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New Members of a Family of Layered Bismuth Compounds 
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Two new compounds, Bi,Ti,OBF and PbBi,Ti,O,,F, were prepared and identified by X-ray diffraction 
analysis. These compounds are members of the family called layered bismuth compounds. Thermal 
properties of the new compounds were also studied. Besides the preparation and identification of these 
new compounds, a new method for preparing already known members, Bi,NbO,F and Bi,TiO,F,, was 
reported. Moreover, the possibility of the existence of other new members belonging to the family was 
discussed. 

Introduction 

A family of layered bismuth compounds 
is represented by the general formula 

Bi2&-lBn03n+3~ (1) 

where A is K+, Pb2+, Bi3+, etc.; B is Ti4+ 
Nb5+, W6+, etc.; and n is an integer (1, 2): 
These compounds are constructed by regu- 
lar intergrowth of (Bi202)2+ layer and 
perovskite layer (A,-,B,03,+,)2-. Many 
compounds belonging to the family have 
been synthesized by various researchers 
(3-6). 

same symbols as used in the original for- 
mula. Three members belonging to the fam- 
ily described by the modified formula have 
already been synthesized by another re- 
searcher (7). They are Bi,NbO,F, 
Bi,TaO,F ( n = 1, m = l), and Bi,TiO,F, ( n 
= 1, m = 2), corresponding to the simplest 
case, n = 1 above. Thus, the existence of 
the members characterized by the modified 
formula suggests the possibility of the for- 
mation of other new members. 

Two new compounds, Bi3Ti20sF and 
PbBi3Ti30,,F, reported in this paper, can- 
not be described directly by the above- 
mentioned formula, but are characterized 
by a slightly modified formula: 

In the present paper, we report on the 
preparation and identification of two new 
compounds, Bi,Ti,O,F and PbBi3Ti3011F, 
and discuss the possibility of the existence 
of other new members belonging to the 
family of bismuth oxide fluoride com- 
pounds with layer-type structures. More- 
over, a new method for preparing 
Bi2Nb05F and Bi2Ti04F2 was studied. 

BiA-BO F 2 n 1 n 3n+3--m m9 (2) 

where F is a fluorine ion, m is an integer 
(usually 1 or 2), and A, B, and n are the 

Experimental 

Bi,TiOp, 
* TO whom correspondence is to be addressed. Aurivillius (7) synthesized this com- 
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pound by heating a mixture of BiF, and 
TiOz in a molar ratio, 2 : 1, in air at 64O”C, 
but the powder photographs obtained from 
the produced compounds showed that they 
were not pure but contained BiOF and 
unknown compounds. In the present work, 
pure Bi,TiO,F, was prepared by hydrother- 
mal synthesis. A mixture of Bi,O,, BiF, and 
TiO, in a molar ratio, 2 : 2 : 3, was used as a 
starting material. It was placed in a plati- 
num capsule with NH,F solutions and re- 
acted under high temperature and high 
pressure. The sizes of the platinum cap- 
sules were: 4 mm in diameter, 40 mm long 
(for about 100 mg of starting material) and 5 
mm in diameter, 65 mm long (for 600-800 
mg of starting material). The experimental 
apparatus and procedure are reported in 
detail in another paper (8). The experimen- 
tal conditions of the successful synthesis 
are given in Table I(a). 

fusing with Na&03 . K&OS, and were 
then neutralized with H,SO, solution. The 
neutralized solution was distilled with wa- 
ter vapor and the distillate was analyzed 
with absorptiometry by using La-Alizarin 
Complexone. 

Bi,NbO,F 
This compound was also synthesized 

by Aurivillius (7) by the same method as 
BizTiOrFz, but X-ray diffraction data ob- 
tained from the compound showed it was 
not pure. Pure Bi,NbO,F was prepared 
here by the hydrothermal method. A mix- 
ture of Bi203, BiF3 and NbZ05 in a molar 
ratio, 5 : 2 : 3, was used as a starting mate- 
rial. Experimental apparatus and proce- 
dure were the same as in the synthesis of 
Bi,TiOIF,. The successful experimental 
conditions are given in Table I(b). 

The X-ray diffraction data were obtained 
with a diffractometer using CuKa radiation 
and an internal standard of high-purity 
quartz. 

The fluorine content of the obtained 
sample was found to be 3.1 wt%. This 
value agrees very well with the calculated 
one for Bi,NbO,F (3.2 wt%). 

The fluorine content of the produced 
sample was found to be 6.6 wt%, which is 
in good agreement with the value calculated 
for Bi,TiO,F, (6.7 wt%). 

