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It has been found that a solid-state reaction of CoMoO, with TeO, at 500°C yields a new com-
pound of the formula CoTeMoOs. This compound is also formed in the course of annealing of
CoMo00,-HgTeOs mixtures. Another new compound, the cobalt molybdotellurate containing
Te+, was prepared by a solid-state reaction of CosTeOs with MoO;. It has the formula
Co,TeMo03;0;5. Both CoTeM0Qg and Co,TeM010,¢ have been characterized by X-ray method.
The latter has the structure of a wolframite type with the unit cell dimensions a = 4.66, b = 5.67,

c=496 A, f~90°.

Introduction

The present paper is concerned with phase
and structural investigations of the products
formed in the course of solid-state reactions
between CoMoO, and tellurium oxides. The
system Co-Te-Mo-O has been reported to
catalyze allylic oxidation of olefins to un-
saturated carboxylic acids, in particular
oxidation of propylene to acrylic acid (/-3).
The phase composition of catalysts in the
Co-Te-Mo-0 system, however, has not been
fully explained so far. It seemed of interest to
study what compounds of definite formula
(if any) exist in this system. At the same time
the cobalt salts of the well-known molybdotel-
luric acids, HgTeMocO,, and H¢TeMosO,,,
were prepared and the products of their ther-
mal decomposition were investigated. The
results obtained have been published else-
where (4).

Experimental

The materials used in the preparation were:
CoMo0Q,-H,0, obtained by precipitation
from solution according to the method
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described in (5); TeO, and HTeQ,, both
commercial products of chemically pure
grade. The appropriate amounts of reagents
were mixed with small amounts of water,
homogenized, and dried. The reaction mix-
tures were calcined in air at the desired
temperatures cooled afterwards to room
temperature, and ground.

After dissolution in cold or hot concentrated
HCI the samples were analyzed in the fol-
lowing way : Tellurium was determined colori-
metrically in the form of colloidal Te ob-
tained by reduction of Te** and Te®* with
stannous chloride, as well as with the weight
method in the form of elemental Te. In order
to determine separately Te** and Te5* con-
tents, the Bunsen~Rupp method was applied
(6). Cobalt was determined colorimetrically,
in a 1:1 acetone~water solution using thio-
cyanate method. Molybdenum was determined
colorimetrically in the form of the phenyl-
hydrazine complex in an acidic medium.

Dta and Tg curves were obtained with aid
of Paulik-Paulik-Erdey apparatus in air
with heating rate of 5°/min.

X-ray powder patterns were obtained with
a DRON-1 diffractometer using CuKo radia-
tion.
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Results

1. Co,TeMo,0,

In the course of the preparation of active
catalysts for formation of acrylic acid in
oxidation of propylene, small amounts of
TeO, (2-7 wt %) were added during precipita-
tion of CoMoO, -H,0. The precipitates with
different amounts of TeQ, were then heated
for several hours at temperatures between
380 and 600°C. The obtained samples, in
the course of dissolution in cold concentrated
HCI, revealed the presence of small amounts
of insoluble phase. The chemical analysis of
this compound, performed after its dissolution
in hot concentrated HCI, showed that its
composition corresponded to the formula,
Co,TeMo;0,¢, which can be formally derived
from CoMoQO, by replacing every fourth
Mo®* ion by Te®*. The results of the chemical
analysis are shown in Table 1.

It appeared, however, that Co,TeMo;0,
was not merely a solid solution of CoMoO,
and hypothetical CoTeQ, since the new phase
composition was independent of the CoMoQ,:
TeO, ratio in the initial mixtures and the
annealing temperature.

The attempts to prepare Co,TeMo0,0,, in
larger quantities were then undertaken. When,
however, CoMoQO,-H,TeQs mixtures were
calcined at 550°C, a compound containing
tetravalent tellurium was formed. This indi-
cates that the solid-state reaction to Co,-
TeMo;0,, occurs at the temperature higher
than that of the H;TeOg4 — TeQ, decomposi-
tion (HgTeOg decomposes at 220°C to TeO,
which transforms to TeQ, at 395°C).

