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The structures of the compounds initially reported to be 7-Bi;0;-ZnO and 96-Bi,0;'4Fe;0;,
have been determined by X ray methods. Three dimensional, absorption corrected diffractometer
data were used and atomic parameters were refined by least-squares procedures. The structures are
isomorphous, cubic with @ = 10.194(3) and 10.179(3) A, respectively, and space group 123. Each
Bi3+ ion is surrounded by five oxygen atoms that form an incomplete octahedral arrangement with
Bi-O distances ranging from 2.07-2.60 A. The 6s2 inert electron pair completes the octahedron. The
Bi** ions are vibrating anisotropically. Tetrahedral sites in the structures contain 61 and 46 electrons,
respectively. These values are consistent with a statistical distribution of Zn?* and Bi®* ions or Fe3*
and Bi** ions on these sites. Molar ratios are derived that agree with the observed distributions of
electron density and give rise to perfectly stoichiometric systems, devoid of cationic or anionic
vacancies. The compositions studied correspond to Bi3;Bi**Fe®*+Q,o and Bi3{Bi3*ZnOg, and they
are optical enantiomorphs.

It is proposed that a reduction in the percentage composition of Bi,O; leads to metastable phases,
in which all atomic positions remain fully occupied but some tetrahedral sites contain Bi** ions.
The end product of the series is y-Bi, O3 in which 50 % of these sites contain Bi** and the remainder
Bi** ions. We believe that y-Bi,Os is Bi3§Bi** 4.

Introduction

The structure of Bi;;GeO,, has been
determined by Abrahams, Jamieson, and
Bernstein (). This body-centered cubic cell is
characteristic of a group of compounds formed
between Bi,0, and various other metal
oxides. Aurivillius and Sillen (2) reported such
compound formation with Al, Si, Fe, Zr, Ce,
T1, and Pb as the second metal (M), whereas
this list has been greatly extended by Levin
and Roth (3).

Quadrivalent metal oxides, MO,, give
stable phases approximated by the formula
Bi;,MO,,, where the Bi:M ratio closely
approaches 12:1, but may vary, Speranskaya
and Arshakuni (4) formulated the germanium
phase as Bi;,GeO,; but the structural study
by Abrahams et al. (/) proved the b.c.c.
phase to be Bi;,GeO,o. The formula Bi;, MO,,
describes the ideal or stoichiometric species in
Copyright © 1975 by Academic Press, Inc.
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which particular cationic and anionic sites
in the b.c.c. cell are fully occupied. If the Bi: M
ratio differs from 12:1, or if M is other than
a quadrivalent metal, then the b.c.c. structure
must contain fractionally occupied ionic sites
or else accommodate the change in stoichio-
metry in some other way.

Metastable phases containing metal ions
of large cationic radius can be prepared
under the proper conditions of composition,
grinding and heating schedules (3). The cell
dimensions of the metastable phases are
larger than those of the stable phases, the
largest being that of y-Bi,O5, which was first
investigated by Sillen in 1937 (5). It is not
possible for a substance with the composition
Bi,O; to have the structure Bi;,MO,, (i.c.,
B,30,,) and this problem has been discussed
by numerous authors without being resolved.

We have examined the structures of two
compounds initially reported to have the
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composition 7 Bi,;0,Zn0O (or Bi;;Zn, g5015.55)
and 96 Bi,0;-4Fe,0; (or B,,Fe; s044.45) in
an attempt to resolve the structural aspects
of the nonstoichiometry.

Experimental

The compounds were kindly provided by
Dr. R. S. Roth. Preliminary treatment of the
binary mixtures consisted of three cycles of
grinding together calculated amounts of the
starting materials, pressing the material in a
mold, and then heating the disk at a tempera-
ture below the solidus. The final heat treat-
ment involving heating the sample in a sealed
platinum tube and in the case of 7 Bi,0,Zn0
this was at 700°C for 107 hr while for 96
Bi,0; 4Fe,0, the temperature was 700°C for
3 hr.

