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A Neutron Diffraction Refinement of the Crystal Structure of Dimethylglyoxime* 

:BY WALTER C. HAMILTON 
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(Received 1 October 1959 and in revised form 25 February 1960) 

:Neutron diffraction data  for two zones of dimethylglyoxime have been refined and the locations of 
all atoms, including hydrogen, determined. The structure has the normal O - H - . -  :N hydrogen 
bond rather than the zwitterion structure which has been proposed. The O-H bond length is 
1-02_+0.04 A, and the O - H . . -  :N hydrogen bond angle is 140_+ 3 °, a significant departure from 
the usually assumed linear configuration. The methyl group may be somewhat distorted from the 
ideal tetrahedral shape. The other bond lengths and angles, although in some disagreement with 
the X-ray results, are in good agreement with those in related compounds. Of particular interest is 
the difference of 0"08 /~ in the two C-C single bond lengths. 

Introduction 

There has been some discussion in recent years  as to 
whether  normal  oximes have  the classical s t ructure  (I) 
or the zwitterion s t ructure  (II) :  

H 

R'\c •'\ I = N - O - H  / C  = 1~-O 
R /  R /  (+) (-) 

(i) (ii) 

:Based on the  fact  t ha t  the  prel iminary results of an 
X - r a y  invest igat ion (Jerslev, 1950) of syn-p-chloro- 
benzaldoxime led to an O - N . - .  0 '  angle of 101.4 ° 
and  an N - O . . .  N '  angle of 82 ° , a suggestion was 
made  by  P i t t  (1950) t h a t  the  correct s t ructure  is the 
zwit terion structure.  Under  the  assumpt ion t h a t  the 
hydrogen bond is linear, such a s t ructure  would lead 
to a more sat isfactory covalent  bond angle in the  
molecule. A s t ructure  de terminat ion  of acetoxime 
(Bierlein & Lingafelter,  1951), which is constructed of 
cyclic tr imers,  led to no fur ther  informat ion on this 
point,  as the two re levant  angles are both larger t han  
te t rahedra l  and thus  compatible with either s tructure.  
The s t ructure  of d imethylglyoxime (Merritt  & Lanter-  
man,  1952), a l though cited by  Dunitz  & Rober tson 
(1952) as support ing the zwitterion s t ructure,  is 
actual ly  inconclusive, as the  two angles involved are 
both near  90 °, as was pointed out by Donohue (1956). 
The la t ter  au thor  also cites the s t ructure  of formamid-  
oxime (Hall & Llewellyn, 1956) as support ing the 
classical non-polar  s tructure.  A recent infrared s tudy  
(Orville-Thomas & Parsons,  1958) would seem to con- 
firm the s t ructure  H 2 N - C I - [ = N - O - H  for formamid-  
oxime, as frequencies were observed which could be 
assigned to the O-H,  C-H,  and NH2 groupings. 

In  none of the  above X - r a y  diffraction studies was 
the  da t a  of sufficient qual i ty  to determine hydrogen 

* Resea rch  pe r fo rmed  under  the  auspices of the  U .S .  
A tomic  E n e r g y  Commission.  

a tom positions unambiguously ,  a l though a small  bump 
on the  oxygen a tom in a Fourier  projection of di- 
methylg lyoxime was in terpre ted  as an indication t h a t  
the bonding was O - H  ra the r  t han  N - H .  I t  seemed 
clear t ha t  a neutron diffraction s tudy  of an  oxime 
would provide valuable  evidence on this question. 

