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Assrnncr

Bismutotantalite (BiTaOr) and stibiotantalite (Sbl'aot have been synthesized by

appropriate heating of the mixed oxides in sealed Pt tubes. Bismuth trioxide and antimony

trioxide have been mixed with niobium, tantalum and vanadium pentoxides and the re

sulting ABOa compounds are discussed with respect to structure type and stability of the

various phases.

Dihlstrom (1938) has shown that the mineral stibiotantalite (SbTaOa)

has the same structure as antimony tetroxide (SbSb04). The minerai bis-

mutotantalite (BiTaOa) is also known to have the same or a similar

structure type (Hurlbut, 1957). The mineral pucherite (BiVOr) was also

thought to be of similar structure (Ungemach, 1909), but it has been in-

dicated by DeJong and Delange (1936) and by Qurashi and Barnes
(1952, 1953) that the structure of pucherite is considerably different frorn

that described by Dihlstrom for stibiotantalite and SbzOr.
Dihlstrom (1938) attempted to synthesize BiNbOa, BiTaOa and BiVO,r

by sintering together the respective oxides. However he found that the

r-ray powder patterns were very different frorn that of stibiotantalite.
Aurivil l ius (1951) also prepared BiNbO4 and BiTaOr by heating a mix-

ture of the oxides in air and Oz at 1100o-1200" C. but the samples were

not isomorphous with stibiotantalite. Crystals picked from the melt of

these compositions proved to be tricl inic. Roth and Waring (1962) studied

the phase equil ibrium relations in the system Bi20B-Nb205 and reported

that BiNbOa transformed irreversibly (in laboratory time) from the

orthorhombic bismutotantalite type structure to the tricl inic form at

about 1020oC. As a result of this study of BiNbOa it was thought ad-

visable to attempt to synthesize the other compounds which might pos-

sibly have similar structure types, namely BiTaOr, BiVO+, SbNbO4'

SbTaO+, and SbVOa. The results of these experiments are described in

this paper.
The experimental procedure for specirnens involving BizOs has been

previously described (Roth and Waring, 1962).Iror specimens containing

SbzOa the mixtures of oxides were dried in air at about 220" C. and then

heated in sealed Pt tubes at higher temperatures so that oxidation of the

antimony trioxide might be kept at a minimum.

Bi!{bor: Synthesis of BiNbOa has been previously described (Roth and

Waring 1962). Below about 1020" C. the material has the orthorhombic
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st ib iotanta l i te- type st ructure wi th o:4.980 A,  D:11.709 A,  c :5.675 A.
Specimens which have been heated above=1020'C.  are t r ic l in ic  wi th
a : 7 . 6 1 r  A ,  D : 5 . 5 3 u  A ,  c : 7 . 9 1 s  A ,  o : 8 9 . 8 8 o ,  g : 7 7 . 4 3 ' ,  y : 8 7 . 1 5 " .  I n -
dexed :u-ray diffraction powder patterns of both forms were l isted (Roth
and Waring, 1962). The phase transition could not be reversed by heat-
ing as long as 184 hours at  1008o C.

BiTaOq: Specimens of BiTaO+ were prepared in a manner analogous to
that reported for BiNbOa. The mixture was caicined at 700o C. for 3
hours. The orthorhombic bismutotantalite structure was obtained as a
single phase by heating the calcined mixture in a sealed Pt tube at
846' C. for 62 hours and quenching to room ternperature. A specimen
similarly treated at 900o C. for 18 hours showed rnostly bismutotantalite,
but also had a trace of a high ternperature form. Heating at 995o C. for 19
hours as wel l  as 1149'C.  for  65 hours both resul ted in  s ingle phase speci -
rnens of the high temperature, tricl inic fonn previously reported by
Aurivii l ius (1951). The unit cell dimensions found for synthetic ortho-
rhombic b ismutotanta l i te  are a:4.957 A,  b:1I .7fu L,  c :5.633 A;  for
t he  t r i c l i n i c  f o rm  a :7 .65 ,  A ,  D : .5 .58E  A ,  , : 7 .77 ,  h ,  a :89 .92 " ,  d
:77 .12o,7:86.45 ' .  Indexed r - ray d i f f ract ion powder pat terns are g iven
in Tables 1 and 2.

