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The structure of Lis—»Si;-,S;0, (x = 0.32) has been determined from neutron powder diffraction
studies at room temperature, 350, and 700°C. This compound, which is a member of the series of ionic-
conducting solid solutions formed between Li,SiO, and Li,SO, is isostructural with Li,PO,. The space
group is Pmnb, with a = 6.1701(1), b = 10.6550(2), ¢ = 5.0175(1) A at room temperature. The
distribution of lithium ions suggests the occurrence of a defect cluster in which the inclusion of an
interstitial lithium ion causes displacements of the adjacent lithium ions of the normal Li,PO, struc-

ture. There appears to be little variation of the structure with temperature.

Introduction

Solid solutions derived from LiSiO, of
the type Li4_,Si1_,PxO4, Li4+,Si1_xAl,O4,
and Lis_5,Si;_.S,04 are good lithium ion
conductors (I-4) although Li;SiO;, itself is
only poorly conducting. Tranqui et al. (5)
describe an ordered structure for LiySiO;
with a unit cell volume seven times larger
than that determined by Véllenkle et al. (6)
in which the lithium ions are disordered
over six different sites. The latter arrange-
ment is also found for Li; 75Siy.75Py.2504 (7)
although the occupancies of the Li sites are
modified. From the observation of the vari-
ous lithium ion separations, a possible ion
conducting pathway has been identified in
this compound involving an octahedrally
coordinated Li ion (7). Other studies on
Li3 sZng2sGeO,4 (8) and LizZnysGeO4 (9)
locate lithium ions in tetrahedral, octahe-
dral, and threefold coordination in an
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orthorhombic structure closely derived
from that of Li;PO,4 (10, 11). The present
study describes a neutron powder diffrac-
tion study at room temperature, 350, and
700°C on Li; 3¢Si;.6850.3204, @ member of the
series of solid solutions formed between
Li;SiO4 and Li,SO;,.

Experimental

Because of the relatively high neutron
absorption of natural lithium, isotopically
pure Li,COj; supplied by AERE, Harwell,
was used as the source of lithium ion.

The appropriate quantities of SiO;,
LiCO;, and Li,SO,4 were thoroughly mixed
and heated for several hours in a Au crucible
to give a nominal composition of Lizy
Si.7S0.304. The sample was contained in a
standard thin-walled vanadium sample can
and neutron diffraction studies were made
at room temperature, 350, and 700°C at a
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wavelength of 1.909 A on the high-resolu-
tion diffractometer D1A at the ILL (Greno-
ble). Diffraction data were collected in
steps of 0.05° over an angular range be-
tween 4.5 and 156° in 20.

Data Analysis

Indexing of the powder diffraction pat-
terns was assisted by the use of the unit cell
refinement program described by Pawley
(12). This program, in the absence of a
structural model, and assuming a Gaussian
form for the peak shape, varies the inten-
sity of each possible reflection and the cell
parameters, zero point, etc. so as to obtain
the best fit between the observed and cal-
culated diffraction profiles. Using this
approach it is clear that the unit cell of
Lis_».Si;-,S;0; is doubled along ¢ with
respect to that of Li;SiO4 and that the struc-
ture is based on an orthorhombic cell simi-
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lar to Li;PO; (10). Several very weak
peaks, however, were not consistent with
this assignment. Careful scrutiny of these
showed that they could be indexed on an-
other orthorhombic cell with dimensions at
room temperature of a = 9.385(5), b =
5.402(3), ¢ = 4.654(2) A. These are very
close to those of Li,SiO; (13), a likely side
product of the sample preparation.

