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Single-phase pyrochlore-type specimens of Bi;sZngo,
Nb;506.9, were studied using combined electron, X-ray and
neutron powder diffraction techniques. Rietveld refinements
using neutron powder diffraction data confirmed an average
pyrochlore structure 4,B,04,0' (Fd3m, a=10.5616(1) A) with
both Bi and Zn mixed on the A-sites. However, refinements
revealed significant local deviations from the ideal pyrochlore
arrangement which were caused by apparent displacive disorder
on both the 4 and O’ sites. The best fit was obtained with a
disordered model in which the A-cations were randomly
displaced by ~0.39 A from the ideal eight-fold coordinated
positions. The displacements occur along the six (112)
directions perpendicular to the O'-4-O’ links. In addition, the
O’ ions were randomly displaced by ~0.46 A along all 12
{110 directions. Crystal-chemical considerations suggest the
existence of short-range correlations between the O’ displace-
ments and both the occupancy of the A-sites (i.e., Bi or Zn) and
the directions of the A-cation displacements. The combined A-
cation and O’ displacements change the coordination sphere of
the A-cations from 8 to (5+3); the resulting coordination
environment of the A-cations bears similarities to that of the
(5+1)coordinated Zn in zirconolite-like Bi,Zn;;3Nby;307. The
observed displacive disorder in the 4,0’ network of the
Bi; 5Zng 9,Nb; 5060, structure involves atoms associated with
the lowest-frequency vibrational bending mode, and is likely
responsible for both the high dielectric constant and the
dielectric relaxation reported for this compound.
Science (USA)
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INTRODUCTION

Ternary oxides in the Bi,O3—ZnO-Nb,Os (BZN) system
exhibit high dielectric constants (¢), relatively low dielectric
losses, and compositionally tunable temperature coeffi-
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cients of capacitance (t.) (1). Such properties, combined
with sintering temperatures of less than 950°C, render these
materials attractive candidates for capacitor and high-
frequency filter applications in multilayer structures cofired
with silver electrodes (2-4). The system reportedly features
two structurally distinct ternary compounds, BijsZn
Nb; 507 (ex 145, 1.~ —400 ppm/°C) and Bi>Zn;;3Nby,;30;
(e~80, 1.~ 4 200ppm/°C), exhibiting very dissimilar
dielectric properties (1-4). Since the two compounds
exhibit opposite signs of 7., their mixture yields tempera-
ture-compensated ceramics (3, 4). Bi; sZnNb; sO; ceramics
exhibit low-temperature dielectric relaxation, attributed to
a dipolar glass-like mechanism, while no such behavior was
observed for Bi,Zn,;3Nby;307 in the same temperature
range (3, 4). Despite growing technological interest in these
materials, understanding of their dielectric behavior has
been impeded by the lack of detailed structural informa-
tion. Based on the nominal composition and the indexed
X-ray powder diffraction patterns, the Bi;sZnNb; 5O,
compound was claimed to exhibit a cubic pyrochlore
structure A4,B,0,, implying that the Zn ions occupy both
A- and B-sites (5). However, in the absence of detailed
structural/compositional data, the presence of rather
small Zn ions (6) on the eight-fold coordinated
A-sites remained controversial (7, 8), because the ionic
radius of Zn falls outside the known limits of structural
stability for pyrochlores (9). The other compound, Bi>Zn; 3
Nby/307, was reported to crystallize with a distorted
pyrochlore structure (6); however, it was recently con-
firmed that this compound adopts a monoclinic zirconolite-
like arrangement (space group C2/c, a=13.1037(9)A,
b=7.6735(3) A, ¢=12.1584(6) A, p=101.318(5)) (10). The
zirconolite structure, which, like pyrochlore, can be
described as an anion-deficient fluorite derivative, features
a distinct type of cation arrangement on the metal sites and
cannot be derived from the pyrochlore structure by a
distortion (11, 12). In the present report, we describe a
detailed structural analysis of the cubic pyrochlore
phase in the BZN system using X-ray and neutron
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powder diffraction combined with transmission electron
microscopy.

