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The crystals of a-2-chloro- and a-2-bromo-5-methyl-p-benzoquinone-4-oxime are isomorphous and 
rnonoclinic, space group P21/e. The dimensions of the unit cell of the chlorine compound are 

a=3.85, b=13.30, c=14.15 A, fl=92-2 °. 

The crystal structure of the chlorine compound has been determined by normal and generalized 
electron-density projections along [100]. The molecule has an oxirne structure and the oxime group 
is syn with respect to the chlorine atom. 

According to Kehrmann & Tichvinsky (1898) 2-chloro- 
5-methyl-p-benzoquinone-4-oxime (C1MBO) and 2- 
bromo - 5 - methyl- p- benzoquinone- 4-oxime (BrMBO) 
can be prepared in two morphologically different 
forms, yellow crystals (a-form) and white fibres 
(fl-form, more soluble in solvents such as toluene). 
Although Hodgson & Moore (1926) did not find two 
forms, investigations by Umans & Talen (Umans, 
1959) confirmed the results obtained by Kehrmann 
and established that  the a- and fl-forms are not--or  
at least not easily--interconvertible. The chemical 
and spectrophotometric investigations gave support 
to the view that the two forms might be anti/syn oxime 
isomers (Kehrmann & Riist, 1898; Umans, 1959). 

The behaviour of C1MBO and BrMBO seems to be 
at variance with theoretical expectations. A consistent 
picture of the properties of quinone-monoximes had 
been arrived at by assuming the existence in solution 
of a dynamic equilibrium between quinone-monoxime 
and nitrosophenol molecules, interconversions occur- 
ring mainly via mesomeric ions (cf. Havinga & Schors, 
1950, ]951). In the nitrosophenol form rotation of the 
NO group could be expected to occur at a non-negli- 
gible rate at room temperature. Thus in solutions of 
substituted quinone-monoximes interconversion of 
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syn- and anti-isomers should take place through the 
equilibrium with the nitrosophenolic tautomer. 

A crystallographic investigation of C1MBO and 
BrMB0 was deemed important since the knowledge 
of the shape of the molecules might prove helpful in 
the explanation of their rather unexpected behaviour. 
A preliminary communication (VI) on the structure 
of the a-compounds and of 3-chloro- and 3-bromo-p- 
benzoquinone-4-oxime (Romers, Brink Shoemaker & 
Fischmann, 1957) was published earlier. The struc- 
tures of the fl-compounds are discussed in this journal 
in paper IX of this series (Fischmann, Romers & 
Umans, 1960). The other reports of this series (not 
mentioned before) have been published elsewhere 
(Kraayeveld & Havinga, 1954a, b; Schors, Kraayeveld 
& Havinga, 1955; Romers & Umans, 1960). 

Experimental  part 

The crystalline compounds a-BrMBO decomposition 
at 170 °C. and fl-C1MBO melting point 187-191 °C., 
prepared according to the method of Kehrmann, as 
described by Umans (1959), form monoclinic yellow 
needles with principal zone [100] and faces {010} and 
{102}. (102) is a perfect cleavage plane. The crystals 
are biaxially negatively birefringent (n~ ~ n~<n,) 
with n~ perpendicular to (102), n~ parallel to [010] 
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Table 1. Dimensions (Y~ngstr6m units) of the unit cell and densities (g.cm.-S) of ~x-2-chloro- and 
a-2-bromo-5-me~hyl-p- benzoquinone a~ room $emp. 

Compound  a b c /~ (degrees) do dc Z 

a-C1MBO 3-85 13.30 14.15 92-2 1-58 1.58 4 
a - B r M B O  3.91 13.6 14,2 90 1.91 1.85 4 

and n~ parallel to [201]. The lattice constants (Table 1) 
were measured from oscillation photographs about 
[100] and Weissenberg photographs about [100] and 
[010]. The space group of both compounds is P2~/c. 
The densities were measured using the flotation 
method. The cell dimensions suggest tha t  the com- 
pounds are isomorphous and the result of this analysis 
confirms this view. 