The structural refinements were per-
formed by the Rietveld method (I/4) using
the computer program of Thomas and Ben-
dall (15, 16) which allows the analysis of a
diffraction profile which contains peaks
from up to three contributing phases. This
program has been previously used to exam-
ine, for example, the low-temperature
structure of deuterated HUO,AsQO, - 4H,O
with contaminating ice (/7), where details
of the relevant procedure may be found.
The scattering lengths used were Si =
0.415,S = 0.285,0 = 0.580, "Li = —0.220 x

TABLE I
FINAL PARAMETERS FOR Liy_;,Si;_,S,0, AT RooM TEMPERATURE IN SPACE GROUP Pmnb

Point B
Atom Position symmetry x y z Ay N
Si/S 4c m 1/4 0.4111(4) 0.3238(5) — 4
o) 8d 1 0.0398(2) 0.3418(2) 0.2193(3) — 8
0Q2) 4c m 1/4 0.0524(2) 0.2775(4) — 4
0Q@3) 4c m 1/4 0.9098(2) 0.8587(3) — 4
Li(1) 8d 1 0.0024(8) 0.3334(6) 0.8147(14) 1.7(1) 6.5(1)
Li(2) 4c m 1/4 0.5737(7) 0.8109(18) 1.7(1) 3.0(1)
Li(3) 8d 1 0.050(5) 0.485(3) 0.941(6) 1.1(7) 0.9(1)
Li(1A) 8d 1 —0.042(4) 0.332(2) 0.655(6) 1.1(7) 1.5(1)
Li(2A) 4c m 1/4 0.599(3) 0.635(8) 1.1(7) 0.8(1)
Anisotropic temperature parameters (A?)

Atom By, By By By, By By
Si/S 0.9(2) 1.0(1) 0.8(1) 0 0 0.1(1)
o 1.4(1) 0.9(1) 1.8(1) =0.1(1) —0.3(1) 0.2(1)
0Q2) 1.1(D) 1.2(1) 1.6(1) 0 0 —-0.3(1)
03 0.8(1) 1.8(1) 1.7(1) 0 0 0.0(1)

Note. Parameters a = 6.1701(1), b = 10.6550(2), ¢ = 5.0175(1) A. ESD’s of refined parameters in parenthesis.
The anisotropic temperature factor has the form T = exp[— 1/4(By h%a*? + Bpk?b*2 + Byl%c*? + 2B hka*b* +

2Byhla*c* + 2Byklb*c*)).



16 FITCH, TALBOT, AND FENDER

10~12 ¢m (18). Refinements at the three dif-
ferent temperatures are described.

At 25°C. In the room-temperature diffrac-
tion pattern no peaks were visible which
could be attributed to a multiple unit cell
arising from long-range ordering of Si and S
atoms. The refinement, therefore, was
based on the LisPO, structure in space
group Pmnb (10). In LisPO4 there is a
roughly hexagonally close-packed array of
oxygen ions with phosphorous atoms and
two types of lithium ion occupying %, %
{Li(1)], and % [Li(2)] of the tetrahedral
holes, respectively. The arrangement of the
PO} tetrahedra is essentially that found in
olivine Mg,SiO, (19).

Throughout the angular range considered
there were 195 reflections arising from
Lis_2.Si;.S,04 as well as 83 weak reflec-
tions from the contaminating Li,SiO;. The
latter were accounted for by including a
contribution to the diffraction profile using
the structural model obtained by single-
crystal X-ray diffraction in space group
Cmc2, (13). Only an effective scale factor,
lattice constants and half-width parameters
were refined for this phase; the atom posi-
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tions and the thermal parameters were fixed
at the values found in the X-ray study. For
Lis—»,Si; ,S,0, an initial model included
only Li(1) and Li(2) whose occupancies
were allowed to vary. The Si/S ratio was
fixed at x = 0.32, which is compatible with
the presence of a small amount of Li;SiOs
impurity. This initial refinement terminated
with R,, = 10.5, Rg = 4.3%. (For descrip-
tion of the R factors see Ref. (14).) The
occupancy factors for Li(1) and Li(2) indi-
cated nearly fully occupied sites.

