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This dislocation of the  metal  atoms,  suddenly 
occurring after  long periods, is evidently the  cause of 
the  peculiar X - r a y  pa t t e rn  given b y / ?  tungsten oxide, 

Q 

! 

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 w e  6 octahedra, joined by sharing corners, form blocks 
of almost regular DO 9 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. 

and of the  diffraction effects appearing in the electron- 
density fimetion derived on the  basis of the observed 
X - r a y  data .  

The periodic dislocation of a toms found in s t ructures  
of layer-lat t ice 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 & Tomi ta  
(1950), a fine s t ructure  of the X - r a y  pa t te rns  analogous 
to t h a t  of/? tungsten oxide is str ikingly demonstra ted.  
I t  is obvious t h a t  when carrying out  Fourier  calcula- 
tions for such compounds due regard mus t  be given to 
the influence of non-observed reflexions. 

The author  wishes to express his sincere gra t i tude  to 
Prof. G. Hagg  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 Na tu ra l  Science Research 
Council. 
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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  s t ructure has 
been invest igated in order to determine the degree of 
association in the  solid s tate  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 da ta  were obtained from oscillation 
and equi-inclination Weissenberg photographs taken  
about  the a and c axes of the  hexagonal  lattice. The unit  
cell has dimensions 

a 0 = 10.61, c o = 7.02 A. 

and contains 6 molecules. (Calculated density,  
1.057 g.cm.-3; observed, 1.045 g:cm.-3.) Copper radia- 
tion (Ks  = 1.5418 A.) was used and the camera diameter  
was calibrated with NaC1 (a 0 = 2-8197 A.). 

The only extinction observed was (00/) for 1 odd. This, 
combined with the Laue symmet ry  C6/m, indicated the 
space groups C63 or C63/m. The excellent cleavage 
parallel to (001), the exceptionally high intensi ty of the 
(00l) diffractions, and the ident i ty  in the intensi ty dis- 
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tributions of the zero- and second- and of the first- and 
third-level equi-inclination Weissenberg photographs 
about the c 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 -16 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 
(hO0), the Patterson section P(x,y,O) was evaluated. 

t 1 A .  j ½ao 

Fig. 1. Pat terson section at  Z = 0 .  Contours are drawn at  
equal intervals on an arbi trary 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 1, N-O, C1-C 2, CI-C3 distances; at peak 2, 
O-Ct, C~-Cs, N-C2, N-Ca; at peak 3, O-Ce, OH.. .N;  at  
peak 4, N-N,  O-C1; at peak 5, O-O, O-C a. Notation refers 
to Fig. 3. 

Fourier projection 

Since the structure indicated by the Patterson section 
P(x, 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. 

1 
1 A. ~ao t ! 

Fig. 2. Fourier projection on (001) containing one asymmetr ic  
unit. Contours are drawn at equal intervals on an arbi t rary 
seaM. 

O 
N 
Ct 
Cz 
Ca 

Table 1. Atomic co-ordinates 
x y z 

0.432 0.245 ¼ 
0.474 0-143 ¼ 
0.362 0.013 ¼ 
0-203 0.963 ¼ 
0.403 0.892 ¼ 

The reliability index, X I1 Fo I --I Fc II + Z ] Fo J, has 
a value 0.20 for the (hkO) 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. 

Because of the layer structure, only values of I F(hkO) I ~ 
(53 independent values) and lF(hkl)l 2 (33 independent 
values) were used. These were divided by the appro- 
priate (fr) 2 as suggested by Patterson (1935), and 
Patterson-Tunell strips (~ths)  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(hO0). 

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 cyclic 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 
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,to: ~b 9 correct. Thus the: N-O,  bond  dis tance:appears  ,to 
b e  .somewhat shorter t h a n  normal.  The C--N-distance, 

Fig. 4. Schematic projection of the crystal structure on (001). 
The symbols A and B represent trimers in the two layers 
separated by 3.51 A. 

1"29 A., is very  sl ightly longer t han  the  value of 1.27 A. 
given by  Paul ing 's  radii, which has been ten ta t ive ly  
accepted by  Cox & Jeffrey (1951). This  shortening of 
the  single bond and lengthening of the  double bond m a y  
arise from resonance between C - - N - O  and  C - - h i - - 0 %  
We hope soon to be able to make  calculations of the  
bond orders t o  be expected in,such a system. 

The difference between the two N-C-C bond angles 

Aeta Cryst. (1951): 4, 453 ' , ; - 

E~ ~C.~, E I~:N~.G ~ F,,~] L T E R :453 

, m a y ; l ~ , d u e  tO a:repulsion ;between tee  oxygen ' a tom 
land,the, dis-nietEyl groUp. : . .  , 
:.,: The. van  d, er 'Waals contact distance between me thy l  
• groups~in the  same p l a n e  shows two  quite,  different 
:~l.uos~, Ir~%he grouping about  the 6 s aids the distance 
isi 4"09~ ~.,i i~g0od  agreement, .with the cus tomary  value 
~f  2.0 A. for  the van  d e r  Waals  radius of the  methy l  
group.,  !0n' t h e  other  hand,  the.  grouping a b o u t  the  
threefold, axis, which has the hydrogen-bonded rings 
above and  below, shows a dis tance of only 3-67 A. (eft 
Levy  & Corey ,  1941). 

. 
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~, paral!et :anisot:rop~c ~]~.~ules :dispersed :~mpng m o ~ d  mole6ules. In  the two cases t h e  theory 
,~,) l ,ea cl~, to  dep~ol~.r'.Lz~i9~ fagt, or~ greatly i n  i exce~ o f  imity. Spherical groups, of racy'us 0-l/z, con- 

t a n g  i0 ~ me'i4c'uies'~f~azoxyanisole a~ang~d parallel and inclined at an angli~ 0~:36° totl~e 
isot~r6i~ic axis and Singl6 ~nolecules inclined a t  an angle 0 > 36 ° are discussed in detaJ], "and the resulf)s: 
obfali~ed"a~ree"~U':o~de~ ~f magnitude with experiment, I t  can; therefore, be conClUded tha t / in  
noOn,tie IiqUid c~ystaIs' diffusion is due to flUctuations in the orientation of the molecules ~ound the~ 
is0t~oi~ic axis and tha%~ ~l~e'flUetuations in two molecules can be treated as independent only if  
their separation 'excee~ 10.1/z. ' : i 

" i  " ,  i .  : , ,  . ~ .  ~ ' J  i ~ :  , , ~  , . .  . ~ " ~ ' 

dans sa: phase• n~matique;  o n t  ~t~:donn~s, da~s quatre  
cas principaux.,: ~ accompagn~s, d 'uae ,  dbaueho, d ' inter-  
proration thdorique (Chatelain, 19.4~)~, ~J~ l 'hypoth6se du 

. . . .  

> .  . 

p01s~risSe pa~, une,,lame :0r_'ior/t~ de pare-azoxyaniso~,, 


