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This dislocation of the metal atoms, suddenly
occurring after long periods, is evidently the cause of
the peculiar X-ray pattern given by B tungsten oxide,

Fig. 6. The structure of # tungsten oxide. The tungsten atoms
(black circles) are situated in planes normal to the b axis of
the monoclinic unit cell. Oxygen atoms within these planes
(open circles) and in interjacent planes (shaded circles) are
octahedrally grouped around the metal atoms. The unit
extension parallel to the b axis amounts to one octahedron.
The WO, octahedra, joined by sharing corners, form blocks
of almost regular DO, structure. The blocks, which are
infinitely extended in two dimensions, are mutually con-
nected by octahedra, sharing edges at folded ‘planes of
dislocation’, the projections of which are indicated by
broken lines. In the direction of the arrow the blocks show
a characteristic extension of twenty octahedra.
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and of the diffraction effects appearing in the electron-
density function derived on the basis of the observed
X-ray data.

The periodic dislocation of atoms found in structures
of layer-lattice type shows certain similarities to the
one described above. In single-crystal photographs of
various modifications of silicon carbide obtained by
Ramsdell (1947) and by Honjo, Miyake & Tomita
(1950), a fine structure of the X-ray patterns analogous
to that of § tungsten oxide is strikingly demonstrated.
It is obvious that when carrying out Fourier calcula-
tions for such compounds due regard must be given to
the influence of non-observed reflexions.

The author wishes to express his sincere gratitude to
Prof. G. Hégg and Dr N. Norman for valuable dis-
cussions. The work has been carried out in connexion
with investigations on certain oxide systems, financially
supported by the Swedish Natural Science Research
Council.
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The Crystal Structure of Acetoxime

‘ By T. K. BigrrLEIN aND E. C. LINGAFELTER
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The crystal structure of acetoxime has been determined by Fourier projections on (001). The
" structure consists of sheets of planar trimers having intermolecular OH...N hydrogen bonds.

Introduction

Since investigations of acetoxime in the melt and in
solution (Caughlan, 1941) indicate association to a
higher degree than dimers, the crystal structure has
been investigated in order to determine the degree of
association in the solid state as well as the configuration
of the molecule.

Preliminary crystallographic data
Because of the appreciable vapor pressure of acetoxime
at room temperature, suitable crystals were readily
grown by sublimation. However, for the same reason,

it was found necessary to enclose the crystals with
a thin film of formvar (Roth & Harker, 1948).

X.-ray diffraction data were obtained from oscillation
and equi-inclination Weissenberg photographs taken
about the @ and ¢ axes of the hexagonal lattice. The unit
cell has dimensions

a,=10-61, ¢,=7-02A.
and contains 6 molecules. (Calculated density,
1-057 g.cm.~3; observed, 1-045 g.cm.=3.) Copper radia-
tion (Ka=1-5418 A.) was used and the camera diameter
was calibrated with NaCl (¢,=2-8197 A.).

The only extinction observed was (00I) for l odd. This,
combined with the Laue symmetry C6/m, indicated the
space groups C6; or C6;/m. The excellent cleavage
parallel to (001), the exceptionally high intensity of the
(007) diffractions, and the identity in the intensity dis-
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tributions of the zero- and second- and of the first- and
third-level equi-inclination Weissenberg photographs
about the ¢ axis indicate a layer structure, with all
atoms having Z co-ordinates of } or . The space group
was therefore assumed to be C63/m.

Intensities

The intensities of the reflections recorded on single and
on multiple films were visually estimated by several
observers and an average set, referred to a standard set
of spots of proportionately increasing exposure times,
was obtained. The observed intensities were corrected
for the Lorentz and polarization effects according to
Buerger & Klein (1945); absorption and extinction
errors were considered to be negligible. Although a
rather high anisotropic temperature factor is probably
applicable, the ordinary isotropic factor was used, with
a final value of B=4 x 10-1%cm.2. The values used for
the scattering factors of the atoms were obtained from
the Internationale Tabellen. The positions of the
hydrogen atoms were taken to be those of the bonding
atoms.
Patterson section

After some preliminary trial-and-error calculations had
been made, mainly using a Bragg-Lipson chart for
(R00), the Patterson section P(z,y,0) was evaluated.

Fig. 1. Patterson section at Z=0. Contours are drawn at
equal intervals on an arbitrary scale; all negative contours
are omitted and the interval is increased by a factor of ten
on the peak at the origin. Termination of vectors at peak 1
represent N-C,, N-O, C,-C,, C,-C; distances; at peak 2,
0-C,, C,-C;, N-C,, N-C;; at peak 3, 0-C,, OH...N; at
peak 4, N-N, O-C,; at peak 5, 0-O, O-C,. Notation refers
to Fig. 3.

Because of the layer structure, only values of | F(h%0) |2
(53 independent values) and | F(hk1)|? (33 independent
values) were used. These were divided by the appro-
priate (f,)2 as suggested by Patterson (1935), and
Patterson-Tunell strips (g5ths) were used for the calcu-
lation. This section (Fig. 1) could be interpreted in
terms of the existence of trimers, held together by
OH...N bonds. The threefold ambiguity arising from
this section was resolved by comparison of calculated
and observed values of F(200).
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Fourier projection

Since the structure indicated by the Patterson section
P(z, y, 0) would give a well-resolved Fourier projection
on (001), this projection was evaluated by means of the
Patterson—Tunell strips. After three successive refine-
ments, no further changes in signs were indicated by the
projection illustrated in Fig. 2. The more accurate
positions of the maxima were then calculated using the
method of Donnay & Donnay (1949), and the final co-
ordinates are listed in Table 1.

