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Two polymorphs of Li,CuZrQO,4 have been synthesized and
their structures characterized by X-ray, neutron and electron
diffraction. Both have novel types of ordered rock salt structure.
p-Li,CuZrQ, is tetragonal, a=4.165(1) A, ¢=9.418(1) A,
1-dm2, Z=4, R;=5.9%; the four sets of octahedral sites
contain Zr, Li and partially ordered Li/Cu (two sets). y-
Li,CuZrQy is orthorhombic, a=9.383(1) A, h=5.894(1) A,
¢=5.862(1) A, Cccm, Z=8, R;=6.3%: in this case, the four
sets of octahedral cation sites are fully ordered. Both structures
show Jahn-Teller cooperative elongation of CuQg octahedra.
The transition from the low-temperature y polymorph to the
high-temperature f phase is first order as indicated by the
presence of a transition enthalpy at an onset temperature of
1047°C on heating. © 2002 Elsevier Science (USA)

INTRODUCTION

The family of phases, Li,MX0O4: M =Mg, Mn, Fe, Co,
Zn; X=Z7r, Hf, have a double rock salt superstructure
similar to a-LiFeO,, but with partial order of cations: Li
occupies one set of octahedral sites but M and X are
disordered over a second set (1, 2). The related phase,
Li,CuZrO4 was indexed on a similar tetragonal unit cell (2)
but had a larger c¢/a ratio, attributed to a structural
distortion associated with the Jahn—Teller active Cu®" ion.
In addition, extra powder X-ray diffraction (XRD) lines
were observed indicating supercell formation with possible
ordering of Cu and Zr atoms. Comparison of XRD
patterns of samples cooled from different temperatures
suggested that Li,CuZrO, is polymorphic (3). We recently
summarized the crystal structures of - and y-Li,CuZrO, in
a review of cation-ordered rock salt superstructure oxides
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(4,5). Here, a more comprehensive study of Li,CuZrQ, is
reported, covering crystal structure determination of the
two polymorphs by a combination of X-ray, neutron and
electron diffraction.

The following labeling scheme for the various structures
is used. The label o is used for a-LiFeO, (although some
authors have labeled this as y) and the isostructural
Li,MXO, phases. For the latter family, only one poly-
morph has been generally encountered so far; a high-
temperature polymorph containing complete cation dis-
order is, however, possible, as indicated for M =Ni (2).
Other ordered, low-temperature polymorphs are also
possible, especially with Jahn-Teller active M ions such
as Cu®*. Both polymorphs of Li,CuZrO, described here
are ordered forms of the o structure; they are therefore
labeled f and y; the y structure is the more ordered, low-
temperature polymorph.

EXPERIMENTAL

Li,CuZrO4 was prepared by solid-state reaction of
Li,COs;, ZrO, and CuO over the temperature range 700—
1100°C. The reagents were mixed in an agate mortar and
fired in a Pt boat at 700°C to decarbonate for a few hours.
Final firing of the low-temperature, light-green colored
polymorph, y-Li,CuZrQy,, was at 1100°C for 24 h in a flow
of O, followed by furnace cooling in O,. The high-
temperature, olive-green f§ polymorph was prepared from
the pre-reacted material by firing at 1100°C under an O,
flow followed by quenching in water. A small amount of
CuO impurity was detected by XRD in both polymorphs;
Cu,0 and LiCu;303 were also detected in the  polymorph.
Phase identification and unit-cell parameter determination
was carried out by XRD using a Philips Hdgg-Guinier
focusing camera and Stoe Stadip powder diffractometer
(transmission geometry), both CuKw; radiation. For
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Rietveld refinement, X-ray powder diffraction (XRD) data
were collected at room temperature with a Seifert 3000
powder diffractometer (Bragg-Brentano geometry; CuKo;
radiation) over the range 10°<20<150° with a collection
time of approximately 27h. A detector stepwidth of 0.02°
was employed, but the § polymorph was also recorded with
a varying stepwidth program: 10-65° (stepwidth 0.01°),
65-115° (0.02°) and 115-160° (0.04°). The y polymorph was
also studied by neutron diffraction (ND) at room
temperature with the Dla diffractometer (ILL, Grenoble)
using a wavelength of 1.911 A. Theoretical powder patterns
for possible structural models were generated with the Stoe
software program THEO; calculated and experimental
patterns were then compared and parameters of the model
refined by the Rietveld method with neutron and/or X-ray
data using the program FullProf (6).

