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The crystal structures of LiReO; and LisReQjs, obtained by Li insertion into ReOj, were determined
by neutron diffraction powder profile analysis. For both phases, the ReO; host lattice, made ex-
clusively of corner-shared octahedra, was altered significantly on Li insertion without breaking bonds.
The original 12-coordinated perovskite-like cavity was changed into two octahedral sites, which are

occupied by the lithium ions.

There has been significant interest in
recent years in materials which undergo
topotactic insertion of lithium because of
their potential use as electrode materials in
secondary batteries (I -3). Lithium is ionic
in these compounds, and the charge is com-
pensated by a reduction of the host cations
(chalcogen—chalcogen bonds may be re-
duced in some compounds). Host structures
may be of the layer or framework type. In
the layer type, the Li* ions are accommo-
dated in the van der Waals gap between
layers, and in framework structures, Li*
ions occupy formerly vacant cations sites.
ReO; and shear structures related to it
are suitable hosts for lithium (3-5), with
Li,ReO3 forming three distinct phases with
stoichiometries (3) 0.0 = x = 0.35, x = 1.0,
and 1.8 = x = 2.0. Structural characteriza-
tion of insertion compounds has lagged far
behind the preparation of new compounds
due to the unavailability of single crystals
for standard crystallographic structure
analysis. Lithium insertion inevitably in-
volves significant changes in structural
dimensions which pulverize starting mate-

rials. Neutron diffraction powder profile
analysis is the best technique for structure
determination, as it requires only a poly-
crystalline powdered sample, and is more
sensitive than X-ray diffraction in the char-
acterization of light atoms such as Li in
structures which contain atoms of higher
atomic number. The method has been
applied to lithium insertion compounds of
TiS, (6), WO3 (7), and MoOj; (8). We report
here in detail on the structures of LiReQOjs
and Li;ReQj3, elaborating on an earlier com-
munication (9). The low-lithium compound
Lio3sReO3 could not be prepared in large
batches in single-phase form and its struc-
ture was therefore not determined.

Experimental

ReQj is red in color and displays metallic
conductivity. The ReO; employed in this
study (Alfa Inorganics) was purified by
iodine transport in a 450-400°C gradient.
Finely intergrown with the resulting ReQO,
crystals was about 5% of a second phase
which powder X-ray diffraction showed to
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be ReQ.. Although this phase was present
throughout the insertion reactions and
structural characterization, its effect on the
structural analysis was easily eliminated by
omitting a few small regions of the neutron
diffraction powder pattern where diffracted
intensities interfered with those of the
major phase.

Details of the phase equilibria for
Li,ReO; have been reported elsewhere (5).
The LizReO; used in the structural study
was prepared by adding a solution of
n-butyl-lithium in hexane (54 ml, 2.46 N)
to powdered ReO; (22.82 g) in a Pyrex
vessel. After an initial exothermic reaction,
the vessel was sealed under reduced pres-
sure and heated to 50°C for 7 days. The
reaction mixture was opened in a helium
atmosphere glovebox, filtered, washed with
hexane, and dried in vacuo. A small sample
treated with a standard iodine solution in
acetonitrile determined the lithium stoichi-
ometry to be Li; gsReOs.

It did not prove practical to prepare
homogeneous LiReQj; directly from ReOs.
Rather, it was prepared by treating solid
Li;ReO; with absolute ethanol under argon
in a Schlenk frit. In that process, hydrogen
gas is evolved and soluble lithium ethoxide
is formed. Over 2 days the solid was filtered
and more ethano] was added. The filtrates
were titrated for base to monitor the lithium
removed. When the stoichiometry was
close to LiReQs, the X-ray powder patterns
were monitored until a pure phase was
formed. Excessive washing with ethanol
must be avoided near the end of the reac-
tion, as the cubic Lig.asReO; phase slowly
appears as more lithium is removed. After
single-phase LiReQs was formed, the sam-
ple was dried in vacuo.

Neutron diffraction measurements were
performed on a powder diffractometer at
the NBS Reactor, with the experimental
conditions described in Table I. The samples
were loaded into 1-cm-diameter vanadium
cans sealed with wax to avoid decomposi-
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tion of the compounds, which are air
sensitive.

