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Ce1−x−yTixPtyO2−� �x=0.15; y=0.01� and Ce1−x−yTixPdyO2−� �x=0.25; y=0.02 and 0.05� are found to
be good CO oxidation catalysts �T. Baidya et al., J. Phys. Chem. B 110, 5262 �2006�; T. Baidya et
al., J. Phys. Chem. C 111, 830 �2007��. A detailed structural study of these compounds has been
carried out by extended x-ray absorption fine structure along with x-ray diffraction and x-ray
photoelectron spectroscopy. The gross cubic fluorite structure of CeO2 is retained in the mixed
oxides. Oxide ion sublattice around Ti as well as Pt and Pd ions is destabilized in the solid solution.
Instead of ideal eight coordinations, Ti, Pd, and Pt ions have 4+3, 4+3, and 3+4 coordinations
creating long and short bonds. The long Ti–O, Pd–O, and Pt–O bonds are �2.47 Å �2.63 Å for
Pt–O� which are much higher than average Ce–O bonds of 2.34 Å. © 2008 American Institute of
Physics. �DOI: 10.1063/1.2841365�

INTRODUCTION

Ionically dispersed Pd, Cu, Pt, and Rh in CeO2 have
shown higher catalytic activity compared to the impregnated
catalysts.1–6 Interaction of noble metal ions with CeO2 sup-
port has played a crucial role in redox reactions bringing
down the catalytic reaction temperature and decrease in ac-
tivation energy. Oxygen storage capacity �OSC�, a well
known property of CeO2, acts as a buffer medium of oxygen
required in redox reaction. Noble metal ion substitution in
CeO2 promotes reduction of the support at much lower tem-
perature. However, the amount of lattice oxygen taking part
in the redox reaction is small in pure CeO2.

Modification of CeO2 by the substitution of smaller cat-
ion like Zr or Ti has shown enhancement of OSC. Zr substi-
tution in CeO2 forming Ce1−xZrxO2 solid solution has been
extensively studied in the literature.7–11 Ti ion substitution in
CeO2 forming Ce1−xTixO2 solid solution has been reported
by us recently.12 In this oxide both Ce and Ti have four
long+four short bond with oxygen compared to ideal eight
coordinations in CeO2.13 Since both Ti and Ce ions are re-
ducible, higher catalytic activity was observed in the pres-
ence of Pt and Pd ion.12,14 Therefore, understanding of the
local structure of Pt and Pd ions in this mixed oxide is im-
portant. However, at 1–2 at. % Pt or Pd ion substitution in
Ce1−xTixO2, it is often difficult to ascertain the structure by
x-ray diffraction �XRD� alone.

Here we report local structure of Pt and Pd ions substi-
tuted in Ce1−xTixO2 by a detailed XRD, x-ray photoelectron
spectroscopy �XPS�, and extended x-ray absorption fine
structure EXAFS study.

EXPERIMENTAL SECTION

1 at. % Pt /Ce0.85Ti0.15O2 was prepared by the solution
combustion method taking �NH4�2Ce�NO3�6 ·6H2O,
Pt�NH3�3�NO3�2 �ABCR, France�, TiO�NO3�2, and glycine
in the mole ratio 0.8415:0.01:0.1485:2:2.42. In a typical
preparation, 3 g �NH4�2Ce�NO3�6 ·6H2O, 0.0252 g
Pt�NH3�4�NO3�2, 0.1823 g TiO�NO3�2 �in solution�, and
1.1814 g glycine were taken in a 300 ml Pyrex dish.
TiO�NO3�2 is prepared from TiCl4 and the detailed proce-
dure has been published somewhere else.12

Ce0.73Ti0.25Pd0.02O2−� was prepared by solution combus-
tion method taking �NH4�2Ce�NO3�6, PdCl2, TiO�NO3�2 �in
solution�, and glycine in the molar ratio
0.73:0.02:0.0.25:2.42. For usual preparation, 5 g
�NH4�2Ce�NO3�6, 0.586 g TiO�NO3�2, 0.044 g PdCl2, and
2.08 g C2H5NO2 were taken. The solution is heated in the
furnace at 350 °C which gives product as described in the
earlier study.14

XRD data of all the mixed oxides and the Pt-substituted
oxides were recorded in a Philips X’Pert diffractometer at a
scan rate of 0.5 deg min−1 with 0.02 deg step size in the 2�
range between 20 and 100 deg. The refinement was done
using FULLPROF-FP2K program15 varying 17 parameters, such
as overall scale factor and background parameters, along
with oxygen occupancy.

