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A new oxide, CsTiaNbO,, with a structure related to that of KTiNbOs has been prepared and described. 
This titanoniobate, with orthorhombic symmetry, has the unit-cell dimensions a = 9.32e, b = 18.41a, and 
c = 3.79s A. From the electron diffraction results two space groups, Pna2r or Pnnm, are possible. Its 
structure, which has been studied from powder data, is built up from units of 2 x 3 edge-sharing octahedra; 
these units share the corners of their octahedra, forming puckered layers. The layers are held together by 
cesium ions in distorted cubic sites, as in KTiNbOs. 

The layer structures of alkali titanates and 
titanoniobates or titanotantalates which are 
known at the present time can be considered, 
if referred to the unit cell, as built up from 
structural units of 2 x n edge-sharing octa- 
hedra. Thus, this is the case in the oxides 
A1-,(Th-N~+,)0~ U,2), Na2Tidh (3), 
and A2Ti40r, (4,5) which are characterized, 
respectively, by n = 2, 3, and 4. 

The compounds Al-,(Tir-,it4r+,)05 are, 
however, quite different from the other 
titanates, in that the structural units of the 
two separate sheets are not parallel but are 
related by a glide plane, “a.” We describe 
here a similar structure but one which is built 
up, like Na2Ti307, from 2 x 3 edge-sharing 
octahedra structural units. 

Synthesis and Crystallographic Data of 
CsTizNb07 

CsT&NbO, was prepared from CsN03, 
Ti02, and Nb20s in a molar ratio of 2 : 4 : 1. 
The mixture, first slowly heated from 400 to 
75O”C, was then fired at 950°C in a platinum 
crucible. Annealings at temperatures rang- 
ing from 1000 to 12OO”C, for 1 to 24 hr, are 

necessary to obtain a good crystallization. 
All attempts to prepare isomorphous 
compounds CsTizTa07 and ATi2M0, with 
A=K, Rb, Tl, Na and M=Ta, Nb were 
unsuccessful in these experimental condi- 
tions. The X-ray powder pattern of 
CsTi2NbOT, registered with a Philips 
goniometer for the Cuka radiation, was 
indexed in an orthorhombic cell with the 
following parameters: 

a = 9.326 A, b = 18.412 A, 
c = 3,798 A. 

The electron diffraction study confirmed 
these results and showed the systematic 
absent reflections: Okl, k +I = 2n + 1 and 
h01, h = 2n + 1. Two space groups are thus 
possible: Pna21 and Pnam. 

The observed density, d, = 4.44, 
measured by pycnometry in carbon tetra- 
chloride, showed that 2 = 4 (dcalc = 4.42). 

A Structural Model for AMJO Oxides 

From the comparison of the parameters of 
CsTi2NbOT with those of 
A1-,(Til-J4~+,)05 (I, 2) andNa2Ti307 (3), 

161 0022-4596180/050161-05502.00/0 
Copyright Q 1980 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 
Printed in Great Britain 



162 HERVIEL’ AND RAVEAl 

the following relationships can be obtained: 

CCsTizNbO-, = CKTiNb05. 

In the two structures, KTiNbOs and 
Na2Ti307, the edge- and corner-sharing 
octahedra form puckered layers parallel to 
(001) (Figs. la and b). The cells of these two 
oxides are, however, quite different: 
KTiNbOs is orthorhombic (a = 6.4& b = 
3.792, and c = 18.47z A) while Na2Ti307* is 
monoclinic (a = 9.135 A, b = 3.804 A, c = 
8.57i A, p = lOl”57). The stacking of the 
octahedra along b is the same for the two 
structures: along this direction the structural 
units of 2 x n octahedra (Figs. lc and d) form 

‘The a and c parameters of NazTiJ07 have been 
reversed with regard to Ref. (3) in order to allow a better 
comparison with KTiNb05. 

,.) 