Only room-temperature exposures with Cu Kc~ ra- 
diation (/t= 1.5418 A) were taken. The intensities of 
the reflexions of Weissenberg equi-inclination photo- 
graphs were estimated visually using the multiple- 
film technique. Okl diffraction data  of an a -BrMBO 
crystal with a thickness of 0.02 cm. and Okl and lkl 
diffraction data  of an a-C1MBO crystal with a thick- 
ness of 0.03 cm. were obtained. The linear absorption 
coefficients ,u of the compounds are 73 and 43 cm.-1 
respectively. In order to correct for absorption both 
crystals were treated as cylinders. The usual Lorentz 
and polarization corrections were made. Spot-shape 
corrections were applied to the lkl intensity data. 
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Fig. 1. The  p ro jec t ion  of the  e lec t ron  dens i ty  of c~-CUI//BO 
along [100]. The  con tou r  lines of the  chlorine a toms  are  
d r awn  a t  in tervals  of 2, 5, 10, 15 . . . .  e . ~  -~, the  con tou r  
lines of the  o the r  a toms  are d rawn  a t  in tervals  of 2, 4, 6 . . . .  
e .  2 ~  - 2  . 

Normal  projection along [100] 

From the Patterson function P(vw) of ~-BrMBO the 
y and z parameters of the bromine atom were deter- 
mined and by application of the vector-convergence 
method (Beevers & Robertson, 1950; Buerger, 1959), 
the details of which are described elsewhere (Fisch- 
mann, 1959), the positions of the light atoms were 
found. The atomic positions were introduced as 
initial y and z parameters in the refinement of the 
structure of ~-C1MBO. After five successive cycles of 
calculated structure factors F(Okl) and normal electron- 
density projections @(yz) (Fig. 1) the reliability index 
R=•IiFo ] -iFcil/ZIFoi decreased to 16% and no more 
changes of sign were found. Fur ther  refinement was 
at tained by successive calculations of difference 
Fourier maps @o(yZ)-@c(yZ) and structure factors 
F(Okl). These maps showed tha t  small corrections 
had to be applied to the positional atomic parameters 
and that  anisotropic thermal motions of the atoms 
were present. The direction of largest vibration was 
approximately parallel to [001]. Introduction of the 
above-mentioned parameter  shifts and of a mean 
temperature factor exp [ - (1.30 + 1.55 cos 2 ~) sine 0/~2], 
where ~0 is the angle between the vector to the recip- 
rocal lattice point Okl and the direction C*, gave a 
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Fig. 2. The  imag ina ry  func t ion  S~(yz) of a-C1MBO. The  
con tou r  lines are  d r awn  to a r b i t r a r y  scale. The  con tou r  
lines of the  chlorine a toms  are d rawn  a t  in tervals  2.5 t imes  
as large as those  for  the  l ight  a toms.  
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h k ~ F c 'F ° h k 

Table 2 Calculated and observed structure factors 
.F(Okl) (one asymmetric unit) and ~(lk/) (two asymmetric units) 

Pc Fo h k 2 F c F ° h k ~ Pc Fo h k I F c F ° h k ~ F c F ° 

0 0 2 -0.6 0.5 0 613 
0 0 4 -13.9 12.7 0 614 
0 o 6 -4 .4  4.6 0 615 
0 o 8 9.7 10.6 0 616 
0 012 -12.3 11.7 0 7 1 
o 014 ~.3 4.7 o 7 2 
o o16 4.4 4.3 0 7 3 
o 018 1.8 1.o 0 7 5 
o 11 6.5 5.4 o 7 7 

