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Triple orthovanadates, SrLaTh(VO,); and PbLaTh(VO,), are found to be dimorphic, the crystalline
form depending upon the firing temperature. The low-temperature form has zircon structure and the
corresponding high-temperature form exhibits its well-known monoclinic modification. The X-ray
powder diffractograms and infrared spectra are recorded and discussed in comparison with those of

structurally related compounds.

Introduction

Carron et al. (1) have compiled the work
on rare earth oxo-salts, LnXO, (X = PV,
AsY, VV), and attributed the structural
change from monazite (the monoclinic hut-
tonite-type structure) to xenotime (the te-
tragonal zircon-type structure) in these se-
ries to the well-known lanthanide contrac-
tion. While studying the effect of high pres-
sure at temperatures up to 873K, on the
rare earth ortho-arsenates and -vanadates,
Stubican and Roy (2) achieved the recon-
structive transformation from xenotime =
scheelite structure in the case of a majority
of arsenates (Sm-Lu) and vanadates (Pr—
Lu), whereas monazite == scheelite trans-
formation was observed in the case of
PrAsQ, and NdAsQ,. It would be interest-
ing to mention here that the above authors
could not achieve Xenotime to monazite
transformation for any of the rare earth
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orthosalts. Against this background, Ropp
and Carroll (3) observed that the crystalline
form of LaVQ, depends on the mode of
preparation; the LaVO, prepared by solid-
state reaction gives monoclinic form,
whereas the precipitation of LaVO, from
solution yields tetragonal form, which in
turn gets converted to its monoclinic modifi-
cation on heating above 573K.

In the case of orthovanadates of the for-
mula MY.Thy;VO,, Schwarz (4) has ob-
served that the substitution of M" by Cd,
Ca, or Sr gives zircon structure, while the
Pb'-substituted compound exhibits poly-
morphism, giving rise to three crystalline
forms—scheelite, zircon, and huttonite—
with increase in temperature. Pages and
Freundlich (5) identified the above three
structural types in the double ortho-
arsenates M'MLV(AsO,); and -vanadates
M'MY(VO,); and MIMY(VO,), (M' = Li,
Na, Ag; M" = Cd, Ca, Pb; MV = Th, Np,
Pu), the structural stability being dependent
on the ionic radii of the substituted cations.

The study on triple ortho-vanadates,
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MU"LaTh(VOQ,),, carried out in this labora-
tory showed that CdLaTh(VO,); (6) and
CaLaTh(VOQ,); (7) crystallize with zircon
structure, whereas Bal.aTh(VO,); (7) ex-
hibits monazite structure. Therefore, it
seemed interesting to investigate the effect
of temperature and that of the compensa-
tory divalent cations having ionic radii be-
tween those of calcium and barium on the
structural behavior of such triple ortho-
vanadates.

Experimental

The triple ortho-vanadates were prepared
by initially mixing the stoichiometric quan-
tities of AnalaR-grade oxides, carbonates,
or nitrates of the respective metals with am-
monium meta-vanadate in aqueous me-
dium. The suspended precipitates so ob-
tained were evaporated to dryness, well
mixed, and heated at 573K for 6 hr. Subse-
quently, the residues were sintered for 30—
100 hr at temperatures suitably selected
(monitoring the crystallinity by scanning
the X-ray powder patterns of the samples)
in the form of well-pressed cylindrical pel-
lets. Repeated cycles of grinding, pelleting,
and heating were necessary to obtain homo-
geneous single-phase compounds free of
unreacted material. The final sintering tem-
peratures and time for obtaining the two
different structural forms of SrLaTh(VO,),
and PbLaTh(VO,), are

SrLaTh(VO,); ———> zircon
973K/100 hr

A .
-——— monazite form,

form —
1273K/32 hr

PbLaTh(VO,), —2 5 zircon
823K/100 hr

A .
form ————— monazite form.
1273K/30 hr

The X-ray powder patterns were ob-
tained on a Philips X-ray diffractometer PH
1009/30/NRD 1023 using nickel-filtered
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CuKa radiation (A = 1.5418 A). The infra-
red spectra were recorded in the range
4000-200 cm~' on a Beckman IR 4250 spec-
trophotometer, using conventional CsBr
pressed-disk technique.

