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INTRODUCTION

Oxides with a perovskite structure, ABO

 

3

 

, attract
attention due to their high activity and stable perfor-
mance in various oxidation reactions. The activity of
perovskites in complete oxidation is known to be deter-
mined by the nature of a transition metal in the B-sub-
lattice, its electron state depends on the substituting
cations in the A and B sublattices, and the preparation
conditions, which govern the real structure (microstruc-
ture) of the oxide [1–4]. The above factors determine
the strength of the metal–oxygen bond on the oxide sur-
face and consequently the complete oxidation rate [5, 6].

As was shown in [7], various oxygen states are
present on the oxide surface, but only the most weakly
bound ones, which are formed at extended defects on
the surface, participate in complete oxidation. The par-
ticipation of strongly bound lattice oxygen in complete
oxidation is commonly excluded from consideration in
these systems [6].

Oxygen states with different bonding strengths may
be present on the perovskite surface, including weakly
bound oxygen (for example, oxygen adsorbed on
vacancies). However, the participation of the lattice
oxygen in complete oxidation over the perovskite
oxides has been discussed in the literature [8].

One of the most interesting systems in which the
preparation procedure strongly affects the charge state
of the transition metal, microstructure, and, hence, the
bond strength of the surface oxygen and the catalytic
activity is the 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 system, which is the sub-
ject of our study. When calcium is introduced into the
system, depending on the preparation conditions, the

electroneutrality of the system is achieved either via the
formation of oxygen vacancies and vacancy-ordered
phases or by the formation of Fe

 

4+

 

 cations. For instance,
in the system prepared by the “ceramic” procedure, the
formation of three vacancy-ordered phases, which
belong to the homologous series A

 

n

 

B

 

n

 

O

 

3

 

n

 

 – 1

 

 (A = La,
Ca; B = Fe), was found by Mössbauer spectroscopy and
high-resolution electron microscopy: lanthanum ferrite
with the perovskite structure, LaFeO

 

3

 

 (

 

n

 

 = 

 

∞

 

)

 

; calcium
ferrite with the structure of brownmillerite, Ca

 

2

 

Fe

 

2

 

O

 

5

 

(

 

n

 

 = 2)

 

, and the Grenier phase, La

 

0.33

 

Ca

 

0.67

 

FeO

 

2.67

 

 (

 

n

 

 = 3)

 

[9–11].

The formation of a homogeneous solid solution in
this system up to 

 

x

 

 = 0.5 was suggested in [12, 13]. For
example, the authors of [13] concluded on the basis of
X-ray analysis, redox titration, and temperature-pro-
grammed reduction (TPR) that, in the system synthe-
sized by the citrate procedure, the homogeneous solid
solutions are formed up to 

 

x

 

 = 0.5; they found an
increase in the concentration of Fe

 

4+

 

 cations with an
increase in the calcium concentration. Note that the
authors found that the catalytic activity in the complete
oxidation of methane did not depend on the concentra-
tion of Fe

 

4+

 

 cations in the samples.

In our studies [14–18] of this system prepared by
ceramic and mechanochemical procedures, we did not
observe the formation of a homogeneous solid solution
over a wide range of 

 

x

 

 values (up to 

 

x

 

 = 0.17) but did
find variations in the microstructure and phase compo-
sition of the samples prepared by different procedures.
We found that three phases of the homologous series
(LaFeO

 

3

 

, 

 

Ca

 

2

 

Fe

 

2

 

O

 

5

 

, and La

 

0.33

 

Ca

 

0.67

 

FeO

 

2.67

 

) are formed
in the samples of the ceramic series and only two
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Abstract

 

—Oxygen states in the 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 perovskites prepared using different procedures are studied
by temperature-programmed reduction (TPR). Results are compared to data on the catalytic activity in the oxi-
dation of methane and carbon monoxide. The activity of the samples in the CO and CH

 

4

 

 oxidation over a wide
temperature range (200–600

 

°

 

C) is shown to correlate with the amount of reactive surface and subsurface oxy-
gen removable during TPR below 420

 

°

 

C. These oxygen states in the samples of the 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 series can
be associated with the domain or intergrain boundaries. No correlation is found between the amount of lattice
oxygen removable during TPR and the activity of the 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 samples in the complete oxidation of
methane at temperatures of 450–600

 

°

 

