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The synthesis of Pd-Mn silica-supported catalysts from bis-
acetylacetonates precursors is described. EXAFS and X-ray diffrac-
tion lead to a clear understanding of the mode of fixation of the
two complexes on the silica surface. Whereas Pd(acac), forms large
crystals, weakly interacting with the support, the Mn complex un-
dergoes a partial decomposition, leading to a molecular layer of
Mn(acac)x. The decomposition of these precursors followed by ther-
mal methods confirms a marked difference in the mode of interac-
tion between the silanol groups of the support and the two acety-
lacetonate complexes. After activation of these precursors, TEM
and analytical microscopy provide a picture of the distribution of
palladium and manganese on the support. Manganese, for the most
part, is spread in the form of a thin layer of oxide over the silica
surface. The remaining part is incorporated in 3-6-nm bimetallic
Pd-Mn particles, as shown by EXAFS experiments performed at the
palladium K-edge. The comparison of EXAFS and EDX results in-
dicates that the alloy particles are partly surrounded by manganese
oxide. (© 1998 Academic Press

Key Words: palladium acetylacetonate; manganese acetylaceto-
nate; Pd-Mn bimetallic; Pd-Mn alloy; EXAFS.

1. INTRODUCTION

The association of palladium or platinum with a less elec-
tronegative metal like Cr, Co, or Mn is expected to modify
the electronic properties of the noble metal. This was shown
with Pd-Cr (1) and more recently with Pt-Mn (2). In both
cases, the presence of the second element was shown to fa-
vor the CO-NO conversion. Actually, in these two bimetal-
lic associations, a large fraction of the second metal remains
in the oxidic form. In the case of the Pd-Cr catalyst, we
have shown by EXAFS that, besides the oxide phase, 10
to 15% of the chromium is in interaction with palladium
(2). In the present study, the metallic couple under investi-
gation is Pd-Mn, for which a strong electronic interaction
between the two elements is also expected because of a
still larger difference in electronegativity. Indeed, we have

1 To whom correspondence should be addressed. E-mail: renouprez@
catalyse.univ-lyon1.fr.

shown (3) that this bimetallic catalyst is very efficient for
CO-NO conversion, lowering the light-off temperature of
the NO reduction by 60°C.

To prepare these catalysts, we have used precursors which
can lead, in some cases, to well-defined mixed complexes.
For example, it has been shown recently (4) that mixed
PdCu bis-acetylacetonates are obtained by slow evapora-
tion on the support of a mixture of the toluene solutions
of the two complexes. After decomposition under argon
of these crystalline complexes, homogeneous Pd-Cu micro-
crystalline alloys were obtained in the whole Pd/Cu com-
position range. In the present case, the same preparation
procedure as for Pd-Cu has been employed, even if with
this couple, because of the low reducibility of Mn, there is
little hope to obtain at once an homogeneous alloy.

The purpose of this study is to establish the mechanism
of fixation of the complexes on the support and of their de-
composition, using thermal methods and X-ray absorption.
After activation of the precursors, the location on the sup-
port of the various elements has been determined with the
help of analytical microscopy and the formation of alloys
with EXAFS.

2. EXPERIMENTAL

2.1. Catalyst Preparation

Palladium(ll) and manganese(ll) bis-acetylacetonates
Pd(CsH70,), and Mn(CsH702)2 (1 g) from Aldrich Chem-
ical are dissolved in respectively 100 and 200 ml of toluene
at 350 K. Amounts of these solutions necessary to reach a
total metal weight concentration of 2 to 3% are added to
5 g of Degussa Aerosil 200 silica. After stirring for 24 h at
300 K, the slurry is filtered and dried in vacuum at 330 K.
The chemical analysis shows that in this exchange proce-
dure, 20% of the Pd complex and 80% of the Mn complex
are fixed on the support. This has been taken into account
to reach the requested Pd/Mn ratio. The compositions of
the catalysts determined by chemical analysis are gathered
in Table 1.
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TABLE 1
Composition of the Catalysts

Composition (wt%) .
Composition (at%o)

Sample Pd Mn Pd
Pd/SiO, 2.00 — 100
PdgoMny4/SiO, 1.78 0.10 90.2
PdgsMngs/SiO, 141 0.39 65.1
Mn/SiO, — 3.20 0

2.2. Thermal Methods

The decomposition of the organometallic precursors was
followed by TDA-TG analysis with a SETARAM 92 in-
strument. The masses corresponding to H, (2), H,O (18),
CO, (44), CH3CO™ (43), and CH3COCHj3 (58) were also
simultaneously analysed by mass spectroscopy.

