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Li2TiTe06 
and LizSnTeOe, 

synthesized 
at 7OO”C, are orthorhom

bic, 
with a = 5.072 A (5.192), b = 

4.903 
A (4.927) 

and c = 8.402 A (8.513) for Ti (Sn). The structure 
of the Ti com

pound, 
space group Pnn2, 

has been deduced from
 X-ray powder 

diffraction 
intensities: 

it derives from
 the LiSbO, 

structure 
by an 

additional 
Ti-Te 

ordering. 
This type of ordering 

is likely 
to occur 

also in Li$nTeO,. 
Although 

not 
detectable 

by X-ray 
diffraction, 

it is supported 
by 

the sharpness 
of the bands 

in the vibrational 
spectrum

. 
A com

parison 
of ordering 

phenom
ena 

in LizTiTeOc-LiSbO, 
type-and 

Li,ZrTeO,-corun- 
dum

-like 
structure-is 

proposed. 
o 

1989 Academ
ic 

press, 
1~. 

Introduction 

O
rdering 

phenom
ena 

of the cation 
distri- 

bution 
in octahedral 

sites seem
 to be a com

- 
m

on 
property 

for 
m

ixed 
oxides 

of tellurium
 

(VI). 
As 

an 
exam

ple, 
a 

highly 
ordered 

structure 
belonging 

to the corundum
 

fam
ily 

was recently 
described 

for 
the com

pounds 
LizZr(Hf)Te06 

(I), 
which 

can 
be 

derived 
from

 
the 

LiNb03 
type 

structure 
(2) by the 

double 
substitution: 

2 NbV + 
ZP(Hf) 

+ TeV1. 

The 
occurrence 

of 
a M

IVITeV1 
order 

in 
oxides 

with 
a LiSb03 

type 
structure 

(3) is 
considered 

here. 
As a m

atter 
of 

fact, 
the 

synthesis 
of 

com
plex 

tellurates 
LiM

”M
”i 

TeV106 (M
I’ 

= M
g, 

Ni, 
Co, 

Zn; 
M

u1 = Fe, 
Cr, 

In) 
(4) points 

to a likely 
ordering 

phe- 

nom
enon 

in such a structure. 
Therefore, 

we 
checked 

the existence 
of a M

n’/TeV1 
order 

(M
Iv 

= Ti, 
Sn) in AB03 

oxides 
closely 

re- 
lated 

to the LiSb03 
type. 

The present 
results deal with 

the prepara- 
tion, 

crystal 
chem

istry, 
and 

vibrational 
characteristics 

of new m
ixed 

tellurates 
with 

the form
ulas 

L&TiTeO
h 

and LizSnTe06. 
An 

ordering 
phenom

enon 
originating 

in 
the 

double 
substitution 

2 SbV + 
Tin’ 

+ TeV1 is 
described 

for 
the 

LiSb03 
type 

structure 
of 

Li2TiTe06 
and 

com
pared 

to that 
observed 

in the corundum
-like 

structure 
of L&Zr(Hf) 

Te06. 

Experim
ental 

The 
synthesis 

of 
Li2TiTe06 

was 
per- 

form
ed 

from
 

stoichiom
etric 

m
ixtures 

of 
0022-4596189 
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Li2C03, 
TiO

z, and Te02 
heated 

in platinum
 

crucibles, 
in 

air. 
The 

initial 
tem

perature 
m

ust not 
exceed 

600°C in order 
to ensure 

a 
full 

oxidation 
of Ten’ 

into 
Te”*. 

Then, 
an- 

nealing 
at 700°C during 

2 days, 
with 

inter- 
m

ediate 
regrindings, 

leads to com
pletion 

of 
the solid 

state reaction. 
This 

procedure 
does not give pure 

LizSn 
Te06, 

since a sm
all quantity 

of uncom
bined 

SnO
z (easily 

detected 
by X-ray 

diffraction) 
is still present 

after 
1 week 

at 720°C. 
Pure 

LizSnTeO
G

 
m

ay 
be obtained 

by a two-step 
procedure: 

Li2Sn03 
is 

first 
prepared 

by 
solid 

state 
reaction 

between 
L&CO

3 
and 

SnO
;! (2 days 

at 
1000°C); 

it is then 
m

ixed 
with 

a sm
all excess (5 to 10 m

ol%
) 

of Te02, 
and the 

m
ixture 

is progressively 
heated 

up 
to 

6O
O

”C, and 
then 

annealed 
for 

2 days 
at 

700°C. 
Radiocrystallographic 

analysis 
was m

ade 
from

 
a G

uinier 
Nonius 

cam
era; 

powder 
pat- 

terns 
were 

recorded 
with 

a Philips 
powder 

goniom
eter, 

both 
using the CuKar radiation. 

