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The ion-exchange properties of the lamellar protonic niobate HNb;O; - H,O allowed the hydrate
NaNb;Og - 2.5H,0 to be synthesized. The thermolysis of this latter hydrate allowed the oxides
NaNb;Og - H,O and NaNb;O; to be prepared. These three compounds are characterized by an
orthorhombic cell whose parameters are closely related to those of KNb;Os, in agreement with their
lamellar character:

a=8.9719 A; b = 28.84(4) &; c = 3.790(4) A for NaNb, Oy - 2.5H,0
a = 9.072(10) A; b = 22.34(3) A; ¢ = 3.792(3) A for NaNb,0, - H,0
a = 8.771(14) A; b = 10.16(2) A; ¢ = 3.784(3) A for NaNb,0,

The structure of NaNb;Os has been studied from X-ray powder data; a structural model has been
established which shows that NaNb;Og consists of octahedral layers similar to those observed in
KNb;Os; the two structures differ from each other by the relative positions of the layers. The structure
of NaNb;Og can be deduced from that of KNb;Oq by a translation of an octahedral layer out of two of
¢/2. This behavior of potassium and sodium is different from that observed in other lamellar oxides

Na;Ti307, K,Tiz_,M,O4 and NaMnOz-B.

Introduction

The recent analysis of the structural rela-
tionships in lamellar oxides (/) has shown
that it is possible to predict closely related
structures built from identical layers but
one differing from the other by the relative
positions of those layers. This difference
was shown to be due to the nature of the A
cations located between the layers and
which can take a different coordination ac-
cording to their size. This is illustrated by
the comparison of the three titanates and
titanoniobates Na,Ti;0; (2), K;iTisNbOy4
(3), and CsTi,NbO, (4), which are all char-
acterized by similar [M30,] layers of octa-
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hedra and which are translated in different
ways in the three structures. Moreover,
sometimes a progressive transition from a
layer structure to a close-packed structure
can be observed as the size of the A ion
decreases as shown for the cobalt oxides
A,Co0, (5, 6).

An interesting lamellar oxide KNb;Oq
was recently described by Gasperin (7) and
was found to exhibit ion-exchange proper-
ties leading to the protonic oxide HNb;Oj -
H,0 (8). The direct synthesis of NaNb;O;
by action of sodium carbonate and niobium
oxide does not allow a lamellar oxide to be
built: a tetragonal tungsten bronze structure
is isolated by such a method (9). From the
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previous analysis, it appears that a lamellar
structure should be stabilized for NaNb;Os
by using soft chemistry. Thus, the present
work deais with the study of the ion-ex-
change property of HNb;Og - H,O in the
presence of a soda solution, of the thermo-
lysis of the exchanged products, and of the
structure of the final niobate NaNb;Og syn-
thesized at low temperature.

Experimental Methods

Th A Al nge reac ~ty wng prareiad
i llC lUll'CA\'ll 11w 1 Ca\'tl ll wao Ual wu
out by adding 2 g of the oxide HNb3Og .

H,0 in 100 ml of an aqueous solution of
NaOH(N). The reaction was favored by
stirring the mixture.

Thermolysis was controiied by using
thermal differential analysis and thermo-
gravimetry with a Setaram microbalance.

The sodium content after the exchange
reaction was determined by atomic absorp-
tion spectroscopy. The X-ray powder dif-

fraction patterns were registered with a

Dh;‘. nnn'nm 1 1
Philips goniometer with the CuKe radia-

tion. The intensities of the different refiec-
tions were measured by planimetry.

The density of the products was deter-
mined by pycnometry at 25°C in carbon
tetrachioride.

Results

The exchange of the proton by sodium
ion is very fast; the reaction is completed
after several minutes:

HNb;05 - H,0 + Naj, —

NaNb;0y - 2.5H,0 + Hi,

The reaction is reversible: by action of an
acid solution on the sodium niobate, the ox-
ide HNb;O3 - H,O is regenerated.

The thermodifferential and microthermo-

ey £
gravimetric analyses of the hydrate NaNb,

O3 - 2.5H,0 show its low stability: the two
endothermic peaks whose maxima are ob-

p—
[ore]
W

0100 200 300 400 500 600 700 800 9001000 °C

Am%
®
o ®

=

N—

.