A difference Fourier map, however, indi-
cated a number of possible interstitial lith-
ium sites close to the centers of some tetra-
hedral and octahedral holes in the average
close-packed oxygen array. Lithium atoms
were thus inserted into the model and vari-
ous refinements were performed varying
their occupancy, isotropic temperature fac-
tors, and sometimes the atomic coordi-
nates. Only three additional lithium sites
were found to have significant occupancy.
The first of these, Li(3), is associated with
the octahedral site centered at the position
4b (0, 0, 3) which has point symmetry 1 and
shares a face with each of two (1-related)
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F1G. 1. Observed (points), calculated (full curve), and difference profiles for Li,_,,Si,-,S,0, at room
temperature. The positions of the Bragg peaks are marked for Lis_»,Si,_,S,0, (bottom) and for the

impurity phase Li,SiO; (top).
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Li(1) sites and two (1-related) Li(2) sites.
The 4b position is a large site with 4 equato-
rial oxygen atoms at distances of 2.03 A
[O(1)] and 1.98 A [O(2)] from the center and
two longer axial bonds of 2.56 A [O(3)].
Both the Fourier map and the refinement
suggest that the lithtum ion is displaced
from the center of the site by a distance of
0.46 A toward a position of five-fold coordi-
nation. The other two sites, Li(1A) and
Li(2A), are tetrahedral and each shares a
face with an adjacent Li(1) or Li(2) site,
respectively. In addition, Li(1A) also
shares an edge with another adjoining Li(1)
tetrahedron.

In the final refinement, anisotropic tem-
perature factors for the silicate/sulfate
framework were refined. The lithium ions,
which are weakly scattering and only par-
tially occupy the available sites, were re-
fined isotropically with a single temperature
factor for both Li(1) and Li(2) and another
value for the interstitial ions Li(3), Li(1A),
and Li(2A). There were, therefore, a total
of 47 atomic positional, thermal and lithium
occupancy parameters for Liy—»,Si;-,S,0;4
in addition to the normal scale factor, cell
constants, half-width, zero point, and
asymmetry correction, plus the seven pa-
rameters exclusive to the secondary phase
Li;Si0;. The refinement terminated with
R,, =76, R, =178, R, =38 and R =
4.3%. The final parameters are given in Ta-
ble 1, the observed and calculated profiles
in Fig. 1, and important bond distances and
angles are in Table II.

Discussion

The refinement shows that the structure
of Lis-2,S1;-,S,0q4, which is shown in Fig. 2,
closely resembles that of Li;PO, (10, 11).
The (Si/S)04 group is only slightly distorted
from a regular tetrahedron with an average
(Si/S)—0 bond length of 1.587 A. This value
is very near to the value of 1.59 A obtained
by linear interpolation between the mean

Si—O distance of 1.635 A found in LisSiO,
(5) and the mean S—-O bond distance of 1.50
A in Li;SO, (20) or Li;SO, - H,0 (21), even
though the structures and lithium ion ar-
rangements are different in all these com-
pounds. Comparison of the Li—-O bond
lengths and, more particularly, the bond an-
gles with those of Li;PO, (10) shows that
the environment of the two major lithium
ions Li(1) and Li(2) have a close resem-
blance in both compounds. For Li(1), O-

TABLE II
AVERAGE BOND DISTANCES (A) AND ANGLES
(DEGREES) IN Li,—»,Si;-,S,0; AT RooM
TEMPERATURE INCLUDING Li-Li CONTACTS LESS

THAN 2.35 A
(SiIS)-0(1) x 2 1.5822)  O(1)~(5i/$)-O(1) 110.22)
(Si/S)-0(2) 1.589(4)  O(1)~(5i/S)-0() x 2 109.6(1)
(Si/S)-0(3) 1.5933)  O(1)~(Si/S)-0(3) x 2 109.1(1)