The smallest spheres that could be re-
covered from our Bond sphere grinder had
average radii (r) of 0.0109 and 0.0085 cm for
the respective compounds. The resulting
ur values for both copper and molybdenum
radiation calculated well outside the range
given in the International Tables for X-Ray
Crystallography, and therefore, for conven-
ience, Cu K, radiation was used to collect
X ray data. There was no evidence of super-
lattice spots but, in case a slight change from
cubic symmetry had occurred, due to an
ordering of defects, one-cighth of the reci-
procal lattice was recorded in each case.
These data were collected using a Siemens
A.E.D. computer controlled diffractometer,
crystal orientation and angle calculation being
accomplished using the method of Busing and
Levy (6). Cell dimensions were determined
from selected high-angle reflections and are
listed below. These dimensions were also
used in the refinement of the approximate UB

BilZn oxide Bi[Fe oxide
a=10.1939(3) a=10.1789(3)
r=0.0109 cm r=0.0085 cm

pc=937g-cm™3  pc=9.32g-cm™3
ur=219 ur=17.1

SG 123 SG 123

Unit cell contents:

Bi;s.333Z00,667040  BizsFeO4o

matrix. Integrated intensities were obtained
using a 6-260 scan and the “‘4-value method”
(7) of measurement.

Intensities were corrected for instrumental
drift, if any, using a periodically measured
standard reflection as a reference. Background
was assumed to vary linearly through the
scan range for each reflection. Lorentz,
polarization, and absorption corrections were
applied using programs written in this
laboratory.

Values of the absorption correction factor
A* were calculated for various values of 0
by an analytical method involving a Gaussian
approximation. A grid of 32 x 32 x 32 points
was used and the values of 4* at 8 values of
0° and 90° were found to agree to within 19}
of the values calculated from the integral.
Due to the very large values of 4* (maximum
value 19500) it is probable that errors in
absorption corrections arise not from the
lack of an exact knowledge of A4*/6 relation-
ships but rather from deviations in spherical
shape.

Atomic scattering curves for bismuth,
iron, zinc, and oxygen were taken from (8).
Curves for neutral atoms were used and these
values were corrected for the real part of the
anomalous dispersion of copper K, radiation
by the respective atoms (9). All structure
factor calculations utilized these (f+ Af")
curves together with the respective Af”
values listed by Dauben and Templeton (9).

The Structure of 7 Bi,O;-Zn0O

Solution and Refinement

Cell dimensions and structure amplitude
distributions indicate that the structures of
7 Bi,0,-ZnO and Bi;,Ge0,, are similar.
Bi;,GeO,, is cubic with space group I23
and lattice constant a@ = 10.1455 + 0.0008 A.
The cell contents are Bi,,Ge,0,, with one
bismuth atom in a general 24f position with
coordinates 0.8241, 0.6816, 0.9843.

To allow for the possibility that ionic
vacancies, if any, are ordered—thereby des-
troying the 123 cubic symmetry of the stoi-
chiometric species 4,,B0,,—the structure of
7Bi,0; - ZnO was initiated in the orthorhombic
system, using the appropriate space group



TABLE 1
Bi(2) Bi(3) o) 0(2) 0(3) 04) O(5)

