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It follows from our experimental data that the meas-
urements of the time modulation of a neutron beam
gives a real possibility of determining the dynamical
effects together with a very small velocity of motion of
crystallographic lattice planes of the specimen under
investigation. This method can be also applied for the
measurements of amplitudes of vibrations of single
crystals, excited piezoelectrically or by magnetostriction.
The velocities of motion of crystallographic lattice
planes are of the order of several tens of cm.sec—!, and
the corresponding amplitudes in the range of 10~4 cm.

The authors wish to thank Doc. Ing. J. Zelenka and
Doc. Dr J. Tichy for supglying us with quartz single
crystals and Mr J. Vdvra for his valuable help through-
out the measurements.
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X-ray Diffuse Scattering from NaNbOj3 as a Function of Temperature
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A qualitative description of the X-ray diffuse scattering from NaNbOj; single crystals as a function of
temperature up to 800°C is given. Two types of distinct diffuse scattering where observed in {100}
reciprocal planes and on (100) reciprocal axes. While the diffuse scattering in reciprocal planes shows
no critical behaviour at the different phase transitions and can be attributed to a ‘linear disorder’
similar to that suggested earlier for KNbOQs, the diffuse scattering on reciprocal axes is critical in the
vicinity of the 641°C phase transition. The atomic displacements involved with the linear disorder that
persists up to 800°C are attributed to the niobium atoms; the critical planar disorder in the cubic phase
is attributed to rotations of oxygen octahedra similar to those suggested for SrTiO; and KMnF;. Both
types of disorder exist in the cubic paraelectric phase.

Introduction

Many recent papers describe experiments in X-ray or
neutron scattering from perovskite related compounds
[SrTiO; (Shirane & Yamada, 1969), KMnF; (Minkie-
wicz & Shirane, 1969; Minkiewicz, Fujii & Yamada,
1970), LaAlO; (Plakhty & Cochran, 1968; Axe & Shi-
rane, 1969), KTaO; (Shirane, Nathans & Minkiewicz,
1967), PbTiO; (Shirane, Axe, Harada & Remeika,
1970), BaTiO; (Harada & Honjo, 1967; Comés, Lam-
bert & Guinier, 1968), KNbO; (Comés, Lambert &
Guinier, 1970q)]. Nevertheless, the distribution in the
reciprocal space of the scattered intensity which pro-

* Laboratoire associé au C.N.R.S.

vides direct information on atomic displacements that
are responsible for the scattering is only known with
some precision in the cases of KNbO; (Comés, Lam-
bert & Guinier, 19704) and BaTiO; (Shirane, Axe &
Harada, 1970; Comes ez al. 1970a). These two crystals,
which are isomorphous in all their phases, have struc-
tures that always result from a slight distortion of the
ideal perovskite unit cell; but they never show multiple-
cell structures as can be found for example in SrTiO;
(Miiller, 1958; Alefeld, 1969), WO; (Ueda & Koba-
yashi, 1963; Andersson, 1963), NaNbO; (Vousden,
1951; Bouillaud, 1968), or KMnF; (Minkiewicz et al.
1970; Beckman & Knox, 1961). Thus, it seemed of in-
terest to study the distribution of the diffuse X-ray
scattering as a function of temperature in such a mul-
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tiple-cell perovskite compound with the same photo-
graphic technique used for KNbO; (Comes, et al.,
1970a). This was undertaken with NaNbQO; and the
present paper describes the first experimental re-
sults.

NaNbO; shows a great variety of phases among
which the low-temperature rhombohedral phase is fer-
rielectric, the high-temperature cubic phase is para-
electric (7'>640°C), and most of the intermediate
phases are probably antiferroelectric. Besides the cubic
phase only a few structures are known with some preci-
sion (Sakowski-Cowley, Lukaszewicz & Megaw, 1969).
Even the symmetry of the higher-temperature phases
is not well known (Solov’ev, Venevtsev & Zhdanov,
1961; Lefkowitz, Lukaszewicz & Megaw, 1966). But
the unit cell is always a multiple of a slightly distorted,
ideal perovskite unit cell.