56A 6Oq: ' lhe specimens were calc ined at220o C. for  2 hours.  When heated
in sealed Pt tubes at 995o C. for 16 hours, 1000' C. for one hour or
1103' C. for four hours the specimens were single-phase-orthorhombi-c,
isostructura l  wi th the mineral  s t ib iotanta l i te ,  a:4.929 A,  b:11.797 A, ,
c:5.559 A lfante 1). Sorne decomposition of preformed SbNbOr was
accomplished by heating at 1000o C. for one hour in air. When the cal-
cined material was heated in air at 1000' C. for one hour it contained
only an SbzOn solid solution plus a solid solution of the low temperature
form of Nb2Ob. No other material is known to stabil ize the low temper-
ature form of NbzOr to temperatures as high as 1000" C. When SbNbO,r
was heated to 1200" C. for one hour it melted and leaked out of the Pt
tube, the antimony oxide all volati l ized and left only H-Nb2Os.

SbTaOE: After calcining at 22Oo C. Ior 2 hours, single phase specimens of
stibiotantalite structure were obtained by heating in sealed Pt tubes at
995' C. for 16 and 24 hours, 1000' C. for one hour and 1103' C. for one
hour. After heating at 1199o C. for one hour there was a small amount of
a second unidentified phase also present in the specimen. When the
original mixture was heated for one hour at 1000' C. in air only Sb2Oa
solid solution and TazOr solid solution were present. However, the pre-
formed SbTaO+ decomposed very slowly at this temperature in air to
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'I'lnr,B 1. X-Rav Drrlnecttorq Powonn PattnnNs or SvNrnrtrc Brsuutotar.rre.trtn,

SfisrotlNter-rltp arw SbNbOr (CuKa radiation)

BiTaOr
Synthetic bismutotan-
talite 9000 C.-18 hr;

Q-sealed Pt tube

SbNbO+
Stibiotantalite-type
structure 995' C.-16
hr; Q-sealed Pt tube

dAhkl

020
110
101
1 1 1
t2 l

130
H-2021

040
oo2
0t2

131
022
200
112
141

032\
22o)
122
2t7
150

2 2 1
132
o42
1 5 1
231

5  . 8 8
4 5 6
3 . 7 t 7
3 . 5 4 3
3.144

3 . O 7 2
3 .0101
2.938
2 -814
2 . 7 3 8

2.698
2 . 5 4 0

2.398
2.306

2.287

2 261
2 . 2 2 7

2 . 0 7 6
2.034
r .989
1 . 9 6 3

1 .960
1 895
1  . 8 6 1
| . 8 3 7
1 .805

1 . 7 7 4

5 .90
4 .  5 3

3 . 5 0 6
3 121

3 .070

2 . 9 5 0
2 . 7 6 6
2 . 6 9 2

2.687
2 . 5 0 6
2 . 4 5 6
2 363

2 265

2 232
2 . 2 0 5

2.O98
2.056
2.019
1.987
1 .950'

1 .968
1 .888
1 837
1 . 8 1 5
1 . 7 9 7

t . 7 5 4

4 5 4
3 682
3 . 5 1 7
3 . 1 2 5

3 . 0 7 2

2.947
2 . 7 7 9
2 . 7 0 4

2 .688
2 . . ) r . t

2.464
2 . 3 7 2
2.303

2  . 2 7 1

2.240
2 . t 2 2
2 . 1 2 9

2 . 1 0 5
2.061
2.023
1.987
1 .955 '

1 .965
1 .891
1 843
1 . 8 2 2
1 799

I 760

J J

1 1
/ J

408

23

116
40
35

22
22
34
5

I J

1 2

30
28

174
464

23

160
30
99

r02
28
62
4

3
18
18

r24
506

1 6
8r

178
68
64

\ )
58

104
4

23

7
72
29
I.')

