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The crystal structure of BiyTe;OqBry-—a new phase with pyro-
electric properties—was determined by the single crystal X-ray
diffractometer technique (Pmm2, Z = 1, a = 5.5231(8), b =
5.5511(8), ¢ = 9.735(1) A, R/Ry = 0.070/0.084 for 461 reflec-
tions, MoKa). The structure could be described as being built up
of fluorite-like triple metal-oxygen {Bi;Te,0,] layers alternating
with bromine layers along the z-axis. Each triple [BiyTe;0,] layer
consists of two bismuth and one tellurium cationic sublayer with
oxygen atoms in tetrahedral voids among the cations; half of alt
octahedral voids are occupied by O3 atoms. The relation of this
crystal structure with Bi;OBr and NdBi;04Cl; Sillen phases is
discussed. © 1995 Academic Press, Tnc,

INTRODUCTION

Several new pyroelectrics were discovered among the
carlier synthesized bismuth—tellorinm oxybromides (t,
2). Bi,Te:Qsl3r; is one of them and has promising pyro-
electrtc characteristics (3). This paper deals with the
crystal structure determination of BijTe,0yBr. In our
previous works (1, 2} based on the results of X-ray pow-
der analyses this compound was considered as belonging
to the Sillen phases. Crystal structures of the last ones are
buitt up of fluorite-like bismuth-oxygen (or bismuth-
metal-oxygen) layers alternating with single, double, or
triple halogen or chalcogen layers (4, 5).

EXPERIMENTAL

Single crystals of BisTe;0sBr; were grown from the gas
phase. The stoichiometric mixture of Bi;O; and TeQ; in
the ratio 4: 3 was first annealed in evacuated guartz am-
poules at 600° for 300 hr, and then ground in an agate
mortar with simultancous addition of synthesized-from-
elements TeBr,. The general ratio of the componeats was
Bi;0;: TeO,: TeBr, = 4:3:1. The prepared mixture,
placed in the one end of an evacuated quartz ampoule
(! = 80 mm, d = 20 mm), was put into the hot zone of the
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temperature gradient furnace (temperature 710°C). The
other end of the ampoule was situated in the zone at
660°C. After 170 hr small yellow-green single crystals
formed in the ‘‘cold’” end of the ampoule.

A suitable single crystal was selected and mounted on
an Enraf-Nonius CAD4 diffractometer. The orthorhom-
bic unit cell dimensions were determined using 25 well-
centered reflections.

No systematic absences were observed. Data collec-
tion parameters are listed in Table 1. According to sec-
ond harmonic generation measurements (SHG method)
(2, 3) there are two possible noncentrosymmetric space
groups, £222 and Pmm2. Unsatisfactory results were ob-
tained in the P222 space group, but the crystal structure
refinement in the Prmm?2 space group appeared to be suc-
cessful.

Al calculations were made using an ENX-SDP pro-
gram system, The positions of all heavy atoms were ob-
tained from a phase set derived by direct methods. Dif-
ference Fourier cycling was then used to find the
remaining atoms. The DIFABS program was applied for
a semiempirical absorption correction. The final refine-
ment was B = 7.0%, Ry = 8.4%, esd = 0.889. Positional
and isotropic thermal parameters obtained in the final
least-squares refinement are listed in Table 2, and inter-
atomic distances are given in Table 3.

DISCUSSION

The Bi,Te;0eBr; crystal siructure (Fig. 1) is related to
the BiyO4Br and NdBisOgCl, crystal structures. Investi-
gated by Aurivillius (7), these were found to be built up of
triple fluorite-like {Bi;O04]* or [NdBi;Os}** metal-oxygen
layers alternating with single halogen layers. In the crys-
tal structure of BisTeaOyBr,, triple bismuth-tellurium-
oxygen layers are interleaved by single bromine layers.
That is why BisTe,OsBr, as well as Bi;OBr and Nd-
BisOsCl;, should be regarded as 2 Sillen phase. Each tri-
ple [Bi,Te,00)** layer consists of two bismuth and one
tellurium cationic sublayer. As in all fluorite structures
oxygen atoms (O] and Q2) are situated in tetrahedral
voids among the cations,
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STRUCTURE OF Bi,Te,04Br, 407
TABLE 1 TABLE 3
Crystal Data for Bi,Te;OqBr, Interatomic Distances (A) for Bi;Te;0,Br, and
Bi;O,Br (7)
Formula BisTe,0sBr,
Space group Pmm?2 Bi.Te;0sBr, Bi;O,Br
Cell parameters
a (A) 3.5231(8) Atom-~atom  Distance Atom-atom  Distance
b (A) 5.5511(8)
c (&) 9.735(1) Bil 4x01 2.62(5
Z 1 4x02  2.54(7) Bil 2x020  2.1903)
Crystal dimensions {(mim) 0.08 x 0.12 x 0.03 2x 03 2.776(2) 2 x 02 2.37(2)
plem™?) 679.7 Bi2 4x01 2355 2x01"  2.71Q2)
paaclp/cm’) 776 4 %02 2877 Ix Q1 LB&2)
A (MoKo) 0.71073 A 2x 03  2.776(9)
Temperature of measurement 293 K Bi3 4x01 2.16(5)
Scan mode w/@ 1 %03 2629
Bmex 28 2 x Brl 3.397(7)
No. of measured reflections 672 2 x Br2 4.133(8) Bi2 2x02 2072
No. of unigue reflections 461 Bid 4 x 0l 23X5) 2% 02 212D
No. of reflections used with [ 2 x Brl 3.688(7) 2x 01" 2.13(2)
> 3a-(I} 343 2 x Br2 3.890(8) 2x 01 3.45(12)
No. of refined parameters 27 Tel 4 x 02  1.94(8) 1 x Brr  3.30{0)
Weights see Ref. (6) 2 x Brl  4.022(10) I X Br  3.43(0)
R 0.070 2 x Br2 3.792(9} I x Br  3.60{0)
Ry 0.084 Te2z 4% 02  2.0%9 I % Br" 3.70(0)
1 x03 1.9%9)
2 x Brl 3.643(9)
2% Bi2  3.45%(8)
. A . 01-01  2.65(8)
According to Aurivillius (7), in the crystal structures of
. . . 01-01  2.67(8)
Bi:O4Br and NdBisOsCl, there is room for an extra oxy- D101 2.89(8)
gen aiom in the octahedral voids in the middie of the 01-03  2.607)
triple metal-oxygen layer. In the crystal structure of 02-02  2.55(16)
Bi,Te,0Br; half of all octahedral voids are occupied by 82‘32 2'2;(3)
03 atoms, 50 it differs from the fluorite-type structures 0§:0§ 5'6221)0)

