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Oxide pyrochlores of the formula A,8B'Q; (A = La, Nd; BB’ = Pb, Sn, Bi} have been synthesized
by a low-temperature ambient-pressure route employing KOH melts. All the compositions, including
La,Bi,0, and its strontium-substituted derivatives, La,_ Sr,Biy0;_;, are deeply colored insulators,
confirming that a metallic ground state is not achieved for Pb(IV) and Bi(IV/V) oxides with the

pyrochlore structure. @ 1993 Academic Press, Inc.

Introduction

Perovskite oxides containing octahedral-
site Pb(IV) and mixed-valent Bi are of spe-
cial interest, exhibiting metallic (I) (e.g.,
BaPb0O;) and superconducting (2, 3} {e.g.,
Ba(Pb.Bi)O; and (K,Ba)Bi0;) properties.
Unlike these materials, pyrochlore oxides
containing Pb(IV) and Bi(V), A,Pb,0, (A =
rare carth) and AA'PbBiO; (A = rare earth;
- A" = Ca, Sr, Ba), are colored insulators (4,
5), even though Pb(1V) and Bi(V) occupy
octahedral sites and (PbBi)OJ, octahedra
share corners in the cubic pyrochlore
(Fd3m) structure just as in the perovskite
structure. These pyrochlore oxides con-
taining Pb(IV) and Bi(V) have been pre-
pared at high pressures (3 kbar, 700-800°C)
(4, 5). Here, we report the synthesis of
several new and already known oxide
pyrochlores containing lead, bismuth,
and tin by a low-temperature ambient-
pressure method employing alkali melts (6).

* Contribution No. 907 from the Solid State and
Structural Chemistry Unit.
t To whom correspondence should be addressed.
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All the compositions investigated are insu-
lating, including the newly synthesized
La,Bi,O; and its strontium substituted de-
rivatives La,_ Sr Bi,0;_;. The results rein-
force the earlier conclusion (7) that Pb(IV)
and Bi(IV/V) oxides with the pyrochlore
structure do not have a metallic ground
state.

Experimental

A;BB'O; (A = La,Nd; BB’ = Pb,5n,Bi)
pyrochlores were synthesized by reacting
stoichiometric mixtures of A,0; and PbO,/
Sn0,/Bi,0; in KOH melt at 300-450°C for
several days. Typically, about 2 g of the
oxide mixture and 50 g of fresh KOH in a
high-alumina crucible were heated in an air
oven to 300°C. A clear melt was formed
initially from which solid product separated
out after about 2 days. Reaction was contin-
ued for 2 more days under the same condi-
tions, if necessary by adding another 5-
10 g of KOH to the melt. The product was
isolated from the cool, solidified melt by
dissolving the alkali with distilled water, and
was dried at 110°C in air. For bismuth-
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containing compounds, we found that
higher temperatures (400-450°C) were re-
quired to form the desired phase.

The product oxides were characterized
by powder X-ray diffraction, infrared ab-
sorption spectroscopy, and chemical
analysis of the oxygen content. Room-
temperature electrical resistivity of the pow-
der samples, pressed into cylindrical pellets,
was measured by a two-probe method. The
oxygen content due to higher oxidation
states of Pb and Bi was determined by iodo-
metric titration using KI.

Results and Discussion

We employed KOH melt as a reaction
medium for the synthesis of Pb(IV)- and
Bi(1V/V)}-containing A,BB'O, (A = La, Nd;
BB’ = Pb,Bi) pyrochlores, since molten al-
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kali hydroxides are known to stabilize high
oxidation states for metals such as copper
and nickel {6, 8). First, we synthesized
La,Pb,0; and Nd,Pb,0; by this method,
which were earlier synthesized at high pres-
sures, We could readily obtain single-phase
materials of these pyrochlores by the KOH
melt route (Fig. 1). The color, oxygen con-
tent, and lattice parameters of these pyro-
chlores (Table I) are in agreement with the
data reported already for the same phases
synthesized by the high-pressure route, in-
dicating that Pb(IV) in these pyrochlores is
stabilized at ambient pressure in the KOH
melt. Next, we synthesized several new
compositions of the A,BB'O; type con-
taining Pb(1V), Sn(1V), and mixed-valent Bi
at the B site. In Table I, we list the data for
the phases successfully synthesized by the
KOH melt route. In Fig. 1 and Table II, we
give the powder X-ray diffraction data for
a few typical pyrochlores synthesized by
this route.

We could readily synthesize La,PbSnO;
and Nd,PbSnO,, which are new pyrochlores
containing Pb(IV) and Sn{IV) at the B site
(Table 1). The lattice parameters of these
pyrochlores are intermediate between the
valugs of the corresponding Pb(IV) and
Sn(I1V) analogs, as expected. La,Pb, (Bi, ;O
and La,PbBi0O; are two other new pyro-
chlores which we synthesized for the first