IR 
and 

Ram
an 

spectra 
were 

obtained 
with 

conventional 
techniques 

and 
equip- 

m
ent. 

Results 

Using 
the 

experim
ental 

procedure 
de- 

scribed 
above, 

two 
new 

m
ixed 

tellurates 
LizTiTeO

h 
and LizSnTeO

s 
were 

obtained. 
The 

therm
al 

stability 
of 

these 
phases 

is 
m

oderate: 
after 

1 day 
at 

800°C 
they 

are 
transform

ed 
into 

other 
phases, 

whose 
na- 

ture has not been investigated 
so far. 

In the 
case of the Ti com

pound, 
the actual 

results 
m

ay be sum
m

arized 
as follows: 

(i) No free Ti02 
(either 

rutile, 
anatase, 

or 
brookite) 

m
ay be detected 

by X-ray 
diffrac- 

tion. 
The 

transform
ation 

schem
e 

is thus 
very 

different 
from

 
that 

previously 
evi- 

denced 
for 

Li2Zr(Hf)Te06 
(I). 

(ii) O
nly broad 

bands 
are observed 

in the 
IR 

spectrum
 

of 
the 

decom
position 

prod- 

uct(s), 
possibly 

suggesting 
som

e 
kind 

of 
disorder. 

(iii) The 
transform

ation 
is reversible: 

an- 
nealing 

at 700°C for 
1 day restores 

the initial 
Li2TiTe06 

phase. 

Additional 
work 

is needed 
to 

solve 
this 

problem
. 

Powder 
patterns 

of these com
pounds 

are 
closely 

related 
to 

that 
of 

LiSb03. 
There- 

fore, 
they were indexed 

with 
an orthorhom

- 
bit 

cell. 
Table 

I brings 
together 

the values 
of a, b, and 

c param
eters 

obtained 
after 

a 
least-square 

refinem
ent 

and the cell volum
e 

for 
Li2Ti(Sn)Te06 

and, 
for 

com
parison, 

those 
observed 

for 
LiSb03 

(3). 
These 

results 
confirm

 
the geom

etrical 
relationship 

between 
the cells of these 

m
ixed 

tellurates 
and LiSbO

j. 
M

oreover, 
the observed 

varia- 
tions 

agree well with 
the predictions 

which 
can be drawn 

up from
 

the m
ean 

ionic 
radii 

of cations. 
The lowest 

value 
of the cell vol- 

um
e for 

LizTiTeO
s 

and the highest 
one for 

LizSnTe06 
point 

to a significant 
difference 

between 
the 

m
ean 

size of the 
pairs 

(TirV- 
TeV1) and 

(Sn*V-TeV1) 
which 

are, 
respec- 

tively, 
sm

aller 
and larger 

than 
that 

of Sb”. 

Structural 
Determ

ination 
of LizTiTeO

e 
Com

paring 
the indexing 

of the diffracto- 
gram

 
of 

LizTiTeO
s 

with 
that 

of 
LiSbO

,: 
space group 

D& 
Pnna, 

leads to the follow- 
ing conclusions: 

(i) the reflection 
conditions 

for 
@

O
f): h + 

1 = 
2n and 

for 
(O

k/): 
k + 

1 = 
2n are ob- 

served; 
(ii) the 

condition 
for 

(h/d)): h = 2n is no 
longer 

observed 
for 

LizTiTeO
h, 

owing, 
for 

instance, 
to the existence 

of (110) reflection 
with 

a significant 
intensity. 

G
iven 

these conditions, 
and in agreem

ent 
with 

the 
assum

ption 
m

ade 
by 

one 
of 

us 
(P.T.) 

for 
the 

m
ixed 

tellurates 
LiiW

M
nl 

TeO
d 

(4), 
we 

considered 
the 

space 
group 

C:t 
Pnn2 

to 
be 

the 
m

ost 
probable. 