The sample (15-20 mg) was introduced into the thermo-
gravimetric apparatus to measure the temperature of the
ligand elimination during heating under helium. In asecond
experiment, the reduction under a mixture N, + H; (1%)
was followed as well. The temperature was raised from 370
to 870 K at 10 K/min. Between treatments, the samples were
flowed with dry N at 300 K for 1 h.

Additional thermodesorption experiments have finally
been performed inan UHV instrument equipped with ionic
pumps (nominal pressure 10~® Pa) and in which detection
is achieved by a Micromass PC spectrometer from VG In-
struments. The purpose is to measure with good accuracy
the evolution of the species of mass 100 corresponding to
CsHgO,.

2.3. X-Ray Diffraction and Electron Microscopy

The crystallisation on the support of the organometal-
lic compounds and the formation of the metallic phases
were followed by powder X-ray diffraction using two in-
struments. For the study of the deposition of the precursors,
a classic Philips diffractometer equipped with a graphite
monochromator placed before the scintillation detector
was sufficient.

The formation of the metallic phase was followed by
in situ diffraction in a previously described instrument (5),
including an oven into which different gases can be flowed.
The detection is achieved by a position-sensitive detector,
which improves the sensitivity by more than one order of
magnitude but slightly degrades the angular resolution.

The granulometry of the particles was determined with
a JEOL JEM 2010 electron microscope. Surface-averaged
mean diameters ds were determined using the classical ex-

pression
&= ng/> md

where n; is the number of particles with the diameter d;.
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The composition of individual particles was determined
with an energy-dispersive device composed of a Si-L.i detec-
tor by measuring the intensity of the La and Ka emissions
of Pd and Mn at 2.84 keV and 5.90 keV, respectively.

The analysis of the smallest particles can be achieved
by reducing the size of the probed area to 1 nm?. A mean
composition Xy, was evaluated from the expression:

Xy = Z Xi nidf/z nidf,

where nj is the number of particles with the composition X
and diameter d;.

As shown in a recent study by this technique of the Pd-Pt
system (6), the statistical error on the measurement is of the
order of 10%, both because of the small number of atoms
hit by the focused electron beam and by the limitation of
the time of measurement. It was also shown that increasing
the time of analysis on the same particle can produce a
preferential sputtering of the most volatile metal, specially
if it is located at the surface of the particles.

2.4, X-ray Absorption Experiments

The experiments were performed at the LURE-DCI fa-
cility on the XAS4 station. For the experiments in transmis-
sion mode at the Pd K-edge, the optics was composed of a
Ge (400) double crystal monochromator and the detection
performed with Kr filled ion chambers. In these conditions,
the minimum step in energy was 3 eV, the energy being
calibrated at the half edge jump at 24350 eV, with a 15-um
thick metal foil from Goodfellow. The transmission mode
was chosen to perform EXAFS experiments on the sup-
ported and unsupported Pd acetylacetonate complexes.

At the Mn K-edge, only XANES spectra were recorded
on the bimetallic catalysts. They were carried out with a
Si (311) double crystal monochromator to improve the en-
ergy resolution, followed by a double glass mirror to elimi-
nate the high order harmonics. Fluorescence mode was pre-
ferred to transmission because of the high absorption of
palladium and silica at low energy. The monochromator
was calibrated at the first inflection point of the absorption
jump (6359 eV), corresponding to the 1s — 3d transition,
with a 4-um thick foil from Goodfellow. The detection was
performed with a scintillation detector; Fe filters (20-um
thick) were inserted between the sample and the detector
to reduce the number of elastic photons and enhance the
contrast. The spectra were recorded over 100 eV in steps
of 0.2 eV. The transmission mode was chosen to perform
EXAFS experiments on the supported and unsupported
Mn acetylacetonate complexes using air-filled ion cham-
bers.

For each edge the counting time ranged from 1 s to 20 s,
depending on the detection mode and the type of exper-
iment (XANES or EXAFS). The EXAFS spectra were
recorded over 1000 eV in steps of 3 eV, 4 to 10 spectra
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were summed before a complete analysis carried out with
homemade software, following the method described in
several previous works (1, 5, 7). The modeling of reduced
EXAFS datawas performed by the flexible simplex method
(8) by optimizing the four main parameters, n, R, Ao, and
AE( and by computing a merit factor expressed as

_ E[k3 : |Xexp(k)| — k3. |Xca|(k)|]2
Z[kg : |Xexp(k)|]2 '

allowing the comparison between various fits in the case of
the bimetallic catalysts at the Pd K-edge. The precision on
the determination of n and R is 10% and 0.02 A, respec-
tively.