In view of this fact, another Te®* containing
reactant, thermally stable up to 500°C, had
to be used. The cobalt tellurate of spinel
type, Co;TeQy,, reported by Kasper (7), stable

TABLE 1

ANALYSIS OF Co,TeM030,6

% %

A % Co:Te:Mo
Co0O TCO?,

MoQ; ratio

33.6 198 471  4.00:1.00:2.92
4:1:3

Found
Calculated 33.0 194 476

over the temperature range 25-1200°C, has
been chosen. It was obtained according to
the method described in the quoted paper.
Cos;TeQg was mixed with the appropriate
quantity of MoO; according to the following
exchange reaction:

CosTeOg + 4MoO; —
Co,TeMo;0,¢ + CoMoO,.

The reaction mixture was heated for 24 hr at
550°C. The X-ray diffraction pattern of the
product obtained revealed the presence of
only Co,TeMo;0,, and CoMoO,. Pure
Co,TeMo,0,¢ was obtained by subsequent
washing of the reaction product with con-
centrated NH;, cold concentrated HCI, and
water in order to remove the starting reactants
and CoMoQ,. The sample so prepared gave
an X-ray pattern showing no lines attributable
to unreacted material or CoMoQ,. The

TABLE Il

X-raY Powper DaTtA FOR Co,TeMo0:0Oye (WOLFRA-
MiTE TYPE, @ = 4.66, b= 5.67, c = 4.96 A, B~ 90°)

h‘ k l dobs (A) dcalc (A) Iubs Iculc
010 5.70 5.68 3 2
100 4.67 4.66 12 10
011 3.74 373 12 11
110 3.61 3.60 27 26
111 2.916 2.913 100 100
020 2.838 2.842 12 10
002 2.483 2.478 14 15
021 2.465 2.465 14 13
200 2.330 2.328 6 7
102 2.195 2.190 7 9
121 2.176 2.178 10 10
112 2.039 2.041 10 8
211 1.974 1.975 2 1
022 1.86% 1.867 15 7
220 1.800 1.801 7 6
130 1.752 1.755 16 13
202 1.698

221 } 1.693 1.691 42 35
032 1.505

113 1.503 1.501 20 18
310 1.497

023 1.428

132 1.429 1.432 32 28
311 1.433
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chemical analysis confirmed the snggested
composition of Co,TeMo;0y¢.

The powder pattern of Co,TeMo0;0,6
shown in Table 1l displays the arrangement
of lines typical for a wolframite structure
type. The unit cell dimensions calculated from
this pattern are: a=4.66, b=5.67, c=4.96
A, B~90°. The absence of the superlattice
reflections indicates random distribution of
Te and Mo atoms over the lattice positions
of six-valent metal ions (M°*) in a structure
of wolframite type. The reflection intensities
were calculated using the coordinates of
atoms in a wolframite structure type given
by Ulkii for FeWQ, (8) and assuming the
random distribution of Te and Mo atoms over
the M®* positions. The comparison of ob-
served and calculated intensities (Table IT)
shows reasonable agreement, confirming the
suggested structure model.

The Dta curve of Co,TeMo0;0;¢ shows a
single endothermal effect at 740°C accom-
panied by a weight loss of 1.6 9. These effects
correspond to the melting of Co,TeMo0,0,.
The X-ray examination and chemical analysis
of cooled melt indicate that Co,TeMo;Oy¢
melts incongruently, decomposing to Co-
Mo0O,, and that Te®* in liquid simultaneously
reduces to Te*t.

