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A Layer Structure: The Titanoniobate CsTi.NbO,
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A new oxide, CsTi,NbO,, with a structure related to that of KTiNbOs has been prepared and described.
This titanoniobate, with orthorhombic symmetry, has the unit-cell dimensions a =9.32¢, b =18.41,, and
¢=3.79 A. From the electron diffraction results two space groups, Pna2, or Pnam, 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
A (T M14,)0s (1, 2), NaTiz0; (3),
and A,TisOs (4, 5) which are characterized,
respectively, by n =2, 3, and 4.

The compounds A;_,(Ti;_ M;.,)Os 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 Na,Ti;0, from 2 X3 edge-sharing
octahedra structural units.

Synthesis and Crystallographic Data of
CsTi,NbO,

CsTi,NbO,; was prepared from CsNOs,
TiO,, and Nb,Os in a molar ratio of 2:4:1.
The mixture, first slowly heated from 400 to
750°C, was then fired at 950°C in a platinum
crucible. Annealings at temperatures rang-
ing from 1000 to 1200°C, for 1 to 24 hr, are

161

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

a=932cA, bp=18.41,4,
c= 3,793 A

The electron diffraction study confirmed
these results and showed the systematic
absent reflections: Okl, k+!=2n+1 and
h0l, h =2n+1. Two space groups are thus
possible: Pna2, and Pnam.

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

A Structural Model for AM;0; Oxides

From the comparison of the parameters of
CsTi;NbO, with those of
A1 (Ti;«M1,,)O0s5 (1, 2) and Na,Ti; O, (3),
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the following relationships can be obtained:
ACsTioNbO, = ANayTiz07s
CCsTiNbO, = bNazTi3O7 = bKTiNb();;
CCsTipNbO7 == CKTiNbOs-

In the two structures, KTiNbOs and
Na,Ti;0,, the edge- and corner-sharing
octahedra form puckered layers parallel to
(001) (Figs. 1a and b). The cells of these two
oxides are, however, quite different:
KTiNbOs is orthorhombic (a =6.45,, b=
3.79,, and ¢ = 18.47, A) while Na,Ti;0-' is
monoclinic (2 =9.13sA, »=3.80, A, c=
8.57: A, B=101°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. 1¢ and d) form

"The a and ¢ parameters of Na,Ti;O; have been
reversed with regard to Ref. (3) in order to allow a better
comparison with KTiNbOs;.

F1G. 1. ldealized drawing in projection of the struc-
tures of: (a) KTiNbOs; (b) Na,TizO5 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.
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columns of edge-sharing octahedra (Figs. le
and f), characterized by a width of s 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.c., by
the number n; the two a values are then
closely related and can be obtained by the
relationship a, ~2.9(n*+ nH2 A, where
2.9 A corresponds to the mean distance
between two oxygen atoms. In return, there
is no relationship between the ¢ values of
these structures. The cohesion of the struc-
ture in the ¢ direction is ensured by the alkali
cations which hold the sheets [(TiNb)Os] " or
[Ti;0,] together. The relative orientations
of the latter sheets are quite different in the
two structures: two successive [(TiNb)Os]™
sheets deduce one from the other by a glide
plane “a” (Fig. la), while two adjacent
[Ti;O,F sheets are related by a single
translation, ¢. 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 KTiNbQOs, Na,TizO-, and
CsTi,NbO; a structural model for the latter
can be proposed (Fig. 2). The values of the a
and ¢ parameters, close to the a and b
parameters of Na,Ti;0-, indicate that the
structure is built up from similar structural
units of 2 X 3 edge-sharing octahedra; along ¢
these units form columns, the width of which
is determined by three edge-sharing octa-
hedra (Fig. 1f); along a these units are linked
by the corners of their octahedra. The b
value, close to the ¢ value of KTiNbOs, 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.