XPS spectra of the prepared compounds were recorded
in an ESCA-3 Mark II spectrometer �VG Scientific Ltd., En-
gland� using Al K� radiation �1486.6 eV�. Binding energies
were calibrated with respect to C�1s� at 285 eV with a pre-
cision of �0.1 eV. For XPS analysis the power samples
were made into 0.5 mm thick, 8 mm diameter pellets and
placed into an ultrahigh vacuum chamber at 10−9 Torr hous-
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ing the analyzer. The obtained spectra were curve fitted with
Gaussian peaks after subtracting a linear background.

Ti K, Pt LIII, and Pd K edge EXAFS spectra in catalyst
and reference samples were recorded at room temperature in
the transmission mode with Si�311� and Si�111� double-
crystal monochromators at NW10A and BL9A beamlines,
respectively, at Photon Factory, Japan.16,17 EXAFS was
scanned from 4.7 to 5.6 keV, from 11 to 12 keV for Pt
EXAFS, and from 24.2 to 25.6 keV for Pd EXAFS spectra.
The photon energy was calibrated for each scan with the first
inflection point of the absorption edge in respective metal
foil. Both the incident �I0� and transmitted �I� synchrotron
beam intensities were measured simultaneously using ioniza-
tion chamber filled with appropriate gases. The absorbers
were made by pressing the fine powder samples into pellets
of 10 mm diameter with boron nitride. To avoid the sample
thickness effect, the total �x was restricted to a value �3 by
adjusting the thickness of the absorber pellet where � is the
absorption coefficient and x is the sample thickness.18

EXAFS data analysis was done using IFEFFIT program.
The value of amplitude reduction factor �S0

2� is deduced
from the EXAFS spectra of respective metals with known
crystal structural data.19 The theoretical calculation of back-
scattering amplitude and phase shift functions is obtained by
using FEFT �6.01� program.20 The experimental EXAFS data
were fitted with the theoretical EXAFS function using FEFFIT

program.21

RESULTS AND DISCUSSION

XRD study

XRD was carried out to see whether platinum ions are
substituted into the Ce0.85Ti0.15O2 matrix in Pt /Ce0.85Ti0.15O2

catalyst. Figure 1�a� shows the XRD pattern of as-prepared
1 at. % Pt /Ce0.85Ti0.15O2 and 1 at. % Pt impregnated over
Ce0.85Ti0.15O2 with ten times enlarged in the Y scale. The
pattern can be indexed to the fluorite structure. Observed,
calculated, and difference XRD patterns of 1 at. %
Pt /Ce0.85Ti0.15O2 are shown in Fig. 1�b�. The RBragg, R factor,
and �2 values are 1.75, 1.81, and 1.04, respectively. Keeping
all the parameters the same and Pt ion occupancy equal to
0.0, RBragg, RF, and �2 were 2.25, 1.64, and 1.15, respec-
tively. The increase in R factors is significant. This test con-
firms Pt ion substitution for Ti /Ce sites in the lattice. There-
fore, the present model which considers Pt ion substitution at
Ce4+ site in Ce1−xTixO2 lattice is possible. The lattice param-
eter of Ce0.85Ti0.15O2 is 5.4032�2� Å and in the 1 at. % Pt ion
substituted Ce0.85Ti0.15O2, lattice parameter changes to
5.4052�3� Å. There are no impurity peaks due to the pres-
ence of platinum metal or oxides. This is further confirmed
by recording 1 at. % Pt impregnated over Ce0.85Ti0.15O2

where intense Pt�111� peak is observed. In the impregnated
compound Pt�111� peak is clearly observed, as indicated in
Fig. 1�a�.