The powder profile refinement was per-
formed with the Rietveld method (10)
adapted to the five-detector diffractometer
design and modified to allow the refinement
of background intensity (/). In the course
of this analysis, it became apparent that the
peaks produced by samples of the two
compounds did not conform to a Gaussian
distribution. This effect cannot be attributed
to instrumental factors, since the diffrac-
tometer, used with identical conditions and
with standard materials such as Al;Os,
gives Gaussian diffraction lines over the
entire 20 angular range within very good
approximation (x between 1.1 and 1.2, by
fitting single peaks). The program was then
further modified to describe the line pro-
files with the Pearson Type VII distribution,
which allows the lineshape to be changed
continuously from Gaussian to Lorentzian
through one additional profile parameter.
The main properties of the function and its
application and interpretation to the present
problem are described in detail elsewhere
12).

The neutron-scattering amplitudes em-

TABLE I

EXPERIMENTAL CONDITIONS USED TO
MEASURE THE POWDER PATTERNS OF
LiReOj3 AND LiReO;

reflection 220 of a Cu
monochromator with
mosaic spread of ~15' arc

Monochromatic beam:

Wavelength: 1.542(1) A

Filter: pyrolitic graphite

Horizontal divergences: 10, 20, and 10’ arc for the
inpile, monochromatic
beam, and diffracted
beam collimators,
respectively

Sample container: vanadium canof ~10-mm diameter

Angular ranges scanned by
each of the five detectors: 15-40, 35-60, 55-80,
75-100, 95-120°;
step: 0.05°
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ployed were b(Li) = ~0.214, b(Re) = 0.92,
and b(0) = 0.58 (X107 ¢cm) (/3). Initial
lattice parameters were obtained by least-
squares fits to the X-ray diffraction data.
The background was assumed to be a
straight line with finite slope and was re-
fined for each channel. This description is,
in general, adequate within the small angular
interval scanned by each counter. Approxi-
mate values of the background parameters
were obtained at positions in the patterns
free from diffraction effects. In the refine-
ment of the structural models, all structural,
lattice, and profile parameters were refined
simultaneously. Refinements were termi-
nated when all parameter shifts were less
than 0.30.

Results
Precise rhombohedral unit cell dimen-
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sions for both LiReO3 and Li,ReO; were
obtained by least-squares fits of the peak
positions in powder X-ray diffraction pat-
terns, indicating that an earlier preliminary
orthorhombic indexing (4) was inaccurate.
The X-ray powder diffraction patterns and
unit cell parameters for Lio 3sReQ3, LiReOs,
and Li;ReQj; are presented in Table I1I. We
did not observe a doubling of the cubic ReO3-
type cell for LigasReO3in the X-ray powder
patterns, as is observed in the analogous
compound Liy3sWO; (7). After indexing
and unit cell parameters were established,
it was apparent that the structures of
LiReO; and Li;ReQO;3; were closely related
to those of many of the transition metal
trifluorides and ferroelectric LiNbOj. The
initial atomic positions for all atoms of
LiReOj; and for the rhenium, oxygen, and
half of the lithium atoms of Li-ReO3 were

TABLE 11
CRYSTALLOGRAPHIC DATA

R603 Lio,asRe 03 LiRe 03 L12R603
z 1 1 6 6
a, 3.748 3.690 5.0918(3) 4.9711(1)
Co — —_ 13.403(1) 14.788(1)
Vol/FU 52.65 50.24 50.16 52.74
X-Ray powder patterns
Lio_asRCOa LlRCOa ngRﬁOa

HKL d 1, HKL d Il d I,
100 3.690 100 012 3.684 100 3.720 100
110 2.609 95 104 2.668 65 2.805 60
111 2.130 40 110 2.546 50 2.486 50
200 1.845 45 006 2.234 5 — —
210 1.650 80 113 2.212 5 2.219 5
211 1.506 45 202 2.094 30 2.067 30
220 1.305 20 024 1.842 35 1.860 35
300 1.230 40 116 1.679 30 1.750 55
122 1.617 25 1.589 30
018 1.566 10 1.699 20
214 1.492 20 1.489 20
300 1.470 10 1.435 15
208 — —_ 1.402 15

1010 — — 1.399
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TABLE III

A. The structure of LiReQ4

B
Atom Position X Y z (A?
Re 6a 0 0 0 0.18(6)
Li 6a 0 0 0.273(1) 1.6(3)
0 18b —0.3801(7) 0.012(1) 0.2460(9) 0.27(6)

m=15(2), Ry = 5.66, R, = 5.55, R, = 7.04, Ry = 5.00. Space group: R3c, Z = 6. Number of observations:
2464, Number of independent Bragg reflections: 49.