The NaNbOs; single crystals were grown by C. Flico-
teau in the Laboratory of Professor H. Brusset* and
have the form of platelets (about 2 x2x 0-1 mm). The
different transition temperatures (above room temper-
ature) of these crystals, and as determined from # DTA
analysis, are shown in Fig. 1. Besides small shifts in
temperature these transitions are in good agreement
with those reported by Lefkowitz ez al. (1966). In par-
ticular the # DTA analysis confirms the existence of a
stable phase in the narrow temperature range of 523°C
to 528°C, which has not always been detected (Bouil-
laud, 1968). In this paper we distinguish the different
phases by the alphabetic symbols introduced by Lef-
kowitz et al. (1966), which are shown in Fig. 1.

The diffuse scattering experiments showed the exis-
tence of two completely different types of scattering: in
relplanes (reciprocal planes) and on relrods (recipro-
cal axes).

* Ecole Centrale des Arts et Manufactures, 92-Chatenay
Malabry, France.

Phase | Multiplicities .D.T.A. analysis of NaNbO,
Cubic axbxc
641°C
T, 2ax2bx2c
TI 2ax2b x2¢
W 2ax2bx2c?

2ax4b « 2C
S _lor2ax2bs2¢c /

R 2ax6bx2c

P 2ax4b x2¢

Fig. 1. Microdifferential thermal analysis of NaNbOj crystals
between room temperature and 700°C. The transition tem-
peratures determine seven phases for which the unit-cell
multiplicities and the alphabetic symbols introduced by
Lefkowitz et al. (1966) are mentioned.

AC2TA-2
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1. Diffuse scattering restricted to reciprocal planes

The diffuse scattering restricted to relplanes is generally
similar to that found with KNbO; (Comés et al., 1970a).
At room temperature, and referred to the pseudo-cubic
axes of the single unit cell, the scattering is found to be
particularly intense in the (010) set of planes, i.e. the
same set as found with KNbQO; in the orthorhombic
phase.

Nevertheless, two differences exist in the case of
KNbO3 :

(a) A weaker and broader scattering can be seen in the
(001) relplanes [Fig. 2(a)]. Taking into account the ob-
served superlattice Bragg reflexions it does not seem
that this scattering can be explained by a small amount
of twinning.

(b) The new feature of scattering in the planes is the
existence of a weak but detectable superlattice scatter-
ing in the (010) relplanes passing through the 0,k+%,0
and 0,k + 3,0 relpoints (reciprocal points). This scatter-
ing is related to the 4b periodicity along the [010] axes
of the room temperature phase P.

Variation of scattering with temperature in
Sundamental relplanes

Considering the variation of scattering with temper-
ature in the fundamental {010} relplanes (passing
through the relpoints 00 with & integers) three tem-
perature regions have to be distinguished:

(@) From room temperature to about 373°C (first-
phase transition) in which the intensity of the scattering
in the fundamental (010) relplanes grows linearly with
temperature. Such a growth is also observed with the
(001) relplanes; but while the ratio 7(010)//(001) is of
the order of 2 at room temperature it has dropped to
1-12 at 300°C so that the intensity in the two sets of
planes is nearly the same [Fig. 3(a)]. In following the
width of the diffuse lines corresponding to these two
sets of planes, identical values are found in the vicinity
of the 373°C phase transition [Fig. 3(b)].

The third set of (100) relplanes becomes detectable
in the higher part of this temperature region; the (100)
relplanes are perpendicular to the incident X-ray beam
and appear as rings in Fig. 2. For experimental reasons,
the scattering in these planes always appears weaker,
on the photographs [Fig. 2(a)], than in the (001) and
(010) sets. Consequently, it is difficult to compare the
respective intensities. From the symmetry point of view
the intensity of the scattering in the (100) and (001) rel-
planes should be the same in phase P as well as in
phase R.

(b) From 373 to 641°C which includes all the phase
transitions. At 390°C [Fig. 2(b)], if the very weak super-
lattice scattering and small differences in intensity are
excepted, the X-ray patterns with respect to the diffuse
scattering look very similar to those of the cubic phase
of KNbO; (Comés et al. 1970), i.e. with scattering in
the three sets of {100} relplanes. At the present time it
is impossible to give any quantitative data about the
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(b)

()

Fig. 2. Diffuse X-ray scattering patterns from NaNbO 3 performed with Mo Ka radiation, and with a fixed crystal ([100] parallel
to incident beam). (a) Phase P (room temperature). The curved vertical diffuse lines correspond to scattering restricted to (010)
relplanes; also, the existence of very weak super lattice scattering in the (010) relplanes passing through the 0, k4%, 0 and
0,k + %, O reciprocal points is noted. The curved horizontal diffuse lines which are broader correspond to (001) relplanes. (b) Phase
R (390°C). The curved diffuse lines and circles correspond to the three sets of {100} relplanes; the superlattice scattering is now
found to be restricted to the relplanes passing through the 0, k+4, 0 and 0, 0, /+14 relpoints. (¢) Cubic phase (680°C). The
diffuse scattering in the three sets of {100} relplanes co-exists with a critical scattering along reciprocal (100) axes, which
appears as short straight streaks halfway between the diffuse relplanes, and as dots for the axes parallel to the incident X-ray
beam.