As 
a 

m
atter 

of fact, 
in that 

case the 
only 

reflec- 
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TABLE 
I 

CRYSTALLOGRAPHICDATA 
FORTHE 

ORTHORHOMBK 
CELLS 

OF 
Li,Ti(Sn)TeO, 

AND 
LiSbO, 

(3) 

Com
pounds 

4.4 
4%

 
V(A)3 

LirTiTeOc 
5.072(l) 

4903(l) 
8.402(2) 

208.9 
L&SnTeO, 

5.192(2) 
4.927(2) 

8.513(5) 
217.7 

LiSb03 
5.183 

4.893 
8.491 

215.3 

Note. 
Param

eters 
correspond 

to the choice 
of the 

standard 
space group 

for LiSbO: 
D& Pnna. 

tion 
conditions 

are (O
kl): 

k + 
1 = 

2n and 
(h01): h + 1 = 2n; m

oreover, 
as it is a sub- 

group 
of 

O
f,, 

Pnna, 
a 

structural 
m

odel 
close to the LiSbO

j 
type is likely 

to exist for 
L&TiTeO

+ 
Structure 

calculations 
were 

undertaken 
from

 
the integrated 

intensities 
of 39 reflec- 

tions, 
i.e., 

71 (hkl). 
Starting 

from
 

the m
odel 

described 
for 

the 
structure 

of 
LiSbO

J 
(3), 

Te and Ti occupy 
the positions 

2(a): O
O

z and 
2(b): 

O
iz, 

respectively; 
in 

the 
sam

e 
way 

there 
are 

two 
sets of 

Li 
atom

s 
located 

in 
2(a) 

and 
2(b). 

All 
the 

oxygen 
anions 

are 
found 

in three 
sets of general 

positions 
4(c): 

X, y, z. The 
initial 

value 
of the 

confidence 

factor 
RI = X(1, - 

Zclll~Zol is close to 0.12: 
it ensures 

the validity 
of the 

LiSb03 
struc- 

ture 
as 

a 
m

odel 
for 

Li2TiTe06. 
Several 

least-squares 
refinem

ents 
cycles were m

ade 
(5), 

considering 
successively 

the 
distribu- 

tion 
of Ti and 

Te over 
2(a) and 2(b) 

sites, 
their 

atom
ic 

coordinates, 
that 

of 
oxygen, 

and, 
as a final 

step, 
that 

of Li; 
thus, 

the RI 
value 

falls 
to 0.038. 

In Table 
II, 

we report 
the 

set of atom
ic 

param
eters 

corresponding 
to the best value 

of RI and for com
parison 

those determ
ined 

for LiSb03 
(3). It m

ust 
be stated, 

first, 
that 

despite 
a m

uch 
larger 

num
ber 

of 
variable 

coordinates, 
13 instead 

of 6, the values ob- 
tained 

here 
for 

LizTiTeO
G

 
are 

not 
signifi- 

cantly 
different 

from
 

those 
of 

LiSb03. 
Therefore, 

the 
m

ain 
characteristic 

of 
the 

structure 
is found 

in the existence 
of an or- 

der in the distribution 
of Ti and Te over the 

Sb sites. Although 
the m

athem
atical 

result 
does not point 

to com
plete 

ordering 
(94%

 is 
observed), 

it can be considered 
that 

a l/l 
order 

(only a 1%
 increase 

of RI) is the m
ost 

likely 
to occur 

between 
Ti and Te. 

Table 
III 

brings 
a list 

of 
calculated 

and 
observed 

intensities 
and Table IV com

pares 

TABLE 
II 

ATOMIC 
PARAMETERS 

OF LiZTiTe06: 
SC Pnn2 

and LiSbO, 
(3): SG Pnna 

Atom
s 

Positions 
x 

Y 
Z 

L?(A)2 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
(2) 

(1) 
Li(1) 

2(a) 
0.0 

0.0 
0.723(7) 

1 fixed 
Li 

4(c) 
0.0 

0.0 
0.730 

Li(2) 
2(b) 

0.0 
0.5 

0.790(6) 
1 fixed 

Te 
2(a) 