B. The structure of Li;ReO;

Bll
Atom Position X Y z (A
Re 6a 0 0 0 0.21(6)
Lil 6a 0 0 0.312(1) 1.4(3)
Li2 6a 0 0 0.169(1) 1.4(3)
(6] 18h —0.3580(9) -0.008(2) 0.2551(8) 0.21(6)

m=3(12), Ry=8.05,R, = 7.58, R, = 9.77, Ry = 7.71. Space group: R3c, Z = 6. Number of observations: 2505.
Number of independent Bragg reflections: 65.

¢ Thermal parameters not refined independently for this coupound:

_ 2|Hobs) — I(calo)|

Ry 3 I(obs) ’

_ 3|yobs) — y(calc)|

» 2 y(obs) ’
R - Zwly(obs) — y(calc)]?| *
v Swly(obs)]? ’

1/2

R N-P+C
£ Swly(obs)]?

’

where N = number of independent observations, p = number of parameters, C = number of constraints,
y = counts at angle 20, I = integrated Bragg intensities, and w = weights. The present atomic coordinates are
related to those in Ref. (12), Table I, by inversion and translation of the cell origin by 0.5¢.

therefore taken as those of LiNbOj (/4), Rhombohedral structures of the MF; and
transformed to a coordinate system in LiNbOj types have been described in the
which they would be compatible with the space groups R3c and R3c. For both
positions reported in the transition metal LiReO; and Li;ReOjz the structures are
trifluorides. The extralithium atoms present noncentrosymmetric, space group R3c.
in the structure of Li:ReOj; were assigned Dropping the space group symmetry to R3
on the basis of chemical considerations. through elimination of the ¢ glide did not,
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in either case, improve the refinement
agreement factors or result in significant
shifts of the atoms from their K 3¢ positions.

LiReO;;

The refinement in R3c led to excellent
agreement between the final model and the
data (see Table III and Fig. 1). The dif-
fracted lineshapes were found to be nearly
Lorentzian. There are six formula units per
hexagonal cell. Both Li and Re were found
to occupy positions of the type 6a, while
the oxygen atoms are in the general posi-
tion 18b. Atomic positions and thermal
parameters for the LiReQj structure are
presented in Table III A.

The structure consists of chains of oc-
cupied or vacant face-shared MOj octa-
hedra, running parallel to the hexagonal ¢
axis. Neighboring chains of face-shared
octahedra share only edges. There are
three chains per cell, with six octahedra in
each chain defining ¢c. A projection of the
structure down ¢ is presented in Fig. 3.
The MQg octahedra are irregular, as can be
seen in the figure, which emphasizes the
shared triangular faces for two of the chains.
Beginning with the Re at (0, 0, 0), the MO
octahedra are occupied in the sequence
Re-Li-vacancy—-Re~Li~vacancy. The re-
finements indicate that the Li atoms are
ordered, and do not occur in significant
concentrations in the ‘‘vacant” oxygen
octahedra. The structure is diagrammed
perpendicular to the chains in Fig. 5, where
a comparison of the structures of ReOjs,
LiReO3, and LisReO; is made.

LizR€03

As for LiReOjs, the refinement in R3¢ led
to excellent agreement between the final

Fig. 1. Observed and calculated powder neutron
diffraction profile intensities for LiReO,. Under the
profile for each of the five detectors, plotted on the
same scale, are the differences between the observed
and calculated profiles.
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FiG. 3. The structure of LiReOj; projected into the
(001) plane. The shared triangular faces of two of the
chains of MOg octahedra which run parallel to ¢ are
emphasized with bold lines. Obscured faces are not
shown. Oxygen atoms are at the vertices of the tri-
angles, and the metal atom positions, which project
to (0, 0), &, %), and &, ), are occupied along ¢ as
follows: ®,4 = Re-vacancy-Lil-Re-vacancy~Lil;
B = vacancy-Lil-Re-vacancy-Lil-Re.

model and the data (see Table IIT and
Fig. 2). The lineshapes in this case are close
to modified Lorentzians. Again, there are
six formula units per hexagonal cell. Both
Li and Re were found to occupy positions
of the type 6a (in this case there are two
independent Li atom positions), and oxygen
is in the general position 18b. Atomic
positions and thermal parameters for the
Li;ReQ; structure are presented in Table
II1 B.