C. It is suggested that catalytic complete oxidation is determined by the
most reactive surface and subsurface oxygen states located at the interphase boundaries, whereas the lattice
oxygen does not participate in these reactions.
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phases (LaFeO

 

3

 

 and Ca

 

2

 

Fe

 

2

 

O

 

5

 

) are formed in the sam-
ples of the mechanochemical series. Depending on the
sample composition, these phases form microheteroge-
neous solid solutions with various microstructures. The
Fe

 

4+

 

 cations were not found in the samples by Möss-
bauer spectroscopy [18]. At the same time, the catalytic
activity in CO oxidation was found to depend on the
sample composition and the samples with average com-
positions with a high density of phase boundaries
exhibit the maximal activity. The facts that the phase
boundaries are present in this system and their density
is maximal in the region of average compositions and
that the catalytic activity changes with a change in the
density of the phase boundaries allowed us to suggest
that additional coordinatively unsaturated sites can be
formed at the phase boundaries on the surface. These
sites are capable of adsorbing oxygen with the lowest
bonding strength, which determines the enhanced
activity of the samples of intermediate compositions.

Hence, various oxygen states can exist on the sur-
face of perovskites in our system: oxygen located in the
region of phase boundaries and on vacancies as well as
lattice oxygen. TPR is one of the techniques that allows
one to distinguish oxygen states.

Therefore, the goal of this work was to study oxygen
states in the perovskite oxides 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 pre-
pared by different methods and to clarify the role of the
surface and lattice oxygen states in the catalytic activity
of perovskites of this series in the complete oxidation of
CO and CH

 

4

 

.

EXPERIMENTAL

The samples 

 

La

 

1 – 

 

x

 

Ca

 

x

 

FeO

 

3 – 

 

y

 

 (

 

x

 

 = 0, 0.2, 0.4, 0.6,
0.8,

 

 and 1.0) were prepared by the calcination of previ-
ously mechanically activated mixture of the initial
oxides taken in the necessary ratios at 900 or 

 

1100°

 

C
for 4 h. The duration of mechanical treatment was var-
ied from 3 to 10 min, and the procedure of mecha-
nochemical synthesis was described in [16]. The sam-
ples of the ceramic series were prepared by calcination
of the initial oxides at 

 

1100°

 

C for 150 h; the ceramic
synthesis was described in [17].

The catalytic activity in CO oxidation was studied at

 

300–500°

 

C in a flow-circulation reactor with GC anal-
ysis of the reaction products. The fractions of the cata-
lysts of 0.5–1 and 1–2 mm were used, and the sample
weight was 1 g. The circulation rate was 1200 l/h, and
the feed rate of the reaction mixture (1% CO + 1% O

 

2

 

in He) was 10 l/h. The specific catalytic activity was
determined as the specific reaction rate at a CO concen-
tration of 1% and calculated according to the formula

 

(1)
w molecule CO m 2–  s 1–[ ],

=  X/ 1 X–( ) 7.47 1017× /Ssp( ),

 

where 

 

X

 

 is the CO conversion. The concentrations of
components in the gaseous mixture were determined by
chromatography with a maximal error of 20%.

The catalytic activity in CH

 

4

 

 oxidation was studied
at 

 

350–600°

 

C in a flow reactor with GC analysis of the
reaction products. The fractions of the catalysts of 0.5–
1 mm were used, and the sample weight was 1 g; the
volume of the catalyst was 0.6 cm

 

3

 

. The feed rate of the
reaction mixture (0.5% CH

 

4

 

 + 9% 

 

O

 

2

 

 in He) was 2.4 l/h
(4000 h

 

–1

 

). The reaction rate was calculated according
to the formula

 

(2)

 

where 

 

k

 

, the effective first order rate constant, was calcu-
lated according to equation 

 

k

 

 = –2.3 /(

 

tmS

 

sp

 

)

 

for the plug-flow reactor (

 

X

 

 is the CH

 

4

 

 conversion, 

 

m

 

 is
the sample weight, 

 

t

 

 is the contact time, 

 

C

 

0

 

 = 0.5 is the
initial CH

 

4

 

 concentration, %). The error of chromato-
graphic determination of the components in the gas-
eous mixture was at most 20%.

