnAl~04/A120s. 

The F.T. obtained at the Zn K edge for the catalyst at room temperature is presented in 
figure 5b. The best-fit calculated Exafs parameters characterising the local environment of zinc 
are summarised in table III. The present Exafs analysis confirm the previous results obtained 
through the Xanes part. The F.T. associated to the catalyst is very similar to the F.T. of the 
reference compound spine1 ZnAlzO4 and is characterised by a first peak at 1.7A attributed to Zn- 
0 bonds. The numerical simulation gives for this first shell 4 oxygen atoms at 1.95A. The second 
feature (peak b) of the modulus is assigned to different kind of bonds namely . Zn-Al (N = 10.9, 
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R = 3.35A), Zn-0 ( N = 10.3 R= 3. 3961) and Zn-Zn (N = 2., R = 3.5OA). These two major 
features are thus a clear fingerprint of a spine1 like local order around zinc atoms. The numerical 
simulations give a more quantitative point of view and clearly, the main result comes from the 
number of zinc-zinc bonds situated at 3.50 A which revealed a weak occupation of tetrahedral 
site. 

Table IV : Structural parameters which were used in the fitting procedure of the Exafs 
modulations associated to the catalyst Sn02-ZnAl~04/Al~0~ at the Sn K edge for the first set of 
experiments. 

Parametres structuraux obtenus au seuil K de Main pour le premier jeu 
d’experiences effectue sur I’echantillon SnOz-ZnAl204/AlrO,. 

1- = 0.46 &I-~ 

The results obtained at the Sn K edge are shown on figure 6b for the F.T. In the F.T. 
module, the first peak which is dominant is associated to tin oxygen bonds and for the second 
peak, the most important contribution comes from tin-tin bonds. From the numerical simulations 
gathered in table IV, it is clear that most of the tin atoms are engaged in tin dioxide clusters. The 
size of the cluster as well as its morphology can be determined from the coordination numbers 
[46,47]. In our case, a similar relationship can used to determine the size of the cluster from the 
coordination number associated to Sn-Sn bonds. We have point out that this relationship 
supposes a complete occupation for the different crystallographic site. A value of I .5 nm is then 
found in line with previous value given by the diffraction. 

6. llvSITU EXAPS RESULTS 

The Exafs measurements on the catalyst were obtained in conditions close to their industrial 
conditions, the reactive gas being a synthetic mixture. In order to separate the possible effect of 
temperature to the influence of the reactive gases, two set of experiments have been done. 

For the first set, temperature of the sample which varying between 30°C and 500°C is the 
only parameter which have been changed. Figure 7a and Sa show the different F.T. modules 
collected either at the Zn K edge or at the Sn K edge during the first experiment. At this pomt of 
the analysis, we have to underline that after all the different chemical treatments performed on the 
catalyst, we have noticed that the structural characteristics are the same before and after the 
experiment. This fact has imposed that the different coordination numbers are the same for all the 
numerical refinements we have done. , 
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Figure 7a. Moduli of the F. T. measured at the K Zn edge and collected at different temperature durmg the first set of 
experiments performed on the catalyst (without reactiv gases). 

Modules de transform&e de Fourier collect& au seuil K du zmc de khantillon & diffkrentes 
tempdratures au tours du premier jeu d’exp&iences (sans gaz r6actlfs). 
Figure 7b. Moduli of the F. T. measured at the K Zn edge and collected at different temperatures during the second 
set of experiments (with reactiv gases) performed on the catalyst. 

Modules de transform&e de Fourier collect& au seuil K du zinc de I’Cchantillon g differentes 
tempbratures au tours du second jeu d’expkriences (avec gaz r&cbfs). 
Figure 8% Moduli of the F. T. measured at the K Sn edge and collected at different temperature during the first set 
ofexperiments performed on the catalyst (without reactiv gases).. 