For transmission electron microscopy (TEM), powders
were gently crushed in an agate mortar and deposited on a
holey carbon-coated copper grid. Diffraction patterns were
collected both with a medium-resolution JEM 2010
instrument using a tilting-rotating specimen holder and a
TOPCON 2B high-resolution microscope equipped with an
objective lens with a spherical aberration constant of
0.8 mm and a point-to-point resolution of 0.18 nm.

Compositional analysis was carried out on f and 7y
polymorphs with a Cameca SX51 electron probe micro-
analyzer. Standards used were ZrSiO4 (for Zr) and CuO
(for Cu). The grain size of both samples was small and it
was necessary to use the instrument in fixed beam rather
than raster mode, thus placing greater uncertainty on the
results of the analysis; oxygen was not determined directly,
therefore. The EPMA results, Table 1, provide a check on
the Cu:Zr ratio. The copper content of the f phase is
slightly lower than expected; by EPMA, both samples
contained a small amount of CuO as a second phase
impurity. Differential thermal analysis (DTA) was carried
out under a flow of oxygen on a Setaram Labsys
instrument over the temperature range 25-1100°C with

two heating-cooling rates of 5 and 10°min~".

TABLE 1
Electron Microprobe Compositional Analysis
of Li,CuZrQO,4 Phases

By EPMA Expected
B-LiQCquO4
Cu 10.0(1) 12.5
Zr 11.3(4) 12.5
v-Li,CuZrOy
Cu 11.7(3) 12.5
Zr 12.1(2) 12.5

Note. At% averaged over 8 points (f phase) and 10 points (y phase);
e.s.d.s in parentheses.
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STRUCTURE DETERMINATION

"/-LizCquO4
X-Ray and Neutron Diffraction

The powder diffraction pattern of p-Li,CuZrO, was
indexed on a C-centered orthorhombic, pseudo-tetragonal
cell with the approximate geometrical relationship to the
simple cubic rock salt structure: a, = 2a, b,~cy = /2a.
Indexed XRD data collected with the Stoe Stadip
diffractometer have been published in the ICDD (7).

Various trial models for the structure of y-Li,CuZrO,
were tested in space groups Ccem (No. 66) and Cec2 (No.
37), bearing in mind that the structure was likely to be
rock-salt-related with cubic-close-packed (ccp) oxide ions
and cations ordered, or partially ordered, over the
available octahedral sites. Using space group Ccc2, the
positional parameters associated with the z-coordinate of
both oxygen positions and the y-coordinate of one oxygen,
0O(2), failed to converge. Refinement proceeded satisfacto-
rily in space group Cccm, but the oxygen positional
parameters are no longer variable.

At this stage, the profile R-factors were somewhat poorer
than expected for a relatively simple structure; this is
attributable to an anisotropic and inconsistent full-width at
half-maximum (FWHM) distribution for the Bragg reflec-
tions, rather than to a structure determination which was
only partially correct. On inspection of the rather limited
number of powder reflections, there appeared to be no
obvious correlation between the order of the reflection
index and the peakwidth as occurs, for example, with strain
and defect broadening. Several samples of y-Li,CuZrO4
were made in two laboratories using alternative precursor
materials but no changes were found in the XRD patterns.
A sequence of annealing regimes at different temperatures
was also employed to study the stability of the y phase but,
at each temperature, the X-ray reflection profiles were
identical. These results provide strong evidence that the
anomalous peak-profile shapes are an intrinsic feature of
the thermodynamically stable y phase. The only correlation
found between sharp and broadened reflections is given by
the cell-parameter relation existing between the low- and
high-temperature polymorphs: the broadened reflections of
the former are not allowed for the high-temperature
polymorph (f-Li,CuZrQ,), i.e., reflections with k+ /=
2n + 1. Hence, for the Rietveld refinement of the XRD
data, the (hk/) reflection set was split into two: one set with
k 4+ [ =2n and another with k +/ = 2n + 1. An empirical
structural model was then constructed in which each
reflection set adopted independent profile parameters. This
model added only one Lorentzian parameter and was
refined with the FullProf software. On refinement, the
goodness-of-fit parameter (i) is reduced significantly from
2.84 tol.96.
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FIG. 1.

Observed and difference neutron powder diffraction profiles of y-Li,CuZrO,4. Tick marks indicate the positions of reflections for

7-Li,CuZrOy (top) and CuO (bottom); small tick marks are k + / = 2n + 1 reflections.