8
124
52
63
29

060
240
202
212
052

o
t 2

7
25
40
l4

q

79
13
66
28

1 1
\ l

J

5
7

39
I J

19

+
49

28
l4

1 A trace of the high temperature form of BiTaOr is present in this material
2 These peaks represent reversals in the order of hkl values of the various compounds.



Trr.n l-(conl.inued)

BiTaOr

Synthetic bismutotan-
talite 9000 C.-18 hr.;

Q-sealed Pt tube

SbTaOr
Synthetic stibiotanta-

l i te 995" C.-16 hr;

Q-sealed Pt tube

z J z \

r23J
310
251
062

I J J

242
3 1 1
260
t 7 l

321
143
2r3
080
331

1 . 7 5 6
1 . 7 3 4

1 . 6 9 6

1 . 6 8 1

1 . 6 3 6
1 .633
1.609

1.603
1 572

1 . 5 3 1
1 . 5 0 8
1.4847
1.4704

1.4596
1 M3l
1 4154
1 . 4 0 7 6

1 .38s5

1 .3700
1 .3520
1 3498

1 .3395
r .3256
1 .3148
1 .3080
1.3035

1.2802
r.2648
| .2473

10
t2
20

28
53

98
63
8

36

23

8
1 5

40
8

1 i

o

3
7
o

1 1

4
36
12

252
072
312
r ( t )
0o4j

172
ZJJ

024
350
27r
262

J J Z

034
351
163
082

124
t J l

280
272

48\
e0l
30
4

70
150

o

t9
t6
7

15
7

| 7282
1 .735
r .709
1 .687

r .664

7 . 6 2 2 2
r . 6 2 7
I 604

1 581
1 .559
1 . 5 5 7
1 .536
1 .533

l . J l /

| 4910
7.46382
1 . 4 7 6 7
1.4586

1 4505
1.4411
r .3992
1.3946
1 .3834

1 3814 6

I
\ r . 3473  22 \
t l
) -

20
15\
\ t  )

9
19

39
3 1

7
18
r7

n

7
9

6

5

1 8
t l

sbNbo4
Stibiotantalite-type
structure 995' C.-16
hr; Q-sealed Pt tube

dA

1 735

I  / I O

I 690

1.669
1.664
1.628

1.606

1 587
1 563

I  JJJ

1 . 5 2 2
r . 4 9 6

1 . 4 7 5
1.463

r 454
t M l
1 . 4 0 4
1 .398

1 .386
I  . . t J J

1 349

2 l
5

27
10
I J

l 2
18

7

29

1 1
5

9
9
6
8

3
10
1 1
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T,rer,n 1 (.continued.)

(correlation of hkl beyond this point is virtually impossible)

303
400

28r/313),
191 /36r)

352

431
282
06+
343
440

173 /323
4tl
224

w2/42r
333

1.2406
1.2395
1 . 2 3 3 3

1 2192

t . 2 t 4 l
| 2042
1.1993
_t .  16.) .)

1.1829

1 .1565
1 .1538
1 . 1 4 3 8
1.1429
1 -1423

1 1345
|  . r 2 7  5
1 .1218
1 . 1 1 4 0
1 .0989

1 .0975
1 .0899
1 .0865

r .0764

I .0700
1.0585
1 0485

I .0388

1 .0304
1.0294
1.0220

1.2362
r . 2 2 7 6
1 . 2 2 4 7
1 . 2 t 7 6
1.2103

1 . 2 0 7 3
1 1936
1 .1860
1 1814
| 1694

1 . 1 5 0 6
1 1495
1  . 1 3 3 1
1 . 1 3 1 9
1 . 1 3 1 0

| 1249
1 . 1 2 2 6
1 . 1 t 7 4
1.0872
1 .0795

1 0310
1 .0283
1.0145
1 .0073

191
400/36r

303
313
3s2

05+/411
092

o.10.o/22+
333

282
371
29r
064
.t+.t

1 . 1 0 . 1
183/4O2

4t2
353

r05/432

451
292

In+12' to . t
)  r o e

460

1 . 1 1 . 1
264
l+J

423/3er

o

16
t 5
5
4

1 6
l . )