Mean (S¥S)-0  1.587 0Q)-(SI/$)-0(3) 109.2(2)
Li(1)-0(1) 1.945(6) Mean O-(Si/S)~-0O 109.5
Li(1)-0(1)’ 2.045(7)  O(1)-Li(1)}-0(1)’ 107.6(3)
Li(1)-0(2) 1.985(6)  O()-Li(1)-0() 117.403)
Li(1)-0(3) 1.9386)  O(1y-Li(1)-0(@2) 98.9(3)

Mean L{D)-O  1.978 O(1)-Li(D-003) 113.503)
Li(2)-0(1) x 2 2.007(4) Oy-Li1)-0G) 109.83)

! 0@)-Li(D-0() 108.6(3)
Li)-0(2) 2.0780) Mean O-Li(1)-O 109.3
Li(2)-003) 1.944(8) '

Mean Li(2)-0  2.009 O(h-Li2)-0(1) 126.0(4)
Li(3)-0(1) 2073 OD-LID-0@) x 2 719

! , OM-Li-03) x 2 111.72)
Li{3)-0(1) 2090 ooy

! (2)-Li(2)-0(3) 109.7(4)
Li3)-00) 2013) Mean O-Li(2)-0 108.9
Li(3}-0Q2)’ 2.0703) .
Li(3)-0(3) 2.108)  O()-Li3)-00y 154.7(1.7)

Mean Li3)-0 207 O(-Li(3}-0(2) 79.0(1.1)
Li(1A)-0(1) 1.88(3) O-Li)-0ay 95.6(1.3)

! , O(1)-Li(3)-0(3) 102.6(1.5)
Li(1A)-0(1) 2.2403) -

! O(1)'~Li(3)-0(2) 96.9(1.4)
Li(1A)-0(2) 1.88(2) o !

! 0(1)'-Li(3)-0(2) 77.2(1.1)
Li(1A)-0(3) 1.98(2) o

Mozn LIALO 200 0(1y-Li(3)-00) 102.5(1.4)

0(2)-Li3)-0(2)' 154.2(1.8)
LiCA-O() x 2 2.03Q)  O@-Li(3)-003) 106.2(1.4)
Li2A)-0(2) 2134  0@Q)-Li3)-003) 99.6(1.4)
Li(2A)»-0(3) 2.013) Mean O-Li(3)}-0 106.8

Mean Li2A)-0  2.05 O(1)-Li(14)-0(1) 102.1(1.2)
Li(1)-Li(3) 1.763)  O()-Li(1A}-0Q) 126.3(1.4)
Li(1)-LiG3y 2313)  O()-Li(1A)-0() 114.1(1.2)
Li(1)-Li(1A) 0.853)  O(1'-Li(1A)-0(2) 116.3(1.3)
Li2)-Li(3) x 2 Les  QW-LiAA-0G) 75.209)

N0 0@)-Li(1A)-0(3) 111.1(1.3)
Li@)-LiGy x 2 2.320) Mean O-Li(1A)-0 1075
Li(2)-Li2A) 0.92(4) '

. O(1)-Li(2A)-0(1)’ 123.0(1.8)
Li@)-LiG3) 0910) o) Li2AYO@) x 2 115.001.0)
Li(3)-Li(1A) 2.25(4) !

LiLiCA) 13l OW-LIA-OG) X2 107.8(1.0)
0(2)-Li(2A)-0(3) 77.6(1.2)
Li(1A)-LiQAY 2.07(4) Mean O-Li(2A)-0 1077
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F16. 2. Projection of the structure of Li,_,.Si;-,S,04 parallel to [100]. The tetrahedral coordination of
Li(1) [largest open circles], Li(2) [larger black circles], Li(1A) [smallest open circles], and Li(2A)
[smaller black circles] is shown. Li(3) [intermediate open circles] is in an octahedral site.