• o 12 -lO.9 9.1 o 78 
013 -7.7 5.8 0710 
014 4.1 4.5 0711 
0 1 5 -8 .1  7.0 0 713 
0 1  6 -1 .2  2.2 0 715 
o 1 7 7 . I  6.9 o 8 o 
o 1 8 -3 .6  3.8 0 8 1 
o 11o -1 .5  1.8 0 8 3 
o 111 -5.0 5.3 o 8 4 
o 112 2.3 3.4 o 8 5  
o 113 -2.5 2.9 0 8 6 
o 114 8.8 lO.3 o 8 7 
o 115 5.3 4.8 o 8 8 
o 118 1.o 1.4 0 8 9 
0 2 0 -11.8 9.0 0 810 
o 2 1 -6.8 5.5 0 816 
0 2 2 -5.0 5.2 0 9 1 
0 2 3 5.0 5.1 o 9 2 
0 2 4 -18.1 15.1 0 9 3 
o 2 5 -9 .7  9.2 0 9 4 
o 2 6 5.9 6.3 0 9 5 
o 2 7 -2 .5  3.2 0 9 7 
o 2 8 12.8 11.2 0 9 8 
o 21o -4 .4  4.7 0 9 9 
o 212 -4.2 3.4 0 911 
0 215 -1.6 1.2 0 912 
0 216 5.3 5.0 0915  
o 3 1 11.6 9.9 010 0 
0 3 2 -6.9 7.8 010 1 
o 3 3 -8 .0  8.2 01o 2 

o 3 4 -7 .2  7.3 01o 4 
o 3 6 io.0 11.5 010 5 
0 3 7 7.8 8.7 010 6 
o 3 8 0.7 I.i 01o 7 
o 3 9 7.4 7.3 01o 8 
0 311 -6.4 5.6 01012 
o 312 -2.9 2.8 01014 
o 314 -2.0 1.9 011 l 
0 315 2.9 1.7 011 2 
0 4 0 II.2 Ii.2 011 3 
0 4 1 6.2 6.5 011 4 
0 4 2 6.8 6.3 011 6 
o 4 3 2.0 2.6 011 8 
o 4 4 -12.6 13.5 011 9 
o 4 5 3.9 3.3 01110 
o 4 7 o.8 1.5 01111 
0 4 9  2.7 3.5 01112 
o 411 2.5 2.4 01113 
0 412 -2 .4  2.0 012 0 
0 414 1.1 1.3 012 1 
0 51 -0.5 1.2 012 2 
052 6.9 5.7 0124 
053 -9.0 7.9 0125 
0 5 4 4.6 5.0 012 7 
0 5 5 -5.7 6.0 0128 
0 5 6 -6.7 6.5 01210 
0 5 7 2.7 2.3 01211 
0 5 9 2.2 2.2 01212 
0 51o -2.3 2.7 013 1 
0 511 -4.6 4.8 013 2 
O 514 -1 .7  1.8 013 5 
o 515 2.9 1.6 013 6 
0 516 1.9 1.4 013 ? 
0 6 0 15.2 14.9 014 0 
o 6 1 11.3 12.4 014 1 
0 6 2 -5.o 4.5 o14 2 
o 6 3 3.6 3.4 o14 3 
o 6 4 -1 .9  2.0 o14 4 
0 6 5 -2 .1  1.9 014 5 
o 66 4.9 5.6 o148 
o 67 -4.3 4.1 o149 
0 6 8 8.1 7.6 01410 
0 6 9 2.6 1.9 015 1 
0 61o -3.1 2.7 Ol 5 2 
o 612 -7.6 7.5 o15 3 

-5 .0  6.2 015 4 -3 .0  3.0 1 3 ~ -17.3 18.0 ! 61q 
3.2 3.0 015 5 -4 .2  4.1 1 3 5 -4 .9  6.4 I 615 

-2.2 1.8 015 6 -4.2 4.3 1 3 5 20.2 17.4 1 61--6 
3.4 3.2 015 7 4.3 4.3 1 3 6 -2.8 1.8 1 7 0 

13.o 13.9 o 1 6 o  6.4 5.0 1 3 ~  - I 0 . 2  11.8 1 7 1  
-4.2 4.7 o16 4 -5.1 5.4 1 3 2 -5.6 5.4 1 71 
-5.o 5.2 o165 -1.9 1.9137 5.0 7.4 172 
-6 .2  6.0 016 6 0.8 0.8 1 3 8 10.3 8.6 1 7 ~ 
6.9 6.9 017 1 1.2 1.1 1 3 8 -1 .8  2.8 1 7 3 
5.8 5.6 1 o o 3.3 1.4 1 3 9 5.4 6.8 1 7 5 
2.6 2.8 I 0 2 102 116 I 3 g -15.3 15.4 1 7 6 