LAYER STRUCTURE CsTi,NbO,

F1G. 2. Structure of CsTi;NbO; projected onto
(001). [(Ti,Nb)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 CuKa radiation, were intro-
duced in a structure factors calculation. All
the atoms were located in the 4(c) sites of the
space group Pnam, which is the most sym-
metrical: they are thus characterized by a
special value z = +3. 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 R;
calculated on the intensities was lowered to
0.136. On account of the results obtained for
the oxides A;_(Tii_ M )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 R; to 0.074. The final
atomic parameters and the distribution of the
metallic atoms over the sites respectively
noted B, B,, and B; are given in Table 1. The
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TABLE 1
FRACTIONAL ATOMIC PARAMETERS FOR
CSTiszO'ya
Atom X y z Distribution
Cs 0292, 0211, 3 4 Cs
B, 0.953; 0.062, % (3.2 Ti, 0.8 Nb)
B, 0.260, 0.020, % (3.6 Ti, 0.4 Nb)
B; 0.619; 0.115, % {1.2 Ti, 2.8 Nb)
0, 0.536; 0.211y % 40
0, 0.817, 0.141, 1} 40
0, 0.148, 0.098, % 40
04 0.4305 0.059, 3} 40
Os 0.228, 0498; 3 40
Os 0.547, 0541, 3 40
0, 0.840, 0.600, 40
“ Space group Pnam (No. 62); all atoms in 4(c); x, y, 3;

3
a

=

X, ¥, 35

1 1.1 1 3
tX%3~Ya2-X%2tY, 1.

calculated values of the intensities are in
agreement with the experimental values
(Table II). The interatomic distances Cs-O
and B-O (Table III) are quite compatible
with those usually obtained for these types of
compounds (I, 6, 7). The distortion of the
octahedra (Fig. 3) is similar to that observed
in the compounds A;_,(Ti;—Nb;+,)Os. Itis
equally worth noting that the titanium atoms
are preferentially distributed in the B, and
B, octahedra which share, respectively, six
and five edges with the adjacent octahedra,
while the B; octahedra which share only
three edges with their neighbors are pref-
erentially occupied by the niobium atoms.

2.7 0. °
b 3 a8 K IE !
6 84
s, ., 252 203
‘2 .88 h 59 [ d
% %
306 A 273 77 297
3
2.70 29’ 259 29 270 296
X 193 5 9 308 o 298 °
% 9 . ¢ x 3 *
M [
2
[
°, 2 °, o

F1G. 3. Positions of oxygens and B atoms in
CsTi,NbO- showing octahedra distortion.
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CsTi,NbO,: COMPARISON OF OBSERVED AND CALCULATED INTENSITIES