1% Pt-substituted catalyst was reduced in 5%H2 /Ar gas
at 300 °C for 1 h. Color changed from gray to black. Figure
2 shows the XRD pattern of the reduced sample with mag-
nification in the Y scale. Pt�111� peak at 2�=39.8 is not
observed. This shows that short duration reduction does not

allow Pt metal atoms sintering to metal particles. We believe
that atoms are retained in the same sites as in the unreduced
samples. A similar experiment has been reported in the lit-
erature as an evidence for Pd ion substitution in perovskite
lattice.22–24 However, reduction of Pt ion in H2 and easy
reoxidation in O2 have been shown by XPS study earlier.12

FIG. 1. �a� Ten times enlarged XRD pattern of 1 at. % Pt /Ce0.85Ti0.15O2 and
1 at. % Pt /Ce0.85Ti0.15O2 �impregnated� and �b� Rietveld refined 1 at. %
Pt /Ce0.85Ti0.15O2.

FIG. 2. XRD pattern of 1 at. % Pt /Ce0.85Ti0.15O2 �at 300 °C�, 2 at. %
Pd /Ce0.75Ti0.25O2 �at 500 °C�, and 2% PdO+Ce0.75Ti0.25O2 �at 500 °C� re-
duced in 5% H2+95% Ar gas.
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Figure 3�a� shows the XRD pattern of as-prepared 2 and
5 at. % Pd /Ce0.75Ti0.25O2 which is ten times enlarged in the
Y scale. The patterns show fluorite phase of the catalysts. No
intensity peak due to Pd metal particle or PdO can be ob-
served. Figure 3�b� shows the Rietveld refined XRD profile
of 5 at. % Pd /Ce0.75Ti0.25O2. RBragg, R factor, and �2 values
are 1.94, 2.90, and 1.44 for 2 at. % Pd /Ce0.75Ti0.25O2 and
3.57, 2.36, and 1.29 for 5 at. % Pd /Ce0.75Ti0.25O2, respec-
tively. Lattice parameter values are, respectively, 5.3992�6�
and 5.4082�5� Å. The increase in lattice parameter is 5% Pd
substituted compound due to higher ionic radii of Pd2+ ion
compared to smaller Ti4+ ion which gets substituted by Pd2+

ion.
Similar to Pt- substituted catalyst, in Fig. 2 the XRD

pattern of Ce0.73Ti0.25Pd0.02O2−� and 2 at. % PdO
+Ce0.75Ti0.25O2 �mixture� reduced in H2 is shown. Pd�111�
metal peak at 2�=40.2 is not observed in the substituted
catalyst whereas the same gives a prominent peak in 2 at. %
PdO+Ce0.75Ti0.25O2.

XPS study

The valence state of platinum species in the Ce1−xTixO2

support was determined by XPS of Pt�4f� core level spectra.
Pt�4f� core level region in pt metal foil and as-prepared
1 at. % Pt /Ce0.85Ti0.15O2 is given in Fig. 4. Pt0 in Pt metal

particles shows 4f7/2,5/2 at 71.1 and 74.3 eV, respectively
�Fig. 4�a��. However, Pt spectra are very broad in the oxide
support. Therefore, Pt�4f� spectrum was deconvoluted into
sets of spin-orbit doublets for different oxidation states of Pt.
In 1% Pt /Ce0.85Ti0.15O2, the Pt�4f� region �Fig. 4�b�� was
deconvoluted into two sets of spin-orbit doublets because
significant intensity due to metallic platinum was not ob-
served even after ten times magnification in XRD. Accord-
ingly, the peaks at 72.8, 76 and 75, 78.2 eV are attributed to

FIG. 5. Ti�2p� core level spectra in �a� TiO2 and �b� 1 at. %
Pt /Ce0.85Ti0.15O2.