The structure of LisReQj is very similar
to that of LiReQOgs, except that all of the
face-shared MOg octahedra are now oc-
cupied. Beginning with the Re at (0, 0, 0),
the MOg octahedra are occupied in the
order Re~Lil-Li2-Re~Lil-Li2 along the
¢ axis. A projection of the structure down
c is presented in Fig. 4. The MOg octahedra
are again irregular, but much less so than in
LiReQs. The addition of the Li atoms to the
formerly vacant octahedra has expanded

FiG. 2. Observed and calculated powder neutron
diffraction profile intensities for Li;ReQ, Under the
profile for each of the five detectors, plotted on the
same scale, are the differences between the observed
and calculated profiles.
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Fi1G. 4. The structure of Li;ReQs projected into the
(001) plane. The shared triangular faces of two of the
chains of MO; octahedra which run parallel to ¢ are
emphasized as in Fig. 3. Oxygen atoms are at the
vertices of the triangles, and the metal atom positions
are occupied along ¢ as follows: @ ,A = Re-Li2-Lil-
Re-Li2-Lil; @ = Li2-Lil-Re-Li2-Lil-Re.

the structure significantly along ¢, as illus-
trated in Fig. 5.

Atomic Coordination

The pertinent bond lengths and angles for
the characterization of the rhenium-oxygen
and lithium-oxygen coordination polyhedra
are presented in Table IV. In both com-
pounds, the ReOs octahedra are slightly
distorted, as reflected by the small devia-
tions from equality of the two sets of Re~0O
bond distances and by the deviations by
only a few degrees of the bond angles from
those of a perfect octahedron. Employing
the 1.40-A ionic radius of oxygen, and
the average Re-O separations, we obtain:
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F1G. 5. The structures of ReO3, LiReO3, and LisReO;
compared perpendicular to the planes of oxygen
atoms. The (111) direction is vertical for ReQOs, and the
¢ axis is vertical for LiReO; and LisReO;. Oxygen
planes are represented by horizontal lines, and Re,
Lil and Li2 atoms by circles, triangles, and squares,
respectively. This figure represents the structures
perpendicular to the representations in Figs. 3 and 4.

¥a+ = 0.63(2) from Li;ReOs, R+ =
0.54(1) from LiReOg3, and R¥Ls+ = 0.48 from
ReOj3. These are in good agreement with
the Shannon and Prewett (/5) radii, except
for the radius of Re®*; which we obtain
from the lattice parameter of ReQj;. The
rhenium coordination in both compounds is
more regular than the Nb coordination in
LiNbQOj;, where the Nb is displaced toward
one shared face of the octahedron (/4).

FIG. 6. Lithium coordination polyhedra. Lithium atoms are represented by solid circles, oxygen by
open circles. (A) Li in LiReO,, (B) Lil in Li-ReQs, (C) Li2 in Li;ReO; The polyhedra are pre-

sented with the ¢ unit cell axis vertical.
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The coordination geometries of the lithium
atoms are more irregular than those of the
rhenium. In LiReQj, the lithium-oxygen
bond distances are 2.00(1) and 2.42(1) A,
with some bond angles considerably dis-
torted from those of an octahedron. The
coordination is shown in Fig. 6A. The
lithium is displaced away from the face
it shares with the rhenium-oxygen octa-
hedron, suggesting Re-Li repulsion. In
Li;ReO;, the lithium-oxygen separation
has decreased on the average, with the
distances 1.95(1) and 2.30(2) A for Lil and
1.98(1) and 2.17(1) A for Li2. These co-
ordinations are illustrated in Figs. 6B and
C, respectively. In LizReQyj all face-shared
octahedra in the chain are occupied, and
the more regular Li coordinations suggest
that the Li-Li repulsion is comparable to

TABLE IV

A. Bond lengths and angles of LiReO;

Li coordination polyhedron

Distance Number
Li-O 2.000(6) 3
2.42(1) 3
Angle
0-Li-0 116.8(3) 3
85.4(3) 3
75.3(3) 3
66.5(5) 3
139.0(8) 3
Re coordination polyhedron
Distance
Re-0O 1.927(8) 3
1.945(7) 3
Angle
0O-Re-0 87.0(4) 3
90.8(1)
89.1(1) 3
93.0(4) 3
175.6(6) 3
Metal-metal distance
Li-Re 3.04Q2)

CAVA ET AL.