EXPERIMENTAL PROCEDURE

Specimens along the compositional line ZnO-BiNbO,
were prepared by solid-state reaction of stoichiometric
amounts of reagent grade Bi,Oz, ZnO, and Nb,Os. The
mixtures were ground for 24 h as aqueous slurries (60 vol%
solids) using zirconia media. The resulting powders were
subsequently dried at 120°C and calcined at 800°C for 4h
in closed alumina crucibles. Following calcination, the
powders were re-milled for 24 h as aqueous slurries, dried
at 120°C, and uniaxially pressed into pellets about 6 mm in
diameter and 2 mm in thickness; 2 wt% organic binder was
added to the powder to assist in forming. The pellets were
sintered in flowing air (500 cm®/min) at 950°C for 4h. All
samples were light yellow or ivory in color.

Specimens were initially characterized by X-ray powder
diffraction using an automated Phillips 6-26 Bragg—
Brentano diffractometer equipped with Soller slits, a
theta-compensating divergence slit, a graphite monochro-
mator, and a scintillation detector. Data were collected
using CuKo radiation with a 0.015° step size and 8 s count
time.

Specimens of composition Bi; sZnNb; sO; were found to
be mixtures of a cubic pyrochlore phase (¢ =10.552(1) A, in
agreement with other reports), and small amounts of ZnO
(Fig. la). However, a single-phase (by X-ray powder
diffraction) pyrochlore-type compound was obtained at
the CompOSitiOl'l Bil.szno_gszllsoﬁgz (Flg lb) Detailed
studies of phase equilibria in the Bi;O3-ZnO-Nb,Os
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FIG.1. X-ray powder diffraction patterns of (a) Bi; sZnNb; 5O, and

(b) Bij 5Znj9,Nb; 5Og.9> specimens. The ZnO reflections in pattern (a) are
indicated by asterisks; all other reflections are indexable according to the
cubic unit cell with a=10.552(1) A and Fd3m symmetry.

system are in progress to establish exact boundaries of the
pyrochlore phase field. Synthesis of the BijsZngo»
Nb; 5069> specimen was repeated in platinum capsules
sealed by welding. Stoichiometric amounts of Bi,Oj3
(99.9%), ZnO (99.99%) and Nb,Os (99.9985%) were
mixed by grinding in acetone for 15min with an agate
mortar and pestle. The mixture was heated in a sealed Pt
capsule at 800°C for 4h, yielding a partially reacted
product consisting of zirconolite-type Bi—-Zn—-Nb-O as the
major phase, with minor amounts of a pyrochlore-type
phase, ZnO, and ZnNb,Og. After this mixture was
reground for 15min, sealed in a Pt capsule, and heated at
950°C for 4 h, a single-phase pyrochlore-type specimen was
obtained, with an X-ray powder diffraction pattern
matching that of the same composition prepared by the
first method. Leakage of the Pt capsule was checked by
quenching in water—the contents remained dry. Visual
inspection revealed the interior walls of the capsule to be
shiny and non-corroded; X-ray diffraction of this surface
indicated only Pt and a trace of the cubic pyrochlore phase.
These experiments indicate that, under the presently used
conditions, ZnO + Bi,O3 react quickly to form stable
phases, with insignificant volatalization. To check for the
formation of a superstructure, a fully reacted sample of
Bi; 5Zng9oNb; 5069, was heated in a sealed Pt capsule
at 600°C for 158, followed by quenching in water. No
change in symmetry of the pyrochlore phase was detectable
by either X-ray powder or electron diffraction.