0.0 
0.0 

0.1057(7) 
1.0(l) 

Sb 
4(c) 

0.0 
0.0 

0.0971 
Ti 

2(b) 
0.0 

0.5 
0.4026(7) 

0.9(4) 
O(1) 

4(c) 
0. W

(2) 
0.254(4) 

0.257(3) 
2.0(S) 

O(l) 
4(d) 

0.194 
0.250 

0.250 
O

(2) 
4(c) 

0.669(2) 
0.207( 1) 

0.078(4) 
1.3(8) 

O
(2) 

8(e) 
0.657 

0.209 
0.081 

O(3) 
4(c) 

0.829(4) 
0.793(2) 

0.938(2) 
1.1(7) 

Note. (1) L&TiTeO+ 
(2) LiSb03. 

(3) In order to facilitate 
the com

parison 
with Li,TiTeO

,, 
a shift of the origin, 

-a/4, 
is m

ade for LiSbO,. 
(4) Ri = 0.038 for Li,TiTeO, 

is obtained 
with the distribution: 

94%
 Te 6%

 Ti site 2(a), 
6%

 Te 94%
 Ti site 2(b). 
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TABLE 
III 

OBSERVED 
AND 

CALCULATED 
INTENSITIES 

FOR 
THE 

X-RAY 
PATTERN 

OF 
Li2TiTe06, 

RI 
= 

0.038 

h k 
1 

lobs. 
h,. 

h k 
1 

Zobs. 
kc, 

101 
78.0 

011 
002 

I 
172.0 

110 
16.0 

112 
101.0 

200 
13.0 

103 
020 

I 
26.0 

0 1 3 
7.0 

2 1 0 
7.0 

120 
0.5 

113 
15.0 

211 
202 

40*o 
I 

121 
17.0 

022 
7.0 

004 
7.0 

114 
12.0 

220 
213 

1 
31.0 

123 
221 

I 
41.0 

3 0 1 
4.0 

222 
204 

I 
12.0 

031 
310 
10.5 

I 

29.0 
024 
015 
130 

1.0 
312 
225 

I 
20.0 

132 
17.0 

303 
15.0 

77.4 

172.3 

16.1 
101.4 

12.4 

26.0 

8.8 
8.5 
0.0 

15.1 

40.4 

18.7 
4.9 
6.7 

10.1 

31.7 

41.0 

4.4 

12.4 

28.4 

1.5 

17.6 

16.6 
14.0 

033 
1.5 

006 
5.0 

125 
2.0 

116 
3.0 

2 3 3 
0.5 

4 1 0‘ 
2 0 6 * 

5.0 
040 
225 

026, 
411 

80 ’ 
402 
141 

412* 
042 

30 ’ 
3 3 0, 

1.7 
4.4 

5.3 

28.2 

1.7 
4.1 

5.2 

6.9 

1.6 

5.0 

6.1 

3.8 

6.5 

9.0 

8.3 

the 
m

ain 
interatom

ic 
distances 

in 
LizTi 

Te06 
and in LiSbO

j. 
The following 

features 
m

ust 
be em

phasized: 

-TeO
s 

and 
Ti06 

octahedra, 
despite 

a 
low 

site sym
m

etry, 
C2, are rather 

regular. 
The m

ean M
-O

 
distance 

is nearly 
the sam

e 
in 

the 
two 

cases, 
1.96 

A: 
it 

is 
slightly 

sm
aller 

than 
the 

m
ean 

Sb-0 
distance 

in 
LiSb03, 

2.03 
A. 

M
oreover, 

as would 
be 

predicted 
for a dt” 

cation 
as TeV1, the regu- 

larity 
of the Te06 

octahedra 
is greater. 

-As 
a 

significant 
difference 

from
 

LiSb03, 
the LiO

d octahedra 
seem

 to be sig- 
nificantly 

distorted. 
This is probably 

due to 
the existence 

of different 
neighboring 

octa- 
hedra 

(Ti and Te) around 
the LiO

6 
octahe- 

dra. 