where all octahedral voids are empty. In addition, one of
the three sublayers consists of Tel and Te2 atoms whose
z coordinates are not equal, and the sublayer is slightly
corrugated.

Bismuth atoms in the middle of the triple metal-oxy-
gen layer (Bil and Bi2) are surrounded by eight oxygen
atoms (4 X O1 and 4 x O2) forming a distorted cube, as in
the crystal structure of BiyOQ,Br. It is interesting that the

"TABLE 2

Positional and Thermal Parameters for Bi;Te,O,Br;

Atom xla yib Zle By, N
Bil 0 0 0.5 1.73(8) i
Bi2 0.5 0.5 0.5245(4) 1.9(1) 1
Bi3 Q 4.5 0.7644(4) 1.78(8) !
Bi4 0.5 0 0.7976(5) 1.6(1) i
Tel 0.5 0 0.346(1}) 2.2(hH 1
Te2 Q Q.5 0,2914(1} 2.92) 1
Bri 0.5 0.5 0.047(1) 3.803) 1
Br2 0 1] 0.079(1) 2.4(2) 1
o0l 0.26(1) 0.26(1) 0.672) 0.8(3) 4
02 0.24(1) 0.2362) 0.321(5) 1.6(9) 4
03 0 0.5 0.495(9) 2.4(9 1

distortions are not so strong as in the structure of
Bi;O,Br. In the crystal siructure of BiTe,O¢Br; each
cube is completed by two O3 *‘caps.’” Sharing common
triangle faces 01-03-02, Bil and Bi2 polyhedra form
layers parallel to the (001) plane.

The nearest environment of the bismuth atoms of both
lateral sublayers in the crystal structure of Bi;0,Br (7) is
typical for Sillen phases and corresponds to an Archime-
dian antiprism with four oxygen atoms in one base and
four bromine atoms in another one. Nevertheless, Bi-Br
bond lengths are rather long (Table 3) and Aurivillius did
not include the bromine atoms in the coordination poly-
hedra of the Bi atoms. Looking along the z-axis in the
crystal structure of Bi,Te;O¢Br: O1 atoms are situated
only below Bi3 and Bi4 atoms, so that each of them is
coordinated by a square of four Ol atoms only from one
side. In addition, in Bi3 coordination each 4 x O1 square
is completed by an O3 “‘cap.” There is a [Br]~ layer
above the Bi3 and Bi4 atoms but the Bi-Br bond lengths
are too long to be included in the coordination polyhedra
of Bi3 and Bi4 atoms.
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FIG. 1.

Tel and Te2 atoms have the same coordination as Bi3
and Bi4 atoms. If the Te—Br distances were not so long,
the coordination polyhedra of Tel and Te2 atoms could
also be described as distorted tetragonal antiprismts but
with four 02 atoms in their bottoms and four bromine
atoms in their upper bases with an O3 “‘cap’’ above the
4 % 02 square in the Te2 polyhedron.

It is interesting that such “‘opened’” polyhedra are
rather typical for cations possessing lone electron pairs.

For instance, the coordination environment of Bi at-
oms in the structures of silienites Bi M, Ong=5 (8) includes
five oxygen atoms. Four of them lie in the same plane and
the fifth Bi~O bond is perpendicular to that plane. The Bi
atom is shifted from this plane in the direction opposite to
the fifth oxygen atom. As reported in (9), the Bi atom
polyhedron is completed to a distorted octahedron by its
lone 6s? electron pair oriented opposite the fifth oxygen
atom. As for the Te!Y environment, TeO;E pyramids and
TeO,E trigonal bipyramids with all oxygen atoms situ-
ated also to one side of the central cation are the most
typical ones (10},

As reported in {7), statistical substitution of & of the
bismuth atoms for Nd atoms killed the lone pair influ-
ence. As a result the [Bi;0,) layers undergo a transition

The crystal structure of Bi,Te,;QOsBr,.

into the nearly undistorted tetragonal fluorite structure.
In the crystal structure of BiyTe;Q0gBr, the TelY cations,
which also possess lone pair electrons, form their own
slightly distorted sublayer in each triple metal-oxygen
layer.
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