BiaTizOsF 

Methods for Fluorine Analysis 

The sample was first decomposed by 

A mixture of B&OS, BiF3, and TiO, was 
used as a starting material. It was placed 
in a platinum capsule. After the air in the 
dead space had been removed as much as 
possible, the capsule was sealed and 
placed in a quartz capsule. After it had 

TABLE I 

THE SUCCESSFUL EXPERIMENTAL CONDITIONS OF THE SYNTHESIS OF Bi2Ti01F2(a) AND Bi,NbO,F@) 

Concentration 
mole cmP3 

Temperature 
(“Cl 

Pressure 
(kg cm-*) 

Duration 
(days) 

Weight of sample (mg) 

Volume of solution (cm3) 

a 1 3% 560 3 80210.5 
2 400 500 3 601/0.5 
1 500 750 3 104/o. 1 
2 500 750 6 807/0.5 

b 0.5 402 500 3 102/0.1 
1 400 500 3 605/0.5 
1 402 500 3 80210.5 
2 402 500 3 108/O. 1 
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been sealed, the double capsule was 
heated in an electric furnace. The quartz 
capsule was used for detecting any leak 
of fluorine or fluoride gas from the plati- 
num capsule, if it occurred, and for de- 
creasing the pressure difference produced 
by the heating between the interior and 
exterior of the platinum capsule. 

When a mixture of B&O,, BiF,, and 
TiO, in a molar ratio, 4: 1: 6, was heated, 
the reaction product was not pure but 
slightly decomposed Bi,Ti,O,F. The for- 
mation of the impure compound may be 
caused by volatilization of BiF, and by a 
reaction with oxygen left in the platinum 
capsule. The decomposition was pre- 
vented by the presence of the excess 
BiF, contained in the starting material. 
The starting mixture which contained 
0.9-3.9 wt% of excess BiF, gave good 
results. That is, the mixture of B&O,, 
BiF,, and TiO, in the molar ratio, 4: 1. l- 
1.4: 6, was used as starting material. The 
suitable amount of excess BiF, depended 
on the dead space in the charged plati- 
num capsule. When 200 mg of starting 
material was charged in the capsule (4 
mm o.d., about 50 mm long), it contained 
0.9 wt% excess BiF,, and when about 
600 mg of starting material was placed in 
a platinum capsule (5 mm o.d., about 65 
mm long), the mixed excess amount of 
BiF, was 3.9 wt%. The mixture was 
heated for 8-42 hr at 75O”C, after being 
preheated for 2 hr at 650°C. 

X-ray powder diffraction data were ob- 
tained by using CuKa radiation and inter- 
nal standards of high-purity Si and 
quartz. 

PbBiaTiaOllF 

A mixture of PbO, B&O,, TiO,, and 
BiF, in a molar ratio, 3:4:9: 1.2-1.4, was 
used as a starting material. For the same 
reason as mentioned above, it contained 
excess BiF, (1.5-3 wt%). The experimen- 
tal procedure was almost the same as for 

Bi,T&O*F. The mixture was heated for 6- 
48 hr at 800°C after being preheated for 
2 hr at 650°C. 

Results and Discussion 

Bi,TiOIFz and BizNb05F 

The X-ray diffraction data of these 
compounds are given in Table II and III, 
respectively. The dimensions of tetra- 
gonal unit cells of the two compounds are 
given below: 

BizTiOrFz a = 3.802 A, c = 16.35 A. 

BizNbOBF a = 3.834 Ai, c = 16.63 A. 

These values are almost equal to the 
results reported by Aurivillius (7). 

As shown in Table II and III, all the 
observed peaks are well indexed on the 
above ceils, so the produced compounds 
are pure in both cases. 

Bi,Ti,08F 

The X-ray dilfraction data are given in 
Table IV. This compounds is expected to 
be isostructural with Bi,TiNbO, or 
Bi,TiTaO, (4). Therefore, with the refer- 
ence of the X-ray diffraction data on 
Bi,TiNbO,, the diffraction peaks of 
Bi,Ti,OBF were indexed on the basis of a 
pseudotetragonal cell of a = 3.8 18 8, and 
c = 24.97 A. 

No variation in the size of the unit cell 
with fluorine content was found, and it 
therefore seems probable that the compo- 
sition of the phase is constant and the 
variation of the F content is due to the 
presence of small impurities which are 
not visible in the X-ray diffraction pat- 
tern. 