Li-O bond angles vary from 98.9 to 117.4°
(97-119° in LisPOy), whereas for Li(2) these
angles lie between 97.1 and 126.0° (95-125°
in Li;PO,). Generally the lengths of the lith-
ium-oxygen bond distances are between
1.88 and 2.24 A, which is within the ranges
of 1.84-2.43 A for four- and five-coordinate
lithium in ordered LisSiO4 (5). The Li(1A)
coordination is particularly distorted. The
lithium ion is displaced away from the cen-
ter of its site toward the face it shares with
the neighboring Li(1) site which is a posi-
tion resembling trigonal coordination.
Lithium ion distribution. Table II shows
that the separations between Li(1) and the
neighboring Li(1A), and between Li(2) and
Li(2A), are very short at 0.85(3) and 0.92(4)
, respectively. It is, therefore, most un-
likely that both sites of an actual pair could
be simultaneously occupied. Indeed, the to-
tal refined occupancy of each pair of sites,

Li(1)/Li(1A) or Li(2)/Li(2A) is close to 8
and 4, respectively, which is the maximum
number of lithium ions which can be ac-
commodated while avoiding energetically
unfavorable close contacts between neigh-
boring sites. In ordered Li;SiO,4 there are no
Li-Li distances less than 2.30 A (5).

With x = 0.32, a total lithium content of
13.4 atoms per unit cell is expected. The
total occupancy from the refinement is
12.7(5) which is satisfactory agreement
considering the small scattering length and
disordered nature of the lithium ions in this
compound. However, as the Li(1)/Li(1A)
and Li(2)/Li(2A) sites are essentially full,
the missing lithium is apparently reflected
in the occupancy of Li(3) which is 0.9(1)
instead of =1.4. This may be an indication
that our chosen model is to some extent
inadequate because it fails to account, for
example, for the anisotropic motion of the
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FiGg. 3. The proposed short-range ordering of the
lithium ions in Lis-2,Si;-.5,04. Filled circles, occupied
sites; open circles, vacant sites.

lithium atoms, anharmonicity or the effects
of Si/S short-range order, and so could lead
to inaccuracies in the structural parameters
and an underestimation of the calculated er-
rors. If, on the other hand, the occupancy
of Li(3) is correctly determined, there must
be further Li sites with very small occupan-
cies which we have not detected.
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In either case the lithium distribution is
fairly well determined and some broad con-
clusions can be drawn. The various lith-
ium-lithium contact distances are shown in
Fig. 3. They suggest a simple scheme
whereby the observed lithium site occupan-
cies may at least in part be rationalized.
The inclusion of an Li(3) into the Li;PO,
structure would bring it into conflict with
two neighboring Li(1) and Li(2) atoms (at
1.76(3) and 1.68(3) A, respectively), if these
latter two sites were full. It is not surpris-
ing, therefore, that lithium ions are repelled
into the adjacent Li(1A) and Li(2A) posi-
tions which are at 2.25(4) and 2.32(3) A and
which have occupancies quite similar to
those of Li(3). In the case of Li(1A) this ion
does not reside at the center of its new site
but is displaced toward the triangular face it
shares with the vacant adjacent Li(1) posi-
tion. The Li(1A)-Li(3) distance of 2.25(4)
A, however, is slightly shorter than the
minimum value of 2.30 A for a Li-Li sepa-

TABLE III
FiNAL PARAMETERS FOR Liy_,Si,_,S,04 AT 350°C IN SPACE GROUP Pmnb

B
Atom Position x y z Ay N
Si/S 4c 1/4 0.4104(3) 0.3240(5) — 4
o 84 0.0418(2) 0.3415(1) 0.2196(3) — 8
0Q) 4c 1/4 0.0508(2) 0.2762(4) — 4
0@3) 4c 1/4 0.9094(2) 0.8607(3) — 4
Li(1) 8d 0.0017(9) 0.3344(6) 0.8122(17) 3.4(2) 6.4(2)
Li(2) 4c 1/4 0.5729(8) 0.8094(22) 3.4(2) 2.9(1)
Li(3) 8d 0.058(7) 0.488(9) 0.940(3) 3.5(7) 0.9(1)
Li(1A) 8d —0.040(10) 0.336(4) 0.657(9) 3.5(7) 1.7(2)
Li(2A) 4c 1/4 0.601(5) 0.648(9) 3.5(7) 0.8(1)
Anisotropic temperature parameters (A2)