[To face p. 415
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intensity variation of the diffuse scattering in this re-
gion. Several small discontinuities in scattering inten-
sity in the relplanes appear at the different phase transi-
tions. Definite conclusions will need more precise quan-
titative data.

(¢) Above 641°C (in the paraelectric phase) in which
the scattering intensity in the relplanes is found to be
constant from 641 to 800°C.

Variation of superlattice scattering in relplanes with
temperature

Two modifications of the superlattice scattering can
be observed at the 373°C phase transition when the
multiplicity along the [010] axis changes from 4 in
phase P to 6 in phase R:

(@) The superlattice scattering becomes detectable in
the (001) as well as in the (010) relplanes. In the new
set of superlattice relplanes, i.e. (001), the scattering is
restricted to those relplanes passing through the
0,0,/+ % relpoints.

(b) The multiplicity of the scattering in the (010) rel-
planes is altered. In phase P, the scattering is restricted
to the relplanes passing through the 0,k+%,0 and
0,k+32,0 relpoints. In phase R, it is restricted to the
relplanes passing through the 0,k +%,0 relpoints. De-
spite the difference of multiplicity along the [001] and
[010] dircctio 1s of the bulk crystal in phase R, the dis-
tribution of the superlattice scattering in the (001) and
(010) relplanes is identical [Fig. 2(b)].

For reasons already mentioned, it is impossible to
obtain any information about the superlattice scatter-
ing in the third set of planes (100). From the symmetry
point of view it should be identical with that found for
the (001) relplanes.

At higher temperatures the distribution of the super-
lattice scattering in relplanes remains unchanged; but
its intensity decreases progressively and becomes un-
detectable at about 600°C.

Critical scattering along reciprocal axes

In addition to the scattering in reciprocal planes, a
new type of scattering along (100) reciprocal axes,
passing through the superlattice nodes of the T, phase
(node types: h+3,k+3,/4+1), appear in the vicinity of
the 641 °C phase transition, i.e. as the structure changes
to the ideal perovskite cubic structure. This scattering
appears in Fig. 2(c) as short straight streaks halfway
between the scattering in two successive relplanes and
as dots for the axes parallel to the incident beam. This
scattering is critical. It grows rapidly in the T, phase as
the tranmsition temperature is approached and it de-
creases at a slower rate above 641 °C in the cubic phase.
It is still apparent at 800°C (Fig. 4).

Discussion

The interpretation of experiments in the X-ray and
neutron diffuse scattering from perovskite-related com-

X-RAY DIFFUSE SCATTERING FROM NaNbO3

pounds aroused controversial discussions about the
dynamical or static character of the disorder respon-
sible for it, and about its relation with the soft-phonon
theory of phase transitions (Miiller, 1969; Comes,
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Fig. 3. Variation of scattering with temperature in fundamental
relplanes. (@) Variation of the intensity of the scattering
restricted to the (010) and (001) relplanes as a function of
temperature (measured at the relpoints h=005, k=1, I=
0:35 and h=0-35, k=0-05, I=1). (b) Variation of the width
of the diffuse lines corresponding to the (010) and the (001)
relplanes as a function of temperature.
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Lambert & Guinier, 19705). As X-rays cannot distin-
guish a dynamical disorder from a static one, we will
limit our interpretation of the diffuse scattering in
NaNbO; to a description of the atomic displacements
that could be responsible for it.

For this reason we must look somewhat deeper into
the different structures of NaNbQOs. These structures
seem to involve two different types of distortions of the
ideal cubic perovskite unit cell (Lefkowitz et al., 1966;
Megaw, 1968): an off-centred displacement of the
niobium atom, and different types of tilts or rotations
of the oxygen octahedra. The off-centred displacement
of the niobium atoms has been found by Megaw (1968)
to decrease with rising temperature, becoming zero or
small for temperatures higher than 470°C. The distor-
tions of the higher-temperature phases, i.e. phases S,
W, T, and T, (Fig. 1) which are between 485 and
641°C, seem to involve mainly tilting of the oxygen
octahedra which has been found for the multiple-cell
structures of SrTiO; and KMnF;, for example. These
considerations are a help in finding the atomic displace-
ments involved with the diffuse scattering.