Modules de transformke de Fourier collect& au seuil K de I’&ain de I’kchantillon g diffkrentes 
tempbratures au tours du premier jeu d’expdriences (sans gaz rkactlfk). 
Figure 8b. Moduli of the F. T. measured at the K Sn edge and collected at different temperatures during the 
second set of experiments (with reactlv gases) performed on the catalyst 

Modules de transformbe de Fourier collect& au seuil K de l’&ain de I’6chantillon a diff&nte.s 
tempbatures au tours du second jeu d’exp&iences (avec gaz &a&ifs). 

Table V : Structural parameters which were used in the fitting procedure of the Exafs 
modulations associated to the catalyst Sn02-ZnA1204/A1203 at the Zn K edge for the second set of 
experiments. 

Param&res structuraux obtenus au seuil K du zinc pour le second jeu d’expkiences 
effectuk sur I’kchantillon Sn02-ZnA1204/A1203. 

(T(X) 1 Zn-0 1 Zn-Al Zn-0 I Zn-Zn 
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As it can be seen, significant modifications are measured associated to the increase of the 
Debye-Waller factors associated to different kind of bonds. Results obtained after the simulations 
of the Exafs modulations gathered in table V clearly support this dependence. As we noticed 
previously, the structural parameters measured at the beginning and at the end of the chemical 
treatment are the same. 

Table VI : Structural parameters which were used in the fitting procedure of the Exafs 
modulations associated to the catalyst SnOz-ZnA1204/A120~ at the Sn K edge for the second set of 
experiments. 

Pammetres structuraux obtenus au seuil K de I’Ctain pour le second jeu 
d’exptriences effect& sur I’echantillon SnOz-ZnA1204/A120~. 

PI6-319 

I- = 0.46 k2 

For the second set of in situ experiments, a second experimental parameter is added : the 
stream of reactive gases passing through the sample. On figure 7b and 8b have been plotted the 

-different F.T. modules collected either at the Zn K edge or at the Sn K edge. One more time, 
significant changes in the modules are observed. Nevertheless, the effect of the reactive gas 
seems to be rather small, the different results gathered in table VI obtained for the second 
experiment being relatively close to the results associated to the first set (table IV), Obviously, the 
coordination numbers keep their values and the different interatomic distances as well as the 
Debye-Waller factors are very similar. 

7. DISCUSSION 

From a general point of view, the distribution and the electronic state of cation in a 
material are among the keys parameters which control the catalytic properties (48,491. The work 
done by Ziolkowski et al. [50, 511 on Zn-Mn-Al-O containing spinels illustrates this relationship. 
More precisely, octabedrally sited Mn3+ ions are suspected to be active sites for the reduction of 
nitrobenzene. The X-ray absorption spectroscopy is often used now as a chemical tool to obtain 
this kind of information. Here, the measurement of the Xanes region shows that the electronic 
state of Zn atom is 2+, the electronic state of tin atom being 4’. Also, a fine analysis of the Exafs 
modulations give the short range ordering around these two elements, the local order around zinc 
atoms is identified having a spine1 like structure, most of the tin atoms being engaged in tin oxide 
clusters. 

At the opposite of the work done by OterO Arean et al. [52] on spine1 type ZnAl204, ‘y- 
A1203 and A1203-ZnAi204 solid sohitions, the classical Rietveld method cannot be used in order 
to extract the lattice parameter. This is due to the fact that the only diffraction peak which can be 
associated to the ZnA120a spinel, the (4,2,2) feature is very large and has a very weak intensity. 
That’s why anomalous diffraction technique has been used. Different simulations based on the 
size of the cluster or the occupation of the different crystallographic site have been done to mimic 
the differential intensity and they clearly show that the observed diffraction patterns cannot be 
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SnO 1 
- 101 

i 2 3 4 5 6 7 
Figure 9. Differential intensity measured for the catalyst (dots) compare to a differential associated to a ZnAlO 
cluster (hne) : ZnsAl,o0~~ 

Intensid diff&entielle mesurbe pour le catalyseur (pointillt) comparb tl une simulation numbrique 
relative ?I un agrbgat Zn8A130053 (ligne). 
Figure 10. Differential intensities related to ZnxSn,.x02.x for a cluster of 26 A diameter. 

jeu d’intensltis dlff&entrelles calculee pour des agrbgats Zn,St1,.,0~.~ J,,,, diam&e de 26A. 

simulated assuming only ZnAlO clusters. As reported on figure 9, the best simulation which can 
been done is associated to a ZnAlsO4 cluster containing a very low number of atoms : ZnsAlssOrs. 