Atom By, Bn By B, By; By
Si/S 1.5(1) 1.9(1) 1.5(1) 0 0 0.0(1)
Oo(1) 2.5(1) 1.9(1) 2.9(1) -0.3(1) ~0.4(1) 0.1(D)
0Q2) 1.9(1) 2.1(1) 2.1 0 0 —-0.4(1)
0Q3) 1.8(1) 3.3(1) 2.1(1) 0 0 0.0(1)

a = 6.2217(1); b = 10.71092); ¢ = 5.0571(1) A
R, =7.4;R, =78, R, =42; Ry = 4.2%
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ration which probably reflects the difficulty
of accurately defining the positional, ther-
mal, and occupancy parameters of a weakly
scattering and disordered atom close to a
center of symmetry.

High temperature. The data collected at
350 and 700°C showed a very close resem-
blance to those obtained at room tempera-
ture. The same procedure was followed ex-
cept that an additional overall temperature
factor was refined for the secondary phase
Li,SiO;. There is little change in the struc-
ture of Lis—»,Si;-.S5:0, between room tem-
perature and 700°C and a very similar ar-
rangement of lithium ions is found. During
the refinements it was noted that the
weakly occupied interstitial lithium ions be-
came more difficult to define with the in-
crease of their thermal vibrations with tem-
perature. This resulted in a further
shortening of the distance between Li(1A)
and Li(3) (2.25(4) A at room temperature).
It was thus decided to constrain this dis-
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tance to be equal to the refined room-tem-
perature value. The introduction of this
constraint, at 350 and at 700°C, had only a
minor effect on the R-factors. The final pa-
rameters are given in Tables III and IV, and
some bond lengths in Table V.

Generally it can be seen that, while Li—-O
bond lengths increase with temperature, as
might be expected, the average (Si/S)-O
bond length appears to decrease. The an-
isotropic temperature factors of the oxygen
atoms indicate that the principal axes of the
thermal ellipsoids are almost perpendicular
to the (SI/S)-0 bond directions and suggest
that the (Si/S)0O, tetrahedra are performing
librational motion whose amplitude in-
creases with temperature. The apparent
decrease in the (Si/S)-O bond lengths,
therefore, is probably not a real effect
since, as is well established, bond lengths
obtained by diffraction experiments ap-
pear foreshortened in librating species
(22).

TABLE IV
FINAL PARAMETERS FOR Lis_»,Si;-:S,04 AT 700°C IN SPACE GrROUP Pmnb

B
Atom Position x y z Ay N
Si/S 4c 1/4 0.4100(3) 0.3223(6) —_ 4
o(1) 8d 0.0442(3) 0.3419(1) 0.2195(3) —_ 8
0Q) 4c 1/4 0.0485(2) 0.2769(5) — 4
0@3) 4c 1/4 0.9086(3) 0.8655(4) —_ 4
Li(1) 8d 0.0000(10) 0.3340(7) 0.8092(21) 5.1(2) 6.3(2)
Li(2) 4c 1/4 0.5677(9) 0.8157(18) 5.1(2) 3.0(1)
Li(3) 8d 0.068(21) 0.485(2) 0.925(6) 6.6(8) 1.3(1)
Li(1A) 8d —0.032(2) 0.340(1) 0.633(6) 6.6(8) 1.8(2)
Li(2A) 4c 1/4 0.628(3) 0.618(7) 6.6(8) 1.0(1)
Anisotropic temperature parameters (A2