2. CoTeMoQ,

The CoMo0O,~TeO, oxide system was in
vestigated by the X-ray method in order to
check compound formation. The composi-
tion of investigated samples varied from pure
CoMoO, to pure TeQ,. The reaction mixtures
were calcined in air at 300°C for 12 hr and
then, after cooling to room temperature and
grinding, at 550°C for 12 hr. The results of
X-ray analysis indicate that only one com-
pound, of the composition CoMoOQO, -TeO,
(CoTeMoQy) is formed. In the composition
range CoMoQ,-CoMoQ, -TeO,, the super-
cooled high-temperature modification of
CoMoO, and the compound CoTeMoQ,
have been detected. With the increasing TeO,
content, the line intensities of CoMoQ, de-
crease until complete disappearance at the
CoMo00Q,:TeQ, = 1:1 molar ratio. In the
composition range CoMoO, -TeO,-TeO, the
compound coexists with pure TeO,. In order

to confirm the suggested composition of the
compound, the X-ray microanalysis of the
calcined CoM00,-TeO, mixtures was carried
out (9). The homogenous well-defined crystals
of the suggested CoO:TeO,:MoO; =1:1:1
composition were found in the investigated
samples, confirming the assumed composition,
CoTeMoOy, of a new phase.

The absence of Co,TeMo0,0,, among the
reaction productsindicates that this compound
is not formed by two-step calcination of the
CoMoO, -H,0-TeO, mixtures at 300 and
550°C. The formation of small amounts of
Co,TeMo,0,, in the first experiments seems
to have been caused by the presence of
residual undecomposed TeO; at the tempera-
ture of the solid-state reaction.

TABLE 111
CoTeMoOg X-ray
PATTERN
dd) e
8.84 vw
4.43 5
3.65
3,38 m
3.33 m
3.12 VW
2912 W
2.814 Vs
2.628 w
2.531 w
2.300 vw
2,257 w
2218 VW
2,200 vw
1.963 VW
1.921 VW
1.822 m
1.804 vw
1.669 Wi
1.609 vW
1.589 VWy
1.550 w
1.509 w

% v, very; s, strong; m,
middle; w, weak; b, broad.
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TABLE IV

CRYSTALOCHEMICAL DATA FOR AMo0Q,-TYPE COMPOUNDS

Coordination
Compound Structure type A MoS+ Reference
MgMoO,* Wolframite 6 6 10, 11
NiMoO,* 6 6 10, 11
CoMoO,* 6 6 10, 11
FeMoQ,° 6 & 10, 11
MnMo0O,* 6 6 10, 11
ZnMoO,* 6 6 10,11
ZnMoO, 6 6 12
CoMo,,4Te40, 6 6 (Mo, Te) Present
work
CdMoQ, Scheelite 8 4 13
CaMoO, 8 4 13
SrMoQ, 8 4 13
BaMoO, 8 4 13
PbMoO, 8 4 13
MnMoO, a (MnMoOy,) 6 4 M4
MgMoO, a 6 4 15
CoMoO.* b (CoMo0y) 6 6 18
NiMoQ,? b 6 6 16
FeMoQ,” b 6 6 11
CuMoQ, CuMoO, 6,5 4 7
ZnMoO, ZnMoQy 6,5 4 18

< Prepared at high pressure (60 kbars).

¥ These compounds have the high-temperature modifications of a type.

The X-ray powder data for CoTeMoOg
are given in Table III. There are no structural
data for this compound so far.

The Dta and X-ray examinations indicate
that CoTeMoQg melts incongruently at 651°C,
decomposing in this process to CoMoO,.

Conclusions

Thedivalent metal molybdates of the general
formula AMoQ, crystallize in several different
structure types, as shown in the Table IV. As
seen from Table IV, only the high-pressure
modifications of the molybdates of the small
cations adopt the wolframite structure charac-
teristic of the corresponding normal-pressure
tungstates (/0). The only case of the molybdate
with the wolframite structure type obtained
at ambient pressure is ZnMoO, (/2).

It has been shown in the present work that
the partial substitution of Mo atoms in

CoMoO, by Te atoms results in transforma-
tion to the wolframite type structure. The
doublet: Co,TeMo,0,;s-high-pressure Co-
MoO,, in addition to the doublet CoWO,~
high-pressure CoMoO,, is an example of
high-pressure oxide of the same structure
type as that of the ambient pressure oxide
with cations substituted by another element
from the same periodic group.
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