Polycrystalline Bi; 5Zng9>Nb; 5069, used for the de-
tailed structural study was prepared by the first method.
The composition of this specimen was analyzed using cold
neutron prompt y-ray activation analysis (PGAA) at the
NIST Cold Neutron Research Facility (13). The technique
involves sample irradiation by a beam of neutrons,
resulting in neutron capture by different chemical elements.
Upon de-excitation, nuclei emit prompt p-rays with
characteristic energies, which are registered using a high-
resolution y-ray detector. The element ratios are deter-
mined using the sensitivities of standard materials (14). The
technique has high sensitivity to both Zn and Nb, but low
sensitivity to Bi; therefore, only the Zn/Nb ratio was
measured. A 2.5g powder sample was sealed in a Teflon
bag and placed in the CNPGAA chamber. The chamber
was evacuated and the specimen was irradiated for 24 h.
Prompt y-rays were measured using a high-purity Ge
detector. The absolute accuracy of the measurements was
estimated using well-characterized Bi,Zn,;3Nby/30; com-
pound, for which the measurements produced Zn/Nb
ratio of 0.51+0.02 (20). PGAA analysis of the Bi; 5Zng 9>
Nb; 5069, specimen yielded Zn/Nb ratio of 0.59+0.02
(20), which is in good agreement with the nominal value of
0.613. The CompOSition Bi1A5Zn0A42[Zn0A5Nb1_5]06_92 sug-
gests the unusual location of Zn on the relatively large
A-sites.
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FIG. 2.

Illustrations of the (a) B,Og and (b) 4,0’ interpenetrating networks in pyrochlore. Octahedra represent [BOg] units. Large spheres denote

oxygen, smaller dark spheres are 4-cations. [BOg] octahedra share all vertices to form the B,Og three-dimensional framework based on the diamond net
(a). The resulting large cavities contain the O’ and A atoms, themselves forming a second cuprite-like tetrahedral net (b). The B,Og network consists of
{111} sheets of octahedra-sharing corners to form three- and six-membered rings (outlined in (a)); the arrows indicate non-equivalent (111 directions.
The two networks interpenetrate such that the 4~O’—4 linkages are perpendicular to the puckered six-membered rings of octahedra, resulting in eight-

fold coordination of the 4-cations, as shown in (c).

Specimens for transmission electron microscopy were
prepared from sintered pellets by grinding and polishing
followed by ion thinning until perforation was attained; the
ion thinning was accomplished in a Gatan® precision ion-
polishing system (PIPS) at 5kV. The specimens were
examined in conventional Phillips TEM 430 microscope
operated at 200kV.

Neutron powder diffraction data were collected at four
different temperatures (298, 100, 50, and 12 K) at the NIST
Center for Neutron Research reactor, NBSR. A Cu (311)
monochromator with a 90 take-off angle, 1=1.5404(2) A,
and in-pile collimation of 15min of arc were used. The
sample (about 10 g) was loaded in vanadium can contain-
ers. Data were collected over the range 3—-168 26 with a step

2The use of brand or trade names does not imply endorsement of the
product by NIST.

size of 0.05°. The GSAS package (15) was used for Rietveld
structural refinement.

RESULTS AND DISCUSSION

The A,B,0; pyrochlore structure is often described by
the formula B,Og4-A>0O’, which emphasizes that the
structure is built of two interpenetrating networks: [BOg]
octahedra-sharing vertices form a three-dimensional net-
work (Fig. 2a) based on a diamond net, and resulting in
large cavities which contain the O’ and 4 atoms, themselves
forming a second cuprite-like 4,0’ tetrahedral net (Fig. 2b)
(9). The octahedral B,Og4 network consists of {111} sheets
of octahedra, sharing corners to form six- and three-
membered rings (Fig. 2a); these sheets are often referred to
as “hexagonal tungsten bronze” (HTB) layers (12). The O’
ions, located between the HTB layers in the large cavities,
are surrounded by four A cations with the [4,07]
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FIG. 3. Selected area electron diffraction patterns from the single grain in the Bi; 5Zng 9oNb; 50¢9> specimen. The reflections are indexed according
to a cubic pyrochlore-type unit cell. The reflection conditions are consistent with the Fd3m space group. However, reflections 442 visible in both the
¢110) and {112) patterns violate special reflection conditions for the 85, 16¢, 16d, and 48f positions occupied in the ideal arrangement; these
reflections were also visible in the X-ray and neutron powder diffaction patterns. (Note, that the 002 reflections in the {110} pattern, and 402
reflections in the {102 pattern result from double diffraction as evident from their absence in the {00 1) orientation, where no routes for such double

diffraction exist.)