Due to the higher relative scattering factors of Li and O
to neutrons compared to X-rays, neutron diffraction was
carried out on the y phase to characterize more accurately
both the oxygen positions and the oxygen and lithium
thermal vibration parameters. As a result of the larger
instrumental profile of the DIA neutron beam, the peak-
shape inconsistencies, which resulted in a poor X-ray fit,
were largely masked in the neutron refinement. Taking the
X-ray structure as a starting point for a combined X-ray—
neutron refinement, it was found that the Li(1) thermal
vibration parameter was very high (greater than 3.9 Az). A
Fourier difference map indicated that the Li(1) position
may be split. Li(1) was, thus, placed on the 8e site with an
occupation of 0.5 and its positional parameters refined.
This led to a decrease in x> from 4.19 to 3.93 and the B-
value refined to a more reasonable value of 1.7 A2, Despite
the poorer resolution of the neutron data in comparison
with the XRD data, the profile could be improved slightly
using a model based on different reflection sets, as observed

by electron diffraction and refined by XRD. The refine-
ment was also better when the CuO second phase was
included even though the amount of CuO impurity was
<2wt%. The observed and difference profiles of y-
Li,CuZrO,4 are shown in Figs. 1 and 2 for ND and XRD
data, respectively. Final atomic coordinates, bond lengths
and bond valences are given in Table 2.

Electron Diffraction

Electron diffraction was employed to examine further
the cause of the unusual XRD peak-profile shapes.
Reciprocal space construction showed that the majority
of crystallites consisted of domains oriented at 90° to one
another corresponding to the interchange of b- and c-axis.
This twinning along the (011) and (0—11) planes is not
unexpected considering the similar magnitudes of the b and
¢ cell parameters. The selected-area electron diffraction
(SAED) patterns of Fig.3 were taken under the same
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FIG. 2. Observed and difference X-ray powder diffraction profiles of y-Li,CuZrO,. Tick marks indicate the positions of reflections for y-Li,CuZrOy4
(top) and CuO (bottom); small tick marks are k + / = 2n + 1 reflections. The inset shows anisotropic broadening of the (110) reflection with respect to

the (200) reflection.
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TABLE 2
Atomic Parameters and Bond Lengths for y-Li,CuZrQO,4. Coupled XRD-ND Refinement

Ceem a=9.385(1) A, b=5.895(1) A, ¢=5.863(1) A“

Atom Site X y z Biso Occupancy
Li(1) 8/ 0.210(4) 0.742(10) 0 1.7(3) 0.5
Li(2)/Cu(2) 4b 0 i i 0.5(3) 0.97/0.03(1)
Cu(3)/Li(3) 4d 0 0 : 0.58(6) 0.95/0.05(1)
Zr 4e i i 0 0.28(3) 1
o(1) 8/ —0.0246(7) 0.228(1) ! 0.43(6) 1
0(2) 8g 0.2662(7) 0 3 0.55(6) 1
Distance to O(1) in A Distance to O(2) in A
Li(1) 2.20(4) (x 1) 2.06(4) (x2)
2.18(4) (x 2)
Li(2) 2.185(5) (x 4) 2.194(7) (x 2)
Cu(3) 2.001(5) (x 4) 2.498(7) (% 2)
Zr 2.119(6) (x 2) 2.0838(5) (x 4)

“Rawp=T.9%, Raxwp=12.9%, 1°=3.2 (4x=3.9, xx=2.01), Ry, =4.9%, Ry, =6.33%.

conditions. The selector aperture permitted the isolation of
two domains within the same microcrystal (Figs. 3a and
3b) oriented at 90° with respect to one another. The
corresponding high-resolution images (Fig. 4) exhibit sub-
stantial contrast modulations that are attributable to local
(dis-)ordering. From the high-resolution observations,
most crystals appear to be composed of crystallites whose
diameter is as small as 15nm.

Local order—disorder phenomena are also encountered
in a number of SAED patterns that exhibit complex diffuse
streaks, often parallel to the a-axis as, for example, in
Fig. 5. A microdiffraction pattern projected along the
[100] zone axis, Fig. 6a, indicates further order—disorder
complexities. As the reflection conditions are hkl, h + k =
2n; Okl (k =2n), [ =2n, the b'- and ¢ -axis may be

distinguished in the First-Order Laue Zone (FOLZ)
wherever the reflection condition 1k/, k = 2n + 1 is met.
However, careful observation of the Zero-Order Laue
Zone (ZOLZ) reveals the presence of diffuse spots along
the ¢"-axis corresponding to forbidden reflections which
indicate the loss of the c¢-glide mirror perpendicular to a.
These spots also occur in the perpendicular direction
(along b") and, thus, provide further evidence of 90°-
oriented domains. These forbidden reflections can also be
seen in the corresponding SAED pattern (Fig. 6b) where
the diffraction area is much larger (approximate diameter,
1 um). Another type of diffuse reflection can be observed in
Fig. 6b which may correspond to the intersection of diffuse
streaks parallel to a” and the Ewald sphere on the (100)”
plane such that a local doubling of dy;; takes place. This