The samples (fraction 0.25–0.5 mm) were studied
by temperature-programmed reduction with hydrogen
in a flow setup with a thermal conductivity detector.
Before reduction, the samples were treated with O2 for
0.5 h at 500°C and cooled to room temperature in O2.
The weight of the sample was 50 mg, and the feed rate
of the reductive mixture (10% H2 in Ar) was
40 cm3/min. The samples were heated at a ramp of
10 K/min up to 900°C. The concentrations of the mix-
ture components were estimated with an error of at
most 20%. The peak areas under the TPR curves for the
samples, which correspond to the hydrogen uptake
(mmol/g of sample), were calculated using the profile
of the asymmetric Gaussian function.

RESULTS AND DISCUSSION

Catalytic Properties of Substituted Perovskites
La1 – xCaxFeO3 – y in the Complete Oxidation Reactions

The catalytic activities of perovskites
La1 − xCaxFeO3 – y of the ceramic and mechanochemical
series in carbon monoxide oxidation reach a maximum
at average x values (x = 0.4–0.6). The data obtained are
presented in Fig. 1.

The samples of the mechanochemical series pre-
pared by 3-min mechanochemical treatment of the ini-
tial oxides followed by calcination at 1100°C for 4 h
were tested in the catalytic reaction of the complete oxi-
dation of methane (350–600°C) (Fig. 2). The selectivity
to CO2 was 100% irrespective of the temperatures of
the tests and the composition of the samples. The close
specific catalytic activities were found for nearly all the
samples at these temperatures, and this finding coin-
cides with the results reported in [13]. The only excep-
tion is the sample with the average composition (x = 0.5),
and its activity was 2.5–4 times higher (depending on
the temperature) than that of other samples (Fig. 2).

w molecule CH4 m 2–  s 1–[ ], kC0 2.69× 1019,×=

1 X–( )log
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Hence, the sample with the intermediate composition in
the series of substituted perovskites is the most active in
catalytic oxidation of CH4 as well as CO.

Based on earlier studies of the physicochemical
properties of the perovskites of the above series, we
found a correlation between a change in the specific
catalytic activity upon the calcium introduction and the
density of the phase boundaries determined by small-
angle X-ray scattering (SAXS) as the integral intensity
of X-ray scattering on microheterogeneities, including
the regions of phase boundaries. The above density is
maximal in the samples with intermediate composi-
tions [16]. It was suggested that the active sites, the
coordinatively unsaturated Fe3+ cations or clustered
Fe2+ cations, can be formed at these phase boundaries
on the surface. These sites are capable of adsorbing
oxygen with low bonding strength, which is the most
reactive species in complete oxidation [17]. TPR data
for the samples prepared by different methods (Fig. 3)
were analyzed from this point of view, and various oxy-
gen states were found, as well as an increase in the con-
centration of weakly bound surface oxygen states in the
samples with average compositions. TPR data for the
samples are presented below.

Temperature-Programmed Reduction
of the Samples La1 – xCaxFeO3 – y

As follows from the data obtained (Fig. 3, table), an
increase in the calcium content of the samples enhances
their reducibility. Lanthanum ferrite begins to be
reduced in the bulk at temperatures up to ~900°C irre-
spectively of the preparation conditions, whereas the
bulk reduction of calcium ferrite from Fe3+ to Fe0 is
more than 80% completed by 900°C. Hence, the total

amount of oxygen removable during TPR changes in
parallel with the calcium concentration (x) in the sam-
ples independently of the preparation conditions
(Fig. 4, table).

Note that the samples are reduced in a wide temper-
ature range. The TPR peaks have a complex shape and
are split. This can be due to a diverse lattice and
adsorbed oxygen states in perovskites and to the mul-
tiphase composition of the samples of each series.
Three main regions of hydrogen uptake during the TPR
of the samples can be identified.

(1) Low-temperature (<200°C) hydrogen uptake,
which quantitatively corresponds to the removal of less
than a monolayer of oxygen. Because oxide phases are
not reduced in this temperature range, hydrogen uptake
can characterize the most weakly bound surface oxygen
states, including those adsorbed at extended defects on
the surface.

(2) Hydrogen uptake in the temperature range 200–
420°C, which is substantially lower than the reduction
temperature for iron oxide α-Fe2O3. The amount of
removable oxygen (from one to several tens of mono-
layers) points to the subsurface reduction of perovs-
kites. In this temperature range, oxygen bound to
vacancies in the subsurface oxide layers is removed,
because this system belongs to vacancy perovskites.
Oxygen incorporated in the interphase boundaries are
removed as well, as the maximal amount of such oxy-
gen is found for samples with the intermediate compo-
sition.