K

1A 13

Fig. 2. Fourier projection on (001) containing one asymmetric
unit. Contours are drawn at equal intervals on an arbitrary
scale.

Table 1. Atomic co-ordinates

x v z
0 0-432 0-245 3
N 0-474 0-143 23
o 0-362 0-013 1
C, 0-203 0-963 bt
C, 0-403 0-892 1

The reliability index, X || F,|—| F,|]| +-Z]F,]|, has
a value 0-20 for the (Rk0) zone and 0-25 for the (hkl)
planes. If the calculated structure factors for the non-
observable faint spots are omitted, the values become
0-18 and 0-14, respectively.

It is interesting to note that a Fourier projection
evaluated using the signs calculated from one of the
incorrect ambiguities from the Patterson section gave
very satisfactory peaks in the positions corresponding
to that structure, but the value of the reliability index
remained at about 0-45.

Discussion of structure

The arrangement of the molecules in crystalline acet-
oxime is in quite satisfactory agreement with the pro-
perties of the substance. The existence of cyelic trimers,
with only van der Waals forces between the trimers,
accounts for the large vapor pressure. These trimers
probably exist, in equilibrium with dimers and mono-
mers, in the liquid state, giving rise to an association
number approaching 3 in the more concentrated solu-
tions. The parallel arrangement of these planar trimers

29-2
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explains the excellerit){001) "cléavale of the crystals.
TheO-H...N; hydregen tbend ! distanee, -2:78'A.,. m-
dicates a fairly strong hydragen hond. i, v
-.iThe intramolecular.distances and angles (Fig. 3), are
nqt(unreasan@ble. From: a,consxdqratxonof the variation
ofi thei reliability index, with. suceessive refinements, we
estimate the.distaticesto beracqurate to. #0-03 A i
«{The average; C-C bond distance; 1t52(A.x compares
favorably.: with: the:iyalue:. 154 A.. obtained. from
Pauling’s (1944) covalentiradii.: It; is. probably unwar-
ranted to attempt any discussion of the significance of
the difference in the two C—C distances. The N-O bond
distance, 1-36 A., is equal to the value obtained from
Pauling’s cqvalent radii, ‘but the values of Schomaker &
Stevenson (1941) yleld a distance of 1-44 A., and the
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experiméntal redults-on hydrogen peroxide, hydrazine
and thé hydrozylammonium ion (Jerslev; ! 1948;
Giguére & Sehomaker, 1943) indicate this higher value
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‘to.be correct. Thus thel N-O bond distanee-appears to
‘be semewhat shorter than normal. The C=N -distance,

Fig. 4. Schematic projection of the erystal structure on (001).
The symbols A and B represent trimers in the two layers
separated by 3:51 A.

1-29 A, is very slightly longer than the value of 1-27 A,
given by Pauling’s radii, which has been tentatively
accepted by Cox & Jeffrey (1951). This shortening of
the single bond and lengthening of the double bond may
arise from resonance between C=N-0 and C -N=0%,
We hope soon to be able to make calculations of the
bond orders to be expected insuch a system. - :
The difference between the two N-C-C bond angles

Acta Cryst. (1951). 4, 453
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‘mayrbg:due t0 arrepulsion ‘between the oxygen atom
-and the cis-methyl group:
.. The van der Waals contact dlstance between methyl

‘groups, in the same plane shows two quite- different

values: . In‘the grouping about the 6, axis the distance
isi4-09:A. i good agréement with the customary value
of 2-0 A: for the van der Waals radius of the methyl
group. . On' the other hand, the-grouping about the
threefold- axis, which has the hydrogen-bonded rings
above and below, shows a dlsta.nce of only 3-67 A. (cf.
Levy & Corey, 1941).
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Sk A theotetxcal st;udy i8* madﬁ of the :diffusion: of hght,\ ,by a hq,uld. c,omposed of amsotl:oplp [p@,rmclps,
«! . . which.show:fluetustions; in: orientation and. are 80 dgatr;bu‘oed that the medium Pposgesses. 2 umqu&

.., - .isotropie .axis. Two cgges are considered;: (1) dlscslete amsotropm molecules;
parallel . anisotropic melecules :dispersed .among isol

leads to depolarization factors greatly in, excess of unity. SpHerical groups, of radius 0-1g, con-
ta.mmg 10% mclecules éfl azoxyanisole arranged parallel and inclined at an angle 6<86° fo the

2) la.rge groups of
ated 'moleéules. In the two cases the. theory’

isotropic ams and smgle nolecules inclined at an angle > 36° are discussed in detail, and the results -
obta’u’led agree in’order of magnitude with expenment It ean, therefore, be contluded that /in

' nem#tic liquid ci'ystb.ls diffusion is due to fluctuations in the orientation of the molecules round the
St isotropic axis and that: the’ ﬁuetuat.mm in two molecules can be treated as independent only if

! theu' separatlon ’exceeds 0-1p.

FSTELET: TR Introduclnom.;

Lies résulﬁa‘ﬁs relatifs “a'/1a difftision de la ‘lumidre
pblarisée pat unevlame ‘ofientée:de para-azoxyanisol,

damns sa- phdse nématique, ont été dcihnés, dams quatre
cas principaux, accompagnés: duhe.ébauche  d’inter-
prétation théorique (Chatelain, 1948). 8i ’hypothése du