Crystal  s tructure 

Crystals of d imethylglyoxime were repor ted by 
McCrone (1949) to be triclinic with Z =  1 and the  cell 
constants  indicated in Table 1. A three-dimensional  
X - r a y  invest igat ion was under taken  by  Merri t t  & 
L a n t e r m a n  (1952), who analyzed the s t ruc ture  on the  
basis of a cent rosymmetr ic  molecule and  determined 
positions of the  heavy  a toms to an es t imated  accuracy 
of 0.01 J~. The quoted R factor  was 0-196, with the  
calculated s t ruc ture  factors including hydrogen a tom 
contributions;  the hydrogen in the hydrogen bond was 
assumed to lie on the O . . .  N line a t  a distance of 
0.96 ~ from oxygen, and the  methyl  group was as- 
sumed to be te t rahedra l  with a C - H  bond length of 
1-07 /~. Hydrogen  bonds link the p lanar  molecules in 
infinite chains, with the  molecules approx imate ly  
parallel  to (101). Two overall  t empera tu re  factors 
were determined,  B = 2 . 8 5  A 2 in the plane of the  
molecule and B = 3 . 8 2  /~2 perpendicular  to this plane. 
A s t anda rd  deviat ion of 0.02 /~ in the  bond lengths 
with a m a x i m u m  error of 0.05 /~ was quoted. 

Exper imenta l  

Dimethylglyoxime crystals  were obtained by slow 
evaporat ion of a sa tu ra ted  solution in ethanol.  The 
cell constants  given in Table 1 were obtained by  a 
least  squares fit  to powder diffraction line positions 
obtained with a carefully cal ibrated X - r a y  diffracto- 
meter  using Cu K a  radia t ion (~ = 1.542 J~). The crystal  
chosen for the  collection of neutron diffraction da ta  
was an approx imate  rec tangular  parallelepiped with 

A C 1 4 ~ 7  
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d imens ions  8-5 x 2 x 1 mm. ,  t h e  long d imens ion  being 
para l le l  to  t he  c axis. (To reduce  absorpt ion ,  t he  
crys ta l  was cut  a p p r o x i m a t e l y  in  half  for col lect ion 
of 0kl data . )  

Table  1. Cell constants for  dimethylglyoxime 

Merritt & 
l~IeCrone (1949) Lanterman (1952) Present work 

lal 6"07 A 6-10 A 0.053 4- 0.015 A 
Ibl 6-39 6"30 6.292 4- 0"015 
lol 4"48 4"48 4"468 -F 0"010 

a 125 ° 122"52 ° 122.37 ± 0.2 ° 
91 90-10 91.56 _+ 0.1 
79 79.02 77.63 4- 0.3 

T h e  indicated errors in the cell constants are those estimated 
from the goodness of fit to the eleven well-resolved lines in 
the powder pattern; the true standard errors, particularly 
for the angles a and fl, may be somewhat larger. The bond 
distances and angles calculated for the structure are in any 
case relatively insensitive to the values of these angles, so 
that the discrepancies between the present values and those 
of Merritt and Lanterman are not serious. 

In t ens i t i e s  for 77 h]c0 a n d  53 0]el ref lect ions  wi th  
d * <  1.27 ~ -1  were  m e a s u r e d  to  an  e s t i m a t e d  ac- 
curacy  of 10%, t us ing a m o n o c h r o m a t i z e d  n e u t r o n  
b e a m  wi th  a wave  l e n g t h  of 1.067 A. The  mono-  
ch romat ic  n e u t r o n  f lux a t  t he  crystal  was approx-  
i m a t e l y  105 neu t rons  cm. -~. see.-1. Absorp t ion  cor- 
rect ions  were  ca lcula ted  for t he  ac tua l  shape  crystal  
used by  a p rog ram for the  I B M  704 c o m p u t e r  which  
calculates  combined  ex t inc t ion  and  absorp t ion  cor- 
rec t ions  for crystals  of a rb i t r a ry  shape.~: E x a m i n a t i o n  
of the  d a t a  af ter  r e f i n e m e n t  of t he  s t ruc tu re  i nd i ca t ed  
t h a t  ex t inc t ion  was negligible.  S t ruc tu re  factors  were 
de r ived  f rom the  correc ted  in tens i t ies  and  placed on 
an  abso lu te  scale by  the  m e t h o d  of Wi lson  (1942). 

