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The Infrared Spectra of the Two Polymorphic Forms of WOPO,
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The infrared spectra of the two polymorphic forms of WOPO, were recorded and assigned by compari-
son with those of related materials. The results confirm the suspected relation of the high pressure form
to that of the tetragonal a-MOPQO, (M = Nb, Ta, V, Mo) compounds and of the low pressure form

with the monoclinic 8-NbOPO, abd B-TaOPO,.

Introduction

A series of materials of MOPO, stoichi-
ometry were characterized in the last years.
For M = Nb a tetragonal form («-NbOPO,
has been obtained at low temperatures,
whereas a monoclinic modification (B-
NbOPO,) can be prepared at higher temper-
atures (/-3). In the case of TaOPO, a phase
transformation from monoclinic to tetrago-
nal occurs under high pressure (3). a-
MoOPO, and a-VOPO, also adopt the te-
tragonal structure under normal conditions
(4-6), whereas 8-VOPQO, presents a differ-
ent (orthorhombic) structure (6, 7).

Two new materials of this type, contain-
ing pentavalent tungsten, could be obtained
recently and characterized (8). A low pres-
sure by monoclinic form of WOPO, is ap-
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parently related to B-NbOPO, and -
TaOPO,, whereas the corresponding high
pressure form is tetragonal and should be
similar to the a-MOPQO, phases mentioned
above.

In order to obtain a wider insight into the
general properties of these new compounds
and also to verify spectroscopically the sup-
posed structural relationships with other
known materials of this type, we have now
analyzed the IR spectra of both forms of
WOPO,.

Experimental

The two polymorphic modifications of
WOPO, were obtained as previously de-
scribed (8).

The IR spectra were recorded with a Per-
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kin—Elmer 580 B spectrophotometer, using
the KBr pellet technique.

Results and Discussion

The a-MOPO, phases possess a layered-
tetragonal crystal structure (space group
C3,, Z = 2). The structure contains distorted
MOq-groups sharing four equatorial oxygen
atoms with four different PO -units. The M
atoms are displaced from the center of the
MOg-octahedra giving one shortened and
one elongated M—O bond in the direction of
the c-axis of the unit cell (5, 9).

The monoclinic B-MOPO, structure
(space group C3,, Z = 8) is significantly
different. Their framework is built up of
strands of two MOg-octahedra linked with
PO,-tetrahedra and having pentagonal tun-
nels, generating a more open structural
type than that of the tetragonal form (70,
11). Each MOg-octahedron is indeed linked
to four PO,-tetrahedra which induce four
longer M—Q distances because of the more
covalent character of the phosphorus, com-
pared to the two other M-O distances,
which correspond to the corner-sharing
MO-octahedra (/1).

The IR spectra of both forms are shown
in Fig. 1. Band assignments can be made
empirically on the basis of previous results
for similar materials.

The spectrum of the high pressure form
of WOPOQ, closely resembles those of the
other tetragonal a-MOPO, compounds in-
vestigated earlier (9, 12, 13). IR bands at
1180 and 1033 cm™! can be assigned to
components of the PO, antisymmetric
stretching mode. The corresponding sym-
metric mode is not observed, in agreement
with results of a factor group analysis,
which shows that this mode belongs to the
B,-symmetry, which is both IR and Raman
inactive (/3).

The medium intensity band at 930 cm™
can be assigned to the stretching vibration
of the shortest W=0 bond in the WO-
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Fi1G. 1. Infrared spectra of the high-pressure (h.p.)
and low pressure (I.p.) forms of WOPO,.

octahedra. Other stretching modes of these
distorted polyhedra are the bands located
at 635 and 583 cm~' which, apparently,
are strongly coupled with the antisymmet-
ric PO,-bendings. The remaining bands
(365 and 303 cm™') are mainly associated
to PO,-bendings, coupled with WO-defor-
mations.

The stretching of the shorter W=0 bond
shows practically the same value as that
calculated by means of a normal coordinate
analysis for Mo=0 in «-MoOPO, (/3) and
that found in «-VOPQ, (9) and it is some-
what higher than that in «-NbOPO, (13).

The spectrum of the low pressure form
of WOPO, although not totally identical,
shows some similaritics with those of the
suspected isostructural phases 8-NbOPO,
and B-TaOPO, (I4). Two main differences
can be pointed out: a distinct intensity
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ordering of the three higher energy bands
and a poorer definition of the remaining
bands in the case of WOPO,.

Bands at 1065, 985, and 894 c¢cm™~' are
assigned to PO,-stretching modes. Those
at 810 (shoulder), 783, and 720 cm ™! are
assigned to the W-O stretchings of the
shorter WO bonds, i.e., those which share
their oxygen atoms with another W atom
in each of the pairs of WO¢-octahedra. On
the other hand, bands at 587 and 517
cm~! can, therefore, be assigned to the
stretchings of the four longer WO bonds,
which share their oxygen atoms with a
phosphorus atom. These last modes are
probably coupled, to some extent, with
OPO deformations. The last doublet (385/
357 ¢cm~') may be also assigned to OPO
deformations, but coupled, in this case
with WO, bendings.

In conclusion, the IR spectrum of the
high pressure form of WOPO, gives addi-
tional support to the suspected close rela-
tion of its structure with those of the other
tetragonal a-MOPO, compounds (8). In the
case of the low pressure form although the
spectrum is not totally similar to that of
the monoclinic forms of TaOPO, and
NbOPO,, its general characteristics point
also to a structural relationship with these
materials.

BARAN ET AL.

Acknowledgments

E.J.B. and I.L.B. acknowledge the support from the
“Consejo Nacional de Investigaciones Cientificas y
Técnicas de la Republica Argentina.’

References

1. J. M. LONGO AND P. KIERKEGAARD, Acta Chem.
Scand. 20, 72 (1966).

2. E.M. LEVINANDR. S. RoTH, J. Solid State Chem.
2, 250 (1970).

3. J. M. LoNGo, J. W. PIERCE, AND J. A. KAFALAS,
Mater. Res. Bull. 6, 1157 (1971)

4. P. KIERKEGAARD AND M. WESTERLUND, Acta
Chem. Scand. 18, 2217 (1964).

5. B. JornpaN AND C. CALvo, Canad. J. Chem. 51,
2621 (1973).

6. E. BorDES, P. COURTINE, AND G. PANNETIER,
Ann. Chim. Phys. 8, 105 (1973).

7. R. GopaL aND C. CaLvo, J. Solid State Chem. 5,
432 (1972).

8. N. KiNoMURA, M. HIrOSE, N. KuMADA, F. MUTO
AND T. ASHIDA, J. Solid State Chem. 17, 156
(1988).

9. G. T. STRANFORD AND R. A. CONDRATE, SR.
Spectrosc. Lett. 17, 85 (1984).

10. M. CHAHBOUN, D. GRoOULT, P. HERVIEU, AND
B. Raveau, J. Solid State Chem. 65, 331 (1986).

11. A. LEcLAIRE, H. CHAHBOUN, D. GROULT, AND
B. RavEau, Z. Kristallogr. 177, 277 (1986).

12. R. N. BHAGAvVA AND R. A. CONDRATE, SR., Appl.
Spectr. 31, 230 (1977).

13. G. T. STRANFORD AND R. A. CONDRATE, SRr.,
J. Solid State Chem. 52, 248 (1984).

14. G. T. STRANFORD AND R. A. CONDRATE, SR.,
J. Mater. Sci. Lett. 3, 303 (1984).