TABLE IV—Continued

B. Bond lengths and angles of Li,ReO;

Lil coordination polyhedron

Distance Number
1.95(1) 3
2.30(2) 3

Li1-O

Angle
102.8(6)
90.5(3)
87.6(2)
75.9(6)
160.7(9)

O-Lil-0

W W w W

Li2 coordination polyhedron

Distance
1.98(1) 3
2.17(1)

Li2-0

()

Angle
93.9(1)
87.4(6)
89.7(2)
89.1(6)

176.8(3)

0-Li2-0

W W W W W

Re coordination polyhedron

Distance
2.01(1) 3
2.05(1)

Angle
90.1(4)
92.4(2)
93.7(1)
83.6(4)

175.5(6)

Re-0

W

O-Re-0O

W W W W W

Metal-metal distances
2.78(1)

2.50(1)
2.11(4)

Lil-Re
Li2-Re
Lil-Li2

the Li—Re repulsion. Comparison of Li-O
distances found in this study to those found
in similar materials is not straightforward
due to confusion in the literature concern-
ing whether a lithium has actually been
located or whether its position has been
implied. However, the distances found in
LiNbOj,, 2.07(1) and 2.04(2) (14), are com-
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parable to those found here. The Li-Re
separation in LiReOj; (3.04(2) A) shrinks
considerably in LisReO; (2.78(1) and
2.50(1) A), where there are no vacancies in
the cation chain. The Li-Li separation in
Li;ReO;, 2.11(4) A, is shorter than that
in Li;0, 2.31 A.

Discussion

There is a close relationship between the
structures of ReQs;, LiReOs3, and LisReOs.
The ReOj; host lattice in the lithium-inserted
phases can be derived from that of ReO; by
a rotation of approximately 60° about a
cubic (111) direction, with the shared
corners of the ReQg octahedra acting as
hinges. No bonds are broken. For a rotation
of exactly 60°, the transformation is from a
2 cubic close-packed (CCP) anion array to a
hexagonal close-packed (HCP) anion array.
Rotations of less than 60° result in an anion-
packing intermediate between 3 CCP and
HCP. The resulting phases have rhombo-
hedral symmetry, with the cubic (111) rota-
tion axis becoming the hexagonal ¢ axis.
The geometry of the transformation is illus-
trated in Fig. 7 for the ideal § CCP-to-HCP

3/4 CCP
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twist. The geometry of the (111) twist has
been discussed by several authors, par-
ticularly in reference to the transition metal
trifluvorides (76, 17) and rhombohedral
perovskites (/8, 19). Megaw, in fact, pro-
posed (20) that a transition of this sort might
be responsible for the ferroelectric transi-
tion in LiNbOQOj3, which was later shown to
involve a different type of distortion (27).
The entire range of structures between §
CCP and HCP is observed in the transition
metal trifluorides (/6). Coordinates char-
acterizing the anion array for several of
these compounds are presented in Table V,
with the coordinates of LiReOj, Li,ReOs,
and LiNbO; added for comparison. MoF;
and TaF; have the cubic ReOj; structure,
space group Pm3m, with M in (0, 0, 0) and
Fin &, 0, 0) (0, 4, 0) (0, 0, $). These struc-
tures can also be described in a hexagonal
cell of symmetry R3c with cations in
(0, 0, 0) (0, 0, ¥) and anions in =[(u, 0, 3)
0, u, ¥) (i, i, 3)] with u = —0.5, which
allows comparison to the partially and com-
pletely twisted trifluorides. RhF; has a
perfectly hexagonal close-packed anion
array, space group R3¢ with fluorine in the
(u, 0, §)-type position with » = —0.333.

HY
VX7

HCP

F1G. 7. The transformation by (111) twist between § CCP and HCP, viewed in the cubic (111) and
hexagonal (001) planes. Cations for the MX,-type host lattice are shown as solid circles and the
triangles are the triangular faces of the MX, octahedra sharing corners (oxygen atoms are at the
vertices). Shaded triangles are associated with octahedra above the plane of the figure, and unshaded

triangles, octahedra below.
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TABLE V

ANION-PACKING COORDINATES IN
MFsTYPE MATERIALS

CAVA ET AL.

