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A new Bi(V) containing cubic perovskite, BaBiy;Zn| 305 has been prepared under high oxygen pressure
in a tetrahedral anvil press. The lattice parameter calculated from powder X-ray diffraction data is
a = 4.208 = 0.001 A (space group, Pm3m), implying a disorder of Bi and Zn atoms at the B-site of
the ABO, perovskite structure. The compound is an insulator and has a relatively high dielectric

constant. No dielectric anomaly is observed between liquid nitrogen and room temperature.
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Introduction

The perovskite structure, having the gen-
eral composition ABO,, where A is a twelve-
fold coordinated cation, and B is an octahe-
dral ion, is adopted by a large group of
oxides (). To date, no simple oxide of the
type ABi¥0O, (4, monovalent cation) with
perovskite structure is known. The com-
pound KBiYQ, is well established, but
adopts the cubic KSbO; structure which in-
volves an edge-shared octahedral network
(2). However, the perovskite structure ex-
ists for compositions such as Ba(Bi, Pb)O;
(3) and (Ba, K)BiO; (4), with Bi in mixed
valent state (II1 and V) and is known to
exhibit superconducting properties. The
compound BaBi},Bil'50; has been de-
scribed as monoclinic and an electrical insu-
lator. The insulating behavior of BaBiO,
might be considered surprising because the
presence of Bi'Y would involve a half-filled
6s band which should give rise to metallic
properties. Neutron diffraction studies
showed, however, an ordering of Bi** and
BiV in the B-site of the perovskite structure;
disproportionation of Bil¥ (6s!) into Bi'
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(65s% and BiY (6s5%) makes this compound an
insulator (3). Similarly, ordered perovskite-
type oxides containing Bi(V), BaBi, M, 50,
(M, lanthinide, Y) with cubic symmetry
have been reported {/, 6, 7). Recently, De-
mazeau and co-workers have synthesized
the cubic perovskite Ba(Bi,,Fe ,)0,; and
shown it to contain an ordered Bi¥ and Fe'll
arrangement (§). In this paper, we report on
the synthesis and characterization of
Ba(BiY,Zn{};)O; with a perovskite-related
structure.

Experimental

Ba(Bi3);Zn,;)0, was synthesized by heat-
ing an intimate mixture of stoichiometric
quantities of BaQ, (>99% pure), Bi,0,
(99.9%), and ZnO (electronics grade) in a
platinum capsule at 800°C under 58 kbar,
using an tetrahedral anvil apparatus. The
Ba(), also served as a source for excess oxy-
gen required during the synthesis, X-ray dif-
fraction data were recorded on a SCINTAG
diffractometer with CuKe radiation, using
Si as an internal standard. Unit cell parame-
ters were refined by a least squares method.
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TABLE I
PowDER X-Ray DaTa FOR Ba(BiyZn )04

bkl dy, (A) dy (A) i,
100 4.195 4.209 1
110 2.971 2.976 100
t1l 2.430 2.430 2
200 2,104 2.1045 30
210 1.8823 1.8821 <1
211 1.7184 1.7183 41
220 1.4880 1.4881 18
3100 1.4034 1.4030 5
316 1.3310 1.3312 9
311 1.2692 1.2691 10
122 1.2154 1.2150 14

The dielectric constant and loss factors were
measured on a dense sintered sample at fre-
quencies ranging from 10° to 10% Hz, using
a Hewlett Packard (4284A) automating
LCR bridge.

Results and Discussion

The powder
Ba(Bi;Zn,;;)O; has been indexed on the ba-
sis of a cubic unit cell. No superstructure
reflections were observed in X-ray diffrac-
tion patterns, indicating a disordering of Bi
and Zn cations in the B-site of the perovskite
structure. The disordering is due to the fact
that Zn(Il) and Bi(V) are nearly identical in
size (rgieyy = 0.76 A, ryp, = 0.74 A)(9). The
observed and calculated powder pattern for
Ba(Biy;;Zn,;3)O; is given in Table 1. The pat-
tern is indexed on the basis of a primitive
cubic unit cell (space group, Pm3m) with
a = 4.208 £ 0.002 A.

Goldschmidt tolerance factors (/0), de-
fined as t = (r, + ro)[V2raae + rolls
where r represent the respective ionic radii
(9) in A(BB')O,, have been calculated for
several BalBi(V), M]O; oxides and are
given in Table II. The ¢ value for
Ba(Bi};Zn,,,)0; is 0.99, which is very close
to the ideal value (f = 1) for the stabilization
of simple cubic perovskite structure.

A plot of the pseudocubic unit-cell param-

X-ray diffraction of
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TABLE 11

LATTICE PARAMETER AND CALCULATED TOLERANCE
FACTOR FOR VARIOUS Ba[Bi(V), M]O, PEROVSKITES

. are (A

Compound a A Argon — fap) 1 Ref.
BaBi;;La;,0; 8.759 -0.27 0.93 (6)
BaBi ,Dy,,0; 8.5831 -0.15 0.95 7
BaBi;,Y;0;  8.5681 —0.14 0.96 (7)
BaBi,;In;,0;  4.248 -0.04 0.98 V)]
BabBiyZn,0, 4208 +0.01 099  This work
BaBi ,Fe,0; 8.279 +0.11 1.81 8)

4 Qctahedral coordination. Tonic radius values are taken
from Refl. (9).

eter a. defined as the cube root of the volume
of the perovskite unit cell (a, = VVp/Z,
where Vp is the volume of the perovskite
cell and Z is number of molecules per unit
cell) versus mean ionic radius #,, [{(rp;yy +
rasam) 2 or (2/3rg;yy + 1/3r,4)/21 is shown
in Fig. 1. The g, value versus r,,. follows a
linear relationship and in the case of
Ba(Bi,;;Zn,,)0; the average ionic radius
corresponding to 2/3Bi(V) and 1/3Zn(1l} fits
very well with the observed unit cell pa-
rameter.

Ba(Bi,;;Zn,1)O, is adark brown solid, DC
electrical resistivity measurements showed
no appreciable electronic conductivity at
room temperature. The insulating behavior
is easily explained on the basis of the elec-
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FiG. 1. The linear relationship between cube root of
cell volume and average ionic radius of [Bi{V), M| for
Ba{Bi, M)QO,.
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Fic. 2. Temperature dependence of dielectric con-
stant {#) and loss factor (tan 8) for Ba(Bi,,Zn,;)0;.

tronic configuration of Bi¥ (empty, 65% and
Zn" (filled, 3d'%). The compound had a di-
electric constant (&) of 115 at room tempera-
ture when measured at 1 kHz. This value is
relatively high in general, which renders it
worth examining further. Since Ba(Bi,;
Zn,,,)0, is cubic and has a centric space
group, the dielectric constant measure-
ments were carried out in the temperature
range 80 to 300 K. Figure 2 shows the tem-
perature dependence of £ and tan & (loss
factor) for Ba(Bi,;Zn,;4)0;. No dielectric
anomaly was observed: both £ and tan 8
increased monotonically with temperature;

513

the compound is considered paraelectric in
this temperature range. The increase in di-
electric constant and dielectric loss are
probably associated with the mobility of de-
fects (such as oxygen vacancies), which in-
creases with rising temperature.

In summary, we can state that the new
compound, Ba(Bi,;;Zn, ;}O; is another addi-
tion to the ever expanding list of simple cu-
bic perovskite compounds.
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