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Oxidation of propylene in the presence of MnI-x~XV~-LrM~Zr06 solid solutions (0 5 x 5 0.3, I$ 
denotes a cation vacancy at the MnZ+ site) has been studied in an integral-flow system at 360-440°C 
over a wide range of contact time. Acrolein, acrylic acid, acetic acid,_acetaldehyde, CO, and CO2 
were identified as the reaction products. Reactive specificity of the (202) and (201) crystallographic 
planes has been observed. The (202) plane is much more active and characterized by at least two 
types of active centers (yielding C, and C2/CI products) able to incorporate, without desorption, 
more than one oxygen atom into the molecule of propylene or into the products of its degradation. 
On the contrary, on the (201) plane predominate centers capable of the successive, one by one, 
incorporation of oxygen into the organic molecule, separated by desorption-adsorption processes. 
A common feature of both planes is that the total combustion markedly diminishes with the 
increase of the composition parameter X. Detailed schemes of the reaction on both crystallographic 
planes are proposed and discussed. 

INTRODUCTION 

Oxide solid solutions have been fre- 
quently used as model catalysts for oxida- 
tion reactions. Their advantage consists 
in the possibility of controlled and fluent 
change of the selected parameter believed 
to be responsible for catalytic properties 
(e.g., the kind and concentration of dopant 
or various defects) with conservation of 
other parameters at a fixed level (structure 
of the matrix and all related properties). An 
excellent review of these possibilities has 
been given by Stone (2). Until now, how- 
ever, most studies have dealt with binary 
oxide solid solutions of ionic lattices cata- 
lyzing simple reactions such as CO oxida- 
tion and N20 decomposition. This fact has 
limited the diversity of catalytic studies. 
Recently, Sleight and co-workers (2) have 
demonstrated that the scheelite structure 

’ To whom correspondence should be addressed. 

offering a wide variety of chemistry is very 
useful in fundamental studies of the mecha- 
nism of isomerization, oxidation, and am- 
moxidation of olefins. The careful choice of 
scheelite-type samples of different compo- 
sition (e.g., Pbl-3xBi2r+XMo04, PblpI1,Lati 
Wfo04, Pbr-tiBi,Na,Mo04) enabled 
these authors to recognize the difference 
between the role of bismuth, cation vacan- 
cies (+), and the electronic factor in the 
above reactions. 

In developing the abovementioned ideas 
we decided to inspect the brannerite-type 
phases as model catalysts for oxidation of 
olefins. 

The brannerite (ThTi206) structure, 
which can be generally formulated as 
AB206, is monoclinic with the space group 
C2fm. Both A and B cations are octahe- 
drally coordinated by six oxygen atoms. 
BOa octahedra, sharing three edges, form 
anionic sheets parallel to the (001) plane. A 
atoms, binding these sheets together, are 
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located in AOa octahedra, joined by two 
edges and forming chains along the b-axis. 
A detailed description of the structure is 
given in the literature (3-5). The structure 
is amenable to the substitution of other 
cations provided that only the charge bal- 
ance is fulfilled (ArVB21V06, Ar1BzV06, 
A1B.VB,pV106. Among others, a number of 
divalent metal vanadates (A = Mg, Co, Cd, 
Hg, Zn, Mn) also adopt the brannerite or 
brannerite-related (Cu) structure (4, 6-9). 

As we have pointed out in recent papers 
(5, 10, II) one may introduce into the bran- 
nerite-type vanadates ion combinations 
which give rise to cation vacancies at the A 
sites. The following solid solutions have 
been identified so far: M&zV~-xM~i+xO,j 
(M = Li, 0 I x 5 0.16; M = Na, 0 I x I 
0.30; M = K, 0.18 5 x 5 0.24; M = Ag, 0 I 
x 5 0.12) (12); Mnl-x+zV2-hMoLr0,j (0 s: x 
s 0.45) (5, IO); cu:+-,-,cuy'+~J2-~-y 
Mo~+~O~ (x,,,in = y,,,jn = 0, x, = 0.23, 
YmaX = 0.27) (II) and Znl-,&Vz-t 
Moz,06 (0 5 x I 0.12) (13). This variety of 
chemistry in the brannerite-type vanadates 
has encouraged us to use them as model 
catalysts. 

