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The geometry of the ideal pyrochlore struture type (*A,°B,*X¢'Y. Fd3m) has been examined using a
data basc of 440 synthetic samples. Mean ionic radii of the cubic and octahedral cations together
account for 95% of the variation in the cell edge. Nonempirical expressions for calculating the cell edge
are also derived, using that the interatomic distances are functions of the cell edge and a single
positional parameter, x, of thc X anion. This alternative method is equally successful for calculating
the cell edge, and additionally provides for the calculation of x. Comparison of calculated x values with
27 experimentally measured values indicates that the stoichiometry, x values, or bond length predict-
ing radii are in error for 20% of these pyrochlores. For 21 observed x values judged to be most
accurate, the calculated anion coordinates are within 0.009. In addition, calculated x values are given
for 400 pyrochlores for which no values have been previously determined.

Introduction

Materials of the pyrochlore structure
type, with their wide range in chemistry,
exhibit a variety of potentially useful prop-
erties, which include catalysis (/), ferro-
electricity (2), ferromagnetism (3), lumi-
nescence (4), and ionic conductivity (5). As
the pyrochlore-related phase, zirconolite, is
important in proposed crystalline nuclear
waste forms (6), pyrochlore phases them-
selves may have a similar potential. The
pyrochlore structure type is also repre-
sented in a wide range of natural occur-
rences by the mineral groups pyrochlore,
microlite, betafite, and stibiconite (7). A re-
cent review of the crystal chemistry and ap-
plications of oxide pyrochlores is given by
Subramanian et al. (8).
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The structure is cubic, Fd3m, Z = 8, and
is commonly described as a fluorite struc-
ture derivative (9). This description is
achieved by removing # of the anions in an
ordered fashion, such that one-half of the
cubic polyhedra are missing two opposed
vertices. Alternative descriptions of the
structure type are reviewed elsewhere (8).
The structural formula for ideal pyrochlore
is 84,B.4X¢*Y, where A and B are metal
cations and X and Y are anions. The coordi-
nations of the ions in the ideal case are
AX.Y,, BX;, XA>B>, and YA,. By remov-
ing combinations of A and Y ions, a variety
of defect structures (e.g., ®A,°B,*X,, ©A°B;
3X,) can be produced which are known (o
occur with the general formula A,_,B>X,
Yo_1. Another structural variant,
O%B.3X.*M, referred to as ‘‘inverse”
pyrochlore by Barker et al. (10), has the
same B»Xg framework, but with the A cat-
ion positions vacant and the Y anions re-
placed by large monovalent cations.
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PYROCHLORE STRUCTURE TYPES

TABLE I

INTERATOMIC DISTANCES AS A FUNCTION OF THE
UNIT CELL EDGE @ AND THE X ANION POSITIONAL
PARAMETER x FOR A,;B,XY PYROCHLORE, WHERE A
AND B ARE THE CUBIC AND OCTAHEDRAL CATIONS

RESPECTIVELY, AND X AND Y ARE ANIONS

Atom pair Distance Comments

A LA aV2i4 Cub-cub cation separation
A...B aV2i4 Cub-oct cation separation
B B aV2/4 Oct-oct cation separation
A-X a(x? — ix + H)°0° Cub bond (equatorial)
A-Y aVi/s Cub bond (axial)

B-X alx? — x + $)*° Oct bond

X. Y ax-#% Shared cub-cub edge

X. X a2 — 3x + #)%5  Shared cub-oct edge

X. X aV23E - x) Unshared oct edge

Note. The x values correspond to the cell origin at the A
cation on the 16¢ positions. For the alternative origin choices
at B or Y, replace x by (} — x) and (x — 3), respectively.

In this paper the geometry of the ideal
pyrochlore structure type has been exam-
ined using a data base of 440 synthetic sam-
ples. The equations and diagrams presented
allow for the rapid interpretation of the in-
ternal consistency of published data, and
the prediction of the structural parameters
for hypothetical or partially studied pyro-
chlores.