In order to simulate the other diffraction features assigned to SnOz clusters namely the 
diffraction features 110, 101 and 211, differential intensities related to Zn,Snl,Oz, for a cluster 
of 26 A diameter, with 0.1 < x < 0.9. These differential intensities have been plotted on figure 
10~. Clearly, the previous features I 10, 101 and 211 are now taking into account. This simple 
analysis shows in fact that part of the zinc atoms are engaged in a SnOx like structure and clearly 
also points out the advantages of the diffraction techniques versus the X-ray absorption 
spectroscopy for a multiphase sample. 

Thus, zinc atoms are part of two structures a spine1 like (ZnAlzOd) one and a cassiterite like 
(SnOz). Because X-ray absorption spectroscopy made an average between these two structures, it 
is simply not possible to give evidence of the second one. This study shows thus that a Xas- 
Awaxs combined approach constitute a major improvement in the determination of the structural 
characteristics in term of phase analysis at a nanometer scale. 

. 

Regarding now the two set of in situ experiments (with and without gases), even if the 
tetrahedral site occupied by the zinc atoms are not completely filled, no significant modification 
of the interatomic distances as well as the Debye-Wailer factor associated to zinc-zinc pairs are 
measured. The different interatomic distances measured by Exafs associated to zinc - oxygen, 
zinc-aluminium or zinc - zinc bonds keep their initial values, Also, for tin atoms, the two set 
experiments have shown that the local order around this metal is unchanged whatever the 
experimental conditions (with or without gases). Taking into account the results obtained on the 
monometallic supported catalyst ZnAl204/Al203, we can assume thus that only a dramatic lack of 
occupancy on the metal site favour an incursion of light atoms in the network which can explain 
the expansion of the crystallographic cell as well as a significant increased of the Debye-Wailer 
factor associated to zinc-zinc pairs. 

8. CONCLUSION 

We have seen that, a combined Xas-Awaxs approach compare to a more classical one, gives a 
more detailed description of the dioxide clusters supported on alumina namely the supported 
system SnOs-ZnAls04/AlzOs. 
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For the tin atoms, the results given by the line broadening analysis for the determination of 
the averaged SnOz crystallite size can be completed by ab initio calculation of the diffracted 
intensity using the Debye equation in order to increase the precision of the measurement. Through 
the X-ray absorption spectroscopy, the local order around zinc atoms is identified having a spine1 
like structure and the low value for the number of zinc-zinc bonds situated at 3.50 A reveals a 
weak occupation of tetrahedral site. Regarding the anomalous diffraction techniques, computer 
calculations of the scattered X-ray intensities have been performed on the zinc based phases. 
Using mode1 aggregates of mixed ZnSnO entities, the salient features of the diffraction pattern 
have been identified and show that part of the zinc atoms are engaged in a SnOl like structure. 

Regarding the in situ experiments, the different results we have obtained on the two 
systems ZnAl204/Al203 and SnO~-ZnA1z0~A1203, have shown the necessity to collect the data 
during the chemical process, the physic&chemical state of the catalyst being the same before and 
after the reaction. Taking into account the previous results obtained on the monoxide metal 
supported catalyst ZnA1204/A1203, we can assume thus that only a dramatic lack of occupancy on 
the metal site favours an incursion of light atoms in the network. Such behaviour can explain in 
return the expansion of the crystallographic cell as well as a significant increased of the Debye- 
Wailer factor associated to zinc-zinc pairs. 
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