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The crystal structures of various synthetic ABO 4 compounds, in which A is one of the rare earths 
La, Ce, Nd, Sin, Gd, Dy, Y or Sc, and B is either Nb or Ta, have been examined. Most of the 
compounds are isotypic with the monoclinically distorted scheelite-like structure, identified by 
Ferguson for a high-temperature-fired specimen of YTaO4. The lattice parameters are recorded. 

High-temperature X-ray study of niobium compounds with this structure proves tha t  the mono- 
clinic distortion is progressively reduced with increasing temperature, and a reversible transition 
to a tetragonal structure occurs below 800 °C. With tantalum compounds, no structure transition 
takes place up to 1300 °C, though at  1300 °C a marked reduction of the monoclinic distortion is 
evident. 

The two scandium compounds are exceptional and have a monoclinic wolframite-like crystal 
structure. This difference in structure appears to be dictated by the relatively small radius of the 
scandium cation. With the largest rare-earth cation, La 3+, the niobium compound has the mono- 
clinically distorted seheelite-like structure, but the tantalum compound has a different and un- 
identified structure. 

1. Introduct ion 

In  the  course of a broad  survey of phases formed by  
combining various rare  ea r th  oxides with  niobia or 
t an ta la ,  several compounds were prepared  with  the 
molar  rat io 1 : 1. X - r a y  studies of these 1 : 1 compounds 
revealed t ha t  the  ma jo r i ty  are isostructural  with the 
monoclinic form of synthet ic  y t t r i u m  tan ta la te ,  
YTa04,  described by  Ferguson (1957). This s t ruc ture  
was also found by  K o m k o v  (1957) for a specimen of 
the  mineral  fergusonite,  Y(Nb,Ta)04,  which had  been 
heated  to 900 °C. Some notable  exceptions to this 
monoclinic s t ruc ture  were observed, in par t icular  for 
the scandium compounds. In  the  present  paper  the  
results of the  X - r a y  studies are reported and the 
measured s t ruc ture  da t a  are recorded. 

During the investigations it  became clear tha t  the 
monoclinic s t ructure,  which it will be convenient to 
describe as fergusonite-type,  was probably  derived in 
a re lat ively simple way  from a higher symmet ry  form. 
A te t ragonal  s t ruc ture  for na tu ra l  fergusonite and 
for Y-Nb04 and YTaO4 was repor ted by Ba r th  (1926). 
K0mk0v (1957) has more recently shown that this 
s t ructure  is of the  scheelite type,  but,  as mentioned 
above, he found, for a mineral  specimen, t ha t  it 
changed to the monoclinic s t ruc ture  on firing to 
900 °C. High- tempera tu re  X - r a y  examinat ions  were 
therefore carried out to examine the  possible struc- 
tura l  relationship and  these are briefly described 
below. 

Whils t  the work was in progress, a second paper  by  
K o m k o v  (1959) was published which described the 
prepara t ion  and examinat ion  of the s t ructures  of a 
series of ra re-ear th  niobates of the 1:1 composition. 

The results  in some measure  ant ic ipated  our con- 
clusions. In  par t icu lar  Komkov  confirmed tha t  the 
monoclinic fergusonite- type s t ruc ture  is in fact  a 
sl ightly dis torted version of the  te t ragonal  scheelite 
type,  and  t h a t  a t  some t empera tu re  above room 
tempera tu re  there is a reversible t rans i t ion between 
the two structures.  

2. Raw mater ia l s  and preparat ion 

The ra re -ear th  oxides, which were most ly  approx- 
imate ly  99% pure,  and the niobium and t a n t a l u m  
pentoxides,  which were be t te r  t h a n  99.5% pure, 
were supplied by  Johnson  Mat they  & Co. The scan- 
dium oxide was of somewhat  lower pur i ty ,  ca. 95%. 

Most of the compounds were made by  conventional 
ceramic processes. These included mixing and milling 
the const i tuent  oxides, pressing discs of the  milled 
mixtures  and firing them at  1000 °C for 2 hours, 
and af ter  fur ther  milling, pressing discs to fire f inal ly 
a t  ca. 1400 °C for 2 hours in air. A few powder mix- 
tures,  ground with an  agate  pestle and mor ta r ,  were 
fired ~t 1000 °C without pressing, ~nd then, after 
fur ther  grinding, a t  1400 °C in a small t ubu la r  
labora tory  furnace. Substant ia l ly  similar products  
were obtained by  both methods,  except t h a t  i t  
appeared more difficult to carry  reactions to com- 
pletion in the small-scale labora tory  method.  