The maximum number of parameters, N, depends on the
Akand AR ranges chosen in the reciprocal and direct space,
respectively. Following the Shannon criterion, it is given by
the relationship (9):

Q

2AkKAR
b1

Nmax = + 2.

Experimental backscattering amplitudes and phase-
shifts were extracted from measurements on metal foils for
the Pd-Pd and Mn-Mn pairs (15 and 4 um, respectively).
Concerning the metal-oxygen pairs, these functions were
determined from experiments on PdO and MnO purchased
from Johnson Matthey. In the case of the Pd—Mn pairs, these
functions have been computed with the FEFF6 code (10) us-
ing the crystallographic data of the cc PdMn ordered phase
(11) in which the Pd—Mn distance is 2.7115 A.

The samples were placed in an oven following the design
of Lytle et al. (12), for the studies in transmission mode.
Treatments identical to those employed during the prepa-
ration were applied in the EXAFS cell and the spectra were
recorded at 300 K, under Hs in the case of the calcination/
reduction procedure or under He for samples submitted to
a simple decomposition under rare gas. Finally the exper-
iments performed in fluorescence were done in a second
oven adapted to the reflection geometry, allowing the same
type of treatments.

3. RESULTS AND DISCUSSION

3.1. Chemical Exchange of the Precursors
on the Silica Support

As mentioned above, the presence of Mn(acac); in the
solution lowers the exchange capacity for the Pd complex,
as can be seen in Fig. 1. After exchange with the support
and drying at 330 K, the two complexes exhibit different
diffractograms, shown in Figs. 2a and 2b. It can be observed
in Fig. 2a that the widths of the Pd(acac); lines are close
to the instrumental resolution and therefore correspond to
crystals larger than 20 to 30 nm. As mentioned elsewhere
(4), the unit cell of the supported complex was found to
be identical to that of the starting unsupported compound.
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FIG. 1. [lllustration of the adsorption competition between the Pd and

Mn complexes.

Conversely, the Mn complex, which is also well crystallized
in the solid state, was found to be totally amorphous when
deposited on the silica. This difference of structure between
the two supported complexes is certainly related to differ-
ences in the mode of their interaction with the support.
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FIG. 2. X-ray diffraction patterns after exchange with silica and dry-
ing at 330 K: (a) Pd; (b) Mn.
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To corroborate this assumption, EXAFS experiments
over both Mn and Pd K-edges were performed on the un-
supported solids and dried silica-supported complexes.

Figure 3 shows the magnitudes and imaginary parts of
the Fourier transforms (FT) of the as-purchased and silica-
supported Pd complex. In spite of a slight reduction of am-
plitude of the first peak of the FT corresponding to metal—-
oxygen distances, a comparison of the modeled and of the
experimental EXAFS spectra shown in Fig. 4 leads to the
same number of first neighbours. As can be seen in Table 2,
four oxygen atoms are found in the first coordination shell
of palladium, at a distance close to that found in the crystal,
with a slight increase of the Debye-Waller (DW) factor o.

However, as shown in Fig. 3, the second and third peaks
of the FT of the spectrum of the supported sample (Pd-C

EXAFS data for Pd complex: magnitude and imaginary part of the FT of bulk and silica exchanged Pd acetylacetonate complex.

distances), have a reduced amplitude compared to that of
the bulk compound. This could be related to some disorder
in the atomic arrangement of the supported Pd(acac), unit
but suggests a discrepancy between the XRD and EXAFS
results, however, since Fig. 2a shows well-defined lines

TABLE 2
EXAFS Characterization of the Supported Complexes

Sample n RA) Ac2(AY) Ak(AY) ARG Q ()
Pd (acac);bulk 3.9 196 00004 2.2-148 0.96-1.96 10
Pd (acac),/SiO, 4.1 198  0.0008 2.2-148 0.96-1.99 50
Mn (acac), bulk 4.0 2.16 0.0001 24-11.8 1.19-2.15 2.5
Mn (acac),/SiO; 3.0 220  0.0007 24-118 1.19-219 45
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FIG. 4. First shell experimental (triangles) and modeled (solid line)
contribution for the exchanged Pd complex.