FINAL AToMIC COORDINATES FOR THE COMPOUND 7 Bi, 05+ Zn0O REFINED IN THE SPACE GROUP 1222

Bi(1)
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2 1222, Twenty-four Bi atoms were placed in
CRARQARES g three '8k positions of this space group with
ESZIS558% E coordinates transformed from position 24f
°Se=: § § % § = of 123. These parameters were refined using
SSccccscs | & Busing, Martin, and Levy’s ORFLS program
,og and a difference Fourier synthesis was then
ROIFTITOLTAR | = computed. This function indicated the po-
AN O] el Oy - o . .
TEEAAXETRE | § sition of 40 oxygen atoms and showed signi-
s¢xédsgss | & ficant electron density (peak height 30 e.A~%)
QNANO [=] =
SScsdsegge go on the 2a sites that have tetrahedral symmetry.
= These were tentatively treated as zinc atoms
NEERReRTa s gnd legst-squares reﬁnerr}ent cycl‘e‘s were run
CESENSEEE 'é in .whxch. site occupancies, positional, gmd
S58288 § § 2| & anisotropic internal parameters were varied.
SSoSe999g | = The final R value is 0.033 and the rgsults of
G the refinement are recorded on microfiche
e | 8 (Table I) together with other pertinent data.
SS828428:=2 | 8
(= W I~ 00 \O I~
§ % g § § ‘8’ § § % é Discussion
ceccecel? § It was immediately apparent that the
; crystal system is cubic with space group 123.
fecaecces | & This was best illustrated by the equivalence
SEESESEES 2 of the positional parameters as well as the
E E = § § § § § § = thermal matrix components of the three
cccdcccSSS | 8 unrelated sets of bismuth atoms.
& The site occupancy factors for bismuth
e & and oxygen atoms did not deviate significantly
ZTE - from unity but the value for zinc, at position
coo 'é 'é § coo 3 2a, convgrged to 2.16.' Whep multlphe_d by
Sococoosass | & the atomic number for zinc this value indicates
o that approximately 61 electrons are located
BB e :é; at eaph ‘2a site. "_fherefore, there must be
g%g%%gg%&g 2 substitution by bismuth provided that no
= § ] é gIee § E other metal atom other than zinc and bismuth
2% §. § § § = are present in the crystal. _
r| g If each tetrahedral site is either fully
R E occupied by a zinc atom (f+ Af” =28.3e)
22z8casEes ‘g or a bismuth atom (f+ Af’'=78.4e) and
IEASERGE8E | g9 the composition is expressed aBi,O;-5Zn0,
202283 § 88 | 5o then the molar ratio a:b can be plotted against
Scsccssss | g ° the electron population on each tetrahedral
A 2 2 site. This is shown in Fig. 1 where 61 electrons
o 2CaesEs | 24 correspond to a molar ratio of 18-19:1.1
QA0 § TRIS8% | 2+ This ratio differs quite markedly from the
He2538888 | =2
ScooocossS ? p= g E L Ox:der supplemefltax:y material from ASIS/NAPS,
olES c/o Microfiche Publications, 440 Park Avenue South,
PN S New York, New York 10006. Remit in advance for
PV S S Sk Yt St g 2 each NAPS accession number $1.50 for microfiche or
EE=ETEE | %3 — for photocopics. Make checks payable to
b Microfiche Publications.
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22

MOLAR RATIO a:b

Fic. 1. A plot of molar ratio a:b in the series
aBi;0;-bZn0O against electron population on each
tetrahedral site 2a.

original 7:1 value, but is not at variance with
Roth’s observation (3) that the original sample
contained unreacted ZnO.

Composition and Stoichiometry

It seems likely that the bismuth substitut-
ing for zinc is Bi®*. As will be seen below, Bi®*
is an asymmetric ion containing a lone 6s2
electron pair and completes its coordination
polyhedron with five other atoms to form an
octahedron. In the case of oxygen atoms, the
average distance is 2.34 A. Therefore, a
Bi** ion is too large and too asymmetric to
occupy a position with site symmetry 23 and
be surrounded by four oxygen atoms each ata
distance of 1.89 A.

Relevant deductions can be made if it is
assumed that the b.c.c. phase contains Bi®*
ions. The stoichiometry is then determined by
the values of a, b, and ¢ in the formula aBi,0;-
bBi,05-¢Zn0O and the following equations
hold

2a+2b+ ¢ =26 (number of cations in
unit-cell)

3a+ 5b+ ¢ =40 (number of anions in
unit-cell)

a+b— Mc=0 (M is molar ratio).