tetrahedra-sharing corners. The A-cations are eight-fold
coordinated by six O atoms in the octahedral framework,
which form a puckered hexagonal ring in the HTB layer,
and two O’ atoms, located so that the O'-4-O’ link is
perpendicular to the puckered ring (Fig. 2¢). The overall
atomic arrangement results in a cubic unit cell with
a~10A and Fd3m symmetry; in the ideal arrangement
the atoms occupy four special positions as the following:
A-16¢, B-16d, O-48f and O’-8b (9, 16).

Electron diffraction patterns from single grains of the
Bi; 5Zny9,Nb; 5069, specimen were entirely consistent
with both a pyrochlore-type unit cell and symmetry; the
grains were free from extended defects (Fig. 3). However,
several reflections (e.g., 442) observed in the experimental
electron, X-ray, and neutron powder diffraction patterns,
although accountable by the Fd3m symmetry, violate
special reflection conditions for the 8b, 16¢, 16d, and 48f
sites (16) occupied in the ideal arrangement (Table 1); these
observations suggest that some of the atoms are displaced
to lower symmetry positions. Anomalies were also in-
dicated by the results of Rietveld refinements using the
ideal pyrochlore model (with vacancies on both the O’ and
A-sites) which produced a rather poor fit (Ryp = 6.39%,
Rpy = 7.43%, and y*=2.24). The refinements generated
abnormally large values of atomic temperature (displace-
ment) parameters for both the O’ and (Bi/Zn) sites
(Table 1). For the (Bi/Zn) A-cations, the principal
components of the mean-square displacements directed
perpendicular and parallel to the (111} directions are
equal to (U11—U12)z0.141&2 and (U11+2U12))=0.01A2
(Table 1), respectively, suggesting that the A-cation
displacements are confined to the {111} planes. The
temperature parameters for the O atoms (48f sites) also
were somewhat higher than normally accepted; these
displacements appeared to be anisotropic, consistent with
local tilting of [(Nb,Zn)Og] octahedra. The bond
valence sum (BVS) (17) about the Nb/Zn B-site is equal
to 4.14v.u. (0.75 x 4.63 +0.25 x 2.65) which is close to the
expected value of 4.25v.u. However, the BVS=2.03 v.u.

(0.75 x 2.46p;+0.21 x 0.867,), calculated for the mixed
Bi/Zn A-sites using refined bond distances (14-O'|=
2.29A, |A-0O|=2.67A), is significantly smaller compared
to the ideal value of 2.67v.u. (0.75 x 3v.u.+0.21 x 2v.u.).
Thus, appreciable distortion of the A-site environment is
expected to satisfy the bonding requirements of the A-
cations. Abnormally large displacement parameters, along
with relaxation of the special reflections conditions, suggest
that this distortion is realized through (i) displacements of
both A-cations and O’ anions from their ideal high
symmetry positions (16d-4, 85-0), and (ii) local tilting of
[BOg] octahedra.

The quality of the fit was improved significantly
(Ryp = 5.22%, Rps = 3.56%, x°=1.49) by introducing
displacive disorder on both A4 and O’ sites (Tables 2
and 3, Fig. 4). A combination of the best fit and most
reasonable values of displacement parameters were ob-
tained by placing both 4 and O’ ions on the 96 g (x, x, z)
positions. Similar positional parameters were obtained at
both 298 and 12K (Table 3), suggesting that the displace-
ments are static in nature. The average residual bond strain
around the A-cations was appreciably reduced in the
disordered model: BVS=(0.75 x 2.865;+0.21 x 1.002,)=
2.36v.u.,> which is in fair agreement with the value of
2.67v.u., calculated from site occupancies and formal
charges, especially considering the existence of a lone pair
on Bi*" and vacancies in the structure; a further decrease
in the bond strain is expected due to local tilting of [BOg]
octahedra.