FIG. 3. �a� Ten times enlarged XRD pattern of 2 and �b� 5 at. %
Pd /Ce0.75Ti0.25O2.

FIG. 4. Pt�4f� core level spectra in �a� Pt metal foil and �b� 1 at. %
Pt /Ce0.85Ti0.15O2.
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Pt in +2 and +4 oxidation states, respectively. About �65%
Pt are in +2 state and the rest is in +4 state in 1 at. %
Pt /Pt0.85Ti0.15O2−�.

The Ti�2p� spectrum of pure TiO2 and as-prepared
1 at. % Pt /Ce0.85Ti0.15O2 is shown in Fig. 5. Binding ener-
gies of Ti�2p3/2,1/2� at 459.0 and 464.8 eV in TiO2 corre-
spond to Ti in 4+ state �Fig. 5�a��. The Ti�2p3/2,1/2� peaks in
as-prepared 1 at. % Pt /Ce0.85Ti0.15O2 are observed at 458.8
and 464.7 eV �Fig. 5�b�� and therefore, Ti is essentially in 4+
state in the Pt-substituted catalysts. Similarly, Ce is also
present in the 4+ state in all the compounds.

Figure 6 shows the Pd�3d� core level spectra in PdO,
as-prepared 2 and 5 at. % Pd /Ce0.75Ti0.25O2. The binding

energy of Pd�3d5/2� in PdO is 336.4 eV corresponding to 2
+ state. Pd�3d5/2� is observed at 337.7 eV in as-prepared 2
and 5 at. % Pd /Ce0.75Ti0.25O2. PdCl2 is observed at
338.0 eV.25 Therefore, Pd ion is in +2 state, but it is more
ionic in Ce0.75Ti0.25O2 than in PdO. Similarly, both Ti and Ce
ions showing similar spectra are found to be in 4+ state.

EXAFS study

The k2 weighted Fourier transform �FT� of Ti K-edge
EXAFS in 1% Pt /Ce0.85Ti0.15O2 is presented in Fig. 7�a�.
These spectra are very similar to those of Ti EXAFS in
Ce1−xTixO2 solid solutions13 where we had reported that the
oxygen coordination around Ti is distorted in these solid so-
lutions. From experimental data analysis as well as first prin-

TABLE I. EXAFS analysis in Pt /CeTiO2 at Ti K edge and Pt LIII edge.

Sample Coordination shell CN R 	2

Ti K edge
1% Pt /Ce0.85Ti0.15O2 Ti–O 4 1.897�0.06 0.005�0.001

4 2.50�0.02 0.023�0.006
Ti–Ti 1.8 2.98�0.03 0.010�0.004
Ti–Ce 10.2 3.52�0.06 0.03�0.01

Pt LIII edge
1% Pt /Ce0.85Ti0.15O2 Pt–O 2.9�0.1 0.004�0.003 0.0049�0.0004

3.9�0.1 2.63�0.04 0.041�0.009
Pt–Pt 3.6�0.6 2.768�0.002 0.0049�0.0002
Pt–Ti 1.1�0.3 3.12�0.02 0.016�0.003
Pt–Ce 5.1�0.7 3.54�0.01 0.020�0.002

PT Pt–Pt 12.0 2.762�0.004 0.009�0.001
6.0 3.901�0.005 0.013�0.003
48.0 4.138�0.005 0.016�0.003
24.0 4.778�0.006 0.015�0.002

PtO2 Pt–O 5.6�0.2 1.989�0.004 0.002�0.001
Pt–Pt 3.7�0.2 3.153�0.002 0.006�0.001
Pt–Pt 7.6�0.4 3.556�0.006 0.014�0.008
Pt–O 4.5�0.6 3.695�0.006 0.005�0.002

FIG. 6. Pd�3d� core level spectra in PdO, 2 at. % Pd /Ce0.75Ti0.25O2, and
5 at. % Pd /Ce0.75Ti0.25O2.

