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SHORT COMMUNICATIONS

Remarks on Vousden’s structure of ferroelectric sodium niobate. By R.PeriNsky, The Pennsylvania

State College, State College, Pa., U.S. A.

(Received T January 1952)

In a recent paper Vousden (1951) discusses the crystal
structure of ferroelectric NaNbQO,, to which he has
assigned the space group P22,2. There are several points
in this paper which require discussion, but we wish to
remark on only one of these: the space group assignment.

In the opening sentence of his concluding section (§ 9),
Vousden states ‘“‘this structure determination raises a
sericus problem in the theory of ferroelectricity because
the space group of NaNbO; is non-polar”. This chal-
lenging sentence is sufficient to cause one to survey the
evidence for his structure with more than usual care.

Vousden has apparently indexed his X-ray diffraction
maxima from complete rotation diagrams. Experience in
our own laboratory in single-crystal studies of KNbO,
and AlF,; has indicated that it is extremely dangerous to
attempt to index X-ray maxima from these structures,
with their very high pseudo-symmetry, with anything

less than Weissenberg diagrams. When the Weissenberg
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technique is applied, it has appeared that the room-
temperature symmetries of the two structures mentioned
are not those previously assigned. It seems clear that
Vousden has failed to eliminate effects of twinning, and
that his otherwise astonishing results are due to a false
space group assignment.

Until much stronger contradictory evidence appears
than Vousden presents, one can feel safe in regarding
evidence of ferroelectric activity in a crystal as proof
that not more than one rotation axis is present in the
structure (and not so many mirror planes that a center
of symmetry will result). If a contrary result actually
could be proved, one would be faced with the necessity
for revision not only of the theory of ferroelectricity,
but of that of piezo- and pyroelectricity as well.

Reference
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Electron diffraction evidence for the existence and fine structure of a cryptomelane modifi-
cation of manganese dioxide prepared in the absence of potassium. By G. BurLEr and H. R.
Tarsk, Laboratories of Physical Chemistry and Coke Research, King’s College, University of Durham, Newcastle-

upon-Tyne, England

In the course of an investigation of the properties of
artifically prepared manganese dioxides, we have studied
the less well defined products which Moore, Ellis &
Selwood (1950), on evidence from magnetic susceptibility
measurements, have termed ‘disperse oxides’. The
products from a preparative method due to Glemser
(1939), using MnSO, and (NH,),S,0, proved to be
particularly interesting. ‘Analar’ reagents were used
without further purification.

The precipitated oxide, by analysis, had a formula of
MnO,.o5.0-25H,0, and gave an X.ray powder pattern
consisting of six diffuse rings having spacings of 4-03,
2-42, 2:12, 1-63, 1-39 and 1-06 A.

The material was examined in a Metropolitan-Vickers
E.M 38 electron microscope, by direct microscopy, and
by diffraction, suitable specimens being prepared either
by dispersing the oxide in air and allowing it to settle
on collodion films on copper grids, or by evaporating a
drop of an aqueous suspension placed on a collodion film.
It appeared from the electron-microscope examination
that a considerable amount of the preparation consisted
of straw-shaped particles about 1 4 in length and of cross
section of the order of one-fiftieth of this. Very similar
evidence of this habit for a normal ecryptomelane
containing potassium has been given by McMurdie &
Golovato (1948).

Electron diffraction gave the powder pattern re-
produced in Fig. 1. There is no doubt from our own
X-ray work on manganese dioxides that this material
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has the same structure as cryptomelane, although
potassium can only be present in minute traces. Except
in the work of Dubois (1936) it has generally been
considered that potassium or sodium are essential
constituents of this oxide.

The diffraction patterns were internally calibrated
using thallous chloride as standard, the composite
specimens being prepared either by the evaporation of
the chloride 7n vacuo on to the supported oxide specimens,
or by deposition from an aqueous solution. The dimensions
of the body-centred tetragonal unit cell of the manganese
dioxide,

ay = 9-88--0-03, ¢, = 2:84540-005 A ,

were based on the thallous chloride simple cubic unit cell
with @, = 3-834 A (Wyckoff, 1948). These values differ
slightly from our own unpublished data for cryptomelane,
namely

a, = 983, ¢, = 2862 A .

These latter figures, however, agree very closely with
electron-diffraction data, obtained in a similar manner
to that described above, from a second preparation of a
disperse oxide by the reaction between potassium
permanganate and manganous sulphate, for which

ay = 9-814£0-03,. ¢, = 2:864-0-01 A,

the oxide again having a cryptomelane structure.
We thus consider that there is a significant difference
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Fig. 1. Electron diffraction pattern from manganese dioxide.
The cryptomelane lines are indexed.
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in the unit cell for the oxide prepared in the presence
and absence of potassium ions and it is tentatively
suggested that the ammonium ion may replace the
potassium in the eryptomelane lattice.