Geometry of the Pyrochlore
Structure Type

All the atoms in the pyrochlore unit cell
occupy special positions in the space group
Fd3m (No. 227, origin at 16¢, 3m); A—16c,
B—16d, X—48f, and Y-—8a. The atomic ar-
rangement is completely specified, except
for the x coordinate of the 48 f positions.
The principal interatomic distances can be
expressed as functions of the x coordinate
and the cell edge a (Table 1), and are graphi-
cally portrayed for the ranges of x and a
values of interest in Fig. 1. Varying the x
coordinate changes the shapes of the A- and
B-site polyhedra. For x = 0.3750 the X an-
fons are arranged as in the anion-deficient
fluorite derivative. At this value of x the A-
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and B-site polyhedra are regular cubes and
trigonally flattened octahedra, respectively.
When the x coordinate increases to 0.4375
the B-site becomes a regular octahedron,
and the cubic A-site distorts into a trigonal
scalenohedron. With further increase in x
the B-site elongates along a threefold and
the A-site becomes a hexagonal bipyramid.

Using the expressions in Table I, the ra-
tio of the mean cubic to octahedral bond
lengths, R, is defined as

_ (A-XY)
~ B-X
_0.75(2 — 0.5x + )™ + 0.25V3/8

(x? — x + 45)°3

[1]

where (A-XY) = 0.75(A-X) + 0.25(A-Y).
To solve Eq. [1] in terms of R, a best-fit
polynomial has been determined by the
method of least squares. The resulting poly-
nomial

x = —0.751846 + 3.63005R
— 5.03230R? + 3.57083R3
— 1.09316R* + 0.051435R% [2]

gives the value of x with a precision of
0.00009 for the range 0.35 to 0.50.
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F1G. 1. Principal interatomic distances in A,B,X,Y
pyrochlore Fd3m (origin at 16¢) given as distancela
ratios, which are functions of the X anion positional
parameter x. Labels correspond to those in Table I,
and appear directly below each curve. The numbers in
parentheses are the multiplicities of the bonds (after
Hoekstra and Siegel (/1)).
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By strict adherence to a “‘hard sphere’
model, the A cation size would be deter-
mined by the short axial A-Y bond dis-
tances (for x > 0.3750). However, reason-
able results are obtained only by using the
weighted average cubic bond length, i.e.,
relative to the sums of bond length predict-
ing radii (12), the observed A-Y distances
are shorter and the observed A-X distances
are longer.

Another method for calculating the anion
positional parameter of an oxide pyrochlore
based on a geometrical description was de-
vised by Nikiforov (/3). His method con-
sisted of two inequalities, given here for the
origin choice A at 16¢,

b+ uXlasx=i-V2Xia [3]

53— (B + rX)a> — #]° =x =3
— Y3(rB + rX)*(rA + rY)? — 2195 [4]

where rA, ¥B, rX, and rY are the radii of the
A, B, X, and Y ions, respectively. Equation
[3] is derived from the expressions in Table
I by assuming that the X . . . X unshared
octahedral edge and the X . . . Y shared
cube—cube edge are both greater than or
equal to the sum of two oxide radii. The
assumptions which led to Eq. [4] are that
B-X<rB+rX,A-Y=rA+rY,and (rA +
rY) — (A-Y) > (B + rX) — (B-X). By
solving Eqs. [3] and [4] together, a range of
x values can be calculated for an oxide
pyrochlore whose cell edge has been mea-
sured. Shortcomings of this method are that
(1) a range for x is obtained rather than a
single value, (2) the right side of Eq. [4]
cannot be solved when (rB + rX)/(rA + rY)
> \/ﬁ, (3) Eq. [4] requires a measurement
of the cell edge, (4) the assumptions leading
to Eq. [4] are to some extent empirical, and
(5) pyrochlores with the Y anion other than
02" are not considered.

McCauley (/4) has computed the anion
positional parameters for a large number of
A3*B** pyrochlores using the relationships
developed by Nikiforov. For those pyro-
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chlores for which shortcoming (2) above
did not prohibit the calculation, McCauley
reported exact x values by averaging the
extremes of the range of x calculated by the
inequalities. He found that the difference
between calculated and measured x values
for 11 pyrochlores was 1.5%, however no
statistical analysis was reported. The varia-
tions of the calculated x values with cation
composition did agree with the experimen-
tal results summarized by Barker et al.
(15), that increasing the radius of the A3*
cation in a series of constant B4 increases
the value of x, and that increasing the ra-
dius of the B** cation in a series of constant
A’ decreases the value of x.