R e f i n e m e n t  of  the  s t r u c t u r e  

(a) [001] zone 

St ruc tu re  factors  were  ca lcu la ted  o m i t t i n g  t he  hy- 
d rogen  cont r ibut ions ,  us ing t h e  h e a v y - a t o m  para-  
mete r s  f rom the  X - r a y  inves t iga t ion .  The  signs of t he  
s t ruc tu re  factors  so o b t a i n e d  were  used t oge the r  w i th  
the  e x p e r i m e n t a l  m a g n i t u d e s  in  t he  ca lcula t ion of a 
Four ie r  pro jec t ion .  This  p ro jec t ion  showed  t he  ap- 
p r o x i m a t e  posi t ions of all four h y d r o g e n  a toms  and  
indicated clearly that the hydrogen b o n d  is of t he  
O - H . . .  N type .  (See Figs. 1 and  2.) 

A series of leas t -squares  r e f inemen t s  was carr ied 
out  wi th  an  I B M  704 p rog ram which  obta ins  the  com- 
p le te  leas t - squares  solut ion,  inc lud ing  t he  off-diagonal  
t e rms  which  are f r e q u e n t l y  neglected .  We igh t s  were 

t There is a greater uncertainty for some of the weak re- 
flections due to the occasionally uneven incoherent peaks. 
This error was taken into account in the weighting. 

The linear absorption coefficient of 2.18 cm. -i  was cal- 
culated using effective atomic absorption cross sections of 
38.4 barns for H, 1.1 barns for N, and 0 for O and C. 

~_i -:° ::~ .... 

Fig. 1. Final Fourier projection along [001]. Arbitrary contour 
interval. Negative contours are dashed, and all contours 
but the zero contour are shown. The positions marked Yil 
and H a are not the final positions shown in Fig. 2. 

b . . . . . . . .  (0, ~, O) 

('/2, o, o) 

Fig. 2. (2'OBS--/~C.~O) Fourier projection along [001]. All con- 
tours are negative, the contour interval being approximately 
twice that in Fig. 1 with the lowest two contours omitted. 
Note the absence of heavy atom diffraction effects as com- 
pared with Fig. 1. The dashed ellipse indicates possible 
hydrogen positions for a tetrahedral methyl group. 

chosen inverse ly  p ropor t iona l  to  the  e s t i m a t e d  vari-  
ances of t he  observed  s t ruc ture  factors.  An  ind iv idua l  
i sot ropie  t e m p e r a t u r e  fac tor  was ass igned to  each 
a tom,  and  four  cycles of ]east  squares  t r e d u c e d  t h e  
q u a n t i t y  

R ' =  [ Zw I IFol- IF~ll~/ZwlFol~]~ 

to  0"084. The  cor responding  va lue  of 

_R= zw~llFo I -  IF~lll Zw~lFol 
was 0.104. F u r t h e r  leas t -squares  cycles in  which  t he  
t e m p e r a t u r e  fac tor  on each a t o m  was a l lowed to  
become  anisot ropic  r educed  R'  to  0.036 and  i n d i c a t e d  
significant vibrati0n~l ani~otropy for the hydrogen 
atoms.  There  was also some i m p r o v e m e n t  in  t he  
e s t i m a t e d  s t a n d a r d  dev ia t ions  of t he  pos i t ional  para-  
meters .  

(b) [100] zone 

Trial  va lues  of t he  h y d r o g e n  a t o m  p a r a m e t e r s  
were  o b t a i n e d  as for t he  [001] zone. The  isotropic  