O
rder 

Phenom
ena 

in Li#nTe06 

W
e did not m

ake any attem
pt 

to solve the 
structure 

of 
Li2SnTeO

s, 
as the 

isotypism
 

with 
LiSb03 

does 
not 

create 
a problem

. 
Nevertheless, 

it cannot 
be stated 

unam
big- 

uously 
that 

a Sn/Te 
order 

occurs. 
If 

one 
considers 

that 
the 

existence 
of 

a (110) re- 
flection 

is a sensitive 
m

eans 
of 

checking 
this 

order, 
it should 

be noted 
that 

this 
re- 

flection 
is not 

found 
in the 

powder 
pattern 

of Li$nTeO
+ 

However, 
this 

is not 
incon- 

sistent with 
a Sn/Te order. 

As SP 
and TeV1 

are 
isoelectronic, 

their 
atom

ic 
scattering 

factors 
are 

alm
ost 

identical. 
So the 

(110) 
reflection, 

which 
from

 
the 

analysis 
of 

its 
structure 

factor 
can 

be 
considered 

as 
a 

“difference” 
reflection 

like 
in spinels 

(6), 
fully 

vanishes 
when 

StP 
and TeV1 sim

ulta- 

TABLE 
IV 

MAIN 
INTERATOMIC 

DISTANCES 
(A) 

IN 
Li*TiTeOG 

AND 
LiSbO, 

(3) 

Distances 
Li2TiTe06 

LiSbO, 
Distances 

Te-0( 
1) 

(X2) 
1.97 

Te-O(2) 
(x2) 

1.98 
(X2) 

2.00 
Te-O(3) 

(X2) 
1.94 

(x2) 
2.04 I 

Sb-0 
Ti-0( 

1) 
(X2) 

1.91 
(x2) 

2.05 
Ti-O(2) 

(X2) 
1.99 

Ti-O(3) 
(x2) 

1.98 

Li( 
I)-O( 

1) 
(X2) 

2.10 
Li( 

1)-O(2) 
(x2) 

2.07 
(X2) 

2.01 
Li( 

1)-O(3) 
(x2) 

2.24 
(x2) 

2.07 
Li-0 

(x2) 
2.07 

Li(2)-0( 
1) 

(X2) 
2.12 

Li(2)-O(2) 
(x2) 

2.22 
Li(2)-O(3) 

(X2) 
2.09 

A 
= 

0.03-0.06 
A 
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neously 
occur. 

A neutron 
diffraction 

study 
w

ill 
be 

undertaken 
in order 

to 
give 

good 
evidence 

of the 
Sn/Te 

order. 
Although, 

it 
cannot 

be deduced 
from

 
the absence 

of the 
(110) reflection 

that there 
is no Sn/Te 

order, 
the 

analysis 
of the 

vibrational 
spectra 

pro- 
vides 

evidence 
for 

the 
existence 

of order- 
ing. 

Vibrational 
Spectra 

The 
IR and Ram

an 
spectra 

of both 
com

- 
pounds 

are rather 
com

plex, 
with 

an unin- 
terrupted 

succession 
of bands 

between 
800 

and 100 cm
-‘. 

M
oreover, 

the spectra 
of the 

Ti and Sn com
pounds 

are sufficiently 
differ- 

ent to prevent 
any band 

to band 
correlation 

between 
the 

spectra, 
and 

the 
“Li-‘Li 

iso- 
topic 

shifts are spread 
over 

the whole 
550- 

250 cm
-’ 

region. 
It 

is thus 
im

possible 
to 

assign the bands on the basis of m
ore or less 

localized 
vibrations 

of 
Te06, 

TiO
h 

(or 
Sn06), 

and Li06 
octahedra. 

Nevertheless, 
an 

interesting 
feature 

is 
the great 

sharpness 
of the 

bands 
of 

Li;?Sn 
Te06, 

to be com
pared 

with 
the 

very 
broad 

pattern 
given 

by LiCoTiSb06 
(Fig. 

1). Ac- 

I 
I 

1 
I 

600 
600 

LO
O

 
200 

cm
-l 

FIG
. 1. Com

pared 
IR spectra 

of Li$nTeO, 
(fully 

ordered 
distribution 

of the cations) 
and LiCoTiSbO, 

(also LiSb03 
structure, 

but with Li-Co 
and Ti-Sb 

dis- 
ordering). 

cording 
to its X-ray 

powder 
diagram

 
(4) this 

latter 
com

pound 
also has the 

LiSbO
-( type 

structure, 
but 

with 
a disordered 

cation 
dis- 

tribution, 
which 

is 
responsible 

for 
the 

broadness 
of the 

IR 
spectrum

. 
The 

sharp- 
ness of the Li$nTe06 

spectrum
 

points 
to a 

fully 
ordered 

distribution 
of 

the 
cations, 

which, 
in this particular 

case, could 
not 

be 
deduced 

from
 

the diffraction 
data. 