Statistical Analysis

Table II' is a listing of 440 synthetic
A,B,04Y pyrochlores for which composi-
tions and cell edges have been reported.
The list is arranged alphabetically, first ac-
cording to the elemental symbol of the B
cations and then by the elemental symbol of
the A cations. Table II is not necessarily a
complete nor critical compilation of all the
reported data; however, it does include a
large variety of compositions. For the oxy-
fluoride and oxysulfide pyrochlores, only
those compositions with no more than one
fluorine or sulfur substituting for oxygen
are included. For convenience in those
cases, the F or S is placed at the Y site,
despite that for the oxyfluoride pyrochlores
no experimental confirmation of this anion

! See NAPS document No. 04165 for 10 pages of
supplementary material. Order from ASIS/NAPS, Mi-
crofiche Publications, P.O. Box 3513, Grand Central
Station, New York, NY 10163. Remit in advance $4.00
for microfiche copy or for photocopy, $7.75 up to 20
pages plus $.30 for each additional page. All orders
must be prepaid. Institutions and organizations may
order by purchase order. However, there is a billing
and handling charge for this service of $15. Foreign
orders add $4.50 for postage and handling, for the first
20 pages, and $1.00 for additional 10 pages of material.
Remit $1.50 for postage of any microfiche orders.



PYROCHLORE STRUCTURE TYPES

x observed

3.5 10.0 10.5 11.0 11.5
a observed (A)

Fi1G. 2. X anion positional parameter x versus the
cell edge a observed for A4,B,X,Y pyrochlores are
shown as vertical lines, where the line length indicates
the reported error in x. The reported errors in a are all
smaller than the linewidth, so horizontal bars do not
appear. The contour lines display how the minimum
anion separation (X . . . X'shared, X . . . X unshared,
or X . . . Y)varies as a function x and 4. The contour
interval is 0.1 A (after Ewing and Chakoumakos (/6)).

distribution has been made. Measurements
of the positional parameter, x, of the X an-
ion have been reported for 27 of the pyro-
chlores tabulated.

These 27 reported values are shown on a
contour map (Fig. 2) of the nearest-neigh-
bor anion separation, plotted as a function
of the cell edge a and the positional parame-
ter x. The pattern of contours is determined
by the minimum values of the X ... X
shared, X . . . X unshared, and X . . . ¥
curves in Fig. 1. For each cell edge, the
nearest-neighbor anion separation is maxi-
mum at x = 0.4375, and this separation
closely corresponds to the sum of two ox-
ide and/or fluoride radii. The interval x =
0.3750-0.4375 defines a band of anion sepa-
rations that are close to the maximum
value. Outside this range, the anion separa-

tion shortens much more rapidly as x

changes. The pyrochlores, whose x values
have been experimentally measured, clus-
ter along the band of maximum anion sepa-
ration. The average x value, 0.422 (=0.010),
is smaller than the maximum anion separa-
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tion at 0.4375; however, the average is
close to 0.41789, which occurs when the
shared cub-oct edge (X . . . X shared)
equals the shared cub—cubedge (X. . . Y).
Madelung constants, which have been com-
puted for the most common combinations
of ionic species forming pyrochlore com-
pounds (10, 15, 17), suggest that the x coor-
dinate should be somewhat greater than
0.4375 to maximize the electrostatic en-
ergy. This suggested to Barker et al. (10)
that the inclusion of the repulsion energy
into the enthalpy of formation expression is
critical in determining the relative stability
of pyrochlore compounds. Figure 2 illus-
trates qualitatively the effect of anion-an-
ion repulsions as x is varied, i.e., repulsive
energies would be greatest for the smallest
anion separations.

For those pyrochlores in Table 1I for
which the cation valence states could be
assigned, mean ionic radii were obtained
for the cubic cations, rA, and the octahe-
dral cations, rB, using the ionic radii of
Shannon (/2). These values were included
in a regression analysis against the cell edge
for the full data set and also for three sub-
groups of different average valence combi-
nations, A3*B*" A2*B5* and others. The
model containing both radii was significant
in each case, and the least-squares planes
obtained (Table III) account for 95.4% of
the variation in cell edge for the full data,
96.2% for A>*B**, 90.7% for A*™ B>*, and
96.8% for others. The mean ionic radii were
also individually included in regressions
against the cell edge to establish if either rA
or rB accounts for the cell edge variation
more significantly. For the full data set, r4
and rB individually account for 67.0 and
70.5% of the variation in the cell edge, re-
spectively. This result supports the descrip-
tions of the pyrochlore structure as an in-
terpenetration of two beta-cristobalite
sublattices ((0B,X, and YA,) (/8), rather
than as a relatively stable B>X, framework
with the A and Y ions filling interstices.
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TABLE 111
LINEAR REGRESSION ANALYSES