-5.0 4.8 I 0 ~ -22;6 22.4 1 310 -4.] 2.0 i 7 
-4.8 4.6 I o ~ -5.1 4.8 1 3I'U 6.7 8.4 1 7 7 
5.5 4.8 I 0 6 -11.4 6.6 i 311 14.5 9.0 1 7 V 
7.4 8.1 i 0 ~ 12.8 12.6 1 3Y!'- 3.9 4.8 1 7 8 

-2.4 2.0 i 0 8 -8.9 8.2 I 3~'-~ 4.6 5.6 1 7 
4.4 4.4 I 0 S -3.9 4.4 1 3i-~ 3.1 2.0 1 7 9 

-9 .8  9.4 10lO 13.1 8.4 1 311"6 1.1 2.6 1 7  
-8.1 9.1 I OI'U -20.2 19.2 1 31"7 -8.5 11.4 1 7YU 
-4 .0  4.1 10Y'~ 4.2 4.8 1 4 0 1.4 1.4 1 711 
-4.4 4.6 1 o14 -14.3 8.4 1 4 1 -15.9 14.6 I 71"I 
4.8 4.7 I o~ 3.9 4.4 1 4 I -3.2 3.4 1 713 
3.2 5.9 1 016 6.7 3.6 1 4 2 12.8 13.6 1 7~ 

-3.0 3.1  1 01-6 -5-5 6.8 1 4 ~ -19.8 29.2 I 71q 
1.8 1.0 1 1 1 -2.3 2.2 1 4 3 ] .9 3.0 1 715 
5.4 6.1 I 1 1 -32.5 20.0 1 4- ~ -]5.7 5.4 1 71-5 
5.7 4.9 I 1 2 -27.1 27.4 1 4 4 18.6 18.6 1 71--6 

-8.6 7.8 i i ~ -8.6 7.8 1 4 7¢ 16.1 16.8 1 8 0 
-4.0 4.0 i 1 3 24.1 30.8 1 4 5 -0.9 2.4 1 8 1 
-8.0 7.6 I I ~ I.I 4.2 1 4 6 -16.0 14.6 1 8 1 
11.7 10.6 i 1 4 -8.7 6.2 1 4 ~ -1.2 4.2 1 8 2 
-6 .5  6.1 1 1 ~ 2.9 5.2 1 4 7 1.9 2.6 1 8 

6.5 6.8 1 1 5 23.6 21.6 1 4 7 -4 .0  5-o 1 8 3 
-4.8 4.1 I 1 6 4.4 1.8 1 4 8 -12.4 9.6 1 8 
-1.8 1.7 1 1 ~ 6.0 9.4 1 4 ~ -3.3 4.4 1 8 4 
3.3 2.8 i 1 7 -21.4 22.4 1 4 ~ -2.5 3.6 1 8 
1.8 1.8 1 1 V -10.3 12.0 1 4Y'2 4.7 5.0 1 8 5 
1.6 1.8 i 1 8 -~.2 3.2 1 41-3 -2.9 4.0 1 8 5 

-1.9 1.3 I i ~ -33.5 13.4 1 41"6 -7.9 11.2 ! 8 6 

-3.1 3.3 1 IiO -6.0 3.8 1 41"7 -1.2 1.6 1 8 
3.5 3.6 1 Iii 6.3 6.8 1 5 o -17.9 15.4 1 8 7 
5.6 5.5 1 iTI 2.5 2.0 1 5 1 -11.8 15.0 1 8 7 
4.7 4.8 1 l l '~ -19.0 21.0 1 5 I -19.9 25.4 1 8 8 
4.1 5.0 1 1 ~  13.2 16.4 1 5 2 -4 .4  5.2 1 8 

-3 .8  3.9 1 114 6.2 4.6 I 5 ~ -3 .0  1.8 1 8 9 
• 1 . 8  1.4 1 1Y44 - 1 . 3  2 . 0  1 5 3 11.1 12.6 1 810 
4.9 5.8 1115 -8.0 4.8 15 4 8.5 9.8 1811 
1.9 1.9 11T55 -3.9 5.2 15 ~ 14.818.4 18Y~ 

-6.7 7.1 1116 8.9 5.0 155 -6.5 8.2 18~ 
1.7 2.0 1 11"7 -4.0 3.2 1 5 ~ 7.5 9.0 1 814 