The original aim of the present work was 
to study the effect of increasing concentra- 
tion of MO and 4 in Mnl-x+~V2-ZrMo~06 
(designated MV-X, where X = 100x) solid 
solutions on the mechanism of the oxida- 
tion of propylene.-Unexpectedly a reactive 
specificity of (202) and (201) crystalline 
faces of MV-X has been observed and this 
interesting effect, similar to that already ob- 
served in other systems (14, Z5), has be- 
come one of the main points of this paper. 

EXPERIMENTAL 

All MV-X catalysts were prepared by 
high temperature calcination (see Table 1) 
of the respective mixtures of Mnz03, V205, 
and MOOS and checked by X-ray analysis 
and DTA as described in detail elsewhere 
(5). The X-ray and DTA patterns of the 
samples were the same before and after cat- 
alytic testing. The BET (low temperature 
Kr adsorption) surface area of the catalysts 

TABLE 1 

Conditions of Preparation of MV-X Catalysts 

X 0 10 15 20 30 35 

Calcination H S2 S, H H H 
conditions” 

0 The data pertain to samples used in preliminary 
catalytic testing. MnzO,, V20r, and MOOJ were 
weighed in appropriate proportions and ground to- 
gether. SZ and S3 indicate stepwise calcination of the 
initial mixture for 20 h consecutively 2 X 520,540,560, 
580 and 3 x 600°C (S2) and 2 x 520,540,560,580, and 
600°C (S3. H indicates calcination at 600°C twice for 
20 h. After each step of 20 h calcination samples were 
cooled and ground. These conditions were elaborated 
experimentally and corroborated on the basis of the 
determined reaction mechanism (10) and MnV206- 
h4003 phase diagram (5). The oxides Mn203, V205, 
and MoOl coming from various factories or from vari- 
ous batches differ in grain size and grain distribution 
and consequently in solid state reactivity. I f  the reac- 
tivity is high the entire conversion may be reached 
before the last step of 20 h calcination. If  it is low, one 
or two additional steps of calcination at 600°C for 20 h 
are necessary to complete the reaction. At the same 
time, the morphology of the final product changes. 
However, factors influencing the morphology remain 
at present beyond rational control. As follows from 
our preliminary observations, the higher the tempera- 
ture and the longer the time of annealing, the larger the 
contribution of the (201) face which is evidently the 
face of lowest surface energy. Changing the prepara- 
tion conditions in the above-indicated limits we have 
produced a large number of MV-X preparations of var- 
ious factorsf. Of this set, the samples of (201) series 
(1.8 <f < 2.0) and of (202) series (1.2 <f < 1.4) were 
selected. 

amounted to 0.3-0.7 m2/g and the exact val- 
ues were used to calculate the contact time 
7 (see below). Scanning electron micros- 
copy observations were carried out in a 
JEOL JXA-SOA instrument at a magnifica- 
tion of 3000-20,000~. 

Catalyst testing was performed in a sin- 
gle-pass integral flow system, operating at 
atmospheric pressure, at 360-440°C in a 
wide range of contact time. The reactor 
consisted of two connected tube-in-tube 
vertical parts 250 mm long and 10 or 14.mm 
i.d. for the inner tube. The upstream gas 
being heated to a desired temperature 
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served simultaneously as a temperature 
profile agent. The temperature of the cata- 
lyst bed was maintained within ? 1°C of the 
required value and controlled by a thermo- 
couple localized centrally in the reactor. 
About 2.5 g (2 cm3) of the catalyst (64-144 
mesh) was placed into the reactor upon a 
layer of l-2 cm3 of Pyrex glass powder 
(144-196 mesh) to minimize the catalyst 
loss. Commercial, research grade, propyl- 
ene and oxygen passed through a silica-gel 
tower were used as reactant gases. The typ- 
ical composition of the feed gas was 7-10 
~01% of propylene and 90-93 ~01% of oxy- 
gen and its flow rate was 30-200 cm3/min. 
The “contact time” 7, expressed as recip- 
rocal volume flow rate (V), normalized to 
the total surface area of the catalyst (A), 
was calculated from the formula: 

ATf m*s 
7= 

VT, (1 - $$ 1 
c-1 cm3 

comprising the pressure correction of the 
soap film flowmeter and the correction for 
the temperature difference between the 
flowmeter (Tf) and the reactor (TJ. 

In each case the catalyst was heated up in 
the stream of reactants and kept at the de- 
sired temperature to attain steady-state 
conditions (usually l-2 h) which were then 
held for at least 3 h. 