FIG. 7. �a� Fourier transformed EXAFS spectra at the Ti K edge in 1 at. %
Pt /Ce0.85Ti0.15O2 and �b� magnitude of k2 weighted EXAFS spectra in 1 and
2 at. % Pt /Ce0.85Ti0.15O2.
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cipal theoretical calculations it was found that of the eight
O’s surrounding the metal ion in fluorite structure, four come
closer and four move away. The weighted EXAFS data in the
k range 2–10 Å−1 were transformed to R space and was
fitted to the same 4+4 coordination model using Ti–O cor-
relations and Ti–Ti and Ti–Ce coordination shells. The re-

sultant backtransformed data along with the fit are presented
in Fig. 7�b�. The values of bond lengths and Debye–Waller
terms are presented in Table I. When coordination was taken
as 8, 6+2 or 4+2+2 fitting was poor.

Figure 8�a� shows the k3 weighted FT of the Pt LIII

EXAFS spectra of Pt metal and PtO2 along with their inverse

FIG. 8. �a� Magnitude of FT and cor-
responding backtransforms of Pt LIII

edge in Pt metal foil and PtO2 and �b�
backtransformed k3 weighted EXAFS
with fit and magnitude of FT of Pt LIII

edge in 1 at. % Pt /Ce0.85Ti0.15O2.
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transforms. The Fourier transforms are not corrected for
phase shift and hence the peaks are shifted to lower R values.
However, as mentioned above, the values of bond distance
quoted in the text and table are corrected for phase shift. For
Pt metal foil, the Pt–Pt scattering peak is seen at 2.76 Å. In
addition to it, a small peak on the lower R side of the main
peak can be seen. This is caused by both the k-dependent
behavior of backscattering amplitude and nonlinearly in the
phase shift function. Pt–O correlation in PtO2 appears at
about 1.99 Å and a Pt–Pt correlation is observed at an aver-
age distance of 3.15 Å. The values of bond distance, coordi-
nation number, and Debye–Waller factors obtained from fit-
ting the EXAFS data in the R range 1–4 Å are presented in
Table I. These values agree well with the structural data of Pt
and PtO2.

In the case of 1% Pt /Ce0.85Ti0.15O2 �Fig. 8�b��, a strong
peak at about 1.5 Å �phase shift uncorrected� is observed
which is absent in Pt metal. This correlation is attributed to
the Pt–O bond at 2.0 Å. Further a broad structure with at
least three distinct maxima is seen in the range 2–4 Å. This
broad structure distinctly consists of at least three correla-
tions and it is similar to that observed in 1% Pt /CeO2.26 But
there are important differences in the two spectra particularly
in weighting of the doublet structure, positions of the
maxima as well as in the strength of the first Pt–O correlation
at 2 Å. therefore, in Pt /CeTiO2 catalyst although Pt could be

in similar environment as that in Pt /CeO2 the nature of cor-
relations could be different. This could be due to distorted
ceria-titania matrix that Pt finds itself in Pt /CeTiO2. There-
fore, to fit the EXAFS data, a model wherein Pt ion is sub-
stituted for Ce /Ti ion in Pt /Ce0.8Ti0.2O2 structure forming a
solid solution of the type Pt0.01Ce0.79Ti0.2O2−� was consid-
ered. This model gave a good fit and the fitted parameters
obtained are listed in Table I. In the solid solution phase, Pt
has �3+4 oxygen coordination at 2.0 and 2.63 Å in the
catalyst. If Pt ions are substituted for Ce4+ sites, the first
coordination around Pt ion will be of oxide ions. In the case
of Ce1−xTixO2, Ce has distorted oxygen coordination around
it with four oxygen ions coming closer and four moving
away. Accordingly, the coordination of �7 �4 short+3 long�
for the Pt–O bond in the catalyst can be understood to be due
to substitution of Pt2+ ions for Ce4+ ions just as Ti4+ ion in
CeO2 accounting for overall oxide ion vacancy. Since 65%
of Pt ions is in lower oxidation state, oxide ion vacancy is
expected and the observed lower coordination supports this.
Further, Pt–Pt, Pt–Ti, and Pt–Ce correlation were obtained at
2.76, 3.12, and 3.53 Å, respectively. These correlations indi-
cate the presence of Pt ion in fluorite lattice. The total coor-
dination number obtained was about 10 which is close to that
expected for Pt substitution for Ce ion in �CeTi�O2 solid
solution having fluorite structure. The Pt–Ce bond distance
of 3.53 Å is also close to Ti–Ce distance �3.5 Å� obtained in
�CeTi�O2 solid solutions. However, the Pt–Pt coordination
number ��4� is quite large. It must be mentioned here that
while fitting, the coordination numbers were essentially kept
fixed to their respective concentration ratio. In the case of
Pt–Pt, Pt–Ti, and Pt–Ce, a good fit was obtained only for a
combination of 4, 1, and 5, respectively.