Least squares estimate®

Dependent Independent Data Sample r?
variable variable(s) group size Slopes Intercept a? (%)
a obs. rA, rB All 437 1.654(34) 3.211(62) 6.492(40) 0.057 95.4
(0.0001)  (0.0001) (0.0001)

a obs. rA, rB A3 B 248 1.914(54)  2.910(58) 6.422(53) 0.047 96.2
(0.0001)  (0.0001) (0.0001)

a obs. rA, rB A B3+ 34 1.22(15)  3.99(32) 6.52(22) 0.064 90.7
(0.0001)  (0.0001) {0.0001)

a obs. rA, rB Other 155 1.473(57) 4.24(14) 6.013(68) 0.052 96.8
(0.0001)  (0.0001) (0.0001)

a obs. a calc. All 437 0.989(12) 0.08(12) 0.065 94.3
(0.0001) 0.51)

a obs. a calc. A3 B 248 1.033(14) -0.35(14) 0.047 935.6
(0.0001) (0.016)

a obs. a calc. AP B 34 0.930(61) 0.67(64) 0.071 87.9
(0.0001) (0.30)

a obs. a calc. Other 155 1.04721) -0.55(22) 0.069 94.3
(0.0001) (0.012)

X obs. x calc. All 27 1.01(24) 0.00(10) 0.008 414
(0.0003) 0.99)

x obs. x calc. Accurate 21 0.677(89) 0.139(37) 0.003 75.3
(0.0001) (0.0014)

x obs. x calc. Accurate 21 0.18(30) 0.34(13) 0.005 1.9

Nikiforov (0.55) 0.015)

4 Estimated standard error and probability significance of the ¢ statistic are given in parentheses to the right and
below respectively, for each least-squares estimated parameter.
¢ Estimated standard deviation of the residuals from the regression.

The analysis thus far consists of empiri-
cal relationships, which have value for pre-
diction of the cell edge, but are inconven-
ient in that the equations require constant
updating as new and improved data become
available. The following alternative ap-
proach is based upon the geometry of the
pyrochlore cell and the constancy of bond
lengths given that they have the same
chemical environment.

The geometrical description of the unit
cell in the previous section led to Eq. [2],
which gives the X anion positional parame-
ter as a function of the ratio of the mean
cubic to octahedral bond lengths, (A-XY)/
(B-X). The values of rA and rB of Table 11

along with r(*0?>") = 1.38, r(*F) = 1.31,
and r(*S?") = 1.68 A2 were used to obtain
{(A-XY) and (B-X); then values of x were
calculated with Eq. [2]. Figure 3 is a com-
parison between the 27 observed x values
and those calculated by Eq. [2]. Linear re-
gression analysis of the observed x against
the calculated x yields a poor correlation
(Table 111). Before the quality of the mea-
sured x values can be judged by comparison
with the calculated values, a set of bond
length predicting radii consistent for the
pyrochlore group must be employed. If the

2 The *8?- radius, not reported by (12), was esti-
mated.
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F1G. 3. Observed X anion positional parameters, x,
are compared with those calculated for A,B,X Y
pyrochlores. The solid line is the one-to-one relation-
ship.

radii sums are not accurate estimates of (A-
XY) and (B—X), then the calculated x value
will be wrong. The six most discrepant
points in Fig. 3 include pyrochlores in
which the A-site has Cd?* (Cd;Nb,Os,
Cd2R6207, Cd2T3.207 y and Bi0,4Cd1_6Ta|‘g7
Cd0'1307). The other two are Bi1_5Zn0.5Ta|,5
Zny s0O; and T Pt,0,. For these six compo-
sitions the radii sums do not match the ob-
served (A—XY) and (B-X) distances deter-
mined by the measured x values. Errors in
the stoichiometry, x value, or bond length
predicting radii, could be responsible.
When these six points are excluded, the
correlation between the measured and cal-
culated x values improves to r? = 0.75 (Ta-
ble III); the calculated values deviate from
the observed by at most 0.009. Examination
of Fig. 3 reveals that even for the ‘‘accurate
21>’ x value measurements the calculated x
values appear to be systematically low by
about 0.005. A comparison of the observed
mean bond lengths with their radii sums re-
veals the source of the systematic error.
The mean {A-XY) distances are shorter on
average by 0.021 A than the observed dis-

125

tances, and B-X is greater by 0.019 A than
the observed. Consequently, R is systemat-
ically smaller, which results in the calcu-
lated x values being slightly small. Further
assessment of the quality of the x values
must be deferred until more structure re-
finements and better bond length predicting
radii become available.