The linear disorder in NaNbO;

Diffuse scattering restricted to reciprocal planes,
produced by a crystal in which no substitutional dis-
order can be involved, must be attributed to the exist-
ence of a displacement disorder. The atomic displace-
ments are correlated along axes of the structure per-
pendicular to the reciprocal planes in which the diffuse
scattering is found, i.e. a linear disorder exists in the
crystal. In addition to the distortions from the ideal
perovskite unit cell which can be determined from the
Bragg reflexion data, disorder displacements of atoms,
correlated along (100) axes, exist in NaNbOs. The sim-
ilarity of the diffuse scattering in relplanes of NaNbO;
and that which was found for KNbOj; leads one to
think of a ‘chain structure’, which besides minor modi-
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Fig. 4. Variation of the intensity of the scattering restricted
to reciprocal axes as a function of temperature (measured
at the relpoint A=0-1, k=%, I=1%).
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fications related to the existence of the multiple-cell
structure, should be nearly identical to that described
for KNbO; (Comés et al., 1970a). The fact that the
scattering intensity along one plane (along a diffuse
line of the pattern) does not show any modulation sug-
gests it is only one type of atom that, in first approx-
imation, is responsible for this scattering. The strong
intensity of the scattering and the possibility of ob-
serving the diffuse planes at rather large angles, seem
to indicate that the linear disorder is mainly attributable
to displacements of the niobium atoms. The general
considerations about the structures of NaNbO; men-
tioned previously, and the variation of diffuse scattering
intensity with temperature leads to the same conclu-
sions. It is precisely in the same temperature range,
from room temperature to 500°C, that the value of the
long-range ordered off-centre displacements of the nio-
bium atom is found (from Bragg reflexion data) to de-
crease; also, diffuse scattering intensity in the funda-
mental (100) relplanes is found to increase. Both these
facts can be explained by an increasing linear disorder
involving the niobium atoms.

Planar disorder and critical scattering in NaNbO;

Critical scattering along reciprocal axes, which is
superimposed on diffuse scattering along reciprocal
planes, is a completely new phenomenon. Critical X-ray
scattering in perovskites in the vicinity of phase transi-
tions has already been found in LaAlO; (Plakhty &
Cochran, 1968) and KMnF; (Minkiewicz, et al., 1970).
But despite some information on the scattering aniso-
tropy in KMnF;, NaNbO; is the first example in which
the distribution of the scattering in reciprocal space is
known. This allows one to deduce some direct informa-
tion about the type of atomic displacements respon-
sible for it.

The critical scattering in NaNbQ; is restricted to
{100) reciprocal axes. This means that the atomic dis-
placements responsible for it are correlated in {100}
lattice planes. In other words, collective displacements
exist in large portions of {100} lattice planes.

Critical scattering is not restricted to the vicinity of
the superlattice Bragg spots of the lower-temperature
phase; it is continuous along a whole reciprocal rod,
which means that there is no correlation of the dis-
placements between parallel and successive {100}
planes.

Scattering is found on the reciprocal axes passing
through the superlattice node of the lower-temperature
phase (phase T>, Fig. 1, multiplicity: 2a x 2b x 2c). This
indicates that the planar correlation of the atomic dis-
placements involves a local doubling of the unit cell in
the cubic phase (multiplicity of the bulk crystal
axaxa); also, the local order might be related to the
structure of the T, phase.

From the width of the diffuse lines, it is possible to
deduce an order of magnitude for the correlation
lengths: while a length of less than 100 A is found for
the linear disorder, the order of magnitude for the pla-
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nar disorder is 400 A. This difference supports the idea
that the linear and planar disorders have two com-
pletely different origins. The X-ray patterns reveal that
the scattering intensity along the relrods decreases at a
much quicker rate when the angle of reflexion increases,
than does the intensity of the scattering in relplanes;
this might indicate that the bigger (though lighter) oxy-
gen atoms are responsible for it. Considering that the
lincar disorder has been found to be mainly due to the
niobium atoms, these facts suggest that the oxygen
atoms are those that are mainly responsible for the
critical scattering on relrods.