The k2 weighted FT of Ti K-edge EXAFS in 2 and
5 at. % Pd /Ce0.75Ti0.25O2 is presented in Fig. 9�a�. This spec-
trum is similar to those of Ti EXAFS in Ce1−xTixO2 solid
solutions.13 The weighted EXAFS data in the k range
2–10 Å−1 were transformed to R space and were fitted to the
same 4+4 model using Ti–O correlations and Ti–Ti and
Ti–Ce coordination shells. The resultant backtransformed
data along with the fit are presented in Fig. 9�b�. The values
of bond lengths and Debye–Waller terms are presented in
Table II. The second shell in the Ti–O coordination sphere is
�3. This is due to creation of oxide ion vacancy for lower
valent Pd2+ ion substitution.

Figures 10�a� and 10�b� show background subtracted
k3-weighted Pd K EXAFS function with fit and its magnitude
in Pd metal and PdO. The EXAFS spectrum of the catalyst is
similar to that of PdO, indicating Pd to be in +2 state. The
phase corrected values of EXAFS data are given in Table II.
The FT of PdO shows three distinct peaks in the range
1–3.5 Å. It is known from the crystal structure data that in
PdO, Pd ion is surrounded by four O ions at 2.02 Å and Pd
ions at 2.67 and 3.08 Å with coordination numbers 2 and 4,
respectively. These shells contribute to the first two peaks
while the third peak has contributions from 8 neighbored
Pd–O shell at 3.58 Å and 16 neighbored Pd–Pd shell at
3.72 Å. From the EXAFS data, we have shown local struc-
ture of Ce4+, Ti4+, and Pd2+ ions in Fig. 11. Ce4+ is found to
have four Ce–O bonds of 2.30 Å and four Ce–O of 2.42 Å.13

FIG. 9. �a� Fourier transformed EXAFS spectra at the Ti K edge in 2 and
5 at. % Pd /Ce0.75Ti0.25O2 and �b� magnitude of k2 weighted EXAFS spectra
in 1 and 2 at. % Pt /Ce0.85Ti0.15O2.
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Both Ti4+ and Pd2+ ions have 4+3 coordination. Ti–O bond
distances were 1.90 and 2.48 and Pd–O bonds were 2.0 and
2.47 Å. Oxide ion vacancy is obtained in the longer coordi-
nation sphere.

In the case of catalyst sample, a strong peak at about
1.5 Å �phase shift uncorrected� is seen and can be attributed
to Pd–O correlation with a bond length of 2.02 Å. The coor-
dination number obtained from fitting this peak is about 4.
The fit, however, is not very good especially in the higher R
region where a small correlation, especially in the sample
containing 5% Pd, can be seen. Further there is a broad struc-
ture extending from little over 2 to about 3.5 Å. This struc-
ture is different from the twin peak structure seen in PdO
both in terms of peak position and relative heights, indicating
the local structure around the metal ion to be different in
catalyst from that in PdO. Therefore, the EXAFS was fitted
to a model wherein Pd substitutes Ce ion in distorted fluorite

TABLE II. EXAFS analysis in Pd metal, PdO, and Pd /CeTiO2 at Ti K and Pd K edges.