42

1 2
r7
8
6

10

7
6

7 2
8

40
o
o

o
20
.t(,

33
27

6
22
28
5

18

8
+
5

1 5
o

402
183

1 . 1 0 . 1
164/422

105

353
432

372 /2s1\
o .10 .2J
451

292
442

283/r93\
s63 J
264

413
46r/r4s
452/215

9
8
5

6
8
o

5
10
1 2
5

9
25
6

SbTaOr-SbrOr solid solution. The unit celi dimensions of synthetic
o r tho rhomb ic  s t i b i o tan ta l i t e  we re  found  to  be  a :  1 .g l t  h ,  D :11 .81a  A ,
c:5.535 A. ttre x-ray difrraction powder pattern is listed in Table 1.



BISMUTOTANTALITE AND STIBIOTANTALITN STABILITY 1353

o ,  r  o  o  o  Q  N  €  4  \ o  4  :  t Q  @ r  q !  n  i !  < r  : f  < l ' D  o \  \-  
o & r \ E + i + n  N o i i o i N r o N H N s * N €

N N :

O O\ <r i Q N O O, rn : \O € O O Cl S 4 I cQ Q @
N o n = 6 ri N o\ + Fs r \o +, o o N q F!- I :|r s|i n
co i< 6 i 6 b o. 6 "n o N N N N N * i o\,q o o. o\ o\ o\o " <  |  Q  \  9  n  q  

"  
q  t  a  -  " l  " :  -  ^ r  {  - . ' 1  5 . , 9  1 q  I  1  ?

i h + + € O e N N N N N N N N N N N H i H i

N O C O \O b cO 01 \O .:l € dr N !! i @ A O \O s ro O
€ + i + r € o  o H N € d : : N i

H I
I3 U

, { X . ^ o
>  . a .q  E
H i * +

F n 4

o €

- v

-  @  9 A
o ! e €
- - i

v >

N

Re :  s ts  ? I  se +t= :  I  I  E E ' |s  $s qq s
c j : - i  o  J  e - : i  d  -  5  o i  i :  N  i  *  i  o  N  N  *  d  o  N  o

a e

N N + 1  O O H

- 5 3 g R 3 S S R R R 3 3 E E : R i G 5 9 3
@  € 6 N n  +  N o  o .  @ o o N r € € n + + a Q N N

+ -;.i 6i -i -i ai 6i J -i -i J J -i J -i -i J -i J J -i

5  8  = :  R  3  5  3  x :8 :  =  R  g  S  3  {S  i  E  S
I { o - N - - = - o + N <r =f o s N = N 4 € +

i6

+  o  4  N  4  N  4  O r  \ o  \ o  €  4  j  D . ?  N  Q  €  ! i  o \  < 1  r  0 1-  
@  i  o i  c \  o F N d N  i

r H O N N ; 4
4 € o, o\ 4 l+i r a 4 € N o o \o \o q, |? :: 9r o\ oo o N

q{q€qqqqrqqqn{qqqqeq\ !3 i
* r o  N N N N  N N N N : F  *  : i  *  i  i i H i i i i

!  o q -  c J
o - =  ! ?