Results and Discussion

Crystal Structure

The X-ray powder patterns reveal that
the low-temperature (LT) form of
M"LaTh(VO,); (M" = Sr or Pb) possesses
zircon structure similar to that exhibited by
rare earth ortho-vanadates (8, 9). X-Ray
patterns of the high-temperature (HT) mod-
ifications, on the other hand, manifest the
adoption of monazite structure (/0). In
compliance with the above observations,
the LT forms were indexed on a tetragonal
unit cell with space group I4,/amd and the
corresponding HT dimorphs were indexed
on a monoclinic unit cell with space group
P2, /m. The least-squares refined lattice di-
mensions are gathered in Table I, and the
complete indexed powder diffraction data
are given in Tables II and III.

Infrared Spectra

It must be pointed out that the infrared
spectra of both the tetragonal and mono-
clinic forms have similar overall appear-
ance and hence are not sufficient to differ-
entiate both modifications as observed in
the cases of LaVO, (9, /10) and PrCrO,
(11). On the other hand, a detailed scrutiny
of the spectra reproduced in Fig. 1 reveals
that the VO, ions present in both forms of
PbLaTh(VO,); are subjected to different
types of symmetry lowering and/or correla-
tion field effects. The aforementioned ob-
servation is in acquiescence with Tarte’s re-
marks that, if one considers a series of
compounds, not isomorphous but contain-
ing the same complex anion, the high-fre-
quency absorption region remains the
same, but the look of the spectrum, i.e., the
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TABLE I
CELL DIMENsIONS OF TETRAGONAL AND MONOCLINIC VARIETIES OF SrLaTh(VO,), aND PbLaTh(VO,),

Structural a b c B 108V Deatea Dips
form Compound (pm) (pm) (pm) © (pm)* Z (mgm?) (mgm?)
Tetragonal  SrLaTh(VO,); 738.4 — 651.9 — 355 4 5.00 4.98
+ 0.3 + 0.3
PbLaTh(VO,), 739.7 — 654.2 — 358 4 5.71 5.68
+ 0.3 + 0.4
Monoclinic  SrLaTh(VO,); 698.6 722.7 670.9 105.20 327 4 5.44 5.40
+ 0.4 + 0.8 + 0.5 + 0.06
PbLaTh(VO,), 699.7 724.7 672.8 105.05 330 4 6.20 6.19
+ 0.5 + 0.8 + 0.6 + 0.06

number, the intensity, and the position of
the bands is modified (/2).

The simplest interpretation of the infra-
red spectra of the LT form of M"LaTh
(VO,); (where M" = Sr or Pb) compounds
is in conformity with D,, site symmetry for
VO3~ ions, associated with zircon structure
(9, 13-15). The isolated T, point group of

TABLE II

X-RAY PowDER DIFFRACTION DATA OF
TETRAGONAL FORMS OF MU"LaTh(VO,); (M" = Sr

or Pb)
SrLaTh(VO,), PbLaTh(VO,),
hkl dobs dcalc I/IO dobs dcalc 1/10
101 488 489 24 488 490 44
200 369 369 100 369 370 100
211 295 295 11 295 295 17
112 277 276 53 277 277 67
220 261 261 10 261 262 18
301 230 230 13 231 231 14
103 209 208 8 209 209 8
321 1955 1954 9 196.0 195.8 11
312 190.0 189.8 35 190.4 190.3 40
400 184.7 184.6 9 185.0 1849 11
213 181.6 181.5 4 182.2 182.1 4
411 — 1727 — 173.0 173.0 4
420 165.2 165.1 7 165.6 165.4 8
303 162.8 162.9 5 163.5 163.4 5
332 153.5 153.5 8 154.0 153.9 9
204 149.1 149.1 7 149.7 149.6 9
501 — 144.0 — 144.4 1443 4

the VO}~ ions, under D,, site symmetry,
gives four infrared active and seven Raman
active vibrations:

vi(A) = A;(R);
vo( E) = A,(R) + B,(R);
vy, v4( Fy) — B,(ir, R) + El(ir, R).

The number of bands observed in the
stretching region is, however, more than
that expected on the basis of site group ap-
proximation. The cause of this enrichment
in the number of bands could be either fac-
tor group splitting and/or some asymmetry
in the VO, ions in these lattices due to dif-
ferences in the environment, polarizing
powers, and charges of the cations present
in the M"LaTh(VO,), unit cells. In the
bending region, the bands observed around
430 and 360 cm™! are attributable to two
split components of triply degenerate v,
mode (Table IV).