FIG. 3. SAED patterns of 90° rotated domains of a y-Li,CuZrO,4 microcrystal which can be indexed as follows: (a) [10-1] zone axis and (b) [1-10]

zone axis; starred spots are due to double diffraction.
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FIG. 4. High-resolution images of the same y-Li,CuZrO,4 microcrystal: (a) [10-1] zone axis and (b) [1-10] zone axis domain.

corresponds to the formation of a superstructure along
[011], i.e., the <100 rock-salt subcell direction, limited to
small domains which are incoherent along a.

TEM thus points to the systematic twinning of crystals
in the y polymorph through exchange of b- and c-axis,
although no planar domain boundary is observed; evidence
of ordering is on only a very local scale and rotated
domains are small. Complex diffusion observations pro-
vide further evidence of very local ordering phenomena. At
the structural level, systematic rotation by 90° only affects
the ordering in the Li—Cu rows since the chequered
arrangement of the Zr is preserved from one domain to
the other. As the Zr site (4¢) has a special condition limiting
possible reflections to 4, k, lk + | = 2n, these reflections are
not affected by the size of the domains, whereas the other
reflections (4, k, Ik + [ = 2n + 1) are broadened. It is worth
pointing out that the diffracting selected domains in
electron diffraction is rather small compared to those in
neutron and X-ray powder diffraction, thereby allowing
the observation of local loss of symmetry related to the

FIG.5. SAED patterns projected along [00 1] showing diffuse streaks
parallel to a*.

systematic 90° rotation of small domains which remains
undetectable by the other techniques.

B-Li,CuZrO,

XRD data were indexed on the tetragonal cell reported
previously (1,7). Structural models were generated for f-
Li,CuZrO4 with the Stoe software program THEO, as for
the y phase. A few space groups of type 4~ were possible
as no reflection conditions other than the body-centered
lattice symmetry were observed. Similarities in unit-cell size
and X-ray powder pattern had indicated that the structure
was similar to Li,MgZrOy4 but, in all probability, with a
more complex cation order. Hence, various possible
structural models with ccp oxide ions and similar cation
ordering schemes to Li,MgZrO,4 were tested. The structure
was finally resolved in space group [-4m2 (or I4) and
refined by the Rietveld method from its X-ray powder
pattern.

In a model with the cation sites completely ordered and
with one cation type per site, the Cu site had a particularly
large Bj, value and one Li site refined to a negative value.
It seemed, thus, that Cu and Li may share sites; a model
with only partial order between one of the Li sites and Cu
refined more successfully. The observed and difference
XRD profiles of f-Li,CuZrO,4 are shown in Fig. 7; atomic
parameters and bond lengths are given in Table 3. As is the
case for the y polymorph, the profile parameters of the X-
ray refinement show anisotropic broadening; the phenom-
enological model of anisotropic peak broadening proposed
by Stephens (8) was, thus, used to describe the peak
profiles. The values obtained for the degree of partial
ordering between Li and Cu are approximate. Although
ND may provide more information on the Li and Cu
partial occupancies, we were unable to obtain -Li,CuZrOy
in sufficient quantities to conduct this experiment because
of its difficult synthesis.



316

DUSSARRAT ET AL.

FIG. 6. Microdiffraction patterns projected along the [100] zone axis. FOLZ spots obey the condition: 1kl,k =2n+ 1. On ZOLZ, forbidden
reflections are indicated by plain curved arrows and diffuse extra reflections by dotted arrows.

Phase Transition

The phase transition from the y- to the f-polymorph can
be seen in the DTA thermogram, (Fig. 8). The temperature
onset of endothermic and exothermic peaks is detected at
1053°C and 1037°C, respectively (heating and cooling rate
5°min~"). The extrapolation to a null heating rate led to a
hysteresis of about 8°C between heating and cooling cycles,
indicative of a first-order phase transition (inset of Fig. 8).