Sample
Coordination

shell CN R 	2

Ti K edge
2% Pd /Ce0.75Ti0.25O2 Ti–O 4 1.925�0.004 0.007�0.001

2.9�0.5 2.48�0.02 0.032�0.006
Ti–Ti 2.2�0.6 3.05�0.03 0.019�0.005
Ti–Ce 9.0�0.2 3.67�0.03 0.038�0.006

5% Pd /Ce0.75Ti0.25O2 Ti–O 4 1.903�0.004 0.0064�0.0007
3.0�0.4 2.42�0.01 0.022�0.004

Ti–Ti 2.0�0.7 3.15�0.05 0.025�0.009
Ti–Ce 5.3�0.2 3.82�0.08 0.062�0.01
Ti–Pd 1.2�0.4 3.20�0.03 0.010�0.001

Pd K edge
2% Pd /Ce0.75Ti0.25O2 Pd–O 4.0�0.02 2.007�0.004 0.0028�0.0004

3.2�0.6 2.47�0.02 0.013�0.003
Pd–Pd 1.8�0.1 3.059�0.005 0.0048�0.0005
Pd–Ti 2.8�0.4 2.89�0.01 0.014�0.002
Pd–Ce 6.3�0.4 3.330�0.004 0.0097�0.0004

Pd Pd–Pd 12.0 2.747�0.003 0.006�0.001
6.0 3.885�0.002 0.009�0.001

48.0 4.120�0.002 0.008�0.001
24.0 4.689�0.004 0.050�0.004

PdO Pd–O 4.0 2.023�0.005 0.002�0.001
Pd–Pd 2.0 2.694�0.008 0.011�0.003
Pd–Pd 4.0 3.079�0.009 0.005�0.001
Pd–O 8.0 3.581�0.002 0.002�0.001

Pd–O/Pd 16.0 3.721�0.009 0.006�0.001

FIG. 10. Backtransform EXAFS with fit and magnitude of FT of Pd K edge
in Pd and PdO.

FIG. 11. Ball and stick model obtained from EXAFS fitting for the first
coordination shell around Ce, Ti, and Pd ions in Ce0.73Ti0.25Pd0.02O2−�.
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structure.2 The fitting parameters obtained are presented in
Table II and the fitted curves in the backtransformed k space
along with those of Pd metal and PdO are presented in Fig.
12. It can be seen that the first peak in the magnitude of FT
of EXAFS spectra can be fitted with two Pd–O correlations
at 2.02 and 2.47 Å, respectively. The total coordination num-
ber is about 7 which can be expected due to substitution of
lower valent Pd2+ ion in place of Ce4+ ion. Further, the twin
peak structure can be fitted with three correlations, Pd–Ti,
Pd–Pd, and Pd–Ce at 2.89, 3.06, and 3.3 Å, respectively. The
obtained coordination numbers are also in accordance with
atomic concentration of each of these ions as well as the total
coordination number is close to 12, which is expected for
second coordination in fluorite structure. This clearly con-
firms that in 2% Pd/CeTiO2 Pd2+ ion substitutes Ce4+ in a
distorted fluorite structure.

CONCLUSIONS

Pt is present in the +2 and +4 ionic state in Ce1−xTixO2,
whereas Pd in +2 state.

Coordination number as well as Pt–O and Pt–Pt or
Pt–Ce /Ti distances in Pt /Ce0.85Ti0.15O2 are different from
those distances in Pt metal or PtO2. Similarly, Pd substitution
gives different bond distances in Ce0.75Ti0.25O2.

1 at. % Pt /Ce0.85Ti0.15O2 can be written as
Ce0.84Ti0.15Pt0.01O2−� with cubic fluorite structure. Similarly,
2 and 5 at. % Pt /Ce0.75Ti0.25O2 can be written as
Ce0.73Ti0.25Pd0.02O2−� and Ce0.7Ti0.25Pt0.05O2−�, respectively.
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