The spectra of the HT forms of
M"LaTh(VO,), are almost exactly those to
be expected on the basis of monazite struc-
ture where the VO3~ ions occupy C; sites
(10, 13, 15). Under this site symmetry, all
nine modes of vibrations of vanadate group
are both infrared and Raman active as

vi(A;) = A; v E) — 24;
Vg, V4(F2) — 3A.
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TABLE III

X-RAY POWDER DIFFRACTION DATA FOR
MONOCLINIC MODIFICATIONS OF MU"LaTh(VO,);

(M" = Sr or Pb)

SrLaTh(VO,); PbLaTh(VO,);
hk ) dobs dcalc 1/10 dobs dcalc I/Io
101 542 543 8 542 544 18
011 482 482 13 483 484 22
111 433 434 25 434 435 22
101 415 416 13 417 417 7
111 361 361 25 362 362 24
200 337 337 70 338 338 93
120 318 319 100 319 319 100
210 306 306 15 306 306 16
012 296 296 60 297 297 46
2032 272 272 18 272 272 20
213 255 254 18 255 255 18
112 250 250 8 251 251 7
220 247 247 5 247 247 5
123 — 243 — 243 243 4
130 226 227 8 227 228 15
103 224 223 10 224 224 11
311 221 221 10 221 221 13
221 217 217 8 218 218 7
212 200 199.9 20 201 201 35
301 196.6 197.0 10 197.5 197.6 9
132 194.2 194.0 18 194.8 194.5 13
103 1913 191.6 13 191.6 192.3 15
113 — 1852 — 186.3 185.8 5
322 183.4 183.1 13 183.9 183.5 9
303 180.9 181.1 10 181.3 181.4 11
132 179.0 178.6 18 179.6 179.1 13
401 1747 174.6 8 175.0 174.9 7
400 168.6 168.6 8 169.1 168.9 13
410 164.4 164.2 10 164.7 164.5 7
004 161.9 161.9 5 — 1624 —
213 159.6 159.5 8 160.0 160.0 7

The general appearance of the spectra are
in good agreement with the low site symme-
try of the ortho-vanadate ions, though the
degenerate bands are not fully resolved.
The high-frequency region (1000—600 cm™1)
corresponding to v, and v, stretching vibra-
tions of VO3~ ions is characterized by a
very broad absorption with a few well-de-
fined bands (Table V). The peculiar shape
of absorption in the stretching region could
be ascribed to crystal structure, since simi-
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FiG. 1. Infrared spectra of PbLaTh(VO,);; (a) tetra-
gonal form, (b) monoclinic form.

lar behavior has been observed for the iso-
structural LavVO, (/0). No attempt was
made to assign the observed bands to spe-

TABLE IV

FREQUENCIES OF THE INFRARED ACTIVE
VIBRATIONS FOR TETRAGONAL SrLaTh(VO,); AND
PbLaTh(VO,); IN cm™! AT 25°C

SrLaTh(VO,), PbLaTh(VO,), Assignments
880 (sh) 869 (sh)
827 (vs)
802 (vs) Y3
778 (s) 766 (sh)
727 (s) 714 (s)
433 (m) 427 (w)
375 (W) 356 (vw) Va

Note. s: strong; vs: very strong; m: medium; w:
weak; vw: very weak; sh: shoulder.
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TABLE V

FREQUENCIES OF THE INFRARED ACTIVE
VIBRATIONS FOR MoNocLiNic SrLaTh(VO,); AND
PbLaTh(VO,), iIN cm™! AT 25°C

SrLaTh(VO,), PbLaTh(VO,), Assignments
894 (sh) 3
866 (s) 876 (sh)
823 (s) 838 (sh)
791 (s) 808 (s) \ ol
772 (sh) 778 (s) b
756 (sh) 765 (sh)
735 (sh) 748 (sh)
723 (s) 729 (sh) J
479 (sh) 477 (vw)
436 (sh)
422 (m) 423 (m)
400 (sh) 409 (sh) Valv,
383 (sh) 381 (w)
370 (sh)
351 (sh) 348 (sh)

Note. s: strong; m: medium; w: weak; vw: very
weak; sh: shoulder.

cific modes in this region. In the bending
region also, the spectra are indicative of
low-symmetry sites, though v, and v, are
not completely resolved. Due to the prox-
imity in the symmetric and asymmetric O-
V-0 bending modes of VO3~ ions, no fur-
ther attributions could be made.

Conclusions

The X-ray diffraction and infrared spec-
tral studies clearly indicate the dimorphism
in SrLaTh(VO,); and PbLaTh(VO,); com-
pounds. It is interesting to note that the av-
erage ionic radii of the cations in LaVO,
(3), PbTh(VO,), (4), and the compounds
considered under the present investigation,
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exhibiting zircon to monazite phase trans-
formation, lie between 106 and 110 pm.
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