AT
=
x
°
<

ELY. S,

F1G. 1. The InermograVlmeIrlc and thermodifferen-
tial curves of NaNb;O;s - 2.5H,0.

served at 50 and 130°C (Fig. 1b) correspond
to the loss of 1.5 and 2.5 mole of water,
respectively (Fig. 1a), according to the
equation:

NaNb,Og - 2.5H,0 —5>
NaNb;Os - H;0 ——% NaNbs;Oq

Although the hydrate NaNb;Os - HyO is sta-
ble at room temperature, it exhibits a
zeolithic character: it can be rehydrated in
a wet atmosphere, reforming the hydrate
NaNb;Og - 2.5H;0. The rehydration of
NaNb;Og, however, has not been found to
be possible. At higher temperature, 780°C,
the thermodifferential curve (Fig. 1b)
shows an exothermal peak, corresponding
to an irreversible structural transition for
NaNb3Os, leading to the tetragonal tung-

sten bronze structure previously described

[{")Y
\7J).

The X-ray diffraction study of the dehy-
dration process shows that the three com-
pOlll'ldS NaNb3Og . 2.5H20, NaNb;Og .
H,0, and NaNb;Os are structurally closely
related to HNbgOs 112\/, i.e. .y Lucy exhibit

a lamellar structure built-up from identical
layers of octahedra. The spectrum obtained
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TABLE 1
CRYSTALLOGRAPHIC DATA

Compound a(A) b A) c (A) Space group de  dops
KNb,04 8.903(3)  21.16(2) 3.799(2) Amam
NaNb;Og - 2.5H,0  8.971(9)  28.84(4) 3.790(4)  Pncn 3.2 334
NaNb;O; - H,0 9.072(10)  22.34(3)  3.792(3)  Pmnn; P2nn 3.87  3.89
NaNb,0O, 8.771(14)  10.162) 3.784(3) Pmnm; Pmn2, 4.23 4.17

with a Guinier-Lenne camera shows
clearly that no intermediate hydrates are
formed during the thermolysis.

The three compounds are characterized,
like KNb;Og, by an orthorhombic cell (Ta-
ble I) whose a and ¢ parameters, which
characterize the [Nb;Og] layers, are rather
similar and close to those of KNb;Og. Nev-
ertheless the a parameter of NaNb;Oy is
smaller than those of the other oxides. The
b parameter which corresponds to the di-
rection perpendicular to the Nb3;Osg layers
increases with the water content. It is
worth noting that the two niobates
NaNb;Os . 25H20 and NaNb303 . Hzo
which have b parameters of the same order
of magnitude as that of KNbs;QOg are charac-
terized by different space groups. The an-
hydrous niobate NaNb;Og is remarkable in
that it exhibits a b parameter two times
smaller; thus it is clear that b corresponds
in this latter case to the interlayer spacing.
From this simple observation it appears
that two successive [NbiOg] layers are at
the same level along b in NaNb;Os, con-
trary to KNb;Og where they are displaced
of ¢/2. The structural study of NaNbs;Og
was undertaken in order to understand this
difference. The Guinier powder pattern is
given in Table II.

Structural Study of NaNb;Os

No single crystal could be isolated for the
determination of the structure. Thus the
structure was studied from powder diffrac-
togram on the 39 first reflections, i.e., 108

hki. The reflection condition hol: h + | =
2n leads to two possible space groups
Pmnm and Pmn2,. The calculations were
performed in the centrosymmetric group
Pmnm. The positions of the oxygen and

TABLE 11
GUINIER POWDER PATTERN NaNb;OQ; CuKa;
RADIATION
hkl dobs dcalc hkl dobs dcalc
010 10.077 10.165 051 1.794 1.791
110 6.612 6.640 151 1.760 1.757
020 5.073 5082 212 1.712 {1.712
200 4,382 4385 341 ' 1.711
210 4.013 4027 160 . 1.663
011 3.535 3546 440 1.660 1.660
030 3.388 3388 520 1.658
220 3.320 3320 222 1.644 1.644
130 3.165 3160 501 1.587 {1.591
021 3.021 3.035 260 : 1.580
121 2.864 288 511 1.570 {1.572
310 2.800 2809 312 ’ 1.569
211 2.753 2757 161 1.523
230 2.685 2681 441 1.520 1.520
040 2.544 2541 521 ’ 1.519
031 2.526 2.524 042 1.517
131 2.428 2426 360 1.466
301 2.313 2313 600 1.462 1.462
311 2.253 2256 261 1.458
330 2.217 2213 531 1.439 {1.440
321 2.105 2105 332 : 1.438
050 2.038 2033 071 1.360 1.356
420 2.012 2013 512 1.276 1.276
150 1.986 1980 013 1.252
340 1.919 1918 352 1.251
002 1.892 1.892 162 1.252 1.250
012 1.855 1.860 103 1.248
112 1.812 1.819 442 1.248




