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The IR spectra of different solid solutions in the system (Cr,Fe,-,)V04 have been recorded and briefly 
discussed. They show the vibrational behavior which is characteristic of materials belonging to the (Y- 
MnMo04 structural type. The spectroscopic data are in complete agreement with the recently reported 
structural behavior of these phases. 8 I989 Academic PRSS, I~C. 

Introduction 

Although CrV04 and FeV04 belong to 
different structural types (1, 2), the solid 
solutions of composition (Cr,Fe,-x)VOd 
adopt the a-MnMo04 structure, which is 
different from those of the end members of 
the series (3). This behavior is rather un- 
usual and probably represents a compro- 
mise between the regularity of the CrV04 
structure and the distorted iron environ- 
ments in FeV04. 

In recent years we have made systematic 
studies on the spectroscopic behavior of 
phases adopting the CrV04 structural type 
(4-6). Also, the vibrational spectra of 
FeV04 and the isostructural AlV04 have 
been investigated in detail (7). It seems 
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“Orthovanadates and Related Compounds”; 35th 
Commun., see Ref. (9). 
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therefore interesting to obtain an insight 
into the vibrational characteristics of these 
unusual (Cr,FeI-x)V04 solid solutions. 

Experimental 

Polycrystalline samples of composition 
Vh2~%7dV04, (Cro.&eo.dVO4, and 
(Cro.75Feo.25)V04 were prepared by solid 
state reactions, as described earlier (3). 
They were characterized by X-ray diffrac- 
tometry. The powder diagrams show 
clearly the formation of continuous solid 
solutions. 

The IR spectra were recorded on a 
Perkin-Elmer 580B spectrophotometer, us- 
ing the KBr-pellet technique. 

Results and Discussion 

The IR spectra of the three investigated 
phases were, as expected, practically iden- 

206 0022-4596189 $3.00 
Copyright 6 1989 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 



IR SPECTRA OF (Cr,Fel-JVO, PHASES 207 

tical and show the spectral pattern which is 
characteristic of the a-MnMo04 structural 
type (cf., for example, (8)). As a typical ex- 
ample of these spectra, Fig. 1 shows that 
corresponding to the phase (Cro.soFeO.s,J 
V04. The exact band positions for the three 
investigated phases are given in Table I. 

The only vanadate belonging to this 
structural type investigated so far is a low- 
temperature form of InV04 (9). Its spec- 
trum is very similar to that of Fig. 1. The 
only difference is that in the present cases a 
doublet is seen around 850 cm-’ whereas 
for InV04 only one sharp band is observed 
in this region. 

The structure of the mentioned doublet 
changes slightly with composition, as can 
be seen in Fig. 2. One may suspect that this 
splitting and its dependence on the compo- 
sition could be related in some way to the 
distribution of the trivalent cations. But, it 
is not clear why only one of the vanadate- 
stretching modes is affected in such a dra- 
matic way. 

The spectral characteristics of the VO:- 
ion in the a+MnMo04 environment have 
been discussed thoroughly in the case of 
the low-temperature form of InV04 (9). 
Due to the fact that the anions occupy two 

I 
1000 800 600 LOO [cm-‘1 

FIG. 1. Infrared spectrum of the phase (CrO.JOFeo.~e) 
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FIG. 2. The 850-cm-’ doublet in the (Cr,Fe,-,)V04 
phases. 

different sites in the lattice (C, and C,), a 
great number of IR-active bands can be ex- 
pected (six components for the antisym- 
metric stretching v3 and bending y4; four for 
the symmetric bending v2 and two for the 
symmetric stretching vi). 

The following assignment for the bands 

TABLE I 

IR BANDS (cm-‘) OF THE THREE INVESTIGATED 
PHASES 

951 
922 
862 
821 
714 
638 
630sh 
500 

381 

346 
320 

956 
924 
865 
830 
720 
650 
642sh 
518 
4OOs.h 
388 
350 
320 

958 
927 
870 
836 
731 
663 
635sh 
531 

416 

353 
320 

Note. sh = shoulder. 
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observed in Fig. 1 can be proposed: the 
strong or medium intensity bands at 956, 
865, 830, 720, and 650 (with a shoulder at 
642) cm-i could be the six expected v3 com- 
ponents whereas the weaker one, at 924 
cm-i, could be one of the two expected vi 
modes. The strong band at 518 cm-i is as- 
signable to one of the antisymmetric bend- 
ing components, whereas the remaining 
bands probably involve VO4 bendings as 
well as Mm06 motions. 

The great splitting in the stretching re- 
gion seems to be typical for this structural 
type and is surely related to the very differ- 
ent V-O distances present in this structure 
which, for example, in the case of (Cr0.20 
Feo.so)VOd, covers a range between 1.661 
and 1.838 A (3). 

As can be seen from the data presented in 
Table I, practically all equivalent bands are 
displaced to higher wavenumbers as the 
unit cell volume diminishes from (CrO.zs 
Fe,&VO4 to (Cro.75Fe&V04. This is the 
expected trend, which indicates a slight re- 
inforcement of the V-O bonds in the same 
direction. A fully similar behavior was 
found and extensively discussed, in the 
case of the lanthanide orthovanadates, 
LnV04, belonging to the zircon structural 
type (20, II) and in other related phases 
(1.3. 

The commented dependence of the vibra- 
tional frequencies on the lattice parameters 
additionally confirms the formation of a 
continuous solid solution in the investi- 
gated system. 

To conclude, this brief spectroscopic 
study has shown that the phases in the (Cr, 
Fe,-,)V04 system present a vibrational be- 

havior which is characteristic of the a-Mn- 
Moo4 materials. Therefore, the results are 
coincident with those of the structural stud- 
ies and also confirm the formation of con- 
tinuous solid solutions between CrV04 and 
FeV04 in the investigated compositional 
limits. 
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