The diffraction spots constituting the rings of Fig. 1,
and similar patterns from the second preparation, show
the very interesting crystal-shape effects previously
described by Rees & Spink (1950) and by Burgers (1951)
for the case of ZnO. From the indexed figure it is seen
that in the case of planes parallel to the ¢ axis, the
diffraction spots cut the rings at right angles; with the
(002) plane the spots lie along the ring and for other
planes at varying angles to the ¢ axis the diffraction
spots are at oblique angles to the diffraction rings. This
is explained if we assume that the minute crystals pack
with the short ¢ axis in line with the long axis of the
straw-shaped aggregates as revealed in the electron
micrographs. The ¢ axis is thus parallel to the surface
of the collodion film and perpendicular to the beam, and
the reciprocal lattice points may be considered ap-
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proximately as domains in the form of discs perpemdicular
to the c* axis.

A point of further interest arising from our éleetrom-
diffraction examination of artificial manganese dioxides
is that, as prepared, surface layers of MnO and Mn,O,
or yMn,0, are usually present. This may contribute
significantly to the apparent oxygen defficiency as
revealed by chemical analysis. A detailed paper on the
work is in preparation.

References

Burcers, W. G. (1951). Acta Cryst. 4, 502.

Dusors, P. (1936). Ann. Chim. (Phys.) [11], 5, 401.

GLEMSER, O. (1939). Ber. dtsch. chem. Ges. 72, 1879.

McMvurbig, H. F. & GoLovaro, E. (1948). J. Res. Nat.
Bur. Stand. Wash. 41, 589.

Moorg, T.E., ErLis, M. & SeLwoop, P. W. (1950).
J. Amer. Chem. Soc. 72, 856.

REexs, A. L. G. & SpPINEK, J. A. (1950). Acta Cryst. 3, 316.

The crystal structure of hydrazinium bromide, N;H;Br. By Kucar Sagura1 and Yusiro TOMIIE,
Faculty of Science, Osaka University, Nakanoshima, Osaka, Japan

(Received 25 January 1952)

As a part of our study on the structure of hydrazine salts
(N,H¢80, (Nitta, Sakurai & Tomiie, 1951) and N,H,Cl
(Sakurai & Tomiie, to appear shortly), the crystal
structure of hydrazinium bromide has been determined.
Crystals of hydrazinium bromide are very fine needles
parallel to the monoclinic b axis, of which those about
0-08 mm. in diameter were selected for X-ray work. The
procedures taken in the analysis were the same as in the
case of hydrazinium chloride.

There are eight formuls units in the unit cell of the
dimensions

a.= 1285, b = 4-54, ¢ = 11-94 A, g = 110° 16/,

and the probable space group is C§,~C2/c. The para-
meters of the atoms were determined by the Patterson
maps projected on (010), electron-density projections on
(010) and (001), and by the method of trial and error.
They are given in Table 1.

Table 1. Atomic co-ordinates

z y z

Br —0-103, 0-097 0-080,
N 0-149, 0-390 0-135,
Nu 0-141, 0-620 0-216,

Table 2. Interatomic distances

Nr--- Ny 145 A Ny--- Ny 348 A
NyH - - - Nt 2-93 Npg---Nigp 373
Ni--+Br 3-42, 3-56, 3-70 Br---Br 3-87, 4-00

Ni- - Br 3-29, 3-36, 3-37

The interatomic distances are listed in Table 2. The
accuracy of these values is not as high as in the chloride.
Each N,H} group has eight closest neighbours, six
bromine and two nitrogen atoms, and their arrangement
about one N,H} group closely resembles that in hydra-
zinium chloride. The N-N distance within the N,H} ion
has the same value, 1-45 A, as found in the chloride.
From a consideration of the N - - - Br distances, it can
be concluded that N1 and Ni1 represent the -NH, group
and the -NH{ grolp respectively. Both N1 - - - Br and
Br - - - Br distances are nearly equal to the corresponding
values derived from the ionic radii of Br— (1-95 A) and
NHY (141 A, corrected for coordination number four).

Cations are linked together by N+H - - - N hydrogen
bonds in the same manner as in the chloride, and these
hydrogen bonds form infinite spiral chains along the
b axis. Owing to the presence of a centre of symmetry
in this structure, however, there are two kinds of chains
with opposite senses in the bromide, in contrast to the
existence of one kind of chains along the polar ¢ axis
in the chloride.

We wish to thank Prof. I. Nitta for encouragement
and valuable discussions. This work was supported by a
grant from the Ministry of Education.
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