For the (Bi/Zn) cations, the refined displacement vector,
u (expressed using fractional coordinates), is [0.033, 0.015,
0.015], which corresponds to a displacement of 0.037a
(0.39 10\) approximately along the {112 direction. (Note
that the square of this displacement, 0.15 A2, is close to the

3The experimental bond valence sum about the A-sites (Bi or Zn) was
calculated from the valences of all the 4-O’ and 4-O bonds, generated by
the disordered displacements of both (Bi/Zn) and O’ ions; the A-O’ and
A-O bond abundances were normalized to 2 and 6, respectively.
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TABLE 1
Atomic Positions and Isotropic Temperature Parameters Refined for the Ideal Pyrochlore (Bi; 5Zng 9;Nb; 506 .95)
Model Using Neutron Diffraction Data (7=298 K)

Atom Site X y z Occupancy Uiso, A? % 100
o 8h 3 3 2 0.92 11.28(21)
e} 48f 0.3196(1) L L 1 2.344
Bi/Zn 16d ! ! ! 0.75/0.21 9.87(11)°
Nb/Zn 16¢ 0 0 0 0.75/0.25 1.79(3)

“Uy;=0.0352(5) A, Upy=Us3=0.01746(26) A%, Upp=Uy3=0, U3 =0.0108(32) A”.

b UL = U= Us3=0.0986(9) A, Uy»=Usz=U,3=—0.0443(6) A%,

Note. Space group Fd3m, a= 10.56156(7)1&, Ryp = 6.39%, Ry, = 5.25%, Rpy = 7.43%, and %>=2.239. The temperature parameters for both the
O’ and Bi/Zn sites are abnormally large, suggesting displacements of these ions from the ideal 164 and 8b special positions.

TABLE 2
Experimental Parameters for Neutron Diffraction Studies
of Bi;5Zng.9:Nb; 506.92

T=298K T=12K

a=10.55668(6) A
Volume = 1176.47(1) A

a=10.56156(7) A
Volume=1178.11(1) A

Unit cell
(Space group Fd3m, 227)

R, (profile) 0.0519 0.0517
Ry, (weighted profile) 0.0427 0.0421
R? (Bragg) 0.0347 0.0310
Reduced 3> 1.487 1.597
Total refined variables 38

Minimum 20 3

Maximum 260 165

Number of reflections 85

Profile function Pseudo-Voight (GSAS type 3)
Gaussian U, V, W 206, —243, 149 206, —244, 151
Cauchy X, Y 1.22, 0.0 0.99, 0.0

Background function Chebyschev polynomial (18 coefficients)

Note. The agreement factors are given for the refinements of the
disordered model (Table 3).

mean-square displacement perpendicular to the (111
direction, 0.14 A2, which was refined for the ideal
pyrochlore model.) In the disordered model, each A4 cation
is randomly distributed over six sites, which are displaced
from the ideal 16¢ positions approximately along the
three {112 directions perpendicular to the corresponding
0O'-4-0' link (Fig. 5a). The displacements of the A-cations
are confined to the HTB layers, and result in shortening
three out of six A—O bonds. The displacements of O’ ions
occur along all six <110 directions (Fig. 5b), so that each
of the O’ ion is distributed over 12 sites; the approximate
magnitude of these displacements is 0.044a (0.46 A).

