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Reply to Comment on “Novel Nanocrystalline
Ce;—.La,0,_5 (x = 0.2) Solid Solutions: Structural
Characteristics and Catalytic Performance”

At the outset we wish to thank the author' for com-
menting on the XPS analysis of CeO,—La,03 (CL) solid
solutions described in our publication.? As explicitly
mentioned in the article, the XPS technique was used
as a complementary tool to substantiate some of the
observations made from other major techniques such
as X-ray diffraction, Raman spectroscopy, transmission
electron microscopy, UV—visible diffuse reflectance
spectroscopy, and temperature programmed reduction.
The XPS analysis was made purely based on literature
reports with appropriate references. We should have
referenced the relevant works of Prof. Paparazzo' in
our paper. We regret this omission.

In the article’ the complex multipeaked Ce 3d are
labeled following the de facto standard nomenclature
given by Burroughs et al.,* who were the first to interpret
this spectra. The CL’s Ce 3d core level spectra have
revealed ~0.5 eV difference (see Table 2)? with reference
to an earlier publication by Trovarelli.* Interestingly,
similar binding energies were reported in many other
publications in which C 1s (284.6 eV) has been used as a
reference material for BE corrections.””

It is well-known for those who are familiar with the
application of XPS technique for chemical analysis what
excitation energy sources are available, how the instrument
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Figure 1. Ce 3d XPS core level spectra of ceria (C 773 K) and ceria-
lanthana (CL 773 and 1073 K) samples.

is calibrated first using Cu 2ps», Cu 3ps3)n, Ag 3ds)n, Audfyp,
and so forth, and how the binding energies are corrected
with reference to adventitious carbon 1s, Ti 2p; », and so on.
Therefore, making some unwanted comments on such
established facts and typographic errors is just meaningless.

In our entire discussion” the undoped nanosized ceria is
designated as pure ceria, and it does not mean that it
exhibits only the pure Ce(IV) state. Simply misunder-
standing the description of pure ceria, an entire series of
comments were made which are unjustifiable. The pure
ceria sample that we described was prepared under iden-
tical conditions of the CeO,—La,0j5 solid solutions. It is
permissable to write nonstoichiometric ceria (CeO,_) as
CeO,, and it is also very well-known that CeO, should not
be considered as Ce*" alone with a configuration describ-
able as 4f°L", but as a mixed Ce*t—Ce>" state, that is,
mixed with a 4'L""" configuration (L" denotes O 2p°)
due to the very similar energies of the 4f and orbital ligand
valence levels.* Moreover, nanosized ceria itself is more
defective and associated with a relatively larger amount of
Ce*" ions compared to the bulk ceria, and it is also inline
with the relatively intense high binding energy component
peak of the O 1s core level spectrum that is observed due
to adsorption of surface residues.”

Ji et al.'® reported that if CeO, contains only a small
amount of Ce® ", then the valleys are well-defined, but if
the degree of reduction of Ce** to Ce® " is high, then Ce**
becomes more concentrated, and the valleys between v
and v' and u and v’ start to vanish. On the basis of those
lines, we have tried to correlate the Ce** and Ce*" ions
with the valley depth (Figure 1). In the subsequent
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sentence we have mentioned that “under high vacuum
conditions during the XPS measurements there is a
possibility of Ce*t — Ce®" reduction”.> The X-ray dose
is the same for all the samples. Besides the X-ray dose
several other factors also such as secondary electrons
from the X-ray source, sample charging, chemical envir-
onment, temperature, vacuum, and so forth influence the
ceria reduction.'” As a result of the chemical environment
change (attributed to the formation of Ce—O—La) the CL
773 has shown comparatively high Ce’" than the C 773
sample. Further, a reasonably larger amount of Ce** for
CL 1073 K over CL 773 K may be due to UHV conditions
where highly mobile surface oxide ions are extracted
easily from the surface.'® The evolution of O, under
thermal treatments is responsible for the slight decrease
of the 11/”.17’19

Ce 3d is more surface sensitive than the Ce 4d; conse-
quently, the latter results an unresolved and relatively
noisey spectrum. The shape of the complex region, fur-
ther, cannot be interpreted in detail unlike Ce 3d because
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of the 4d—4f interaction, which is much stronger than the
3d—4f coupling and introduces strong multiplet effects.?
Therefore, we have presented the Ce 4d for secondary
information only to support the Ce 3d results. The author
is claiming that “there is an overlapping contribution
from the La 4d to Ce 4d”." As per the literature reports, a
highly intense doublet is observed at ~101 and ~105 ¢V,
respectively, for La 4ds;, and La 4d; /2.2 1726 There are no
peaks observed in the middle of the trough of La 4d.
Additionally, there is a peak observed at ~103.3 eV for Ce
4d attributed to Ce*"; hence, we have assigned the same.
In addition, it should be mentioned here that quantita-
tively we have not expressed the Ce’"/Ce*" ratio. We
have outlined only the coexistence of both the oxidation
states. Even if there is any contribution from La 4d, that is
beyond our discussion.
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