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   Anew monoclinic phase of cerium orthovanadate, CeVO4(H), was found during the course

of oxidation of pseudo-perovskite CeVO3 below 400℃. It has been confirmed to crystallize

in the huttonite-type structure(G52h-P21/n), that of LaVO4. The lattice parameters were

determined to be:

This phasc was metastable, and exothermally transformed into a known stable CeVO4(tetragonal

zircon-type, D194h-I41/amd)above 400℃, releasing a small amount of oxygen. From magnetic,

chemical and thermogravimetric analyses, the valences of cerium ion and vanadium ion in CeVO4-

(H)seem to be tripositive and pentapositive respectively, but Vｰ}ion is mixed in zircon-type

CcVO4;CeVO4(Z).

  It has been reported1-7) that all rare earth (except 
La) orthovanadates are isostructural with xenotime 
which has the tetragonal zircon-type structure 

(D194h-I41/amd), while LaVO4 is isostructural with 
monazite, the monoclinic huttonite-type structure 
(C52h-P21/n). The polymorphism of LnMO4 (Ln= 
lanthanide, M=P, As, V, Nb, Ta, etc.) was studied 
in view of crystallographic interest. Stubican 
and Roy3) investigated the phase transition of rare 
earth vanadates and arsenates under high pressure, 
but gave no description on the polymorphism of 
CeVO4. 
  Several researchers 5-7) reported that zircon-type 
CeVO4i represented as CeVO4(Z), was prepared 
by the reaction between Ce3+ salts or oxide and 
V2O5 in an inert atmosphere taking the instability 
of Ce3+ into consideration. However, this con-
sideration seems unnecessary. 

  During the course of study on the valence states 
of ions in cerium vanadium double-oxides, a new

monoclinic huttonite-type phase of CeVO4, re-
presented as CeVO4(H), was found as a metastable 
phase. In this paper, the formation of CeVO4(H) 
and its characteristic properties are presented in 
relation to those of CeVO4(Z).

                Experimental

  Materials are ccria for optical use(CeO2 contents

99.99%)and a guaranteed grade NH4VO8 or V2O5 which

was obtained by decomposition of NH4VO3 at 500℃

for 12 hr in air. The reaction processes were traced by

the ordinary TGA and DTA mcthods programmed

5℃/min under various atmospheres. The reaction

products were identified by means of powder X-ray

diffraction(CuKα1=1.5405 A).

  Samples for X-ray powder diffraction were obtained

as follows:CeVO6(H), prepared by oxidation of CeVO8

at 370℃ for 8 hr in air. LaVO4 and CeVO4(Z)

prepared by heating equimolar mixtures of V2O5 and

La2O3 or CeO2 at 800℃ for 4 hr.

  Their magnetic susceptibilities were measured with

atorsion-type magnetobalance(Shimadzu MB-II)at

temperatures between 77 and 1000°K.

          Results and Discussion 

  Contrary to expectation, the formation of CeVO4 

from component salts is represented by the equa-

tion,8)

(1)
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April, 1968. Proceedings II, p. 1340. 
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because CeO2, instead of Ce2O3, is obtained by 
the thermal decomposition of Ce(III) salts under 
usual conditions.9) This reaction is different 
from those of the formation of other lanthanide 
orthovanadates :

(2)

 TGA and DTA curves for the reaction (1) in 
air are shown in Fig. 1. The same results were 
also obtained in argon atmosphere. As shown
in Fig.1, the reaction starts above 400℃ releasing

oxygen, and is completed at about 800℃. The

sharp endothermic peak at 655℃ near the eutectic

temperature10) of V2O5 and YVO4 suggests that 
the reaction is accelerated by the formation of 
liquid phase. The reaction product was dark 
purplish brown and identified to be the tetragonal 
zircon-type CeVO4 by means of X-ray analysis. 
The lattice parameters were calculated to be a0= 
7.400 A and c0=6.497 A. The observed weight 
decrease (3.230%) was larger than the calculated 
value (3.041%) according to raection (1). This 
indicates that the real composition of CeVO4(Z) 
is not stoichiometric CeVO4.000 but CeVO3.968. 
A further discussion on CeVO4(Z) will be presented 
in a next paper.11)

Fig. 1. DTA and TGA curves for the reaction (1).