Unfortunately, the structure of the 7, phase of
NaNbO; is not known in detail, but it is possible to
make reasonable suggestions about it. We have al-
ready mentioned that the departure from the ideal per-
ovskite structure of the T, phase is likely to involve
only tilts of the oxygen octahedra. The optical observa-
tions made in the T, phase are coherent with a tetra-
gonal symmetry, which has also been suggested from
X-ray diffraction measurements. Thus, it is likely that
the 7, phase of NaNbO; has a structure similar to that
of the tetragonal phases of SrTiO; or KMnF;, with
space group I4/mcm (D}§). This structure has a multi-
plicity 2ax2b x 2¢ (a=b) as is found for NaNbOs. Its
departure from the ideal perovskite structure is due to
rotations of the oxygen (or fluorine in the case of
KMnF;) octahedra about their tetrad axes parallel to
¢, [Fig. 5(a)] in which the successive layers perpendic-
ular to the ¢ axes correspond to alternate rotations in
the opposite sense.

This type of structure provides a possible picture of
the atomic displacements in the cubic phase that are
responsible for the diffuse scattering along reciprocal
axes, because it involves a correlation of the atomic dis-
placements in (001) planes. To give a qualitative ac-
count for the diffuse scattering, one has only to con-
sider a local order in the {001} planes involving the
same type of tilts, i.e. rotations of the oxygen octahedra
about the cube axes. The differences with the T, phase
are that:

(a) In a given {001} plane, the rotations of the octa-
hedra are only coherent in regions of about 400 A
diameter, giving a sort of microdomain structure [Fig.
5(d)).

(b) Such a planar correlation of the atomic displace-
ments exists in the three sets of {100} planes of the
cubic phase.

(¢) The alternate sense of rotation of the successive
layers is destroyed, giving a bulk unit-cell multiplicity
of 1 and an average cubic symmetry.

With such a structure each (100) plane (or portion
of such a plane) scatters partly independent of the
others, giving a diffuse scattering along whole recip-
rocal axes.

The oxygen displacements associated with the scat-
tering on one set of relrods, for a given single cubic unit
cell are given in Fig. 6(a). Final displacements, assum-
ing that each unit cell contributes simultaneously to
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the scattering on the three sets of reciprocal axes, are
given in Fig. 6(b). Simultaneous rotations of the octa-
hedra occur about the three tetrad axis. At the scale of
one unit cell such a description is identical with the
atomic displacements of a triply degenerate I,s optic
phonon mode (Cowley, 1964); this mode has been sug-
gested as being responsible for the 110°K phase transi

B -SE

A oxygen atom

|

()

Fig. 5. Atom displacement and planar correlations. (a) Dis-
placement in a (100) plane of the oxygen atoms involved
with rotations of the oxygen octahedra about the tetrad
axis parallel to [100]). (b) Planar correlations limited to
microdomains of coherent rotations of the octahedra; ap-
proximate dimension of such regions is 400 A. The structure
of the borders of the microdomains is not known; dotted
lines are drawn just to show that the coherence of the
alternate rotations of the successive octahedra is broken.
Crosses show the average periodic lattice.
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tion in SrTiO; (Fleury, Scott & Worlok, 1968) and the
184°K phase transition in KMnF; (Minkiewicz & Shi-
rane, 1969). The difficulty of a similar phonon descrip-
tion for the scattering reported here lies in the extension
of the diffuse scattering in reciprocal space, which re-
stricts the correlations of these displacements to one
plane while a simple phonon description should involve
correlations in a certain volume.

In a general sense, it is not very clear to us how a
thermal-vibration mode can account for displacements
correlated in each {100} plane, without any correlation

[001]

b

S - [o10]

(a)

®

Fig. 6. Displacements of the oxygen atoms in one unit cell;
(a) for a rotation of the octahedra about one [100] axis,
(b) for simultaneous rotations about the three {100} axes.
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between the displacements in the successive parallel
planes.