corresponding to the Pd(acac), phase. Actually, besides
the crystalline phase leading to narrow lines, the X-ray
spectra of the supported complex show an increased back-
ground with respect to pure silica. One can thus assume that
two forms of Pd(acac), may coexist on the carrier surface
after the impregnation process. The first one consisting of
large crystallites, producing the narrow XRD lines, and the
second forming a thin layer covering the carrier, which in-
creases only the XRD pattern background. Consequently,
part of the long-range order observed on the FT of the
dried precursor has disappeared, leading to the observed
decrease of the FT intensity beyond the first coordination
sphere.

On the contrary, in Fig. 5, the amplitude of the first peak
of the FT of the Mn-supported complex is strongly reduced,
compared to that of the bulk compound. Indeed, the num-
ber of oxygen atoms surrounding Mn decreases from 4 to 3
after deposition on the silica carrier. Table 2 shows a slight
increase of the Mn-O distances and of the DW factor. The
excellentfit presented in Fig. 6 corresponds to a merit factor
Q of4.5%. This leads to the idea that a reaction between the
Mn complex and one silanol group of silica has occurred,
with the elimination of one ligand of the molecule.

3.2. Thermal Decomposition of the Supported Precursors

The supported precursors were heated in an argon flow in
the TDA-TGA instrument. As shown by Fig. 7, the decom-
position of the Mn(acac), begins at 450 K with evolution
of water and hydrogen, followed between 500 and 600 K
by CHsCO™" fragments and finally around 650 K by car-
bon dioxide. A comparison of the evolution of these acetyl
moieties, identified by the 43 mass fragment, is shown in
Fig. 8 for the Pd/SiO,, Mn/SiO,, and (Pdgs-Mn35)/SiO; cata-
lysts. These curves seem to confirm the greater stability of
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FIG.5. EXAFS data for Mn complex: magnitude and imaginary part
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the adsorbed Mn complex; indeed, the loss of CH;CO™
takes place at 470 K for Pd and between 520 and 670 K for
Mn. When both elements are present, the diagram presents
a main peak at 520 K and a smaller one at 620 K. One
can conclude that the presence of palladium, which, as
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FIG. 6. First shell experimental (triangles) and modeled (solid line)
contribution for the exchanged Mn complex.
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20
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FIG. 7. Mass spectrometry analysis during the decomposition of sup-
ported Mn acetylacetonate under argon: from top to bottom masses 18
(H20), 2 (Hy), 44 (CO,) and 43 (CH3CO™). The intensity of the three last
masses are multiplied by 5.

demonstrated previously (4) undergoes a self-reduction by
the evolved hydrogen during this heating, has little influ-
ence on the decomposition of the Mn(acac), molecules.

Now, if one considers the diagram of Fig. 9 recorded at
the 100 mass unit, which corresponds to the evolution of
acetylacetone, one concludes that the Mn complex loses
one ligand at low temperature, below 400 K, whereas it is
only evolved at 550 K in the case of palladium. This corrobo-
rates the hypothesis put forward on the basis of the EXAFS
results of partial decomposition of the Mn complex by con-
tact with the silica support. This would also agree with a
reduction of the coordination number of Mn from 4 to 3;
the adsorbed form is formally written:

6 4
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>
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FIG.8. Evolutionofthe mass43 (CHzCO™)during the decomposition
of supported Pd (dashed line), Mn (dotted line), and (Pd-Mn) (65/35) (full
line), acetylacetonates under argon.
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FIG. 9. Evolution of the species corresponding to CsHgO; (mass 100).

|~OH + Mn(CsH70,); = |-O-Mn(CsH70;) + CsHgO»

with the evolution of one acetyl-acetone molecule, proba-
bly remaining adsorbed on the silica up to 400 K, a phe-
nomenon already observed in the case of Pd(CsH70O,), on
alumina (13).
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FIG. 10. Distributions of the diameters of the particles for mono-

metallic Pd/SiO,: (a) heatingunderargonupto 770K, ds = 2.7 nm; (b) calci-
nation at 720 K followed by reduction at 870 K, ds=6.7 nm.
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3.3. Formation and Characterization of Bimetallic Particles

3.3.1. Electron microscopy. Two different procedures
of decomposition of the precursors were employed: a sim-
ple heating under argon up to 770 K, which, as shown by
thermal analysis, seems to be sufficient to decompose the
organic ligands, or a calcination at 720 K followed by a re-
duction at 870 K. Actually, this second procedure appeared
to be necessary to remove the carbonaceous residues, as it
leads to considerably more active catalysts in the CO-NO
conversion.