 CeVO4 was also obtained by the oxidation of 
CeVO3 which has a pseudo-perovskite structure.12) 
This reaction is given by the following equation:

(3)

The TGA and DTA results of this reaction are

given in Fig.2. Two exothermic peaks at 280℃

and 330℃ seems to be caused by the oxidation of

CeVO3. However, no intermediate compound 

such as Ce2V2O, was found. The same behavior 

was observed in the case of the oxidation of perov-

skite LaVO3 into LaVO4. Thus it is reasonable 

that the valency of cerium ion remained trivalent 

and only that of vanadium ion changed from tri-

valent to pentavalent during the course of this 

reaction. When the oxidation of CeVO3 took

place below 400℃, CeVO4(H)was obtained. It

was brownish yellow and identified to be isostruc-
tural with LaVO4, huttonite-type (C52h-P21/n). 
X-Ray powder data of CeVO4(H) are given in 
Table 1 in comparison with LaVO4. The difference 
in the cell volume corresponds to that in ionic 
radii; Ce3+=1.07 A, La3+=1.14 A.

Fig. 2. DTA and TGA curves for the reaction 
 (3). Starting compound, CeVO3.039, was prepared 

 by the reaction that equimolar mixture of com-
ponent oxides was heated at 1200℃ for 10hr in

hydrogen atmosphere.

 The transition of CeVO4(H) to CeVO4(Z) was 
exothermic, gradually releasing oxygen gas, as shown 
in Fig. 3. This gives rise to the increase of lattice 
symmetry and cell volume. The third peak at
about 540℃ in Fig.2corresponds to this transition.

Magnetic studies on CeVO4 (Fig. 4) demonstrate  9) O. K. Srivastava and A. R. Vasudeva Murthy, 
J. Sci. Ind. Research (India), 20B, 96 (1961). 
 10) E. M. Levin, J. Am. Ceram. Soc., 50, 381 (1967). 
 11) M. Yoshimura and T. Sata, This Bulletin, to be 
published.

 12) T. Sata and M. Yoshimura, Preprints for the 5th 
Basic Ceramic Science Symposium, Tokyo (Jan., 1967), 
pp. 156-159.
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TABLE 1. X-RAY POWDER DIFFRACTION DATA FOR 
         CeVO4(H) AND LaVO4

that both CeVO4(H) and CeVO4(Z) showed 
paramagnetic behavior following the Curie-Weiss
law, X=C/(T+θ), above 100°K, where X is molar

magnetic susceptibility, C, the Curie constant, T,

the absolute temperature, and θ, the Weiss constant.

The correction of diamagnetism was made using 
the value given by Selwood.13) 
  Some results of magnetic and chemical analyses 
for CeVO4(H) and CeVO4(Z) are summerized in 
Table 2. The effective magnetic moment, 2.51 r/B 
for CeVO4(H), indicates that the valence states 
are almost tripositive for cerium ion and pentaposi-

tive for vanadium ion respectively, since this value

is fairly smaller than the theoretical value of 2.54μB

for free Ce3+ion. On the contrary, the value of

2.58μB would indicate that a small quantity of

V4+ coexists with V5+ in CeVO4(Z) and the magnetic 
moment obtained is caused by both Ce3+ and V4+. 
TGA, chemical analysis and color support the 
results.

Fig. 3. DTA and TGA curves for the transition 
 from CeVO4(H) to CeVO4(Z); CeVO4(H) was
moist.-○-:after keeping for 2hr at this temp.

Fig. 4. Reciprocal susceptibility vs. temperature of 

 CeVO4. H=10500 Oe.
-〇-CeVO4(H)

-△-CeVO4(Z)

 13) P. W. Selwood, "Magnetochemistry," Interscience 
Publishers, New York (1956), 2nd Ed., p. 78.
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TABLE 2. MAGNETIC AND CHEMICAL ANALYSES 
     FOR CeVO4(H) AND CeVO4(Z)

 CeVO4(H) could not be detected during the 
course of the reaction (1). It was observed that 
CeVO4(H) transformed into CeVO4(Z) after being

kept at 400℃ for 20 hr or at 450℃ for 8 hr.

The reverse-transition, CeVO4(Z)→CeVO4(H),

could not be observed. Even treatments under

high-pressure oxygen(Po2=500-1000 atm, tem-

perature 350-500℃, 2-40 hr) gave no change

on CeVO4(Z). From these results, it seems that 
CeVO4(H) is a metastable phase and CeVO4(Z) 
a stable phase.
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