DISCUSSION

p-Li,CuZrO4 has a partially ordered rock salt super-
structure with unique sites for Zr and one set of Li atoms
and partial ordering of Cu and Li onto two separate sites.
The unit cell and ion arrangement are shown in Fig. 9.

There are four formula units per unit cell, with the
relationship between supercell and rock salt subcell (RS),
s :ag = ags,cp = 2ars. If we consider the structure to be
composed of layers (but not close-packed layers) which
stack along ¢, it can be seen that Zr and Cu order onto
alternate layers, indicated by A and B, respectively. In the
Zr-containing layers (A), Li (3) and Zr are fully ordered
whereas the Cu-containing layers (B) are only partially
ordered; for clarity, in Fig. 9 the Li and Cu positions in
layer B are shown as fully ordered. Both Cu-containing
sites show Jahn—Teller elongations of their octahedra. The
only regular octahedra in the structure are, in fact, the
ZrOg¢ octahedra, as the Li(3)Og octahedra are also
distorted. If we consider for the moment that the partially
ordered Li/Cu sites are, instead, fully ordered, with Li fully
occupying the Li/Cu(1) site and Cu fully occupying the Li/

T T
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FIG.7. Observed and difference X-ray powder diffraction profiles of -Li,CuZrO,. Tick marks indicate the position of reflections for -Li,CuZrOy,

Cu,0, CuO and Li;Cu30;3 from top to bottom, respectively.
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TABLE 3
Atomic Parameters and Bond Lengths for p-Li,CuZrQ,4. XRD Refinement

I-4m2 a=4.165(1) A, ¢ = 9.418(1) A

Atom Site X y z Biso Occupancy
Li(1)/Cu(1) 2b 0 0 ! 0.49(8)° 0.78/0.22(2)
Cu(2)/Li(2) 2a 0 0 0 0.49(8)° 0.70/0.30(2)
Li(3) 2d 0 . 2 0.95¢ 1
Zr 2¢ 0 1 : 0.61(3) 1
o(1) 4e 0 0 0.24(1) 1.5(3) 1
0(2) 4f 0 . 0.473(4) 1.6(3) 1
Distance to O(1) in A Distance to O(2) in A
Li(1) 2.45(11) (x 2) 2.098(5) (x 4)
Cu(2) 2.26(11) (x2) 2.098(5) (x 4)
Li(3) 2.08(1) (x 4) 2.61(4) (x2)
Zr 2.084(5) (x 4) 2.10(4) (x2)

“Global weighted 5°=2.92, Ry=5.9% (first scan), 8.3% (second scan), 17% (third scan).

bconstrained to the same value.
‘not refined.

Cu(2) site, then the structure would be an ordered
polymorph of the Li,MgZrO,4 (or «-LiFeO,) structure;
accordingly, the space group of f-Li,CuZrOy,, I-4m2, is a
subgroup of that of a-LiFeO,, I4,/amd.

The structure of y-Li,CuZrO4 is a rock salt super-
structure in which, unusually, complete cation order is
achieved for three different cation types. There are very few
examples of rock salt superstructures that display ordering
among more than two different types of cation; one
example is Li3Zn,SbOg (9). In y-Li,CuZrOy, there are eight
formula units per unit cell with the supercell:subcell
relationship: a, = 2ags, b},zc},z\/mRs. The cation ar-

Heat Flow (a.u.)

sl
950 1000 1050
Temperature (°C)

1100

FIG.8. DTA thermogram of Li,CuZrO4 at 5°C min~!. The inset
shows Tonset for the endothermic (circle) and exothermic (square) peaks at
two different heating rates (5°Cmin~' and 10°Cmin™").

rangement and unit cells are shown in Fig. 10; again,
oxygen positions have been omitted for clarity. Layers of
ordered Li and Zr alternate with layers of ordered Li and
Cu. The Li and Zr cations adopt a chequered arrangement
within the Li/Zr layers, whereas within the Li/Cu layers,
chains of edge-sharing CuOg octahedra and edge-sharing
LiOg¢ octahedra run parallel to each other and parallel to c.
The CuOg octahedra show a considerable Jahn-Teller
elongation, but the Li(2)O4 octahedra within the Li/Cu
layers are quite regular. The ZrOg octahedra are also
relatively undistorted. The Li(1)O¢ octahedron is very

05 Jo
i/@)opcz? —"

™ A
D,
FIG. 9. Unit-cell and cation arrangement of f-Li,CuZrO, showing Li/
Zr-containing layers (A) and Li/Cu-containing layers (B) (A and B layers

are not close packed). In the B layers, the order between Li and Cu is only
partial but has been shown as complete for the sake of clarity.