The composition of the gas mixture was 
determined by gas chromatography. The 
gases entering and leaving the reactor 
passed through a sampling system. A con- 
ventional six-way valve fed the effluent 
gases to an FID part which consisted of a 2 
m X 3 mm i.d. column filled with 2 wt% 
DEGA and 4 wt% Carbowax 20M on AW 
Chromosorb W (for separation and analysis 
of liquids, e.g., aldehydes, acids). Rotating- 
loop three-position valves fed reactants or 
effluent gases to a TCD part which con- 
sisted of a 4 m x 3 mm i.d. column filled 
with 15 wt% DMS on AW Chromosorb P 
(for separation and analysis of C3H6 and 
CO3 and a 1 m x 3 mm i.d. column filled 

with 13 x molecular sieves for analyzing O2 
and CO. A 1 m column filled with Porapak 
T and operating in a back-flush system was 
used for protecting the latter-mentioned 
column from contamination by water and 
other products. All the chromatographic 
columns were made of stainless steel. The 
carrier gases (He for TCD analysis and N2 
for FID analysis) were supplied from com- 
mercial cylinders. 

Homogeneous reactions were negligible 
as found experimentally using a reactor 
filled with Pyrex glass powder instead of 
catalyst. To minimize possible heteroho- 
mogeneous reactions the postcatalytic vol- 
ume was reduced as far as possible. 

The reaction products were composed 
usually of acrolein and acrylic acid (C,), 
acetic acid and acetaldehyde (C,), CO and 
CO2 (C,). These six products gave a balance 
with the propylene consumed within 25%. 
Sometimes propionaldehyde, benzene, or 
formic acid appeared in trace amounts. 
Conversion [Conv = (propylene con- 
sumed)/(propylene introduced)], yield of i- 
product [Yi = (propylene transformed to i)l 
(propylene introduced)] and selectivity (Si 
= Yi/Conv) were calculated in the standard 
manner. The experimental results, de- 
scribed in detail below, suggested that C2 
products are formed as a result of double 
bond breaking, the CH3-CH= species be- 
ing transformed to acetic acid or aldehyde 
and CHF species undergoing combustion. 
To distinguish between Ci products formed 
in this manner and those appearing due to 
the consecutive oxidation of C2 and C3 
products or “one stage combustion” of 
propylene (see below) and thus to evaluate 
the probability of different reaction paths a 
“selectivity” (T has been calculated as c3 = 
S3, ~5 = # 542, u1 = lOO-~3-a2 where the 
indexes denote Ci , Cl, and C3 products, 
respectively. In other words, S2 and u2 ex- 
press the selectivity of the reactions: 2 
C3H6 --$ 3 C2 and C3H6 ---, CZ + Ci , respec- 
tively. Initial selectivities oIo, u20, and 030 
were also determined by extrapolating the 
u-7 curves to 7 = 0. 



PROPYLENE OXIDATION ON Mnl-x+xV2-ZrMo2r06 301 

RESULTS AND DISCUSSION 

Preliminary Catalytic Testing 

Preliminary catalytic testing was per- 
formed for MV-Q, MV-15, MV-20, MV-30, 
and MV-35 samples at 360,400, and 440°C 
and at a feed gas flow rate of 60 cm3/min. 
Small differences in the surface area of this 
series of preparations were neglected; the 
contact time was about 0.6. Representative 
results in conversion vs x and S vs x coordi- 
nates obtained at 400°C are presented in 
Fig. 1. Unexpectedly, the experimental 
curves expressing the dependence of cata- 
lytic activity and selectivity on the compo- 
sition parameter x passed over several ex- 

trema. This unusual fact was explained 
when the catalytic specificity of different 
crystalline faces of MV-X solid solutions 
was recognized. As is evident from Fig. 1 
the catalytic properties of the series of sam- 
ples are ruled by a morphological factor f 
expressing (in arbitrary units) the ratio of 
the contribution of (201) and (202) planes in 
the external surface of the grains of cata- 
lysts. The meaning off will be discussed in 
detail below. The higher the value off the 
higher is S3 and the lower are the conver- 
sion and SI. This last conclusion has been 
confirmed in an additional experiment in 
which the catalytic properties were com- 
pared for two preparations of the same 
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FIG. 1. Preliminary testing of M~,-#B~V~-~M%O~ (MV-X) solid solutions in oxidation of propylene 
at 400°C: (a) conversion vs composition, (b) selectivity S vs. composition, and (c) morphological factor 
fvs composition. Arrows to the open points show the changes in conversion and selectivity of MV-15 
whenfis decreased as shown in (c). 
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FIG. 2. Typical grain shapes of the MV-X cata!ysts as observed by scanning electron microscopy 
(x4000): left, elongated bars prevailing in the (202) series; right, plates prevailing in the (201) series. 

composition (MV-15) but of different val- 
ues off. The results of this experiment are 
included in Fig. 1. 