(3) Uptake in the range of moderate (450–700°ë)
and high (≥700°C) temperatures quantitatively corre-
sponds to deeper reduction of oxides (see table) and
therefore can be ascribed to the bulk reduction of per-
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Fig. 1. Specific reaction rate of CO oxidation at 450°C vs.
the composition of samples La1 − xCaxFeO3 – y (x) of the
(1) ceramic and (2, 3) mechanochemical series after pre-
treatments: (1) calcination at 1100°C, 150 h; (2) 6 min of
mechanochemical treatment, 1100°C, 4 h; (3) 6 min of
mechanochemical treatment, 900°C, 4 h.

Fig. 2. Specific reaction rate of methane oxidation vs. the
Ca concentration (x) in perovskite La1 – xCaxFeO3 – y of
the mechanochemical series (3 min of mechanochemical
treatment, 1100°C, 4 h).
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ovskites, for example, the reduction of Fe3+ to Fe2+ and
further to Fe0 in the perovskite structure.

Let us consider the TPR data in more detail and
compare them with data on the catalytic activity taking
into account the above division into groups.

The dependence of the amount of hydrogen con-
sumed at temperatures below 200°C (when nearly a

monolayer of oxygen is removed) on the sample com-
position has an extremum. The maximal amount of
consumed hydrogen was found for the samples with
average compositions (see the data in table for samples
calcined at 1100°C), and their catalytic activity changes
with the composition in a similar way. Moreover, as fol-
lows from Fig. 5, one can construct with higher or
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Fig. 3. TPR curves for perovskite La1 – xCaxFeO3 – y: (a)
ceramic series (1100°C, 150 h); (b) mechanochemical
series (6 min of mechanochemical treatment, 900°C, 4 h);
and (c) mechanochemical series (6 min of mechanochemi-
cal treatment, 1100°C, 4 h).

Fig. 4. Total hydrogen uptake and hydrogen uptake in the
range (a) below 400, (b) 420, and (c) 425°C vs. the compo-
sition of samples (x): (a) ceramic series (1100°C, 150 h); (b)
mechanochemical series (6 min of mechanochemical treat-
ment, 1100°C, 4 h); and (c) mechanochemical series (6 min
of mechanochemical treatment, 900°C, 4 h).
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lower accuracy (with a correlation coefficient of 0.67–
0.96) linear relationships between the amount of oxy-
gen removed from the unit of the surface area of the
samples and their specific (related to 1 m2) catalytic
activity for each of the series studied. Note that a corre-
lation exists between the concentration of oxygen states
and the specific catalytic activity for samples with the
same composition prepared by different methods. An
increase in the temperature or duration of sintering
results in an increase in the surface coverage with
weakly bound oxygen states and the specific catalytic
activity. The results obtained point to the relation

between the specific catalytic activity of perovskites
and the amount of this oxygen state and also suggest
that this oxygen can be located at phase boundaries on
the surface.

The peaks in the temperature range 350–470°C can
be divided into two groups: peaks with maxima in the
350–420 and 450–470°C ranges, respectively. It is of
interest that the hydrogen uptakes in these two regions
change in a different way with the composition of the
samples of all series. The peak at 470°C decreases with
an increase in x, whereas the uptake in the 350–400°C
range passes through a maximum for the intermediate

TPR of perovskites La1 – xCaxFeO3 – y

x Total H2 uptake, 
mmol/g

Hydrogen uptake, mmol/g in temperature range of

up to  200°C 350–400°C 450–480°C 510–590°C 620–730°C 890–1150°C

Ceramic series (1100°C, 150 h)

0 1.70 0.043 0.042 (350) 0.310 (480) – 1.300 (700) –

0.2 0.49 0.066 0.216 (400) – – 0.275 (635) –

0.4 2.36 0.0623 0.176 (380) – – 1.820 (730) 0.540 (790)

0.6 6.94 0.1211 0.457 (400) – 0.943 (516) – 4.770 (860)

0.771 (575)

0.8 6.84 0.0463 0.176 (370) – 2.20 (540) 1.260 (650) 3.200(*)