The largest BVS about the A-sites (1.64v.u. for Zn
and 4.71 v.u. for Bi) is achieved when both O’ ions in the
0'-4-0’ link move toward the corresponding HTB layer;
these A-sites are expected to be occupied by Zn. Three
other O'—4 bonds for the same O’ ion will be stretched, so
that those A4-sites are likely to be occupied by Bi. Thus,
coupling between the displacements of the O’ atoms, the

TABLE 3
Atomic Positions and Temperature Parameters Refined for the Pyrochlore (Bi; 5Zng 9;Nb; 50¢.9;) Model
with Disorder on the O’ and 4 = (Bi/Zn) Sites

Atom Site X y z Occupancy Uiso, A? % 100
o' 96g 0.34403(27) 0.34403(27) 0.3776(5) 0.0767 2.05(21)
0.34361(23) 0.34361(23) 0.3761(4) 1.19(18)
(0] 48f 0.31984(7) % % 1.000 2.28a
0.31965(6) i 1.8 1.79b
Bi/Zn 96g 0.46731(34) 0.51499(35) 0.51499(35) 0.125/0.035 1.62(5)
0.46800(31) 0.51671(31) 0.51671(31) 1.20(5)
Nb/Zn 16¢ 0 0 0 0.75/0.25 1.37(2)
0 0 0 1.02(2)

U1 =0.0330(5) A2, Uypy=Us3=0.0177(2) A%, U= U;3=0, U3 =0.0085(3) A2,
b U1 =0.0276(4) A2, Uy, = Us3=0.0131(2) A%, Ujo=Uy3=0, Uy3=0.0066(3) A2,
Note. The upper and lower entries correspond to the temperatures 298 and 12 K, respectively. Lattice parameters for the 298 and 12 K are 10.56156(7)
and 10.55668(6) A, respectively. The space group is Fd3m (227, origin at 16¢).



74 LEVIN ET AL.

110 [ Ty rrrrrrrrrr T T
8000 |- ]
6000 |- ]

4000 | ]

R RTINR

2000 Lo vy b b b e b e b e

Intensity, counts

3500 1
3000 [] 1
2500 |- :
2000 [ ]
1500 []

1000 |/

Intensity, counts

500 [

Iy ﬁuk

0 JLL L L A I B B 1 [

L 1 e O O L A I

_500:..1...\|.x.‘l‘.‘;ly..\I.;..\.\..I\.\\I.\:
80 9 100 110 120 130 140 150

(20) , degrees

FIG.4. (Upper) Experimental (crosses) and calculated (line) neutron
powder diffraction profiles for Bij sZng¢,Nb; 069, at 298 K. The
calculated profile corresponds to the model described in Table 3. (Lower)
Residual.

occupancy of the A-sites (Bi, Zn, or vacancy), and the
directions of the A-cation displacements is expected.
Because no superstructure reflections were observed, any
such structural correlation must be short range in nature.
Crystal-chemical considerations suggest local ordering in
which each O’ ion is bonded to three Bi and one Zn cations:
in such configurations bonding requirements of both Zn
and Bi can be met. However, no characteristic streaks of
diffuse intensity which could confirm the existence of
tetrahedral [BizZnQ’] clusters were observed in the electron
diffraction patterns; apparently, analysis of a pair-distribu-
tion function using diffuse scattering in the X-ray/neutron
powder diffraction data is necessary to establish local
correlations in the structure of this compound.

The local environment of A4=(Bi/Zn) cations in the
presently refined cubic pyrochlore-type Bij 5Zng9»
Nb; 5069, structure bears similarities to that of the
(5+ I)-coordinated Zn in zirconolite-like BirZn,;3Nby/307
(10, 11). Both structures contain hexagonal tungsten
bronze (HTB) layers formed by vertex-linked [BOg]
octahedra. The interstices formed by the six-membered
rings of octahedra in these layers are occupied by the
A-cations in pyrochlore, and smaller transition metal
cations in zirconolite (e.g., Ti in CaZrTi,O; (11), and Zn
in BirZn,;3Nby4/307 (10)). In the ideal pyrochlore structure,
the A-cations reside in the ring centers and are eight-fold
coordinated by oxygen. In zirconolite, the transition
metal cations are displaced away from the ring centers
and statistically occupy two sites on both sides of the two-
fold symmetry axes; the resulting coordination of these
cations is (5+1).* The displacement vectors (from the ring
centers) of Zn cations in BiyZn,;3Nby;307 are approxi-
mately parallel to the (112> pseudo-cubic directions in
the HTB layers (10), which is similar to the presently
refined A-cation displacements in the pyrochlore structure.
However, in the BZN pyrochlore, all 8 oxygen atoms
surrounding the 4-cation remain closer to it than the next-
nearest-neighboring cations, and the resulting A-cation
coordination is (5+ 3).