TABLE III

ATOMIC PARAMETERS (xX10?)
AND TEMPERATURE FACTORS
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(A%

x y z B
Nb(1) 94 76 i 0.6
Nb(2) 3 48 3 0.6
Na 1 92 i 0.8
o) 44 28 1.4 1.
0Q2) 03 90 i 1.
0@3) 09 58 1 1.
04 1 41 3 1.
0(5) 1 14 3 1.

niobium atoms were proposed by compari-
son with KNb3;Og (7). We have supposed
that both structures exhibit very similar lay-
ers of octahedra Nb;Qyg: thus all atoms were

located at the level z =

1 and §. The refine-

TABLE 1V
OBSERVED AND CALCULATED INTENSITIES FOR
NaNb;Os
hkl ]obs Icalc hkl Iobs Icalc
010 71.31 70.09 350 - 2.42
110 40.65 38.22 160 0.96
020 18.95 17.48 440 0.44
120 } 7,00 { 3.03 520 » 2045 0.32
200 : 271 251 13.11
210 8.50 9.61 431 0.71
011 } 3317 [34.09 032 J 1.20
101 ’ 0.02 222 12.97 12.59
030 11.05 501 } 6.73 [ 0.58
220 100.00 5790 2690 6.73
111 2528 S11 ) 2.13
130 8.00 524 312 11.97 3.91
121 22.50 2342 530 3.51
310 10.72 11.20 061 J 1.52
211 18.71 20.19 351 ) 0.10
230 5.24 498 161 4.93
040 2045 441 0.24
320 26.44 1.18 521 ¢ 20.70 9.58
031 ’ 799 042 4.18
221 078 322 j 0.42
140 } 7.48 { 328 360 0.77
131 : 340 600 4.50 2.70
301 3.74 434 261 0.14

TABLE IV—Continued

hkl Iobs Iculc h k1 Iuha Icalc

311 4.23 419 070 ) (035
330 2327 610 0.70
240 244 540 0.57
400 [ P00 363 531 L, ) 038
231 112 332 ' ﬁ 8.71
041 ] 3.49 {0.62 242 0.83
321 : 355 170 0.03
141 } 524 { 131 402 ) L 1.60
050 198 152 ) [ 132
420 1.50 1.53 361 0.10
150 2.74 345 071 7.41

340
331

196 611
418 541
241 0.61 342
002 | ™22 11408 630 0.44

| {
} [

315] . {Széé ) o
L

0.86
0.59
0.77

6.23 » 12.72 \

250 144 512 374 335
430 179 180 ) [ 0.29
112 150 208 551 1.33
051 150 247 013 1.27
421 039 352 1.42
022 349 {093 162 s 316\ g4
151 211 103 0.01
122 033 442 0.36
202 032 522 J L 0.18
510 498 280 ) ¢ 0.46
212 % | 168 560 0.09
341 2375 720 0.01
060 599 262 ( M) 38

123 1.46

470 [ 034

ment of the structure was carried out with
the program Maryse (/0) which takes the
orientation phenomena into account. Only
the atomic positions were refined.

The reliability factor calculated on the in-
tensities was lowered to R = 0.07 for the
atomic positions given in Table III. In Table
IV the observed and calculated intensities
are given.

Description of the Structure of NaNb;Og
and Discussion

The rather small number of data versus
the rather great number of variable parame-
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Fi1G. 2. Projection of the structure on (001) (a) in
terms of edge-sharing octahedra, (b) in terms of edge-
sharing octahedra sharing their corners with tetrahe-
dra, (c) in terms of ribbons of corner-sharing pyramids
and tetrahedra.

ters does not allow an accurate determina-
tion of the atomic positions. It is clear that
the results obtained here must be consid-
ered as a structural model rather than an
accurate structure. Nevertheless, the dras-
tic distortion of the NbOg octahedra (Table
V), (Fig. 2a) can be considered significant,
in agreement with the results previously ob-
served for KNb;Og on a single crystal (7).
The two abnormally long Nb(2)-0O(1) dis-
tances (2.57 A) are to be compared to the
one observed for Nb(1) in KNb;O (2.42 A);
consequently it is clear that Nb(2) tends to
take a tetrahedral coordination in NaNb;
Og. Although less distorted, the Nb(1)Og
octahedron is characterized by one long
Nb(1)-0(4) distance (2.35 A) which can be
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compared to that observed for Nb(2) in
KNbsO; (2.29 A).