The comparison between the histograms of Figs. 10a and
10b corresponding to the monometallic Pd catalyst sub-
mitted to these two types of treatments, shows that the
calcination/reduction procedure increases considerably the
number of large particles which is illustrated by an aug-
mentation of the mean diameter, ds, from 2.7 to 6.7 nm.
This phenomenon occurs as well on the bimetallic catalysts
as observed on the histograms of Figs. 11a and 11b corre-
sponding to the PdgsMn35/SiO; catalyst which finally exhibit
a dispersion ranging between 25 and 35%.

When analytical microscopy is performed in the scanning
mode on a large area on the two bimetallic samples, the
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FIG. 11. Distributions of the diameters of the particles for bimetallic
PdgsMngs/SiO;: (a) heating under argon up to 770 K, ds=3.2 nm; (b) cal-
cination at 720 K followed by reduction at 870 K, ds=4.9 nm.
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FIG. 12. X-ray absorption edge structure: (a) metallic manganese

(dashed line), monometallic catalyst Mn/SiO, (dotted line), and man-
ganese oxide MnO, (full line); (b) metallic manganese (dashed line),
monometallic catalyst Mn/SiO, (dotted line), and bimetallic catalyst
PdgoMnm/SiOg (fU” Iine).

Pd/Mn ratio is identical to the value measured by chemical
analysis. On the contrary, the analysis of individual parti-
cles in the spot mode shows a net deficit in manganese.
Actually, all particles which can be observed on the EM
pictures contain an excess of palladium; on the other hand,
for monometallic manganese (as for the bimetallic cata-
lysts), Mn is dispersed on the support, forming such a thin
layer that individual particles are hardly visible.

To determine if Pd and Mn, both present in the particles,
are in interaction in the metallic state, it was necessary to
perform X-ray absorption experiments.

3.3.2. X-Ray absorption studies. Figure 12a shows a
comparison of the XANES at the Mn K-edge, between
the reference Mn foil, the monometallic Mn catalyst, after
treatment in argon at 770 K, and a reference MnO, sample.
Although a complete interpretation of these structures is
not possible, it can be concluded from the large energy shift
between the catalyst and MnQO; that part of the manganese
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inthe catalystisin alower valence state. No shift is observed
on Fig. 12b between the Mn K-edge of the Mn/SiO, sample
and of the bimetallic PdggMn;o/SiO,, which discards a net
electronic interaction between palladium and manganese.
However, the small bump located at 6542 eV, observed on
the bimetallic sample and also present on the reference foil,
could be the indication of the presence of a small amount
of metallic Mn.

The amplitudes and imaginary parts of the FTs of the
EXAFS spectra at the Pd K-edge of the two bimetallic cata-
lysts submitted to the calcination/reduction treatment are
presented in Fig. 13. The modeling of the first peak of the
Fourier transform of the PdgsMngss catalyst is displayed in
Fig. 14a with only Pd atoms, and for comparison, in Fig. 14b
after the introduction of Mn atoms in the first coordination

397

shell of the palladium. One notices the clear improvement
of the fit, especially in the 3-6 A~* range, when manganese
atoms are introduced in the first coordination shell. This
is precisely the range where this element contributes sig-
nificantly to the signal amplitude. Actually, the Q factor
decreases respectively from 9 and 11% without Mn atoms,
which are relatively poor values, to 3.5 and 2.5%, for the
PdgoMnyg and PdgsMngss catalysts, respectively.

The Pd-Pd distances reported in Table 3 range from 2.73
to 2.81 A. They vary not only with the alloy composition
but also significantly with the mode of activation. This may
seem surprising, but the crystallographic data reported in
Table 4 show that different ordered Pd-Mn alloys with the
AuCu and CsCl structures also exhibit distances differing
by 0.15 A.

600 —

400 —
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Pd,Mn [~

-200 <
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-600 —

Fourier transform / A
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FIG. 13.