Recent studies of the BZN pyrochlore using far-infrared
spectroscopy (18) indicated that the observed number of
polar modes is larger than the seven expected for the ideal
pyrochlore arrangement; these observations are consistent
with displacements of some of the atoms to lower
symmetry positions. The lowest-frequency polar infrared
modes in pyrochlores are commonly assigned (in the
order of increasing frequency) to the O'-4-O’ bending
and O-4-0O bending, respectively (9). According to the
analysis of IR data for the cubic BZN pyrochlore (18),
the lowest frequency O'-4-O’ bending mode provides
the strongest contribution to the dielectric constant while
the contribution of the O—A4—O bending is also significant.
Both types of bending resemble those produced by the
presently identified static displacements of the 4, O’ and O
atoms; therefore, these displacements are expected to have
a strong effect on the dielectric response of the cubic BZN
pyrochlore-type compound. In particular, the apparent dis-
placive disorder in the 4,0’ network is the likely cause for
the “glass-like” dielectric behavior of the pyrochlore phase.

CONCLUSIONS

Samples of composition Bi; sZnNb; 50, consist of a
cubic pyrochlore-type phase and small amounts of ZnO.

“The first coordination sphere of the cation was defined to include only
those oxygen nearest neighbors which are closer to this cation than the
next-nearest-neighboring cations.
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FIG. 5. Nearest-neighbor environment for the A-cations in the pyrochlore-type Bi; sZng0,Nb; 5069, indicated by the refinement results (Table 3).
Large white and gray spheres represent O and O’ atoms, respectively, while smaller dark spheres correspond to the A-cations. (a) View along [111]
direction with six randomly occupied A-cation positions indicated by dark spheres. The O’ atoms is shown at the ideal position for clarity. (b) View along
the direction nearly perpendicular to the [111]. The displaced positions of both the 4 and O’ atoms are indicated.

However, the pyrochlore forms as a single phase at the
composition Bi; sZng¢>,Nb; 5s0g9>. Electron, X-ray, and
neutron powder diffraction patterns for this composition
are consistent with both the cubic pyrochlore unit cell and
Fd3m symmetry. Rietveld refinements using neutron
powder diffraction data confirmed an overall B,Og- 4,0’
cubic pyrochlore structure with Zn cations present on both
A- and B-sites; i.e., Bij sZng 95[Zng sNb; 5]O¢.9,. However,
the refinement results indicated significant local deviations
from the ideal pyrochlore arrangement, and suggested
substantial displacive disorder in the 4,0’ network. In
particular, the (Bi/Zn) A-cations were found to be
displaced along one the six <{112) directions parallel to
the corresponding HTB layers. In contrast, the O’ ions are
displaced along all 12 (110) directions; correlations
between the directions of O’ displacements, the occupancy
of the A-sites, and the directions of the A-cation displace-
ments are expected, but could not be ascertained from the
present data. The combined A4-cation and O’ displacements
reduce residual tensile bond strain around the A-cations.
The resulting oxygen environment of the A-cations in the
Bi; 5sZng 9,Nb; 506.9> cubic pyrochlore bears similarities to
that of the (5+ 1)-coordinated Zn cations in zirconolite-
type Bi,Zn,;3Nby307. The identified atomic displacements
involve atoms participating in the lowest-frequency
0’'-4-0’ bending mode, and therefore are likely respon-
sible for both the high dielectric constant and low-
temperature dielectric relaxation exhibited by this phase.
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