-2.7 2.8 1 2 0 -23.3 21.2 1 5 6 10.8 I0.6 1 814 
4.7 5.7 1 2 1 26.5 31.0 1 5 ~ 1.6 2.2 1 8Y55 
2.5 2.6 1 2 i -9.3 12.0 I 5 7 -11.9 11.8 1 9 0 
2.7 3.0 1 2 2 -20.4 22.8 15 7 -1.3 1.2 19 1 

-5.2 6.1 i 2 2 -20.6 22.0 1 5 8 -7.1 6.8 I 9 
- l . 1  1.7 1 2 3 -4.3 4.4 1 5 ~ 5.0 5.2 1 9 
-1 .3  1.1 1 2 ~ 18.6 15.4 1 5 9 -9 .7  11.8 1 9  3 
7.2 7.4 1 2 4 3.9 4.8 1 511 6.0 2.8 1 9 

• 1.2 i.I 1 2 ~ 15.5 15.6 1 51--[ 7.6 8.8 1 9 4 
2.5 2.0 125 4.6 7.6 151-2 4.7 5.2 1 9  

-6.0 5.5 1 2 6 -22.6 22.6 1 51-~ 7.0 7.8 1 9 5 
-2.0 1.9 1 2 ~ 21.2 18.8 1 514 -5.2 5.8 1 9 5 
-3.4 3.2 1 2 7 -9.6 9.8 1 51"5 -1. 5 ].6 1 9 6 
2.7 3.4 1 2 "7 7.6 11.4 1 6 0 -17.0 14.6 1 9 

-1.9 1.9 1 2 8 3.8 4.0 1 6 1 -8.9 10.6 1 9 7 
-1 .7  1.7 1 2 ~ -14.3 14.0 1 6 I -1 .8  6.6 1 9 7 
-1.8 1.6 1 210 15.2 8.4 1 6 2 21.1 23.8 i 9 9 
3.1 3.9 1 21-~ -1.9 1.8 1 6 ~ -3.1 4.0 1 9 
4.5 4.3 1 2~'~ -2.8 3.4 1 6 3 19.1 19.4 1 910 

-2.1 2.9 1 21"2 9.2 10.2 1 6 ~ 3.7 3.4 1 91_/1 
-4.3 4.7 1 213 -3.1 2.0 I 6 ~ 12.5 16.0 ] 911= 
4.9 5.1 1 2 ~  3.2 4.0 1 6 ~ 2.3 2.0 1 9~ 
3.0 3.1 1 214 5.7 7.2 1 6 5 7.5 9.6 IiO 0 
2.8 2.9 1 2Y~ -0.8 1.4 1 6 ~ 9.7 12.8 Ii0 1 

-3 .0  3,1 1 21--6 -2 .3  2.2 1 6 7 -3 .8  3.4 11o 
2.2 2.2 1 217 1.0 1.8 1 6 8 2.9 1.8 110 4 

-2.2 2.7 1 3 0 12.6 11.8 i 6 ~ -13.4 14.2 110 
-2.2 1.6 1 3 1 6.2 7.2 1 6 9 -4.5 2.8 II0 
3.1 3.0 1 3 I -17.6 23.2 1 610 11. 5 9.4 II0 6 
3.3 3.4 1 3 2 2.1 2.8 1 61-0 -12.0 12.6 Ii0 

-I.7 1.3 1 3 ~ 22.5 25.4 1 61-[ 5.5 6.4 IiO 7 
2.9 3.6  1 3 3 22.3 24.4 i 61-2 9.1 10.8 Ii0 
3.3 3.9 1 3 ~ 6.0 9.2 1 6~ 4.5 6.0 11010 

-3 .4  3.5 1 3 4 -4.8 5.8 1 614 -9.9 5.4 IIOT~ 

final reliability index R=10 .4%.  The structure fac- 
tors F(Okl) and F(lkl) (see next section) are listed in 
Table 2. The final positional parameters are found in 
Table 3. 