The values of 2a, 2b, and c are the respective
number of Bi**, Bi’*, and Zn?** ions in the

TABLE II

VALUES OF SOME COMPOSITIONAL PARAMETERS FOR THE SYSTEM aBi,0;-5Bi,O5:¢Zn0O As A
FUNCTION OF THE MOLAR RATIO (@ + b)/c

Molar Ions per unit-cell Small cations p at each 9% of Bi

ratio Bi®* Bi** Zn**  per unit-cell tetrahedral site oxidized
6:1 22.00 2.00 2.00 4.00 28.27 8.33
7:1 22.40 1.87 1.73 3.60 35.63 7.70
8:1 22,71 1.76 1.53 3.29 40.52 7.19
9:1 22.95 1.68 1.37 3.05 44.43 6.82
10:1 23.15 1.61 1.24 2.85 47.67 6.50

11:1

12:1 23.42 1.52 1.06 2.56 52.49 6.09
13:1 23.56 1.48 0.96 244 54.40 591
14:1 23.67 1.44 0.90 2.34 56.60 5.73
15:1 23.74 1.42 0.84 2.26 57.42 5.64
16:1 23.82 1.39 0.79 2.18 58.70 5.51
17:1 23.90 1.36 0.74 2.10 59.67 5.38
18:1 23.96 1.34 0.70 2.04 60.78 5.29
19:1 24.00 1.333  0.667 2.00 61.67 5.18
25:1 24.24 1.25 0.51 1.76 65.51 4.90
7-Bi, 03 25.0 1 0 1.00 78.43 3.85
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unit cell and these values are listed in Table II
for a range of molar ratios.

As the molar ratio increases, the number of
Bi** and Zn2* ions per unit cell decreases.
For example, at the supposed 7:1 ratio the
number of small cations (i.e., Bi’* and Zn2*) is
3.60 and these may distribute as 2.0 over the
tetrahedral sites and 1.6 over the 24 larger
octahedral sites. This number gradually
drops to 2.0 at the 19:1 molar ratio. At this
ratio the number of small cations per unit cell
is precisely 2.0 and this number equals the
number of available tetrahedral sites. There
are exactly 24 Bi** ions to occupy the octa-
hedral positions, the anion lattice is complete
and the electron population at the tetrahedral
sites (62 electrons) equals the experimentally
determined electron population (61 +1
electrons).

Absolute Configuration

In view of the fact that the composition and
crystal symmetry of the Bi/Zn compound
appear to differ so greatly from the initial
values, the original X ray data were again
corrected for absorption but with a p value
(2009.2 cm™') based on the composition
Bi3;Bi;*ZnO¢,. Equivalent structure ampli-
tudes were averaged and the atomic parameters
were refined by least-squares methods in the
space group I23. The final parameters are
listed in Table III. A microfiche of the 204

observed and calculated structure amplitudes
has been deposited as a document with
the ASIS National Auxilliary Publication
Service.2

The final R value is 0.027 over all observed
data and the value of R = [ (w'/? AFmeas)?|
> (w'?F meas)]'/2, where the weight o=
1/62F meas is 0.029. Replacement of each
coordinate by xyZ and subsequent refinement
by least-squares until convergence, resulted
in @R = 0.031. The value of R is 0.027.

The ratio w R(xyz)/wR(xyz) = 1.069 exceeds
Hamilton’s R ratio (10) for the comparable
one-dimensional  hypothesis  (Ry;70.005 =
1.024) and it seems likely that the coordinates
listed in Table III describe the absolute con-
figuration of the Bi/Zn compound.

An X ray Examination of the Compound 96
Bi,0, -4Fe,0,

Introduction

To confirm the equilibrium composition
and the structural features described above

2 Order supplementary material from ASIS/NAPS,
c/o Microfiche Publications, 440 Park Avenue South,
New York, New York 10006. Remit inadvance for each
NAPS accession number $1.50 for microfiche or —
for photocopies. Make checks payable to Microfiche
Publications.