The qualitative considerations describing the atom-
ic displacements can be confirmed by a simplified
calculation in which only one set of correlation planes
is considered, e.g. the (100) planes. For further simpli-
city we consider only the four oxygen atoms of each
single unit cell which are displaced by the rotation. We
assume a crystal with N; unit cells in the a direction
([100]), N, in the b direction ([010]) and N; in the ¢
direction ([001]). In the planes perpendicular to [100]
the oxygen octahedra are rotated as shown in Fig. 5;
this results in the oxygen atoms being displaced from
their ideal symmetric position of edc along [001] or
eAb along [010], where ¢= + 1 according to the atom
considered, and A4 is the displacement parameter.
The sense of rotation of the successive octahedra along
the [100] direction is at random, either positive or nega-
tive, giving two types of (100) planes distributed at
random along [100]. With such a structure total corre-
lation exists in each (100) plane, and no correlation
(as far as the displacements are concerned occurs be-
tween the different (100) planes. The calculation of the
diffracted intensity by such a crystal gives two terms:

(a) The contribution, to the Bragg reflexion, of the
oxygen atoms considered:

162 (sin anh) 2( sin ZnNzk)Z(sin 27zN31)2

sin 7h sin 27k sin 27l
x ¢0s2 tk cos? nl(cos nk cos 2rnAl+cos ntl cos 2ndk)?,
which shows that the local doubling of the unit cell
does not result in a long-range doubling; the average
multiplicity is still 1 as the above expression is different
from zero only for A, k, I integers.
(b) The diffuse scattering term:

) sin ZnNgl)Z( sin ZnNzk)Z
16/5N: ( sin 2n/ sin 2rnk

X sin2 7tk sin? zl(sin n/ sin 2ndk —sin nk sin 2n41)2
in which the first line shows that the diffuse scattering
is localized on [100] reciprocal axes; the second line
gives the extinctions and the relative intensities of the
scattering along the different axes: (1) no scattering
along the axes passing through the Bragg spots of the
cubic phase (/ and k integers), (2) no scattering for
[=n+% and k=n'+1 if n=r" and (3) the most intense
scattering is observed along the axes with /=n+7%, k=
n’'+%and /+k odd, and a weaker scattering along those
with /+k even.

The above calculation is over-simplified. A complete
interpretation must consider the simultaneous correla-
tion of the three sets of {100} planes to account for the
three sets of reciprocal axes where the diffuse scattering
is observed. Also, the calculation should probably
allow for small contributions from the niobium and
sodium atoms. Nevertheless, the general agreement is
found to be good as evidenced by the appearance of
the three important features mentioned above [(1), (2)
and (3)] in Fig. 2(c).
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Conclusion

The choice of a crystal such as NaNbO,, whose struc-
ture is not well known, in most of its phases, to perform
such experiments, might at first seem surprising. SrTiOs,
which has been extensively studied with neutrons,
would be more appropriate in yielding awaited data;
but the available X-ray wavelengths are not suited to
study weak phenomena such as diffuse scattering with
SrTiO; samples. The Mo Ka radiation (A=0-710 A) ex-
cites the fluorescence of strontium with 1=0-88 A
which is impossible to eliminate, and the Cu K« radia-
tion (A=1-54 A) is heavily absorbed by the titanium
atoms. NaNbO; and most of the other niobates corre-
spond to the best experimental conditions for two
reasons. First, the absorbtion of the Mo Ku radiation
is very small which allows the use of bigger samples and
thus more scattering atoms. Second, the heavy atom,
which has the highest scattering factor, is in the strate-
gic position of the single unit-cell centre (its displace-
ment is directly related to the electrical properties).
This explains the very intense scattering in relplanes
with NaNbO; as well as with KNbOs, and the fact that
it was possible to observe diffuse scattering from oxygen
atoms. It is perhaps possible to confirm the similarity
of the 641°C phase transitions of NaNbO; and the
110°K phase transitions of SrTiO; which is suggested
here, by studying the diffuse scattering in the vicinity
of the 184°K phase of KMnF;.*

The qualitative results and interpretations reported
here should be considered as preliminary. A detailed
long-run study of the diffuse scattering in NaNbO;
above room temperature, as well as in the low-temper-
ature ferroelectric phase, is now in process. Precise in-
terpretations will need more complete information
about the mean structures of the different phases of
NaNbO; which are presently being studied in Cam-
bridge Cavendish Crystallographic Laboratory.

We are deeply indebted to Dr Helen D. Megaw for
introducing us to the complex structures of NaNbO,,
and grateful to L. Deschamps for his technical assis-
tance. This work was partly sponsored by the French
‘Direction des Recherches et Moyens d’Essais’ under
contract No. 70.34.045.00.470.75.01.

* Note added in proof: The experiment has been carried out
and the results are described in Physics Letters.
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