'i '.ii^@

t r .
O N O N t s N d O N

H d  N O H - O O N O N
N  N O O F - N S < N

zo
a
4

9

z

U
aa

a

z

a
ts

Fi

z
c
F
O

v
e

N

FI

Fi

U)

F

o

il

o

d

N N + +1 N \O \O + N \O @ O 4 O' O.Q Q 4 H !a cO !! I n
i o  € i  +  r O  r  +  o  s  O  o .  @  N  4 4  +  N  H  -  o \ N  €  4  +
- - cb cO 6 s r: r r N \o € \O \O \o \o \O € O 4 D q a n

J  J  J  J  = J  J  J  J  J  J  *  J  J  J  J  J  J  J  * " J ' J . J  J  J

a O a O i i d d d
N H N

5gsJs f r  $N=R9SSK6R$e :3 : ' : -

:  < '  *  5  3  3 8  $ 3 S  g  s :  a 3  $ *  - '  +  €  R 9 *

O

c
f a

F i  . F :

F q  - g
g A

F

bc
F

N  S  i  4  -  -  o .  o  I  ! a  n  9 O  \  9  : ! {  +  O  N  O  O
6 N F co 6i  O. n N - N :  € \O C 3 -  \C 4 t \  9 a.!  a 9
{  d  o F N  i  ' ;  *  e  o  o r r N  \ o  \ o n  4  $ '  +  +  o  e  N

N \ O + O O S O O O O E  N N  N N N  N N N  N  N N N N
< " d

=  5 r =  S  I  = r I  :  :  5  E  R r j , S  I  I  F  R : - N  I  3  R
= = o -  -  lN o l i  o -  

I  
o N i  1^l  Nl i  i  t  i  N i  l6 i l

N



R. S. ROTIT AND J. L WARING

':1 99 I :f O F N <' co N O + \ O, cO 4 \O O, O N OV A C €  N : + . O N q N + t h o ( i l

1354

!! o oo b 9p oo r/) N N N o \o o <ti co \o +{ r o\ o\ N
! !  : :  -  - i  o  \ . +  { . ?  c e  O \  c o  €  F .  4  q ' 4  h  +  6  € ia € r N r \o \o \o \o \o D 4 q 4 h q r^ q D 4 +
e e i i H i d i : i i * i i i i H i

N

$ts  ; 'G  9  !  ; ' ;  i l  s i  RE Qx  e  R  BR tg  aN N i - o o N N H - i O g - ^ - o H g N o

- o . (

-o "d

q

- l

o g ; j g
>  5 . c  E

4 o
i ^ 4

b 6
a-

o "

N

I
H l

I

\ o a o : r

O

h 5

x  ' = 0 r
v  . = -
- d i Y

co Fr ii
q  - ! ,
! q /

F

F

@

f,

z
ts

il.

o
v

(,

z

E
(J

-)

E
U)
Fr

z
a

ts

B

z
ts
Q

il.

X
N
FI
i

F

m c o N -
€ \ o € €
6 4 < i N

J . J J J

.o "<

o \ a \ o \ o N N 9 4 . + t o 4 +
N - O O \ o O r O + s N O O \
4 4 4 + + + + + $ + + A

c ) N N O \ N O \ O O . + \ C N €
6 H € N H 6 O - < f d d o \
N N H i H O O O g \ O \ O . €

N N N N d N N N d

r N O O \ N N c ) H Q T N O \
q O F N O H N p



BISMUTOTANTALITE AND STIBIOTANTALITE STABILITY

SbVOt: The mixture was calcined at 220o C. lor 2 hours and a small por-
tion was quenched in a sealed Pt tube after 16 hours at 700" C. The speci-
men showed an x-ray diffraction powder pattern which could be indexed
on the basis of a ruti le type structure ('fable 2). The unit cell dimensions
o f  t h i s  phase  were  found  to  be  a :4 .598  A ,  c :3 .078  A  u r .o rnpu red  w i th
the  va lues  g i ven  by  Ve rnon  and  M i l l i gan  (1951 )  o f  a :4 .58  A ,  c :3 .06  A .
Specimens which were heated at 700o C. or higher, when cooled to room
temperature without quenching, all showed only the ruti le type phase.
However, when the specimens were quenched from a temperature be-
between 800" C. and the melting point (about 865" C.) the ruti le phase
appeared, together with a second phase which can only be interpreted as
the remnants of a high temperature polymorph. All attempts to "quench
in" the high temperature form were unsuccessful. When quenched from
above 865o C. the specimen contained only glass. High temperature r-ray
difiraction patterns revealed no change in the ruti le structure at 750' C.
alter 24 hours; however, at about 825'C. the new phase began to form at
the expense of the ruti le type structure. However, at this temperature
volati l i ty was excessive and the specimen completely volati l ized before a
complete r-ray pattern could be obtained. The d-vaiues of the r-ray
diffraction peaks identif ied as belonging to the high temperature phase
are also given in Table 2; however, the structure type is unknown.