TABLE 111

FINAL ATOMIC PARAMETERS FOR THE COMPOUND Bi3sZnOgp”

Bi Zn o) o2 0(3)
x 0.82352(8) 0.0 0.3117(49) 0.3661(14) 0.1069(58)
y 0.68178(8) 0.0 0.3117(49) 0.2496(15) 0.1069(58)
z 0.98603(7) 0.0 0.3117(49) 0.0118(19) 0.1069(58)
B(1,1)  0.00153(7) 0.0077(15)  0.0028(26) 0.0022(12) 0.0047(38)
£(2,2) 0.00440(8) 0.0077(15)  0.0028(26) 0.0039(14) 0.0047(38)
B(3,3) 0.00215(7) 0.0077(15)  0.0028(26) 0.0031(14) 0.0047(38)
p(1,2) 0.00091(7) 0.0 0.0016(39) 0.0007(11)  —0.0003(46)
£(1,3) 0.00001(6) 0.0 0.0016(39) —0.0007(13)  —0.0003(46)
£(2,3) 0.00100(6) 0.0 0.0160(39) —0.0009(15)  —0.0003(46)

2 The site occupancy for zinc is 2.16 and for the remaining atoms these values are
1.0. The temperature factor has the form exp(—f,,#* + 282 hk + ....).
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for the compound containing the divalent
metal zinc, another system was chosen in
which the additional oxide was that of a
trivalent metal, i1.e., Fe,0;. The substance
was kindly provided by Dr. R. S. Roth. The
starting composition was 19 Bi,0;-Fe,0;
but after a final heat treatment of 700°C for
3 hr the specimen was found to contain traces
of BiFeO,, which effectively increases the
percentage composition of Bi,O; in the phase
to be examined. The composition was esti-
mated to be 96 Bi,O;-4Fe,0;.

If the structure is postulated to contain
bismuth atoms only on the octahedral sites,
the composition must be expressed as Bi,,
FeO;,,. On the other hand if octahedral
sites contain trivalent bismuth ions, if there
is a complete anion lattice and if the smaller
tetrahedral sites are fully occupied by trivalent
iron or pentavelent bismuth ions, the equi-
librium composition calculates to be Bi3f
Bi**Fe3*0,,. In the former instance one would
expect to find one-half of an iron atom (f+
Af"=2487), ie., 12.4 electrons on each
tetrahedral site, whereas if the theory
developed above is correct, this number of
electrons will be 51.65, i.e., (24.87 + 78.4)/2.

Solution, Refinement, and Absolute Configura-
tion

The procedure adopted was precisely the
same as that followed with the Bi/Zn com-
pound. Bismuth and oxygen atoms were
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assigned the coordinates listed in Table I.
Iron atoms were placed in position 24 and all
structural parameters were refined in the
space groups /222 using least-squares methods.
The resulting occupancy factor for site 2a
indicated that 46 (1) electrons were located
there. The discrepancy between the expected
electron population (51.56 e) on the tetra-
hedral site and the experimentally determined
value (46 €) may be attributable to the exten-
sive anomalous dispersion of Cu K, radiation
by iron atoms. The final R value was 0.036.

It was evident that Bi3}Bi**Fe3*0,, has
cubic symmetry. Therefore, the equivalent
structure amplitudes were averaged and the
atomic parameters were refined by least-
squares methods in space group 723.

Absolute Configuration

The atomic coordinates taken from Table I
converged to give a R value of 0.028 and a
weighted R value of 0.029. Replacement of
each coordinate set by XyZ, and subsequent
refinement by least-squares until convergence,
yielded values of R =0.021 and @R = 0.021.

The ratio wR(XyZ)/wR(xyz)=1.381 con-
siderably exceeds Hamilton’s R ratio (10)
for the comparable one-dimensional hypothe-
sis (Ry170.005s = 1.024) and leads to the con-
clusion that the information given by xyZ,
i.e., in Table 1V, is correct. This is the optical
enantiomorph to the Bi/Zn compound.