5.3 6.0 110~'I 3 .i 2.4 
-6.8 3.4 11012 4.5 4.2 
-3.6 6.6 llOY~ 6.1 8.6 
6.5 6.6 IIOT~ -I .3 2.0 

17.6 19.8 11014 -4.3 2.2 
-12.0 12.6 110Yi 3.0 4.2 
-7.2 10.2 I!] i -]0.2 13.2 

4.2 4.8 111 ~ -3.5 3.4 
16.4 17.8 III 3 8.3 6.4 
14.2 16.4 iii ~ 4.9 5.0 
2. 5 2.2 III 5 -6.2 5.0 

-17.4 18.6 III ~ 1.0 1.6 
-13.3 12.4 Iii 6 -6.9 7.0 
-6.6 i0.0 III 7 -5.0 2.8 
-4.8 4.8 111 ~ -3.7 4.8 
-7.2 9.4 III 9 -5.9 4.6 

6.0 2.8 I I I  ~ -7 .3  9.4 
-7.7 8.8 11110 5.7 5.8 
3.8 2.8 1111-6 2.7 2.4 
4.6 2.4 III]I 4.9 3.0 

-6.4 8.0 1111-~ 3.4 4.8 
-4.9 2.4 11113 -5.2 3.8 
8.7 12.8 iii]'~ 3.6 5.8 

-1.7 1.6 112 1 -4.7 3.4 
-5.8 3 .o 112 "I 4.9 5 .o 
-2.6 2.4 112 2 9.0 9.8 
-2.4 4.0 112 ~ -6.7 6.4 

-13.1 13.2 112 ~ 4.9 6 .0  
2.9 3.4 112 4 8.2 7.4 

-5.9 6.2 112 5 2.7 2.0 
11.8 12.6 112 5 5.5 4.8 

-12.1 17.8 112 6 -7.4 6.0 
-5.5 3.4 112 g 3 .I 4.4 
12.2 15.0 112 V -3.3 3.2 
9.6 12.8 112 8 -3.9 1.8 
2.8 5 .o 112 8 -5.2 6.8 
5.5 4.2 112 9 -4.0 2.2 
8.3 11.o 112 ~ 5.6 7.6 

-16.8 16.2 11210 2.0 2.0 

Ii.8 14.4 i12!-~ -2.0 2.6 
-11.8 12.6 112Y'2 3.6 4.8 
-3.5 4.2 113 0 -6 .4  7.2 

-13.0 10.8 113 I -4.1 5.2 
-11.3 12.8 113 3 6.4 6.6 

-4 .o  2.0 113 ~ 5.2 6.0 
4.8 2.8 113 5 3.7 1.8 
3.9 2.6 113 5 6.7 8.2 
7.6 9.8 113 7 -3.8 2.4 

-1 .4  6.0 113 7 -3.5 5.4 
-3.0 2.0 113 8 -5.5 4.2 
1.0 1.6 113 9 4.8 2.4 

-3 .4  5.4 113 9 -3 .0  2.6  
-7.5 8.0 II3YU -2.4 3.0 

2.0 1.8 11311 3.0 1.8 
-11.9 12.8 113T'I" 1.3 1.8 

9.2 11.4 114 0 -7.0 7.6 
9.4 I0.0 114 1 -4.9 6.0 

-11.2 12.2 114 "~ 4.2 6.0 
8.0 6.0 114 4 4.9 6.8 
2.4 2.6 114 5 4.1 4.6 

-9.9 9.4 114 6 -2. 5 2.6 
16.0 17.0 114 ~ 3.3 3.6 
-1.8 1.8 ]14 7 -2 .1  1.4 
I 0 . I  13.4 114 7 -7 .0  7.2 
-8 .8  9.0 114 8 -2 .7  2.0 
8.7 12.8 114 ~ -5.3 6.8 

14.5 11.4 114 9 -2.9 2.0 
-8.0 10.2 114 9 -2 .0  2.0 
-9.I 7.2 115 o -1.6 2.2 
8.1 6.4 115 Y -4.8 5.8 
1.7 1.8 115 ~ 4.7 5.6 

-2.2 3.2 115 3 4.5 5.2 
-8 .4  10.4 115 4 4.5 4.0 
-5.1 5.4 115 5 -2 .8  1.8 
- 6 . 7  10.8 115 5 7.2 8.2 
5.3 4.8 115 6 -3.4 2.4 