1.0 9.26 0.01467 0.130 (320) – – – 9.130 (840)

Mechanochemical series (6 min of mechanical treatment, 1100°C, 4 h)

0 0.59 0.0032 0.026 (310) 0.174 (450) 0.050 (540) – 0.340 (*)

0.2 1.83 0.004 0.324 (370) 0.062 (450) – 0.326 (620) 1.120 (*)

0.4 2.59 0.0583 0.058 (320) 0.240 (490) – 0.280 (640) 1.640 (755)

0.380 (385)

0.6 4.84 0.147 0.052 (320) 0.148 (465) 0.178 (500) 0.280 (680) 3.900 (755)

0.280 (385)

0.8 8.30 0.09 0.240 (420) – 0.500 (520) – 6.840 (810)

0.460 (574) 0.260 (900)

1.0 – 0.0836 – – – – –

Mechanochemical series (6 min of mechanical treatment, 900°C, 4 h)

0 1.05 0.013 0.007 (360) 0.509 (460) 0.060 (540) – 0.472 (*)

0.2 1.25 0.003 0.231 (330) 0.346 (460) 0.192 (550) 0.481 (620) –

0.6 4.90 0.0094 0.269 (350) 0.365 (477) 0.500 (530) – 3.060 (755)

0.077 (410) 0.635 (580)

0.8 7.51 0.126 0.181 (370) 0.171 (465) 0.692 (530) – 5.920 (780)

0.085 (400) 0.461 (590)

1.0 9.39 0.208 – 0.206 (450) 0.697 (540) – 8.48 (740–780)

Note: Temperatures (°C) of the peak maxima are presented in parentheses.
* Peak is above 900°C, i.e., is beyond the limits of measurement.
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compositions in all the series studied (Fig. 4). As the
uptake in the 450–470°C range is most typical of lan-
thanum ferrite (Fig. 3) and all the samples with inter-
mediate x values are not single-phase, then a decrease
in the uptake in this temperature range with increasing
x can be ascribed to a decrease in the concentration of
the lanthanum ferrite phase in the samples.

According to the reported data, small peaks of
hydrogen uptake in the 450–480°C range typical of lan-
thanum ferrite were attributed to either the reduction of
tetravalent iron cations (Fe4+ to Fe3+) [12, 13] or the
removal of overstoichiometric oxygen and/or the for-
mation of La0.9FeO2.95, which is stable in a reductive
atmosphere [19]. The estimated concentration of Fe4+

cations in the sample with x = 0 of the ceramic series is
~15% of the total concentration of iron cations. How-
ever, we failed to find Fe4+ cations by Mössbauer spec-
troscopy in the samples of the ceramic series [18].
Therefore, the presence of the peak for hydrogen
uptake with a maximum at 450°C in the TPR spectrum
of lanthanum ferrite of the ceramic series can be
assigned to the partial oxygen removal and the forma-
tion of La0.9FeO2.95. Unlike the case reported in [13], the
absence of Fe4+ cations in our samples could be due to
different preparation conditions, since the citrate proce-
dure for perovskite synthesis was used in [13].

A specific change in hydrogen uptake in the 350–
420°C range as a function of the chemical composition
of the sample, which is maximal for the samples with
average compositions (Fig. 4), has not been reported
previously. As follows from the above data, the uptake
in this range cannot be due to the appearance of Fe4+

cations upon the calcium introduction. This uptake was
not observed in the samples with x = 1 and 0, and this
fact rules out its relation with any phase similar to the
uptake in the 450–470°C range. The uptake in this tem-
perature range changes in parallel with the variation in
the density of the phase boundaries. Taking into
account that the amount of hydrogen consumed in these
peaks corresponds to the removal of one or several tens
of oxygen monolayers, one can assume that the phase
boundaries facilitate the reduction of either each phase
or any one phase. In our opinion, this peak can be attrib-
uted to the reduction of the vacancy-ordered Grenier
phase, which is not completely ordered inside micro-
heterogeneous solutions [18] and is characterized,
according to the Mössbauer spectroscopic data, by the
presence of five-coordinated Fe3+ cations.