TABLE IV

FiNAL AToMIc PARAMETERS FOR THE COMPOUND Bi;sFeQ,4°

Bi Fe o) o) o)

x 0.17635(5)  0.00 0.6885(31)  0.6346(10)  0.8926(32)

y 0.31796(5)  0.00 0.6885(31)  0.7521(10)  0.8926(32)

z 0.01409(5)  0.00 0.6885(31)  0.9887(14)  0.8926(32)
8,1 0.00140(5)  0.0057(12)  0.0025(18)  0.0030(9) 0.0031(23)
£(2,2) 0.00370(6)  0.0057(12) 0.0025(18)  0.0030(9) 0.0031(23)
83,3 0.00217(5)  0.0057(12)  0.0025(18)  0.0027(10)  0.0031(23)
B(1,2) 0.00071(4)  0.00 0.0009(26) —0.0001(8)  —0.0008(25)
B(1,2)  —0.00011(4) 0.00 0.0009(26) —0.0007(9)  —0.0008(25)
£2,3) 0.00072(4)  0.00 0.0009(26)  —0.0008(10)  —0.0008(25)

? The site occupancy for iron is 1.85 and for the remaining atoms these values are 1.0.
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Description of the Structures

The body-centered cubic structures de-
rived above contain Bi** ions in octahedral
coordination. The coordination polyhedron
consists of an inert 652 electron pair and five
oxygen atoms at distances listed in Table
V. Within the limits of error these distances
are the same for both compounds. The average
Bi-O distance is 2.344 A and this agrees
with the average bond distance of 2.37 A
reported for other Bi** oxygen octahedra (7).
The shortest Bi**-O distance of 2.068(15) A
occurs in the bond opposite the inert 6s?
electron pair. The remaining basal plane
bond distances vary between 2.140 and
2.599 A.

Two oxygen atoms from adjacent octahedra
approach each Bi** ion from either side of
the inert electron pair. The approach distances
are 3.109 and 3.208 A. The inert 652 electron
pair of any Bi** ion points towards one other
6s? electron pair from an adjacent Bi** ion.
This Bi3+-Bi** distance is 3.609 A so that the
electron pair can be considered to extend no
further than 1.81 A from the nucleus of the
Bi** ion.

The 24 octahedra share corners to form a
cage of Bi,O,, atoms and within this cage

TABLE V

SELECTED BOND DISTANCES (A)*

BilZn BilFe
Bi(1)-0(1) 22200037)  2.214(021)
~0Qy? 2.251(018)  2.263(013)
-0 2.594(018)  2.599(012)
-0(Q2)* 2.0720015)  2.069(011)
-0Q2)¢ 3.113(017) 3.089(012)
-0Q2)" 3.206017)  3.189(011)
-0Q3) 2.581(037)  2.572(021)
Bi(1)® 3.609(002)  3.602(001)
Zn(1)-0(3) 1.887(103) 1.894(057)

@ Standard deviations, as calculated by ORFLS, are
given in parentheses and refer to the least significant
digits. Superscripts refer to the following symmetry
transformations. 1: x—% y—% z—4%. 2:3—x §—»
Y+z 3iyzx. 4y Z1l—x 5:k—x%—y $+z
6:3+z4—x4+y. Tid—z3—x$+y 8:13—x
y—+ 13—z 9%y z

FiG. 2. A schematic depiction of the octahedral
environment of each Bi* ion.

there are two tetrahedral sites, The resultant
cage charge of 8 ¢ is balanced by small cations
that fully occupy the tetrahedral sites. In the
case of the Bi/Fe compound there is one Bi®*
and one Fe®' ion per cage. In the case of the
Bi/Zn compound there are 1.333 Bi’* and
0.667 Zn** ions distributed over the two sites
in each cage. Whereas the octahedral poly-
hedra are distorted, the tetrahedra are per-
fectly regular with each metal-oxygen distance
equal to 1.89 A.