TABLE 1

COMPOSITION, LAaTTICE PARAMETER, AND
ELECTRICAL RESISTIVITY DATA FOR ABB'O; (A =
La,Nd;BB" = Pb,Sn,Bi) PYROCHLORES

. Paoa K Oxygen

Compound a (A} (1t cm) Color  content®
La,Ph,0, 10.970(5) 1 x 107 Red 6.94
Nd,Pb,0; 10.843(5) =108 Brown 6.97
La,PbSn0; 10.818(7) 3 x 107 Brown 6.99
Nd.PbSn04 10.704(2y =108 Yellow 6.54
La,Pb, Bips0; 10.95%7) 1 x 107 Brown 7.01
La,PbBiO, 11.005(7y 2 x 10° Brown 6.95
La,Bi,0, 1121170 1 x 107 Brown  7.10
La, 581 sBi,0;  11.220(5) 1 x 10° Brown 6.61
La,Sn,0, 10.714(7)  Very high  White —

2 Determined by iodometry. The standard deviation in the
oxygen content is within =(0.03.
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TABLE I1
PowpEr X-Ray DIFFRACTION DATA FOR La,Bi;0; AND La;BiPbQ; PYROCHLORES
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La,Bi,0, La,BiPbO,
hkl dobs (A) dcal:: (A) lohs foa” dohs (A) deae (A) luhs lcalcu
11t 6.417 6.473 2.3 6.9 6.371 6.354 4.5 6.8
31l 3376 3.380 4.5 52 3.326 3318 6.1 5.1
222 3243 3.236 100.0 100.0 3.181 3.178 100.0 100.0
400 2.805 2.803 36.4 5.6 2.755 2.751 34.8 35.5
333 — 2.158 — 1.5 2117 2.118 2.8 1.5
440 1.981 1.982 36.4 38.2 1.945 1.945 348 375
53 1.887 1.895 3.0 I 1.863 1.860 1.4 1.1
622 1.689 1.690 30.0 339 1.664 1.659 33.4 33.0
444 1.621 i.618 6.8 B.3 1.588 1.588 8.6 8.1
731 — 1.460 — 1.0 1.432 1.433 1.4 1.0
800 1.400 1.401 4.5 4.2 1.374 1.376 43 4.1
a= 11211 A a = 11.005(7) A

¢ Calculated by LAZY PULVERIX program using the position parameters of La,Sn,0,.

time. These compositions belonging to the
series La,Pb,_, Bi, O, are chosen with a view
to finding out whether Bi(IV) substitution
for Pb({IV) in La,Pb,0; would make the
phases metallic and superconducting, by
analogy with the BaPb,_ Bi O system (2).
We find, however, that the Bi-substituted
pyrochlores are all deeply colored insula-
tors, as is the parent La,Pb,0, (Table I).

La,Bi,0; is another new pyrochlore oxide
which we synthesized for the first time by
the KOH melt route. The lattice parameter
of this oxide (11.22 A) is larger than that of
La,Pb,0; (10.97 A) and this is consistent
with its likely formulation as a mixed-valent
compound, La,BilIl)Bi(V)O,;. We do not,
however, see additional superlattice reflec-
tions due to ordering of Bi(IIl) and Bi(V) in
the X-ray powder diffraction pattern of the
compound (Fig. 1). Nor do we see a low-
ering of symmetry of the structure in the
powder pattern. One would expect such
changes in the structure of La,Bi,0, as com-
pared to La,Pb,0O; by analogy with BaBiO,
(9) and BaPbO, (1). It is likely that Bi(III}
and Bi(V) are not ordered in the La,Bi,0,
structure because of the low temperature
of synthesis.

We investigated strontium substitution in
La,Bi,0; by analogy with K substitution in
BaBiO, (3). We could prepare pyrochlore-
like phases in the system La,_ Sr, Bi,O, for
x up to 0.5 but the phases are oxygen-
deficient as revealed by oxygen-content
analysis (Table I}). The samples are deeply
colored and insulating, as is the parent
La,Bi,0,. These results reinforce the earlier
conclusion that a metallic ground state is
not achieved for Pb(IV) and Bi(IV/V) con-
taining pyrochlore oxides, because of the
bending of the B—O-B bonds to about 130°
in the pyrochlore structure, which stabilizes
the O (2p) states considerably (7, 5).

We have recorded the infrared spectra of
the new oxides synthesized by the alkali
melt route to provide further support for the
pyrochlore structure (Fig. 2 ). All the oxides
show strong absorption bands at 520-550
cm™! (v} and 350-390 cm~' (v, and wy),
which are characteristic of the pyrochlore
structure (10, 11). The frequencies of these
absorptions decrease systematically in go-
ing from La,Sn,0; to La,PbSn0,; and to
L.a,Pb,0,, as expected. Surprisingly, the
strong absorption bands of La,Bi,O; are
shifted to higher frequencies (335 and 390
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FiG. 2. Infrared absorption spectra of (a) La,Pb,0;,
(b) La,PbSn0;, (c) La,Pb, sBig 507, and (d) La,Bi,0,.

cm™'} compared to those of La,Pb,0, (520
and 370 cm~!). This shift is probably indica-
tive of a greater covalency of Bi(V)-O
bonds as compared to the Pb(IV)—0O bonds.

In summary, we have successfully syn-
thesized several oxide pyrochlores con-
taining Pb(1V), Sn(l1V), and Bi(IV/V) at am-
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bient pressures by employing KOH melt as
the reaction medium. None of the pyro-
chlore oxides investigated exhibits a metal-
lic behavior. These oxides are expected to
be potential catalysts for the direct conver-
sion of methane to higher hydrocarbons via
oxidative coupling (12).
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