TABLE VI

COMPARISON OF LiNbQj, LiReO;, AND
Li;ReO3 STRUCTURES

Hexagonal Symmetry,
Material cell packing
MoF, —0.500 Pm3m,% CCP
ReO, -0.500 Pm3m,$ CCP
TiF, —0.433 R3c, intermediate
CrF, -0.386 R3¢, intermediate
LiReOj —0.380 R3c, intermediate
LiNbO; -0.371 R3c, intermediate
Li;ReQ, -0.358 R3¢, intermediate
RhF, -0.333 R3¢, HCP

Note. u in (u, 0, D).

For values of u between —0.5 and —0.333,
the degree of twist is between 3 CCP and
HCP. For example, Table IV includes dis-
torted CCP TiFs;, u = —0.433, and dis-
torted HCP CrFj, 4 = —0.386. The lithium
rhenates and niobates are not centrosym-
metric and thus the coordinates («, 0, %) in
Table IV are approximate. The anion arrays
are intermediate in packing, with that of
Li;ReO; at u = —0.358, close to perfect
HCP. The similarity of the LiNbQOj3, LiReO3,
and LisReQj structures is further illustrated
in Table VI. The positions of the atoms in
LiNbOQOj; have been included® (14) to facili-
tate comparison.

For ideal hexagonal close-packing of
anions, the anions at different z in the unit
cell project to exactly the same location on
the (001) plane (see Fig. 7). This does
not happen in LiReO3 and Li,ReOs, due to
distortions of the shapes and rotations of
the octahedra (Figs. 3 and 4). A measure
of the perfection of the hexagonal packing
is in the metal-oxygen—metal bond angle
projected into the (001) plane for neigh-
boring corner-shared octahedra. In the
cubic case, this angle is 180°, and for the

! The reported LiNbOj, coordinates are transformed
to the present coordinates by: X = (¥iy — X\) + 4,
Y=Yn+4Z=Z,+3

LiNbOy LiReOs LizReO;
a 5.148 5.092 4.971
c 13.863 13.403 14.788
In (0, 0, x)
Li 0.280 0.273 0.312
— — 0.169
Re, Nb 0.0 0.0 0.0
In (x,y, 2)
Oxygen
X —0.3709 —0.3801 —0.358
Y 0.0102 0.012 —0.008
Z 0.2299 0.246 0.2551

ideal hexagonal close-packed case, it is
120°. In both LiReOj; and LiReO; the
metal-oxygen—metal angles display a range
of values about that corresponding to per-
fect hexagonal close-packing: 107-143° for
LiReOj; and 115-124° for LisReOs.

The twist in the ReO; host lattice occurs
to accommodate the coordination preferred
by the Li ions, and is possible because of
the exclusive corner sharing. The change in
shape of the interstitial cavity is illustrated
in Fig. 8. In ReO; the cavity is a cubo-
octahedron, and the center is 12-coordi-
nated. The (111) twist converts the 12-
coordinate cavity into two 6-coordinate
(octahedral) cavities sharing faces. The
volume per formula unit decreases in going
from ReOj; to LigasReO; (see Table II),
stays approximately the same on further
lithium insertion and twisting to the
rhombohedral cell, and then increases on
further Li insertion so that the volume of
Li,ReQj is approximately equal to that of
ReO,. These volume changes reflect both
the increased packing density of the anion
array and the changes in the sizes of the
cation coordination polyhedra.

Compounds which have been observed
to undergo twists of the type described
here are relatively few. In addition to the
present examples, compounds of stoichiom-
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Fic. 8. The twist of the 12-coordinate cavity in
ReOj; to form two octahedra sharing faces, as found in
LiReQg and LisReOs.

etry M"M"Fs; (ordered ReQ; type)
have been observed to undergo cubic-to-
hexagonal transitions (22), and LiNbO; and
LiTaO3 (rhombohedral) have been observed
to become cubic on ion exchange of hy-
drogen for lithium (23).

Conclusion

We show that on lithium insertion into
ReOj; the ReOj; host lattice undergoes ex-
tensive deformation, through twisting, to
form more favorable coordination sites
(nearly octahedral) for the inserted lithium.
Although this deformation involves no bond
breaking, it is a much more significant
structural change than has been observed
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in other insertion compounds in which sites
were present but vacant in the host.

The flexibility of the ReQj structure arises
from the exclusive corner sharing of the
[ReOg] units. Shear structures related to
ReOj; contain both corner- and edge-sharing
units, which would be expected to make
twisting on lithium insertion more difficult.
This is demonstrated in the stability of the
host lattice of Li,FeV 305, whose structure
we have determined by neutron diffraction
powder profile analysis (9). The details of
that structure will be presented elsewhere.
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