Rk, I, Rkl I bk, I Rk L ‘.
020 722 656 271 033 031 2101) 367 4120 .00
120 300 127 181 L, 025 309 1} 321 013 4111 0.95
130 2408 2314 421 150 600 080 740 034
200 1743 1712 002 20.11 610 378 444 5420 o0 017
040 258 163 36 1} 20,12 448 490 002 2131 B8 g
22 0} y706 1017 431 0.03 0120 1.91 2102 1.98
140f “°° 1704 022 0.11 620{ 311 056 392 0.82
01 1} o3 029 460 .00 0111 017 2140 623
230/ 77 1085 510 4.5 005 342 0.01 750 1.48
111 1.72 112{ 7 0.01 1120 0.03 113 0.08
15 0} 229 047 380 0.99 11t 1} a3 156 552 3.62
121 008 0100 170 630( 047 51107 505  0.02
240 925 914 281 232 481 240 721 0.61
031 6036 5962 110 0} 642 117 640 0.34 1112 0.00
060 196 091 223 402 0.26 123 0.01
31 0} 56.42  10.05 530 009 561; 229 031  482) 0.70
131 44.08 132 223 412 1.64 033l 2.36
32 0} 5530 1605 37 1] N3 5m o082 0.01 510 1J 3405
201 “7 9.11 191 5.51 3101 039 690 0.08
16 0} 3717 202 197 272 2.94 1141 0.03
21177470 2893 042 018 2120, 298 038 73 1p 207 0.20
250 816 212y 470 008 2111 0.02 133 1.95
22 1} gqg 882 451 139 422 0.00 23 1‘; 1.31
141 002 470 0.01 611 0.04 1150 0.02
23 1} 677 660 54 0} 026 362 178 31020 L, 167
0os1f ™ 007 222p 321 164 650y 58 045 4121 7 0.40
260 350 383 142 276 432 372 74 1j 0.90
15 1} 195 4 2100 375 337 491 0.31 2112 0.42
170/ ™ 005 390 142 127 621 355 45 233 0.32
31 1} 356 353 231 298 228 571 207 266 05 3} 553 000
350/ 7 0.61 291 677 697 1121 082 093 492 © 0.02
410 422 461 110 442 457 518 0122 1.41
161 3.11 511 008 631 0.31 6100 0.00
080 g, 001 550% 853 566 1130 0.34 153 0.18
251 318 381 219 282 065 S72¢ 270 133
270 8.36 152 0.05 3720 .0 LI8 2150 0.55
420 0.01 1110 000 590 038 5120 0.46
33 1} 390 226 S21( ... 523 192 276 1122 0.00
180/ 132 242 " 2.41 3111 007 S111{ o, 00l
360 4.51 480 102 641 363 243( 0.07
43 0} 1594 993 531 025 2121 205 632 0.30
071 074 06 2} 321 044 4110 182 423 0.22
34 1} 790 819 312 2.61 21305 10.08 088 4112 1.65
2615 " 013 322 464 581 274 781; 390 112
171 734 681 560 022 4101 024 2132 0.74
440 1284 1218  162{ .. 994 462 0.46 183 0.02
351 655 252 225 512 002 4141 1.43
37 0} 1617 235 471 297 01310 , .. 050 831 0.00
190 574 310 246  382( 056 363 0.59
401 436 3.51 2110 066 0102 091 433 0.01
41 1} sa0 455 54 1} 298 137 720 0.01 672 278 003
450/ 7 055 332 0.30 1161 0.28
3151 0.05
6120 0.00
6111 5.14
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TABLE III
INTERATOMIC DISTANCES IN CsTi,NbO,*

Length Length Length

(A) (A) (A)

CS—Ol 2.97 B2—07 2.35 03—04 2.73
Cs-O; 336 B3;-0O; 193 03-05 2.88
Cs-0O, 332 B3-0;, 190 03,-0O4 273
Cs-0O; 313 B3O 205 03-0 2.84
B;-O, 192 B3-Os 233 040, 3.18
B,-O; 194 B,-0; 196 04,05 298
B-Os 234 0,0, 293 04,05 266
B;-O¢ 211 0O;-0, 297 040, 296
B;-Os 194 0,-0; 3.03 04,0, 306
B,-0O; 177 0,05 3.18 0s-0¢ 3.08
B,-0, 174 0,05 270 0504 291
B,-Os 195 0,-0¢ 293 05-0, 2.70
B-Og 228 05,-05 2.52 0406 2.59
0057 293

“ Ti, Nb distributions over By, B,, and B; sites are
given in Table L.

This partial order, which has already been
found in the A,_,(Ti,_M;.,)Os, probably
results from the repulsion between metallic
atoms: B, and B, 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 Na,Ti;07 and KTiNbOs. There is the
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possibility of intergrowth of Na,Ti;O, and
CsTi;NbO;, corresponding to successive
layers of “Ti;O;” and “Ti,NbO;” held
together by Na* planes or Cs* planes. On the
other hand, regarding the similar disposition
of the layers for KTiNbOs and CsTi,NbO;,
let us think that CsTi;NbO- couid be con-
sidered as the member n =2 of a series
ATi,NbO;, .3 where KTiNbOsis n = 1. The
synthesis of the members n =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 n =3, ATi;NbOy has not
been obtained. This composition is generally
characterized by a tunnel structure (1-8).
However, the existence of A, M,.105,+3
oxides with greater amounts of A” can be
considered. The relation with the tunnel
structure A,TigO;3 (6), which is built up
from the same structural units as CsTi,NbO-,
must be noted. The possibility of the exis-
tence of more complex frameworks related
to these structures should be considered.
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