Before continuing, Nikiforov’s method
for calculating the anion positional parame-
ter is tested to compare it with the new
method discussed above. For the “‘accurate
21’ subset of data mentioned previously,
Nikiforov’s inequalities have been solved
to give single values of x in the same man-
ner as McCauley’s computations. The re-
gression statistics reported in Table I1I indi-
cate no correlation between the observed x
values and those calculated using Mc-
Cauley’s solution to Nikiforov’s inequali-
ties. This failure can be ascribed to the in-
ability to choose the correct x value in the
range of calculated values determined from
the inequalities.

Assuming the accuracy of Eqgs. [1] and
[2], the calculated x values (Table II) can be
used in a rearrangement of the A-X or B~X
expressions in Table I to calculate cell edge
values. Figure 4 is a comparison of ob-
served cell edges versus those calculated as
just described. The observed cell edge was
included in a regression against the calcu-
lated value for the full data and the same
three subgroups previously described. The
least squares equations obtained (Table III)
account for 94.3% of the cell edge variation
for the full data, 95.6% for A**B**, 87.9%
for A2*B5* and 94.3% for others.

A subset of data consisting of 32 oxy-
fluoride pyrochlores was considered sepa-
rately to determine if anyone among three
possible anion configurations would yield
better calculated values of the cell edge as
compared with the observed cell edges.
The three anion configurations considered
are (1) A,B,(OgF), O and F disordered over
X and Y; (2) A>B»(OsF)O, O and F disor-
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FiG. 4. Observed cell edges, a, are compared with
those calculated for A,B,XY pyrochlores. The solid
line is the one-to-one relationship.

dered over X, and O on Y; and (3) A,B, XY,
fully ordered with O on X and F on Y. The
regression statistics for the calculated ver-
sus the observed cell edge for these three
cases are not significantly different. Al-
though electrostatic neutrality arguments
and Madelung energy calculations (/0) rank
the fully ordered case as the most likely
anion distribution, the cell edge does not
appear to be sensitive enough to distinguish
among the three anion configurations. In
the oxysulfides the cell edge may be more
sensitive to the anion distribution owing to
the greater size difference between the sul-
fide and oxide bonds, however, a sufficient
data base to test this hypothesis is lacking.

The calculated cell edge can be used to
check the consistency of the reported data.
If the observed cell edge is not within two
standard deviations (0.129 A) of the calcu-
lated cell edge, then the stoichiometry, cell
edge measurement, or bond length predict-
ing radii may be suspect. In this regard, the
regression equations (Table III) suggest
that for the three valence combinations dis-
tinguished, the A2*B5* and other groups are
not as well characterized as the A’*B%
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pyrochlores. This may be expected for the
other groups, as their chemistries are in
general more complicated (see Table II).
Most reported stoichiometries are assumed
to be the same as the molar proportions of
the starting mixes, based on optical exami-
nation and X-ray diffraction patterns rather
than examination by spectroscopic or elec-
tron microprobe techniques. If the resid-
uals about the regression line are assumed
to be distributed normally, then for the best
data group, A3*B**, 95% of the observed
cell edges are within 1.96c, or 0.098 A, of
the predicted values. Since the reported er-
rors for most of the observed cell edges are
in the third or fourth decimal place, incon-
sistencies in bond length predicting radii
and/or reported stoichiometries are proba-
bly the main source of error.

Comparison of observed and calculated
cell edges identifies some of the more fre-
quent discrepancies, e.g., pyrochlores hav-
ing Bi**, Na*, and Pb** among the A cat-
ions. Shannon (/2) has discussed some of
the factors which affect the additivity of ra-
dii (i.e., variations in bond length), which
include polyhedral distortion, partial occu-
pancy of cation sites, covalence, and metal-
lic character.

The empirical and the geometrical equa-
tions for predicting the cell edge are equally
successful, as evidenced by the nearly
equivalent coefficients of determination
and standard deviations (Table I11); how-
ever, the geometrical equations are firmly
based on a knowledge of the pyrochlore
structure and should be able to predict the
cell edge without parameterization. The es-
timation of the x value as an intermediate
step is also a distinct advantage. Although
the geometrical equations themselves are
non-empirical the mean bond lengths are
estimated using empirical sets of ionic radii.