FIG. 1. Idealized drawing in projection of the struc- 
tures of: (a) KTiNbOs; (b) Na2Ti307 and of the struc- 
tural units of 2 x n octahedra; (c) n = 2; (d) n = 3. These 
units form columns of edge-sharing octahedra charac- 
terized by a width of n octahedra. (e) n = 2; (f) n = 3. 

columns of edge-sharing octahedra (Figs. ic 
and f), characterized by a width of ?I octa- 
hedra, and giving a b parameter close to the 
classical value of 3.8 A which corresponds to 
the height of an octahedron. The value of the 
a parameter is determined by the length of 
the structural unit of 2 x n octahedra. i.t:., by 
the number n; the two a values are then 
closely related and can be obtained by the 
relationship a,, - 2.9(n2 -t 1 )I” ,A, ivhere 
2.9 A corresponds to the mean distance 
between two oxygen atoms. In return. there 
is no relationship between the c values of 
these structures. The cohesion of the struc- 
ture in the c direction is ensured by the alkali 
cations which hold the sheets [(TiNb)OJ or 
[Ti30712- together. The relative orientations 
of the latter sheets are quite different in the 
two structures: two successive [(TiNb)O,] 
sheets deduce one from the other by a glide 
plane “a ” (Fig. la), while two adjacent 
[Ti30712~- sheets are related by a single 
translation, c. The result is a distorted cubic 
environment for potassium and two kinds of 
sites for sodium: a ninefold and a sevenfold 
coordination. 

From the above relationships observed for 
the parameters of KTiNbOS, Na2Ti307, and 
CsTi2Nb0, a structural model for the latter 
can be proposed (Fig. 2). The values of the a 
and c parameters, close to the a and b 
parameters of Na2Ti307, indicate that the 
structure is built up from similar structural 
units of 2 x 3 edge-sharing octahedra; along c 
these units form columns, the width of which 
is determined by three edge-sharing octa- 
hedra (Fig. If); along a these units are linked 
by the corners of their octahedra. The b 
value, close to the c value of KTiNbOj, and 
the two possible space groups obtained from 
electron diffraction indicate that two suc- 
cessive layers are related by a glide plane 
“a “, as in KTiNbOs. The pseudocubic sites 
between the layers show a geometry close to 
that of the potassium in KTiNbOs; from the 
formula they would be fully occupied by the 
cesium ions. 
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FIG. 2. Structure of CsTiaNbO, projected onto 
(001). [(TiaNb)O,]- layers are held together by cesium 
ions (solid and open circles) in distorted cubic sites as in 
KTiNbOs. 

Structural Study 

In order to confirm this model, the struc- 
ture was studied from powder data. Sixty- 
eight observed reflections, i.e., 210 hkl 
registered with CL&X radiation, were intro- 
duced in a structure factors calculation. All 
the atoms were located in the 4(c) sites of the 
space group Pram, which is the most sym- 
metrical: they are thus characterized by a 
special value z = *a. The isotropic thermal 
agitation parameters were fixed at B = 1 A’ 
for all the atoms. The niobium and titanium 
were first distributed at random over the 
three types of 4(c) sites. After refinement of 
the x, y coordinates of the oxygen and 
metallic atoms, the discrepancy factor RI 
calculated on the intensities was lowered to 
0.136. On account of the results obtained for 
the oxides Al-x(Til-xM1+x)OS, the dis- 
tribution of the titanium and niobium atoms 
over the three sorts of sites was then 
examined. A preferential occupancy of two 
of the 4(c) sites by the titanium atoms was 
found, which lowered RI to 0.074. The final 
atomic parameters and the distribution of the 
metallic atoms over the sites respectively 
noted Br, Bz, and B3 are given in Table I. The 

TABLE I 
FRACTIONALATOMICPARAMETERSFOR 

CsTi2Nb07” 

Atom x 

cs 0.292, 
Bl 0.9538 
B2 0.26Oc 
B3 0.619s 
01 0.536, 
02 0.817a 
03 0.148,, 
04 0.4305 
05 0.228, 
06 0.547s 
07 0.840, 