18.6 19.2 115 7 -6,9 5.8 
-14.2 15.0 115 ~ -4 .4  3.2 

-2 .9  2.4 116 0 -1 .6  3.0 
2.6 2.8 116 1 -3.5 3.6 
7.7 8.0 116 [ -0.3 1.2 

-5.8 7.4 116 2 6.3 5.8 
8.1 7.o 116 ~ -5.3 6.o 

-5.7 5.2 116 ~ 5.2 6.4 
116 4 2.3 2.0 
116 4 2.3 2.6 
116 5 -2 .7  3.2 

General ized project ion along [100] 

The cleavage plane, the optical indicatrix, and the 
very strong reflexions 102 and 204 showed that the 

5 4 *  
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molecules  are packed  in  the  p lanes  (102). A p p r o x i m a t e  
x p a r a m e t e r s  of al l  a toms  were ob t a ined  (F i schmann ,  
1959), enab l ing  us to de t e rmine  the  signs of mos t  
s t ruc tu re  fac tors  F ( lk l ) .  An  isotropic  t e m p e r a t u r e  
fac tor  exp [ - 2 . 3 6 s i n  9. 0/;t e] was appl ied.  Af te r  f ive 
successive ca lcula t ions  of s t ruc tu re  factors,  genera l ized 
pro jec t ions  (modulus  funct ions)  ~i(yz), i ts  i m a g i n a r y  
p a r t  Si(yz) (Fig. 2) a n d  i ts  real  p a r t  Ci(yz) (Cochran 
& Dyer ,  1952; F r id r i chsons  & Mathieson ,  1955) the  
r e l i ab i l i t y  i ndex  decreased to 18.77/o a n d  no more  
changes  of sign occurred.  

The a c c u r a c y  of the analys is  

T h e  s t a n d a r d  dev ia t ions  a ( y ) =  0 .02 /~  and  a ( z ) =  0 .02 /~  
of t he  ca rbon  a toms,  as d e t e r m i n e d  in  the  n o r m a l  
p ro jec t ion  [100], were ca lcu la ted  in the  usua l  w a y  
(Cruickshank,  1949). The  s t a n d a r d  dev ia t ions  of the  
n i t rogen ,  oxygen  a n d  chlorine a toms  are, of course, 
smal le r ,  b u t  in  the  fol lowing cons idera t ions  t h e y  are 
t r e a t e d  as equa l  to  those  of the  carbon  a toms.  The  
er rors  in  the  x p a r a m e t e r s  were e s t ima ted  b y  com- 
pa r ing  the  values  xc=(2xe) - i  cos - i  (Ci/~i) a n d  x s =  
{27~) - i  s in - i  (Si/~i) (Table 4). 

Tab le  3. The atomic parameters of a-C1MBO 
expressed in fractions of cell edges 

x y z 
c i 0.622 0.1824 0.2062 
c 2 0.764 0.1224 0.1284 
C a 0-878 0-1630 0.0520 
C 4 0-990 0-2694 0-0508 
C 5 0"850 0"3301 0.1291 
C s 0"703 0.2890 0"2040 
C~ 0"918 0"4432 0.1220 
~q 0.121 0-3120 --0.0194 
O i 0"496 0"1429 0"2739 
O 3 0.200 0.2516 --0-0893 
C1 0"646 --0"0063 0.1301 

The  v a r i a t i o n  of errors a A x  suggests  t h a t  t h e  
' s t a n d a r d '  dev ia t i on  a(x) is p r o b a b l y  less t h a n  0.06 A 
for the  carbon a toms  a n d  p r e s u m a b l y  smal ler  for t he  
o ther  a toms.  I n  i ts  mos t  u n f a v o u r a b l e  pos i t ion  a 
bond  be tween  two a toms  of the  same molecule  (Fig. 3) 
makes  an  angle  of 24 ° wi th  the  p lane  of pro jec t ion .  
This  y ie lds  an  uppe r  l imi t  of s t a n d a r d  dev ia t i on  in 
bond  l eng ths  (0.06 e sin e 24 ° + 0.02 ~. × 2 cos e 24°)½ = 
0.036 A. The  errors in  the  cell cons t an t s  are a b o u t  
0 .5% a n d  do no t  affect  a p p r e c i a b l y  t h e  above-  
m e n t i o n e d  s t a n d a r d  dev ia t i on  of bond  length .  Accord- 
ing to the  conven t iona l  cr i ter ia  (Cru ickshank  & Robe r t -  
son, 1953) dev ia t ions  in  bond  l eng th  larger  t h a n  0-10 A 
have  to be considered as s ign i f ican t  in th i s  analys is .  