318

FIG. 10. Unit-cell and cation arrangement in y-Li,CuZrO4 showing
Li/Zr-containing layers (A) and Li/Cu-containing layers (B) (A and B
layers are not closely packed).

elongated along a in a model in which this site is not split,
but on splitting the site, the Li(1) coordination becomes
five-fold and more regular.

The systematic twinning in the bc plane affects only the
ordering in the Li-Cu rows. In fact, rotation of the
structure through 90° can be conducted by translation
while retaining the symmetry of the framework with the
exception of these Li—Cu rows.

The bond valence concept (11, 12) can be used to give an
indication of the correctness of the structure solution . The
sum of the bond valences between a central atom, i, and
neighboring atoms, j, should equal the valence, V;, of

atom i:
Vi= b,
J

where b;; is the bond valence determined from universal
correlation curves which represent the bond valence—bond
strength relationship for that bond in a number of
structures. The bond valence values for each cation,
calculated with parameters given in Ref. (13), are shown
in Table 4; for mixed cation sites, the average bond valence
has been calculated. For y-Li,CuZrQO,, all the calculated
valence states are as expected, to be within ~15%, and
support the correctness of the structure solution. The
discrepancies are, in general, somewhat larger for the f§
polymorph, particularly for the Li(3) site. However, in view
of the empirical nature of bond valence calculations, the
values are close enough to indicate that the f structure has
also been correctly determined.

The driving force for ordering of Cu and Zr in
Li,CuZrQ,, as opposed to the statistical distribution of
Zr and the divalent cation in the family o-Li,MZrOy:

DUSSARRAT ET AL.

M=Mg, Mn, Fe, Co (1,2), is almost certainly associated
with the presence of Jahn-Teller active Cu®>" cations which
results in an elongation of the c-axis by an extra 13%
beyond that expected for a simple doubling of the rock salt
cell. In other members of the Li,MZrO, family, ¢ is also
greater than expected, but the effect is not so pronounced
e.g., 5.5% in Li,CoZrQ,4. Copper ions order into alternate
layers in both f and y polymorphs so that the CuOgq
octahedra are adjacent and co-planar. This allows co-
operative elongation of the Cu-containing octahedra
leading to a tetragonal distortion of the unit cell. The
phase transition from f to y appears to occur when the
energy gained by aligning the CuQOg octahedra in edge-
sharing chains (y) becomes greater than the electrostatic
repulsion energy associated with having Cu®* cations in a
cis configuration within an octahedral environment.

Li,CuZrO,4 has an interesting analogue in the phase
NaMnO, (14). This ordered rock salt also has two
polymorphs. a-NaMnO, has the z-NaFeO,-type structure,
in which different cations separate into alternate layers
between close-packed oxygens. f-NaMnQO,, however, has
an ordered rock salt structure that is isostructural with
LiMnO, (15). As in Li,CuZrOy, Pauling’s rule is relaxed
due to the presence of Jahn—Teller active cations and again,
there are two types of cation environment around oxygen
with nearest neighbors 4Na/2Mn and 2Na/4Mn, respec-
tively. Adjacent MnOg octahedra edge-share and align
themselves in chains parallel to chains of NaOg octahedra.
The formation of a second polymorph with edge-sharing
MnOg octahedra allows Jahn-Teller cooperative elonga-
tion of the MnQOg octahedra.

CONCLUSIONS

Li,CuZrO4 is polymorphic, with f and y rock-salt-
related structures that differ in the manner in which the
cations are ordered. In both structures, CuOg4 octahedra
are aligned in layers, causing a Jahn-Teller elongation of

TABLE 4
Calculated Valence States in Li,CuZrQ,4 Polymorphs

Atom Calculated valence state Oxidation state
p-Li>CuZrOy

Li(1) 0.84 1

Li(2)/Cu(2) 1.02 1.22

Cu(3)/Li(3) 1.48 1.7

Zr 3.98 4
y-Li>CuZrOy

Li(1) 0.85 1

Li(2) 0.86 1

Cu(3) 1.90 2

Zr 3.92 4
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the unit cell. In p-Li,CuZrO,, the CuOg octahedra
predominantly corner-share, whereas they edge-share in
y-Li,CuZrO4. TEM indicates that in the S polymorph
systematic twinning of crystals takes place through
exchange of the b- and c-axis. The phase transition from
y to f takes place at 1047°C and is first order as indicated
by DTA.
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