Morphological Factor 

As follows from scanning electron mi- 
croscopy observations (Fig. 2), the grains 
of powder samples of MV-X solid solutions 
are of a shape varying between elongated 
thin plates and elongated bars of nearly rec- 
tangular section. This suggests that the ex- 
ternal surface of the grains consists mainly 
of two practically perpendicular crystallo- 
graphic planes. When pressed in the X-ray 
sample-holder the laminar grains become 
oriented and this brings about a strong 
change in the intensity of some X-ray re- 
flections as compared with the calculated 
values or with experimental ones deter- 
mined with a special technique ensuring an 
entirely unoriented sample layer2 (5). In 
this manner (201) and (202) planes, making 

2 This technique included passing the ground pow- 
der through a 400 mesh screen placed over a flat quartz 
sample-holder covered with paraffin oil. The grains fall 
down and adhere to the plate producing an entirely 
unoriented sample layer. 

an angle of about 84” in the MnV206 struc- 
ture were identified as the external planes 
exposed by the grains. This conclusion is 
consistent with the observation of 
Koztowski and Stadnicka (16) who found 
that monocrystals of MV-X solid solution 
grown from the melt are of thin-plate shape 
with a large face corresponding to the (201) 
crystallographic plane. 

A morphological factor f defined as: 

f=2 

was thus taken as a semiquantitative mea- 
sure of the contribution of the respective 
planes in the external surface of the grains. 
I in the above formula denotes the intensity 
of the X-ray reflection measured for the ori- 
ented sample, prepared by standard press- 
ing (smoothing) in the X-ray sample-holder. 
In practice, fwas determined for each sam- 
ple at least three times and the reproducibil- 
ity of the results was within 53%. No 
change off value was observed after the 
catalytic testing. Theoretically the Z2&~~ 
ratio equals 1.14 2 0.02 independently of x 
in Mn,-x&V2-ZrMoZr06 formula (5). The 
experimental values obtained for unori- 
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FIG. 3. (20%) series of MV-X. Conversion vs contact time. 
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FIG. 4. (201) series of MV-X. Conversion vs contact time. 
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FIG. 5. (202) series of MV-X. Yield of C, products as a function of contact time. 

ented samples are very close to this. The f 
factors for the oriented samples vary over a 
wide range depending on the synthesis con- 
ditions. 

For the purpose of further studies two 
series of preparations were selected (see 
Table 1). The first one, labelled as (201), 
comprised the samples of composition of 
MV-0, MV-15, and MV-30 and with f val- 
ues between 1.8 and 2.0. The second series, 
labeled as (202), included MV-0, MV-IO, 
MV-15, MV-20, and MV-30 with f between 
1.2 and 1.4. Such a choice of samples en- 
abled us to identify the differences between 
the mechanism of oxidation of propylene 
on the two faces and to determine the influ- 
ence of composition (x) on the mechanism. 
It should be mentioned that the contribu- 
tion of the two planes under discussion in 
the external surface of the (202) series was 
comparable. However, due to the much 
higher catalytic activity of the (202) plane 
as compared to the (201) plane the results 
obtained for the (202) series may be re- 
garded as sufficiently representative for the 
(202) plane only. 

(202) Series of MV-X Catalysts 

Figures 3, 5, and 6 present the depen- 
dence of the conversion of propylene and 
the yield of Ci, Cz, and C3 products on con- 
tact time for the catalysts of the (20%) series 
as measured at 360 and 400°C. As seen in 
Fig. 3, MV-0 is the most active sample of 
the series. On passing to MV-IO the activity 
falls strongly and with further increase of x 
it changes insignificantly. Due to this fact 
and for the sake of clarity in the figures the 
results for MV-15 and MV-20 are omitted. 
As is evident from Figs. 5 and 6 an impor- 
tant decrease of Y i is mainly responsible for 
the abovementioned change in activity. On 
the contrary, Y3 and YZ increase with x and 
pass over a more or less marked maximum 
at MV-10. 