The cell parameter and the chemical 
composition of Bi,Ti,OsF may suggest a 
structural model similar to that of 
Bi,TiNbO,, as shown in Fig. la, where 



352 KODAMA, IZUMI, AND WATANABE 

TABLE II 
X-RAY POWDER DIFFRACTION DATA FOR Bi,TiO,F, 

d ea*e 
(4 I ob9 hkl 

d ohs 

(‘Q 
d Cal0 
(A) I ohs hkl 

8.16 8.18 40 002 1.624 1.627 24 118 
4.082 4.088 2 004 1.559 1.559 10 026 
3.708 3.703 11 011 1.509 1.509 4 215 
3.118 3.118 100 013 1.391 1.392 1 028 
2.719 2.725 25 006 1.382 1.382 3 01 11 
2.691 2.684 28 110 1.360 1.363 2 00 12 
2.555 2.554 8 112 1.345 1.344 3 220 
2.478 2.479 18 015 1.327 1.326 1 222 
2.247 2.246 9 114 1.240 1.241 7 129 
2.041 2.044 1 008 1.236 1.234 3 033 
1.912 1.914 24 116 1.214 1.215 3 1 1 12 
1.903 1.901 16 020 1.206 1.206 3 226 
1.852 1.852 3 022 1.204 1.202 3 130 
1.693 1.691 2 121 1.191 1.190 1 132 
1.636 1.639 17 019 1.182 1.182 1 035 

Nb is replaced with Ti and a part of 0 The replacement of oxygen atoms with 
with F. The position of 0 and F atoms fluorine atoms, and of niobium atoms 
will not be distinguishable from the dif- with titanium atoms was correlated with 
fraction data because of the similarity in DTA data. When the new phase was 
the reflection power and ionic radii of 02- heated in air, it decomposed at about 
and F-. 630°C. The compound produced by the 

TABLE III 

X-RAY POWDER DIFFRACTION DATA FOR Bi,NbO$ 

d ohs 

6% 
d CalC 
(-Q Ls hkl 

d ohs 

(‘Q 
d cab2 
(‘Q I ObS hkl 

8.34 8.32 26 002 1.638 1.638 18 213 
3.739 3.736 3 011 1.576 1.577 11 206 
3.155 3.153 100 103 1.525 1.524 2 215 

2.774 2.772 1 1.406 
1.409 

10 11 
208 

2.712 2.711 25 110 1.387 1.386 3 00 12 
2.578 2.578 4 112 1.356 1.356 2 220 
2.513 2.512 12 105 1.339 1.338 <l 222 

2.272 2.271 3 114 1.257 
1.256 7 

20 10 
1.257 219 

2.080 2.079 1 008 1.246 1.245 3 303 
1.940 1.938 22 116 1.234 1.234 2 1 1 12 
1.918 1.917 16 200 1.218 1.218 3 226 
1.868 1.868 2 202 1.215 1.213 2 1 0 13 
1.706 1.706 <l 121 1.213 1.212 3 3 10 

1.665 16 109 
00 10 

1.649 1.650 3 118 

228 
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TABLE IV 

X-RAY POWDER DIFFRACTION DATA FOR Bi,Ti,O,F 

d ObS 
(‘Q 

d cak 
(a I ObS hkl 

d ohs d ealc 
(A) (‘Q I ObS hkl 

12.52 12.49 22 002 2.265 2.265 15 116 
6.23 6.24 58 004 2.242 2.244 4 019 
4.15 4.16 11 006 2.083 2.081 <l 00 12 
3.776 3.774 15 011 2.040 2.042 3 118 
3.464 3.470 4 013 1.910 1.909 9 020 
3.359 - 7 - 1.831 1.833 18 1 1 10 
3.120 3.121 14 008 1.782 1.784 crl 00 14 
3.033 3.033 100 015 1.715 1.716 8 01 13 
2.702 2.700 39 110 1.649 1.648 2 1 1 12 
2.609 2.606 7 017 1.615 1.616 17 215 
2.497 2.491 31 00 10 

decomposition was mainly Bi,Ti,O,z (tz = 
3). When the heating was carried out in 
dry Ar gas, decomposition temperature 
rose to about 850°C. These results indi- 
cate that the former decomposition might 
proceed with the replacement of fluorine 
atoms with oxygen atoms, and the latter 
decomposition with the volatilization of 
bismuth or titanium fluoride. In both 
cases, the decomposed compounds con- 
sisted only of bismuth and titanium ox- 
ides. From formula (1)) it is clear that 
Bi4Ti3012 is the only layered bismuth 
compound which consists of these two 
oxides. 