The interatomic distances that approxi-
mately limit the formation of A,B,O¢Y
pyrochlores are given in Fig. 5, which has
the calculated x values plotted against the
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x calculated

10.0
a calculated (R)

10.5 11.0 11.5

F1G6. 5. Calculated X anion positional parameters
and calculated cell edges display the approximate
range of A,B,X,Y pyrochlore formation. The solid
lines are the values of the cubic and octahedral bond
lengths which provide an approximate enclosure. The
horizontal dash lines, x = 0.3750 and x = 0.4375,
bound the range of x for which the minimum anion
separation is the largest (see Fig. 2). Note that the
octahedral polyhedron is regular for x = 0.4375 and the
cubic polyhedron is regular for x = 0.3750.

calculated cell edges. The largest values of
x appear to be bound by the shortening of
the anion-anion separation, whereas the
smallest values thus far seem to be re-
stricted only by the particular A-X and B-
X distances. All of the x values occupy the
range for maximum anion separation; and
by comparison with Fig. 2, the calculated
values of the minimum anion separation are
in the range 2.40-3.05 A. The maximum
cell size is limited by the absolute size of
the X anion. In contrast, the minimum cell
size is significantly reduced by those
pyrochlores which form at high pressure.
The two smallest cell edge values, which
fall well outside the arbitrary B—X bounds,
are for the high pressure (120 kbar) pyro-
chlores Sc,Si,07 and In,Si,05. The first row
of points closest to the B—X = 1.90 A curve
are also for high pressure (65 kbar) pyro-
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chlores, A,Ge,O; where A = Sc, Y, In, Gd,
Dy-Lu, TI.

Lastly, to facilitate the rapid estimation
of the structural parameters for A,B,OqY
pyrochlores without the need to make com-
putations, a structure field map (Fig. 6) has
been contoured for reasonable values of the
cell edge, the anion positional parameter x,
and the ratio of the mean cubic and octahe-
dral cation radii rA/rB.

The equations developed and applied
above provide a description of the geome-
try of a cubic pyrochlore if it were to form;
however, the appropriate bond lengths and
bond length ratio alone are not necessarily
sufficient criteria for the formation of a cu-
bic pyrochlore. Other structures, such as
the weberite and thortveitite types, and dis-
tortions from cubic symmetry are both pos-
sible. The polymorphism and distortions
depend on the synthesis conditions and the
detailed nature of the chemical bonding.

Conclusions

From a knowledge of the geometry of a
cubic A,B,XY pyrochlore, the X anion po-
sitional parameter can be expressed as a
function of the ratio of the mean cubic to
octahedral bond lengths. The cell edge and
positional parameter can be calculated
given a consistent means of predicting the
average cubic and octahedral bond lengths,
here obtained by the additivity of effective
ionic radii. This cell edge calculation is a
preferred alternative to the compietely em-
pirical equations relating cell edge to mean
cubic and octahedral radii. In a regression
analysis of observed versus calculated cell
edge the standard deviation from the re-
gression line is an order of magnitude larger
than the reported errors in the cell edges,
indicating that at least 20% of the pyro-
chlores examined may have inconsistencies
in their stoichiometry, cell edge measure-
ment, or bond length predicting radii. Par-
tial atomic or oxidation-state disorder over
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FiG. 6. Structure field map of octahedral cation radius versus cubic cation radius contoured with
values of the cell edge, a, X anion positional parameter, x, and radius ratio, rA/rB. The ionic radii of
Shannon (/2) are used, and both the X and Y anions are here assumed to be divalent oxygen (r(0*") =

1.38 A for four coordination).

A and B may also contribute to the discrep-
ancy in some cases. The diagrams and
equations presented also allow for the pre-
diction of the cell edge and anion coordi-
nate for hypothetical or partially studied
pyrochlores.

A similar statistical study of the ‘‘in-
verse’’ pyrochlores could be made using
geometric  equations developed for
OB, XsM; however, a large data base is
lacking. In addition, the M atom in many
“inverse’’ pyrochlores is displaced from
the 8a positions into the 32¢ positions, for
which there is another variable parameter.
A similar study of the defect pyrochlores
would not be possible, unless the effective
size of the vacant A sites could be accu-
rately estimated.
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