Figure 8 presents the Y-T curves for all 
six reaction products as determined for 
MV-10 at 4OO”C, the results being represen- 
tative in many respects for whole (202) se- 
ries. At low contact time acrolein is the 
main reaction product. Its Y--7 curve shows 
a strong monotonic decrease of the deriva- 
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FIG. 7. (201) series of MV-X. Yield of C,, Cz, and C1 products as a function of contact time. As an 
example, Y-r curves for acrylic acid over MV-30 are included, proving that it is formed and consumed 
in the consecutive reactions. The Y-T curves for acrylic acid over MV-15 as well as those for acetic 
acid on both catalysts are of analogous shape. 
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FIG. 8. Yield vs contact time for all six reaction products as measured at 400°C for MV-IO belonging 
to the (202) series of MV-X. 

tive proving that acrolein is consumed in a 
consecutive reaction. As the increment of 
the acrylic yield does not compensate that 
decrease, one may conclude that acrolein is 
consecutively cornbusted. The yield of 
acrylic acid is small compared to acrolein, 
apart from the fact that for MV-10 it is the 
highest in the whole (202) series. 

The Y-T curve for acetic acid is nearly 
linear, proving that we deal here with a di- 
rectly formed and practically final product 
of the reaction. Solely in the presence of 
MV-0 is acetic acid cornbusted in the con- 
secutive reaction (see Fig. 6). Acetalde- 
hyde is always formed in very small 
amounts and its Y-r curve is less informa- 
tive . 

Cr products: CO* and CO are usually 
formed in a ratio close to 2 : 5. Their Y-r 
curves show a systematic increase of the 
derivative, this fact being in agreement with 
the consecutive combustion of some prod- 
ucts of partial oxidation (mainly acrolein). 

We draw attention to Figs. 5, 6,9, and 10 

to analyze the dependence of the yield and 
selectivity to the different reaction prod- 
ucts not only on r but also on the tempera- 
ture. Y2 is proportional to T, ~2 is nearly r- 
independent (exception made by MV-0), 
but they both distinctly decrease with tem- 
perature. As the consecutive combustion 
may not be a cause of this effect one may 
suppose that active complexes formed on 
the active center K2 (see Fig. 12a) may de- 
compose alternatively to acetic acid (and 
acetaldehyde) or directly to C1 products, 
the probability of the second of these reac- 
tion paths being increased with tempera- 
ture. Actually, the selectivity q” > 0. This 
means that Cr products are not only formed 
in the consecutive reaction but also as if in 
a one-stage reaction. The characteristic fea- 
ture of the KZ active centers should there- 
fore be the simultaneous attack of several 
atoms of oxygen on the molecule of propyl- 
ene, particularly on its double bond. 

As concerns the oxidation of propylene 
to acrolein and acrylic acid, the mechanism 
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FIG. 9. (20-i) series of MV-X. Selectivities (a) to 
function of temperature. 

of this transformation has been the subject 
of many studies which have been reviewed 
and commented on widely by Dadyburjor et 
al. (17). There is general agreement that the 
mechanism involves the dissociative ad- 
sorption of propylene, formation of the r- 
allylic complex as an intermediate and suc- 
cessive incorporation of one or two oxygen 
atoms. Our results provide only some con- 
tribution regarding the incorporation of the 
second oxygen. The shape of the Y--7 
curves (Fig. 8) for acrylic acid does not 
prove that it is formed as a product of the 
consecutive oxidation of acrolein. On the 
contrary, a certain initial selectivity to 
acrylic acid is observed. This would sug- 
gest that propylene adsorbed on a K3 center 
(see Fig. 12a) and initially oxidized to an 
acrolein-like surface intermediate may in- 
corporate the second oxygen on the same 
center, without desorption. 

As follows from Figs. 6 and 9, YS in- 
creases with temperature while ~3, being 
nearly temperature independent, strongly 

C,, Cl, and C3 products at 7 = 0 and at 7 = 0.5 as 
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decreases with contact time. This suggests 
that (1) the changes of q and u2 with tem- 
perature compensate one another, this ef- 
fect being possible if the majority of the Ci 
products is formed on a K2 center and only 
a litle on Ki, (2) the activation energy of C3 
formation should be close to that of C3 con- 
secutive combustion, and (3) since the oxi- 
dation of propylene is initiated alternatively 
on K2 and K3 centers and the ratio u3/(ui + 
~~2) is nearly temperature independent, the 
activation energies of the processes taking 
place on the two active centers should be 
comparable. 