From these results it appears that the lay-
ers of NaNb;Og can also be described in
terms of edge-sharing Nb(1)Os octahedra
sharing their corners with Nb(2)O, tetrahe-
dra (Fig. 2b) or in terms of ribbons of cor-
ner-sharing Nb(1)Os pyramids and Nb(2)O,
tetrahedra (Fig. 2¢). In this respect those
structures can be compared to those of va-
nadium bronzes A;+,V30g (11, 12) whose
layers are generally described in terms of 2
X 2 edge-sharing octahedra linked through
VO; pyramids but which can also described
as only edge-sharing VOg octahedra (1).
Moreover those oxides exhibit a similarity
with the vanadium phosphates such as
(VO),P,O, (I3) and VOPO, (I4) whose
three-dimensional framework is built-up
from PO, tetrahedra and VOg octahedra.

The projection of this structure on (001)
(Fig. 3a) shows that its layers of octahedra
are similar to those observed for KNb;Og
(Fig. 3b). In both structures each [Nb;Og]
layer is formed of infinite ribbons of corner-
and edge-sharing octahedra running along a
(Figs. 3c and 3d). These ribbons share the
corners of their octahedra along ¢ and are
associated through their edges along b. The
main difference between the two structures
deals with the relative positions of iwo suc-
cessive layers: the structure of NaNbiOg
can indeed be deduced from that of KNb1Os
by displacing one layer out of two of ¢/2.
This difference between sodium and potas-
sium is very similar to the one observed by

TABLE V
COORDINATION OF THE CATIONS

Nb(1)-0(2) 1.70 A Nb(2)-0(3) 1.77 (x2) A

Nb()-0(1) 1.93 (x2)  Nb(2)-0O(4) 2.03 (X2)

Nb(1)-O(5) 2.01 Nb(2)-0(1) 2.57 (x2)

Nb(1)-0(3) 2.16

Nb(1)-0O(4) 2.35 Na-0(2) 2.69 (x4) A
Na-0O(5) 2.23
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Fi1G. 3. Projection on (001) of (a) NaNb;Oy and (b)
KNb;O;. Projection on (100) of (c) NaNb;Og and (d)
KNb;0g.

comparison of the lamellar oxides
K.Ti,_.M,04 (I15) and NaMnO,g8 (I6).
Both oxides exhibit similar layers of edge-
sharing octahedra (Fig. 4) and differ by the
relative positions of their layers: the struc-
ture of NaMnO,-8 (Fig. 4b) is deduced from
that of KxTi,-,M,O4 (Fig. 4a) by a transla-
tion of one layer out two of a/2 in the
orthorhombic cell. These two examples
clearly show that the positions of the layers
are mainly dictated by the coordination of

187

F1G. 4. Structure of (a) K,M,0, and (b) NaMnO,-8.

the A cation located between the layers: the
great ability of K* to take the trigonal pris-
matic coordination makes that the octahe-
dral layers adopt similar positions in
KNb;Og (Fig. 3b) and K,Ti,- M0, (Fig.
4a) respectively; on the contrary, the intro-
duction of Na* leads to a translation of one
layer out of two involving fivefold coordi-
nation of Na* in NaNb;O; (Fig. 3a) and an
octahedral coordination in NaMnO,-8 (Fig.
4b). This ability of sodium to displace the
octahedral layer of a lamellar structure with
respect to potassium can also be observed
by comparing the structures of K;TisNbO,4
(Fig. 5a) and Na,Ti;0- (Fig. 5b) which differ
one from the other by a translation of 4/2 of
one layer out of two alternately. However,
in these latter compounds the K* ions
adopt a pseudocubic coordination whereas
the Na* ions exhibit a ninefold and a seven-
fold coordination with rather dispersed Na—
O distances ranging from 2.23 to 2.93 A.
In conclusion, the synthesis of the
niobate NaNbs;Og with an original structure

FiG. 5. Structure of (a) K;TisNbO,; and (b) Na,
Ti 0.
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by soft chemistry methods suggests that
other niobates, ANb;Og with univalent cat-
ions (Ag*, Rb*, Cs*, T1*) or with divalent
cations (Sr?*, Ba!*, Pb2*) with related
structures should be synthesized by such
methods.
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