3. Resul t s  of X - r a y  e x a m i n a t i o n s  

The synthesized compounds were examined by  con- 
vent ional  X- ray  powder diffract ion techniques, 11.46 
and 19 cm diameter  cameras being used with ei ther  
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Table 1. Structures and ionic radii 

S t r u c t u r e - c e l l  d i m e n s i o n s  

C o m p o u n d  S t r u c t u r e *  a 0 b 0 Co 

L a N b O  4 F 5.56 A 11 .54 /~  5.20 A 
L a T a O  4 U - -  - -  - -  
C e N b O  4 F 5.48 11.30 5.13 
I q d N b O  a F 5.45 11.24 5-13 
N d T a O  4 F 5.52 11.27 5-12 
S m N b O  4 F 5.41 11-15 5.12 
S m T a O  4 F 5.46 11.13 5.08 
G d N b O  4 F 5.37 11-09 5.11 
G d T a O  4 F 5.40 11-04 5.07 
I ) y N b O  4 F 5.23 11.02 5-10 
D y T a O  4 F 5.30 10-89 5-03 
Y N b O  4 • 5.30 10.96 5.08 
Y T a O  4 2 '  5.34 10.94 5-07 
S c N b O  4 W 4.80 5.65 5.09 
S e T a O  4 W 4.80 5.65 5.10 

* F = Monoc l in ic  f e r g u s o n i t e - t y p e .  W - -  Monoc l in ic  w o l f r a m i t e - t y p e .  

R a d i u s  of 
fl rare earth ion 

94.0 ° 1 .22 /k  
- -  1 . 2 2  

94-5 1.18 
94.5 1.15 
95.6 1.15 
94.7 1.13 
95.6 1.13 
94.7 1.11 
95.7 1.11 
94.5 1.07 
95.1 1.07 
94.6 0.93 
95.3 0.93 
88.3 0.78 
88.5 0.78 

U---- u n k n o w n  s t r u c t u r e .  

Cu Ks  or Co Ks  radiation. All the structures except 
one were readily identified: indexing of the principal 
powder lines was therefore possible, and lattice 
parameters were determined. The results are sum- 
marized in Table 1. 

I t  will be seen that  most of the compounds have 
the monoclinic structure established by Ferguson 
(1957) for synthetic YTa04. The exceptions are the 
lanthanum-tantalum oxide, LaTa04, and the two 
scandium compounds. 

The X-ray powder patterns of the two scandium 
compounds were very similar to one another, and 
resembled those given by tungstates and molybdates 
of the wolframite family. By analogy with patterns 
of known members of this family, for example MgW04 
and MnW04, the principal lines of the patterns of 
ScNb04 and ScTa04 were indexed, and the cell 
dimensions determined. 

No satisfactory solution to the structure of LaTaO4 
was found. 

4. Changes of s t ruc ture  at e l eva ted  
t e m p e r a t u r e s  

The fl angle of the monoclinic cell of the family 
of compounds typified by YTa04 is only a little above 
90 °. Moreover the a and c parameters are not widely 
different in value. I t  is therefore possible that  the 
monoclinic distortion might disappear on thermal 
expansion, and the structure become orthorhombic, 
or tetragonal if a0 became equal to Co. 

Examinations of representative members of the 
family were made in a high-temperature powder 
camera, capable of covering the temperature range 
up to 1300 °C. Three niobates were chosen, namely 
those of lanthanum, samarium, and yttrium. X-ray 
patterns, taken at successively increasing temper- 
atures, showed that  for each substance there was a 
progressive reduction of the monoclinic distortion 
which resulted finally in a transition to a tetragonal 

structure. The elimination of the monoclinic distortion 
was most rapid near the transition temperature, 
which was for all three compounds below 800 °C. 
The tetragonal cell dimensions measured just above 
the respective transition temperatures are given 
below: 

S t r u c t u r e  t r a n s i t i o n  T e t r a g o n a l  cell 
C o m p o u n d  t e m p e r a t u r e  d i m e n s i o n s  

a o  Co 

L a N b O  4 4 5 0 - 5 0 0  °C 5-40 /~ 11.66 A 
S m N b O  4 7 0 0 - 7 5 0  5-28 11.30 
Y N b O  4 c. 700 5-21 11-05 

Apart from the increase in cell dimensions to be 
expected on thermal expansion, no further changes 
were observed up to 1300 °C. 

To represent the monoclinic tantalates, SmTa04 and 
YTaOa were chosen for investigation. Their behaviour 
on thermal expansion was in marked contrast to 
that  of the niobates. Whilst, accompanying expan- 
sion, there appeared to be a gradual reduction of 
the monoclinic distortion no actual structure tran- 
sition took place up to 1300 °C. As an example, in 
the case of YTaOa it was found that  the monoclinic 
fl angle of 95.3 ° at room temperature had decreased 
to 91.7 ° at 1300 °C. From the magnitude of the 
reduction of the structure distortion up to 1300 °C, 
and, assuming that  the reduction continued with 
further increase of temperature, a i~ransition to the 
tetragonal form might be expected to occur by about 
1600 °C. Further investigation is required to test this 
prediction. 