Magnitudes and imaginary parts of the FTs of the EXAFS spectra of PdgsMn3s/SiO, and PdgoMn10/SiO; at the Pd K-edge.
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FIG. 14. EXAFS data for PdgsMn3s/SiO, bimetallic sample at the Pd
K-edge: (a) first shell experimental (triangles) and modeled (solid line)
contribution with only Pd atoms; (b) first shell experimental (triangles)
and modeled (solid line) contribution with both Pd and Mn atoms.

Similarly, if the experimental Pd-Mn distances are found
to vary from 2.70t0 2.79 A\, itis observed that Pd-Mn bonds
also extend from 2.37 to 2.85 A in the ordered compounds.
As shown by EDX the composition of bimetallic particles
may vary from one bimetallic catalyst to the other and from
one particle to the other. This may explain the variation of
interatomic distance measured by EXAFS.

TABLE 3
EXAFS Results for the Bimetallic Catalysts

Sample/ R  Ac? AR Ak Q
treatment Pair n (A (A) (A) AYH (%)
Pd/SiO, Pd-Pd 107 275 0.004 165295 24-14 6
PdgoMnyg Pd-Pd 85 271 0010 165295 24-14 30
argon 770K Pd-Pd 102 273 0.007 1.65-2.95 2.4-14 14
Pd-Mn 02 270 0.001
PdgoMnyg Pd-Pd 113 277 0001 1629 24-14 9
calc. 720K, Pd-Pd 120 276 0002 1.6-2.9 24-14 35
red. 870K Pd-Mn 03 271 0.001
PdgsMngs Pd-Pd 85 281 0001 1629 24-14 11
calc. 720K, Pd-Pd 9.7 281 0002 1.6-2.9 24-14 25
red. 870K Pd-Mn 14 279 0.002

RENOUPREZ ET AL.

TABLE 4
Crystallographic Data for Various Pd-Mn Alloys

Alloy (structure reference)  Pd-Pd (A)  Pd-Mn (A)  Reference
PdMn (AuCu type) 2.88 271 (15)
PdMn (CsCl type) 2.733 2.367 1)
PdsMn (AusPd type) 2.755 2.767 (14)
PdyMny; 2.724 2.85 (15)

The large values of the total coordination numbers, com-
prised between 11 and 12, confirms the formation of large
particles in the case of the calcination/reduction treatment,
whereas this value is only 10 for the samples decomposed
at 770 K under argon, in agreement with the presence of
3-nm particles.

4. CONCLUSION

The present study has shown that, contrary to the case
of Pd(acac); and Cu(acac),, Pd-Mn mixed molecular com-
plexes cannot be synthesized by exchange/deposition on the
silica support because of the different mode of anchoring
these two molecules. The Pd complex has a weak interac-
tion with silica, compared to alumina, and this limits the
exchange capacity to 2-3 wt%. On the contrary, a chemical
reaction occurs between the silanol groups of the support
and the Mn acetylacetonate complex, leading to its partial
decomposition during the exchange.

EDX operated in scanning mode on a large area of the
catalysts obtained either by decomposition under argon or
by calcination/reduction of the supported complexes, has
shown that manganese is well dispersed on the support,
forming a thin layer; but it has also shown the formation of
bimetallic particles by observations in the spot mode.

The XANES studies at the Mn K-edge demonstrate that
most of this element is nonmetallic and remains mainly un-
der an oxidized state, even if the spectra are different from
that of MnO.. This is why an EXAFS experiment at the Mn
K-edge was estimated to be purposeless.

After decomposition of the complexes and reduction, as
shown in Table 5 which summarizes the results, analytical
microscopy confirms that all the particles contain a small

TABLE 5
Comparison between EM, EDX, and EXAFS

EM EDX EXAFS

Sample ds (nm) Pd at% Pd at%
PdgoMn]_o 5 95 98
PdesMnss 4.9 75 87

Note. The EXAFS data were modeled with and without Mn atoms in
the first coordination shell of palladium.

Note. Results on individual particles for bimetallic catalysts (calcina-
tion/reduction treatment).
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proportion of manganese, 4 to 5% for the PdgoMn;, cata-
lyst and 20 to 25% for the PdgsMn3s sample. If one com-
pares these values to the ratio of the Pd-Mn to the Pd-Pd
coordination numbers measured by EXAFS, one concludes
that approximately half of this manganese contained in a
particle is metallic and alloyed to palladium. The remaining
manganese, in the oxidic form, partially covers the particles
of alloy and the support.

More work is still necessary to understand how this com-
plex system interacts with molecules like CO and NO and
can promote the conversion of their mixture (3).
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