In the samples of the mechanochemical series, the
positions of the consumption peaks H2 and their inten-
sities in the above temperature range of consumption
change similarly. Therefore, the presence of at least two
different species of adsorbed oxygen at 350–420°C can
also be explained by the presence of phases of calcium
ferrite and lanthanum ferrite in the samples with differ-
ent degree of vacancy ordering in the vicinity of phase
boundaries.
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Hence, the main feature of the TPR spectra in the
low-temperature range in which the subsurface oxygen
states is removed is a nonmonotonic change in the
hydrogen uptake with the sample composition. The
hydrogen uptake maxima are observed at the average
compositions of the series under study, and this corre-
sponds to a change in the specific catalytic activity
(with a correlation coefficient of 0.92) in the complete
oxidation reactions (Fig. 6).

In the range of moderate temperatures (470–730°C),
one can additionally separate two groups of peaks on
the TPR curves with maxima at 510–590°C and 635–
730°C, depending on the preparation conditions and
chemical composition. In these peaks, the amount of
consumed hydrogen corresponds to the bulk reduction
of Fe3+ to Fe2+ cations in the samples and this fact
agrees with the data presented in [13]. When the cal-
cium concentration increases, the amount of consumed
hydrogen in this temperature range increases monoton-
ically, possibly due to the better reducibility of both the
Grenier phases and calcium ferrite (whose concentra-
tions also increase) and the perovskite phase located in
the proximity of the phase boundaries. Thus, even dur-
ing the bulk reduction of the samples, the process can-
not be described by the simple summing of the TPR
curves for the constituent phases, and the effect of the
phase boundaries on the phase reducibility manifests
itself at the deeper reduction stages. We cannot rule out
that in the temperature range 510–590°C, the admixed
phases Fe2O3 and CaFe2O4 in the samples can be par-
tially or completely reduced. Nevertheless, no depen-
dence between the catalytic performance in complete
oxidation and hydrogen uptake by the samples was
found despite a variety of the reduction peaks in this
temperature range.

The TPR curves in the temperature range above
800°C for all the series under study are characterized by
a low-temperature shift of the maxima with increasing

calcium content (x) and by an increase in the hydrogen
uptake. Note that the reduction degrees, other condi-
tions being equal, are higher for the samples of the
mechanochemical series. The fact that the reducibility
of the sample depends on the preparation procedure
was confirmed by data presented in [20] where the
reduction of iron cations of perovskite to metallic iron
was found at 800–900°C. However, despite the deeper
reduction of the samples (practically up to Fe0)
achieved in this work, no linear dependence between
the specific catalytic activity and the total hydrogen
uptake was observed.

The data presented here suggest that the strongly
bound species of the perovskite lattice oxygen do not
participate in the catalytic oxidation of both carbon mon-
oxide and methane as is the case of simple oxides [7].

The found correlation between a change in the cata-
lytic activity of the samples and their surface (up to
200°C) and subsurface (320–420°C) reduction does not
contradict the conclusions of [1, 2, 4] on the stepwise
mechanism of CO oxidation over perovskites. The
existence of the reactive oxygen states on the surface is
likely determined by the presence of the phase bound-
aries. Clusters of the coordinatively unsaturated Fe2+

cations can be formed at these boundaries on the sur-
face. These clusters are capable of adsorbing the most
weakly bound oxygen states [21]. Near these bound-
aries, the stage of the subsurface reduction of oxides is
facilitated possibly due to the reduction of oxygen
adsorbed on vacancies whose concentration, as is well
known, is enhanced near the extended defects.

The fact that the specific catalytic activity is propor-
tional to the concentration of the most weakly bound
oxygen states for all the samples irrespectively of the
composition or preparation conditions may also indi-
cate a common nature for the catalytically active sites
of the perovskites of the series under study. In [22], the
occurrence of clusters of the coordinatively unsaturated
reduced Fe2+ cations on the surface of lanthanum ferrite
and calcium ferrite was found by IR spectroscopy of
probe molecules. Based on these data, we can suggest
that the same sites are the most active in all the samples
under study.

The weaker dependence of the activity of samples
on their composition in methane oxidation can be
explained by either a lesser reduction degree of the sur-
face in a methane-containing reaction medium com-
pared to CO or by a higher coverage of the surface with
water formed during the reaction. It is well known that
hydroxylation of the surface decreases the concentra-
tion of the coordinatively unsaturated sites, iron cations
in this case. Hence, the effects observed can be rational-
ized on the basis of the fact that the most active sites are
blocked first.
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