5. D i s c u s s i o n  

The results show that  the majority of the 1:1 com- 
pounds of rare earth oxides with niobia or tantala, 
prepared by firing at high temperatures, have a 
characteristic monoclinic crystal structure at room 
temperature. This is the structure established by 
Ferguson (1957) for YTa04. Komkov's (1957) struc- 

A C 16 ~ 58 
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ture for YNb04 is similar, except that he describes 
the monoclinic cell by lattice parameters of which 
the fl angle is the supplement of tha t  adopted by 
Ferguson and used in the data  presented here. 

The high-temperature X-ray studies of LaNb04, 
SmNbO4, and YNb04 show tha t  they undergo a 
reversible transition below 800 °C to a closely related 
tetragonal structure, which appears to be isomor- 
phons with scheelite, CAW04. By comparing the 
values of the lattice parameters of the two structures, 
of SmNb04 for example, the transit ion is seen to be 
equivalent to a removal of a monoclinic distortion 
of the tetragonal scheelite-type structure. At the 
transition point, the monoclinic fl angle is decreased 
to 90 °, the monoclinic a and c parameters reach 
equali ty to give the tetragonal a parameter, and the 
monoclinic b parameter becomes the c parameter of 
the tetragonal cell. 

I t  appears reasonable to conclude tha t  the remaining 
rare earth niobates, with the room-temperature 
monoclinic fergusonite-type structure, go through 
analogous structure transitions at  temperatures in 
the 20 to 800 °C range. The results of the high- 
temperature studies of samarium and y t t r ium tan- 
talates, however, reveal a conspicuous difference in 
the behaviour of the tanta lum oxide compounds. 
Up to 1300 °C thermal expansion is not accompanied 
by any structure transition, although there is evidence 
that  at  some considerably higher temperature a 
monoclinic-tetragonal transition might occur. This 
difference in behaviour between a rare earth tantalate  
and the corresponding rare earth niobate suggests 
that  the monoclinic deformation of the scheelite-like 
structure is linked with the oxygen-tantalum and 
oxygen-niobium interatomic bonding forces, these 
forces being appreciably stronger for tantalum. I t  
appears likely tha t  the cation-oxygen tetrahedra, 
which are comparatively symmetrically arranged in a 
tetragonal scheelite-like structure, are deformed and 
puckered in the monoclinic form. Such distortions 
in the atomic arrangement would be more difficult 
to eliminate by thermal expansion when the com- 
bining cation is tantalum than when it is niobium 
because of the assumed greater strength of the 
tanta lum-oxygen bonding forces. 

The early identification of tetragonal structures for 
synthetic YTaO4 and Y-NbO4 by Barth (1926) is a 
little difficult to explain entirely satisfactorily. Barth 's  
structure appears to be similar to the scheelite type 
which Komkov (1957) found for a specimen of natural  
fergusonite before ignition at high temperature, 
although Barth chose a differently oriented cell with 
an a value multiplied by the factor V2. The pos- 

sibility arises that ,  in certain circumstances, the 
high-temperature scheelite-like structure can be re- 
tained at  room temperature,  for example by rapid 
quenching, or in mineral specimens because of irra- 
diation damage. No experiments were carried out, 
however, during the present investigations to test  
this supposition. 

An explanation of the failure of ScNbOa and 
ScTa04 to crystallize in the same monoclinic structure 
as the remainder of the compounds except LaTa04 
emerges if the radii of the combining rare earth 
cations are considered. Values of the radii are listed 
in the last column of Table 1. I t  is apparent tha t  the 
scandium ion is by far the smallest. Evident ly the 
atomic packing characterizing the monoclinic fer- 
gusonite-type structure becomes impossible with the 
small scandium ion, and both scandium compounds 
assume the wolframite-type of structure. Since the 
monoclinic structure is only a distortion of the 
tetragonal scheelite-type, this different structure for 
the scandium compounds is consistent with what is 
known about the incidence of scheelite and wolframite 
structures amongst tungstates and molybdates. The 
tungstates and molybdates of the relatively large 
cations calcium, strontium, and barium, have tetrag- 
onal scheelite-type structures. With smaller cations, 
including magnesium, zinc and cadmium, atomic 
packing in the scheelite arrangement becomes im- 
possible, and the monoclinic wolframite-type tung- 
states and molybdates are formed. 

Concerning LaTa04, the structure of which has not 
been solved, the combining rare earth cation is the 
largest of the series. The size may in fact be near the 
upper limit for accommodation in the monoclinic 
scheelite-like arrangement. Whilst this size is just 
tolerated in the niobium compound, an alteration to 
a new structure for the tantalum compound is possibly 
associated with the more complex electron orbital 
structure of tanta lum compared with niobium. 

The authors wish to thank several of their col- 
leagues in the Chemistry and Technical Services and 
the Materials and Components Divisions for carrying 
out much of the experimental work. 
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