Discussion 

Description 
of the LiSbO

3 
Structure 

The 
idealized 

LiSb03 
structure 

m
ay 

be 
described 

as a hexagonal 
close packing 

of 
oxygen 

with 
3 of the octahedral 

sites filled 
with 

Li 
and 

Sb. 
Although 

the 
polyhedral 

linkage 
shows 

a 3D character, 
the distribu- 

tion 
of cations, 

i.e., 
the two cationic 

sublat- 
tices, 

are 
of 

low 
dim

ensionality: 
1D. 

As 
proposed 

earlier 
(7) octahedral 

ribbons 
run 

along 
11001 (Fig. 

2). SbO
h units form

 
a string 

of staggered 
octahedra, 

through 
skew edge- 

sharing 
(8). These m

ixed 
octahedral 

ribbons 
are 

further 
connected 

by 
opposite 

face- 
sharing 

of all the 
Li06 

octahedra 
in such a 

way 
that 

1D Li 
colum

ns 
are created 

along 
10101 (Fig. 

3). 
M

oreover, 
that 

stacking 
of 

octahedral 
ribbons 

leads to the existence 
of 

sm
all tunnels 

running 
along 

11001. 

O
rdering 

Phenom
ena 

As LiSb03, 
to our knowledge, 

is a unique 
exam

ple 
am

ong 
the AB03 

oxides, 
no order 

phenom
ena 

have 
been 

reported 
until 

now. 
Thus, 

the 
order 

evidenced 
from

 
the 

struc- 
ture 

determ
ination 

of LizTiTe06 
(Fig. 

2) is 
especially 

interesting 
to analyze. 

As for the 
recently 

reported 
(1) 

m
ixed 

tellurates 
LizZr(Hf)Te06 

belonging 
to the 

corundum
 

fam
ily, 

the 
ordering 

phenom
enon 

in 
the 

LiSb03 
type structure 

originates 
in the dou- 

ble substitution 
2 SbV + 

Tin’ 
+ TeV1; m

ore 
precisely, 

it is related 
to the introduction 

of 
hexavalent 

tellurium
. 
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b 
Li 

0,~ 
Sb 

in 
LiSb0-j 

8 
Te 

0 
Ti 

I 

in 
LiZTi Te06 

FIG. 
2. Octahedral 

ribbons 
in the LiSbO, 

type struc- 
ture at the y = 0 level: 

Ti/Te 
order 

in L&TiTeO,. 

O
ne can propose 

an explanation 
for such 

an 
ordering 

phenom
enon, 

taking 
into 

ac- 
count 

the 
increase 

of 
repulsive 

M
 

. . . M
 

forces 
in LizTiTe06 

with 
respect 

to LiSb03. 
W

e m
ust 

keep in m
ind the m

ain result of the 
analysis 

of 
repulsive 

M
 

. 
. 

. M
 

forces 
de- 

veloped 
for 

the 
Zr(Hf)/Te 

order 
in 

Li*Zr 
(Hf)Te06 

(I). 
A 

decrease 
of 

repulsive 
forces, 

com
pared 

to the LiNb03 
type 

struc- 
ture, 

is observed 
only if there 

are no neigh- 
boring 

TeO
f, octahedra 

in the sam
e layer or 

in two 
adjacent 

layers. 
Sim

ilarly, 
the order- 

ing 
phenom

enon 
observed 

for 
LizTiTeO

h 
shows the lack of directly 

Te06 linked 
octa- 

hedra 
in the sam

e ribbon 
and between 

two 
adjacent 

ribbons 
(Figs. 