Composition Variability and Metastable Phases

Reference to Table II shows that if the
molar ratio of component oxides is varied,
the body-centered unit-cell contents M,c0,,
can be maintained by altering the percentage
composition of Bi,Os. Stoichiometries richer
in bismuth require less Bi** component.
The molar ratio 19:1 can be regarded as the
equilibrium ratio in the Bi/Zn system because
at these concentrations of Bi,O; and ZnO
each Bi** ion is octahedrally coordinated
and the smaller Bi®* and Zn?* ions occupy
tetrahedral sites in a complete anion lattice.
Stoichiometries richer in ZnO result in small
Bi** ions occupying large octahedral holes
whilst stoichiometries richer in Bi,Q, result
in large Bi** ions occupying small tetrahedral
holes. These phases may be regarded as
metastable.

Levin and Roth (3) commented that the
metastable b.c.c. phases are formed by oxide
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TABLE VI

BoND ANGLES ASSOCIATED WITH Bi**—O OCTAHEDRA?

Octahedra Bond angles (°)
O(1)-Bi()-0O(3)? 84.2(2.7) 84.5(1.6)
-0(2)% 81.33(0.77) 80.96(0.50)
-0(2? 90.4(2.2) 90.2(1.4)
-0(2)* 154.6(2.1) 154.2(1.3)
-0(2)° 60.60(0.42) 60.66(0.27)
-0Q2)” 142.2(2.2) 142.2(1.4)
0(3)%-Bi(1)!-0(2) 85.1(1.1) 84.63(0.64)
-0(2)3 173.69(0.94) 173.56(0.47)
-0O(2)* 115.92.0) 115.6(1.1)
-0Q2)° 109.2(2.1) 109.4(1.1)
-0(2)" 65.4(1.1) 65.19(0.61)
0(2)*-Bi(1)!-0(2)? 90.94(0.23)  90.88(0.16)
-0(2)* 84.97(0.16) 84.97(0.11)
~0(2)% 136.51(0.83)  136.48(0.57)
-0y’ 115.73(0.85) 115.99(0.59)
0O(2)*-Bi(1)!%0(2)* 68.46(0.60) 68.45(0.42)
-0(2)° 70.51(043)  70.92(0.27)
-0y’ 120.89(0.61) 121.09(0.43)
0(2)*-Bi(1)!'-0(2)° 120.53(0.55) 120.89(0.40)
-0(2)7 62.22(0.33) 63.56(0.23)
O()°-Bi(1)-0(2)  107.46(0.35)  107.13(0.23)
0O(3)-Zn-0(3)° 109.47 109.47

¢ Superscripts refer to the same symmetry transform-
ations as in Table 5 and standard deviations (in
parentheses) refer to the least significant digits pre-
ceding these.

additions to Bi,O, that involve larger ions
such as Cd?*, Ce**, etc. Presumably these
structures involve the large cations occupying
tetrahedral sites thereby causing distortions
and nonequilibrium condition in the b.c.c.
structure.

y-Bi 0

A new form of Bi,O; was first prepared by
Schumb and Rittner (/7). The bright yellow
product analyzed as 99.8 %, pure Bi,O; and
the unit-cell was determined to be b.c.c.

with a=10.25 A. Levin and Roth (3) also
prepared this y-Bi,O; and reported that it
had the largest cell dimensions of the b.c.c.
phases. It is metastable.

It is our belief that y-Bi,O; has the compo-
sition BiygOyg, i.€., 99.74% pure Bi,0;.
The b.c.c. unit-cell contains 40 oxygen atoms,
24 Bi** jons in octahedral coordination with
one Bi** and one Bi®* ion on each of the two
tetrahedral sites.

Chemical analyses of the compounds,
particularly for Bi**, were unsuccessful due
to the extreme insolubility of each substance.
Microprobe analyses have not been under-
taken, but would be of use in confirming the
absence of impurities, initially absent from the
reaction mixture.
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