The above-described mechanism of the 
oxidation of propylene on the (202) plane of 
MV-X solid solutions is summarized in Fig. 
12a. The presence of at least two types of 
active centers able to incorporate in “one 
stage” (i.e., without desorption) more than 
one oxygen atom to the molecule of propyl- 
ene (or to the products of its degradation) is 
the characteristic feature of this plane. The 
results obtained provide no precise infor- 
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FIG. 10. (202) series of MV-X. Selectivities (u) to C,, Cz, and C1 products as a function of composi- 
tion parameter x. Squares, 400°C; triangles, 360°C; open symbols, T = 0; solid symbols, 7 = 0.5. 

mation about the nature of K1 centers. It 
may not, however, be excluded that they 
are identical with Kz centers. 

(201) Series of&IV-X Catalysts 

The results of the catalytic testing of the 
(201) series are presented in Figs. 4, 7, and 
11. Comparing them with those of the (202) 
series one may easily note a strong de- 
crease of Y,, a medium decrease of Y2, and 
a small decrease of Y3. Finally, the (201) 
preparations are several times less active 
than the (202) samples. 

MV-0 is the only catalyst of the (201) se- 
ries for which u10 > 0. Moreover, acrolein 
and acetaldehyde are efficiently combusted 
in consecutive reactions and the respective 
acids are never observed among the prod- 
ucts. On the contrary, as can be seen from 
the shape of the Y-r curves (Fig. 7) re- 
corded for doped preparations, the oxida- 
tion of propylene passes through two paral- 
lel reaction branches along which three- 
and two-carbon containing aldehydes and 
acids are consecutively formed and finally 
transformed to the C1 products. In particu- 

0' 
0 a1 a2 a3 

FIG. 11. (201) series of MV-X. Selectivities (u) to C,, Cz. and C3 products as a function of composi- 
tion parameter x. Circles, 440°C; squares, 400°C; open symbols, 7 = 0; solid symbols, 7 = 0.5 
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FIG. 12. Propylene oxidation schemes on (a) (202) and (b) (201) crystallographic planes of MnI-dxV- 
2-ZrMo2r06 (MV-X) solid solutions. Full lines represent the efficient reactions, dotted lines represent 
presumed reactions. 

lar this conclusion is based on the sigmoid 
shape of the Y--7 curves for acetic acid and 
acrylic acid and on the fact that both acids 
appear among the products only at longer 
contact time. 

The reaction scheme for the (201) plane is 
summarized in Fig. 12b. It seems that on 
the (201) plane of MV-X catalysts there pre- 
dominate the active centers able to effect 
the successive, one-by-one, incorporation 
of oxygen into the organic molecule, sepa- 
rated by the desorption-adsorption pro- 
cesses. 

As regards the somewhat exceptional 
properties of the MV-0 sample, it is dimcult 
to answer the question whether they really 
reflect the properties of the nondoped (201) 
plane, or to what extent they are influenced 
by the simultaneous presence of the non- 
doped (202) plane, known to be extremely 
active in total combustion. Evidently the 
presence of the latter plane may not be en- 
tirely eliminated in the case of three-dimen- 
sional grains. Due to the same reason the 
results obtained for the doped samples of 
the (201) series may be influenced to some 
extent by the s@ultaneous presence of the 
more active (202) plane, and thus the reac- 
tion scheme for the (201) plane seems to be 
somewhat less substantiated than that for 
the (202) plane. 

Final Remarks 

The results obtained suggest that the 
(202) face of MV-X catalysts must contain 
the active centers surrounded by several 

active oxygen atoms. On the contrary, the 
active oxygens on the (201) plane should be 
predominantly separated. The common fea- 
ture of both planes is a total combustion 
which is vastly diminished on increase of 
the composition parameter x. The last ob- 
servation remains in agreement with the 
preliminary stepwise thermodesorption ex- 
periments which have shown that the MV-0 
sample contains at its surface a relatively 
large amount of loosely bound oxygen de- 
sorbing at 200-400°C as compared with the 
highly doped sample releasing oxygen 
mainly at 400-500°C. 

The abovementioned properties _ must 
result from the differences in the (202) and 
(201) plane structure and its modification on 
doping. The analysis of these structures has 
been undertaken and the conclusions will 
be reported in a forthcoming paper. 
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