C 
c 

l Ti 

b l Bi 
0 O,F 

FIG. la. A section of the proposed structure of 
Bi,Ti,O,F. 

PbBi,Ti,O,,F 

The X-ray diffraction data are given in 
Table V. This compound is expected to be 
isostructural with PbBi,Ti,NbO,z (9). As 
the X-ray diffraction data already reported 
on it are not enough, the data on 
PbBi,Ti,NbO,, were obtained here. With 
the help of the data, the diffraction peaks of 
PbBi,Ti,O,,F were indexed on the basis of 
a pseudotetragonal cell of a = 3.833 A and c 
= 33.62 A. The cell parameters and the 
chemical composition of the new com- 

l Ti 
C 0 Pb,Bi 

b l Bi 
0 O,F 

FIG. lb. A section of the proposed structure of 
PbBi,,Ti,,O,,F. 
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TABLE V 

X-RAY POWDER DIFFRACTION DATA FOR PbBisTi,O,IF 

dabs 
(4 

d 
tk I ObS hkl 

d ObS d CafC 
(4 (A) I ohs hkl 

5.59 5.60 100 006 1.868 

4.197 4.203 62 008 1.813 
3.812 3.808 7 011 1.797 
3.629 3.627 1 013 1.758 
3.367 3.362 12 00 10 1.744 
2.331 2.330 2 105 1.712 
2.994 2.9% 46 107 1.681 
2.803 2.802 11 0 0 12 1.614 
2.713 2.710 12 110 1 S28 
2.441 2.440 2 116 1.498 
2.402 2.401 66 00 14 1.495 
2.279 2.278 9 118 1.477 

1.869 
1.868 
1.813 
1.797 
1.758 
1.744 
1.712 
1.681 
1.614 
1.528 
1.498 
1.495 
1.477 

4 

0 
24 

8 

204 
00 18 
206 
1 1 14 
1 0 17 
208 
121 
0 0 20 
127 
00 22 
20 14 
12 11 
1021 
1 2 13 
1 1 20 

2.103 2.101 7 00 16 1.401 1.401 6 0 0 24 
1.949 1.948 <I 1 1 12 1.356 1.355 3 220 

pound suggest a structural model similar to researchers (Z&15), anion substitution has 
PbBi,Ti,NbOle, as shown in Fig. lb. not been discussed. 

When this new compound was heated in 
air at 9OO”C, it decomposed into a mixture 
mostly of PbBqTi,O,, (n = 4) and 
Pb,Bi,Ti,O,, (n = 5). This is consistent 
with the results of the X-ray diffraction 
analysis that the composition of the new 
phase is PbBi,Ti,O,,F; because the com- 
pounds produced by the decomposition of 
it consist of lead, bismuth, and titanium 
oxides. Only PbBi,Ti,Ol, and PbzBi,Ti,018 
are known as the preparable layered bis- 
muth oxide compounds from them. It was 
confirmed by chemical analysis that the 
fluroine content of the decomposed com- 
pounds was negligible (0.015 wt%). 

From the similarity of ionic radii and 
cation coordination, the most probable an- 
ion substitution will be fluorine for oxygen. 
The present successful experiments to syn- 
thesize Bi,Ti,O,F and PbBi,Ti,O,,F proved 
that this substitution could be carried out 
easily. These compounds are members of 
the family represented by formula (21, so 
the synthesis of many other members 
of the family will be probable: e.g., 
CaBi,TiNbO,F (II = 2, m = t), 
CaBi,Ti,O,F, (n = 2, m = 2), 
BaBi3Tii011F (n = 3, m = l), 
SrBi3Ti3011F (n = 3, m = 1). 

Two types of substitution are possible in 
the layered bismuth oxide compounds: (I) 
replacement of cations, (2) replacement of 
anions. While the cation substitution in 
perovskite-like layers or bismuth oxide 
layers has been investigated by various 

In the discussion of cation substitution, 
the concepts of the tolerance factor in the 
perovskite-like layer (5, 6, 12) and dimen- 
sional mismatch between the perovskite- 
like layer and bismuth oxide layer (13, 15) 
were introduced. Anion radii are used in 
the calculation of the parameters in the 
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tolerance factor. The values of the toler- 
ance factor of layered bismuth oxide 
fluoride will be different from those of the 
layered bismuth oxides, and new cation 
substitutions, not tolerated in the layered 
bismuth oxides, may occur in the layered 
bismuth oxide fluorides. 
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