It is worth noting that (together with all the peaks in the ruti le pat-
tern) the small peaks at 4.45 h and 2.629 A can be indexed respectively,
as (101)  and (211)  of  a z i rcon st ructure type wi th o:6.503 A,  c :6.157 A.
However, the high temperature *-ray patterns indicate that these peaks
actually belong to the high temperature phase rather than to the low
temperature form.

BiVOq: Due to the low melting point of VrO5, the specimen of BizOs: VrOs
was only calcined at 220" C. After being heated at 500' C. for 16 hours
and 600o C. for 1] hours, the patterns showed only partial reaction; how-
ever, specimens heated at 700o C. for 16 hours, 800" C. for one hour and
900' C. for one hour all showed only a single phase. This phase did not
have the same structure as the mineral pucherite (DeJong and Delange,
1936; Qurashi and Barnes, 7952, 1953). Instead, a monoclinic form, iso-
structural with fergusonite (Ferguson, 1957), or a monoclinic distortion
of the scheelite structure type, was identified in the r-ray diffraction pa-t-
terns (see Table 2). The unit cell dimensions were found to be o:5.186 A,
b: l l .69z A,  c :5.084 A,  B:89.6t ' .  A specimen quenched f rom 1000o C.
was completely melted but showed only the fergusonite structure type.
Differential thermal analysis showed no sign of a phase transition and in-
dicated the melting point to be about 940' C.

A specimen of BiVOr was precipitated from solution of NasVO+ and
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Bi(NOs)3 (Swanson et al.,1962) and proved to have a tetragonai zircon
type structure. Table 2 l ists the r-ray diffraction powder pat-tern observe^d
in  t h i s  s t r rdy  wh i ch  was  i ndexed  on  the  bas i s  o f  a :7 .290  A ,c :6 .444  A .
This zircon type structure transformed irreversibly to the fergusonite
type between about 400"-500" C. When the precipitate was made in boil-
ing water it contained mostly the fergusonite type structure with only a
small amount of zircon type. The (x-ray) density of the zircon type is
about 6.25 g/cm3 and that of the fergusonite type is 5.98 g/cm.3 The
density of a natural specimen of pucherite was calcuiated as 6.63 g/cm3
from the unit cell dimensions. As this is intermediate between the two
synthetic forms it was thought possible that pucherite might represent a
low temperature, intermediate pressure form. However, the unreacted
rnixture of oxides heated at =450o C. and 30,000 lbs/in'?for eight days as
well as the zircon type material heated at 250o C. and 10,000 lbs/in2 for
one week both yielded only the fergusonite type structure.

A natural specimen of pucherite, from the original locality of Pucher
Mine, Schneeberg, Saxony, was obtained from Dr. G. Switzer of the
Smithsonian Museum, Washington, D. C. When heated at 500" C. for 64
hours in a sealed Pt tube the pucherite structure was completely de-
stroyed and the pattern showed mostly the monoclinic fergusonite type
plus a few small unidentif ied peaks. It should also be noted that the
only synthetic compound known to form a pucherite type structure is
CrUO+ (Felton el a|,.,7962), and that the state of oxidation of this phase
may not be completely known (Smith et al ., 196l).It is suggested that
that perhaps pucherite is not a stable phase in the system BizOe-VzOs,
but is stabii ized in nature either by the presence of slightly reducing
conditions, minor amounts of impurit ies or a combination of these and
other factors commonly occurring in nature.
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