Y 

0.211, 
0.062s 
0.0209 
0.1159 
0.211s 
0.1411 
0.09S2 
0.0599 
0.49S3 
0.5413 
0.6OOc 

z Distribution 

a 4 cs 
1 4 (3.2 Ti, 0.8 Nb) 
a (3.6 Ti, 0.4 Nb) 
: (1.2 Ti, 2.8 Nb) 
1 4 40 
1 4 40 
: 40 
a 40 
f 40 
a 40 
a 40 

’ Space group Pnam (No. 62); all atoms in 4(c); X, y, a; 
x, y, $; $+x, t- y, $; 4-x, s+y, a. 

calculated values of the intensities are in 
agreement with the experimental values 
(Table II). The interatomic distances Cs-0 
and B-O (Table III) are quite compatible 
with those usually obtained for these types of 
compounds (1, 6, 7). The distortion of the 
octahedra (Fig. 3) is similar to that observed 
in the compounds A1-,(Tii-,Nb1+,)05. It is 
equally worth noting that the titanium atoms 
are preferentially distributed in the Br and 
BZ octahedra which share, respectively, six 
and five edges with the adjacent octahedra, 
while the B3 octahedra which share only 
three edges with their neighbors are pref- 
erentially occupied by the niobium atoms. 

FIG. 3. Positions of oxygens and B atoms in 
CsTi2Nb07 showing octahedra distortion. 
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TABLE III 

INTERATOMIC DISTANCES IN CsTi2NbOT” 

Length Length Length 
(A) (4 (A) 

cs-0, 2.97 h-07 2.35 03-04 2.73 
cs-o* 3.36 B3-01 1.93 03-a 2.88 
cs-02 3.32 B3-02 1.90 03-0s 2.73 
cs-03 3.13 J33-04 2.05 03-06 2.84 
BI-02 1.92 B3-0s 2.33 04-04 3.18 
b-03 1.94 B2-07 1.96 04-a 2.98 
~-OS 2.34 0,-O* 2.93 04-OS 2.66 
b-0, 2.11 01-04 2.97 04-07 2.96 
h-06 1.94 01-0, 3.03 04-07 3.06 
b-03 1.77 O2-03 3.18 05-06 3.08 
b-04 1.74 02-05 2.70 05-06 2.91 
B2-OS 1.95 02-06 2.93 OS-O7 2.70 
B2-06 2.28 02-0, 2.52 06-06 2.59 

O6-07 2.93 

a Ti, Nb distributions over B1, B2, and B3 sites are 
given in Table I. 

This partial order, which has already been 
found in the Al-x(Til-xMI+x)OS, probably 
results from the repulsion between metallic 
atoms: B1 and BZ octahedra, more rigid, have 
their metallic atoms submitted to a greater 
repulsion due to their more numerous 
neighbors. They should preferentially 
accommodate atoms of smaller size, which 
can be repulsed toward the outside of the 
sheets without distorting the oxygen frame- 
work. 

Conclusion 

A new oxide has been obtained, which 
presents analogies with the two layer struc- 
tures Na2Ti307 and KTiNbOs. There is the 

possibility of intergrowth of Na2Ti307 and 
CsTizNb07, corresponding to successive 
layers of “Ti307” and “Ti2Nb07” held 
together by Na’ planes or Cs’ planes. On the 
other hand, regarding the similar disposition 
of the layers for KTiNbOs and CsTizNb07, 
let us think that CsTizNb07 could be con- 
sidered as the member 0 = 2 of a series 
ATi,NbOz,+s where KTiNbOs is n = 1. The 
synthesis of the members n 3 3 is, however, 
not very likely, due to the decrease among 
A* with regard to the octahedral layers, 
involving a decrease of the cohesion of the 
structure; the term IZ = 3, ATi3Nb09 has not 
been obtained. This composition is generally 
characterized by a tunnel structure (I-8). 
However, the existence of Al+xMn+10Zn+3 
oxides with greater amounts of A’ can be 
considered. The relation with the tunnel 
structure A2Ti6013 (6), which is built up 
from the same structural units as CsTizNb07, 
must be noted. The possibility of the exis- 
tence of more complex frameworks related 
to these structures should be considered. 
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