Atom B, B, By By, By By
Si/S 1.6(1) 2.4(1) 2.8(2) 0 0 0.6(2)
o) 3.5(1) 3.6(1) 3.8(1) -0.7(1) -0.7(1) 0.1(1)
0Q) 2.7(D) 3.2(1) 4.4(1) 0 0 -0.1(1)
0@3) 2.9(1) 4.4(1) 2.6(1) 0 0 0.1(1)

a = 6.2859(2); b = 10.7716(2); ¢ = 5.105%(1) A
R.,, = 7.3; R, = 8.2, R, = 4.5, Ry = 4.3%




THE STRUCTURE OF Lij; 4Si 750 ;04 21

TABLE V

AVERAGE BOND LENGTHS (A) IN Lis_2Si;-.S,0, AT
350 AND 700°C

350°C 700°C
(Si/S)-0(1) x 2 1.581(2) 1.577(2)
(81/S)-0(2) 1.587(4) 1.576(4)
(8i/S)-0(3) 1.595(3) 1.594(3)
Mean (Si/S)-0O 1.586 1.581
Li(1)-0(1) 1.960(7) 1.969(8)
Li(1)-0(1)’ 2.077(9) 2.115(11)
Li(1)-0(2) 1.999(6) 2.025(7)
Li(1)-0Q3) 1.949(7) 1.978(8)
Mean Li(1)-O 1.996 2.022
Li(2)-0(1) x 2 2.039(4) 2.098(5)
Li(2)-0(2) 2.109(11) 2.091(10)
Li(2)-0(3) 1.950(9) 1.947(10)
Mean Li(2)-O 2.034 2.059
Li(3)-0O(1) 2.11(8) 2.16(3)
Li(3)-0(1)’ 2.10(9) 2.12(5)
Li(3)-0(2) 1.959(5) 2.02(8)
Li(3)-0(2)’ 2.13(5) 2.17(12)
Li(3)-0(3) 2.11(5) 2.05(8)
Mean Li(3)-0O 2.09 2.10
Li(1A)-O(1) 1.93(4) 2.01(2)
Li(1A)-0O(1)’ 2.27(5) 2.17(3)
Li(1A)-0(2) 1.88(5) 1.96(2)
Li(1A)-0(3) 1.97(6) 1.92(2)
Mean Li(1A)-0 2.01 2.02
Li(2A)-0(1) x 2 2.03(2) 2.05(2)
Li2A)-0(2) 2.21(5) 2.19(4)
Li(2A)-0(3) 2.06(6) 2.36(3)
Mean Li(2A)-0 2.08 2.16
Li(1)-Li(3) 1.80(9) 1.79(4)
Li(1)-Li(3)’ 2.31(8) 2.41(4)
Li(1)-Li(1A) 0.83(5) 0.92(3)
Li(2)-Li(3) x 2 1.64(7) 1.55(10)
Li(2)-Li(3)’ x 2 2.39(5) 2.46(11)
Li(2)-Li(2A) 0.87(5) 1.20(4)
Li(3)-Li(3)’ 0.98(6) 1.19(14)
Li(3)-Li(1A)” 2.25 2.25
Li(3)-Li(2A) 2.26(7) 2.47(7)
Li(1A)-Li(2A)’ 2.13(6) 1.914)

7 Fixed at room temperature value.

Conclusion

The refinements show that Lis_,,
Si;-,S,04 adopts a structure which can
be interpreted in terms of the lithium phos-
phate structure with the additional lithium
atoms incorporated exclusively (or nearly
exclusively) in one site. At the same time,
displaced normal lithium ions are observed
so that it is plausible to associate the three
resulting interstitial lithium ions with a de-
fect cluster in which two normal lithium
ions are displaced for each additional Li(3)
introduced.

The agreement of the refined lithium site
occupancies with this model is certainly not
perfect, either because the errors or the oc-
cupation numbers are larger than esti-
mated, or because of the presence of a fur-
ther undetected site. Nevertheless it
provides a reasonable first description as
Table VI shows.

No major structural changes are ob-
served from room temperature to 700°C,
which is in accord with the conductivity (o)
results which show a straight-line log o vs
I/T plot in the temperature range up to
200°C (1).
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