Discuss ion  of the s tructure  

The  d i s t r i bu t ion  of long and  shor t  bond  d i s tances  
(mean va lues  1.47 /~ a n d  1-31 J~ respec t ive ly)  in  t he  
s ix -membered  r ing  (Fig. 3) pe rmi t s  t he  conclusion t h a t  
the  molecule  has  a p -benzoquinone-4-ox ime  s t ruc tu re .  
The  bond  leng ths  of C i -Oi  (1.21 A) and  C4-N (1-28 A) 
are s ign i f i can t ly  shor te r  t h a n  those  for s ingle bonds  of 
C-O (1.45 /~) a n d  C - N  (1-43 /~) a n d  this ,  aga in  ex- 
cludes t he  presence of a n i t rosopheno l  s t ruc ture .  
The  N O H  group is syn w i t h  respec t  to  t h e  chlor ine 
a tom.  There  are no s igni f icant  differences be tween  the  
bond  lengths ,  C - N  a n d  N - O ,  a n d  the  bond  angle,  
CNO, in  a -C1MBO a n d  those  in  o the r  k n o w n  oxime 
s t ruc tu res  (Table 5). 

H y d r o g e n  bonds  (2.69 /~) which  connec t  t he  car- 
bony l  group of one molecule  w i th  t he  oxime g roup  
of the  n e x t  molecule  ac t  as l inks  in in f in i te  chains.  
The  s y m m e t r y  e lements  which  evolve th i s  k i n d  of 
h y d r o g e n - b o n d e d  cha in  are in  the  case of the  c rys ta l s  
of a -C1MBO a n d  3-chloro-p-benzoquinone-4-oxime a 
glide p lane  and  in  the  case of the  s t ruc tu res  of 

Tab le  4. The x parameters of the carbon atoms determined in two ways 

Relative peak heights in 

Ci Si ~i xc Xs • Ax a. ~x 
C i -- 180 - 175 251 0.605 0.640 0.622 0.018 0.07 A 
C 2 0 -225  225 0.750 0.778 0.764 0.014 0.05 
C a 165 -- 158 228 0.879 0"878 0-878 0"001 0"00 
C 4 242 30 244 1"000 0"980 0"990 0"010 0.04 
C 5 122 -- 173 212 0"840 0"860 0"850 0"010 0.04 
C 6 -- 72 --220 232 0-698 0"708 0.703 0.005 0.02 
C 7 185 - 83 203 0'895 0'941 0'918 0'023 0'09 

Mean peak heigh~ 228 Mean error 0"04 

Table  5. C - N  and NO bond distances in some oxime compounds 

C-N N-O C-N-O Reference 

a-C1MBO 1.28 1.32 114 ° 
3-Chloro-p-benzoquinone- 4-oxime 1.25 1.39 114 

syn-p- Chloro-benzaldoxime 1.31 1.36 112.5 
Dimethylglyoxime 1.27 1.38 114 
Acetoxime 1.29 1.36 111 
5-Methoxy-o-quinone-2-oxime 1.22 1.36 117 
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Fig. 3. Bond angles, bond distances and intermolecular dis- 
tances in crystals of a-2-chloro-5-methyl-p-benzoquinone-4- 
oxime. The molecules are viewed along [100]. 

a-5-(2 '-chloroethoxy)-o-quinone-2-oxime (Romers & 
Umans ,  1960) and a-5-methoxy-o-quinone-2-oxime,  
a two-fold screw axis. 

The Van  der Waals  contacts  between the molecules 
packed on top of each other  (not shown in Fig. 3) 
are larger t h a n  3.3 A. All other  int ramolecular  dis- 
tances indicated in Fig. 3 are larger than  3.4 J~. 
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