2 and 3). Finally, 
it 

is worth 
noting 

that 
in 

the 
two 

structural 
types, 

LiNb03 
and 

LiSb03, 
the 

M
rVITeV1 

order 
phenom

enon 
is related 

to 
the 

sam
e 

geom
etrical 

arrangem
ent 

of 
the 

nearest 
TeO

, 
octahedra: 

(i) in a ribbon, 
Li2TiTe06 

(Fig. 
2), or in a 

layer, 
LizZrTe06 

(Fig. 
4a), the two 

closest 
Te06 

octahedra 
are 

connected 
through 

skew-edge 
sharing 

of another 
Ti06 

or Li06 
octahedron, 

respectively. 
(ii) 

stacking 
ribbons 

or 
layers 

leads 
to 

nearest 
Te06 

octahedra 
facing 

each 
other 

across 
a 

tunnel, 
Li2TiTe06 

(Fig. 
3), 

or 

across 
an 

octahedral 
window, 

Li2ZrTe06 
(Fig. 

4b). 
Consequently, 

the corresponding 
(Te-Te) 

distances 
are 

very 
sim

ilar 
in the 

two 
cases: 

in a ribbon 
across a tunnel 

Li2TiTe06 
+ 

a = 5 o7 A 
b = 4.9 

A
 

LizZrTeO
h 

* 
in a layer 

a = 5.17 A
 

c/3 = 
4.6 A. 

Sum
m

arizing 
these features, 

it can be ob- 
served 

that 
the M

n’/TeV1 
ordering 

phenom
- 

ena are solved 
in a rather 

sim
ilar 

way in the 
LiNb03 

and 
the 

LiSb03 
type 

structures, 
leading 

to 
the 

sam
e 

arrangem
ent 

of 
the 

nearest 
Te06 

octahedra. 
The occurrence 

of 
either 

structure 
(LiNb03 

or LiSb03) 
m

ainly 
depends 

on 
both 

geom
etrical 

and 
bonding 

problem
s 

related 
to the nature 

of M
. 

A de- 
crease of the M

I” 
cation 

size and of its ionic 
character, 

as observed 
for Zrr”(Hf) 

--f TP, 
stabilizes 

the LiSb03 
type 

structure. 
From

 
this, 

it is also likely 
that an ordered 

LiSb03 
structure 

for 
LizSnTeO

h 
is found. 

C
onclusion 

The new 
m

ixed 
tellurates 

Li2TiTe06 
and 

LizSnTe06 
are 

structurally 
related 

to 
LiSbO

+ 
The 

m
ain feature, 

evidenced 
from

 
the 

X-ray 
study, 

concerns 
LizTiTe06: 

an 

b ! 
-_ 

0 
Li 

0,Q 
Sb 

in 
LiSb03 

@
 

Te 

0 
Ti 

in 
Li2Ti 

Te06 

FIG. 
3. Face-sharing 

of LiO, 
octahedra 

in 
and L&TiTeO,. 

LiSbO, 
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CHO

ISNET, 
RULM

O
NT, 

AND 
TARTE 

v 
O

ctahedral 
w

indow
 

. 
Te 

V
 

Li 

FIG
. 4. (a) Octahedral 

layer in the corundum
-like 

structure 
of Li2ZrTeOn. 

(b) TeO, octahedra 
facing 

each other across octahedral 
windows 

in Li,ZrTeO+ 

additional 
l/l 

ordering 
in the distribution 

of 
the 

(TP, 
Te”‘) 

pair 
occurs 

over 
the 

Sb” 
sites. 

The 
existence 

of a sim
ilar 

Sn”‘/TeV1 
ordering 

in 
Li2SnTe06, 

deduced 
from

 
the 

IR 
spectra, 

m
ust 

be confirm
ed 

by a further 
neutron 

diffraction 
study. 

The outstanding 
influence 

of TeV1 to give 
ordering 

in 
octahedral 

structures 
is once 

m
ore 

established. 
M

oreover, 
the 

com
pari- 

son 
of 

the 
(Tin’, 

TeV1) distribution 
in 

the 
LiSb03 

and 
in 

the 
corundum

 
(A4’” 

= 
Zr, 

Hf) 
type structures 

points 
to a rather 

strong 
sim

ilarity 
in the geom

etrical 
arrangem

ent 
of 

nearest 
Te06 

octahedra. 
This 

result 
leads 

us to consider 
the TeV1 . 

. . TeV1 repulsions 
as the 

driving 
forces 

in 
the 

existence 
of 

such ordering 
phenom

ena. 
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