t Refinement was stopped when the changes in positional 
parameters were approximately 10 -4 or 10 -5, i.e. about 
0"01 a-- 0.1 ~. 
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ref inement  converged at  R '  =0.098. Due to the lim- 
i ted amount  of da ta  collected for this  zone, i t  was 
impossible to s imul taneously  refine all  parameters ,  
including anisotropic tempera ture  factors, at  this stage. 
However,  subsequent  ref inement  of posit ional  and 
the rmal  parameters  a l te rna te ly  brought  the value of 
R '  down to 0.023, wi thout  s ignif icantly improving the 
est imates of error on the  posit ional parameters .  The 
es t imated errors of the the rmal  parameters  were so 
large as to make  it  clear t ha t  no real improvement  in 
the structure was being obtained,  despite the low 
value of R' .  The values of the  y parameters  obtained 
from this zone were wi th in  stat is t ical  error of those 
obtained from the [001] zone. Fouriers for this zone 
are shown in Fig. 3. I t  will be noted tha t  Ha has a 
considerably lower peak height  t han  the other hydro- 
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F i g .  3. (a) F o u r i e r  p r o j e c t i o n  a l o n g  [100].  C o n t o u r  i n t e r v a l  
a b o u t  h a l f  t h a t  in  F i g .  1. Z e r o  c o n t o u r  n o t  s h o w n .  (b) H y -  
d r o g e n  d e n s i t y  o n l y  p r o j e c t e d  a l o n g  [100].  C o n t o u r  i n t e r v a l  
c o m p a r a b l e  t o  t h a t  of F i g .  2. N o t e  w e a k n e s s  of  I-I a a s  c o m -  
p a r e d  t o  H 1 a n d  H~. 

× 10 -12 era.  

k z IFol Fc ~F 
I 4 1.84 --  1.32 - - 0 . 5 2  
2 0 2.05 - -  1.85 - -  0 .20 
2 1 0.72 - -  0.98 0.26 
2 2 1.41 1.89 --  0-48 
2 3 1-34 --  1.30 --  0 .04 
3 0 0.48 0.68 --  0 .20 
3 1 1.05 1.02 0.02 
3 2 0.62 - - 0 - 7 2  0.10 
3 3 1 . 2 2  - -  1-35 0.12 
4 0 3-80 3"35 0-45 
4 1 2.46 2-62 - - 0 . 1 6  
4 2 0.52 0.72 - - 0 . 1 9  
5 0 1.22 0.85 0.36 
5 1 1.30 1.36 - - 0 - 0 6  
6 0 0.60 0.41 0.19 
1 --  5 0-73 - -  1.33 0.60 
1 - - 4  0-36 - - 0 - 5 8  0-22 
1 - -  3 1.80 --  1.50 --  0-30 
1 - -  2 2-78 --  2 .69 --  0.09 
I -- I 0.22 -- 0.05 -- 0.16 

2 --  5 0.94 --  1-45 0 .50 
2 --  4 1.70 --  1.65 --  0 .05 
2 - -  3 2.04 - - 2 . 0 6  0 .02 
2 - - 2  1-02 - - 1 . 3 2  0"30 
2 - - 1  0.63 - - 0 . 0 7  - - 0 . 5 6  
3 - - 5  < 0 . 3 5  0 .10 0.25 
3 - - 4  1.15 - - 1 . 2 4  0-09 
3 - - 3  2.20 - - 2 . 3 8  0-18 
3 - - 2  3.29 3-29 0.01 
3 - -  1 2.43 2"43 0-00 
4 --  5 < 0"32 0.01 0-30 
4 - - 4  1-18 - -1"08  0.09 
4 - -  3 1.70 1.36 0.34 
4 - - 2  0-91 1.59 - - 0 . 6 9  
4 - -  1 < 0"26 - -  0"05 --  0-22 
5 - -  5 2"53 - - 2 . 5 6  0"03 
5 - - 4  1.84 - - 1 - 1 9  - -0"65  
5 - -  3 0.71 0"29 0-42 
5 - - 2  1"38 --  1"59 0-21 
5 - - 1  0"64 - -0"42  - -0 -21  
6 - - 5  1.64 - -1"47  - - 0 . 1 6  
6 - - 4  1-82 - - 1 . 1 2  0 .70 
6 - -  3 2.45 - -  2 .24 --  0"21 
6 - - 2  1.95 - - 2 - 1 2  0.17 
6 --  1 0"50 - - 0 - 7 9  0"29 

Table 2. Observed and calculated structure factors 

F ' s  a r e  c a l c u l a t e d  fo r  t h e  p a r a m e t e r s  g i v e n  in  T a b l e  4 
A t o m i c  s c a t t e r i n g  f a c t o r s  u s e d  w e r e / q ,  0"94; O, 0 .58;  C, 0 .659;  a n d  I-I, - - 0 . 3 7 8  

w e r e  

h k [For Fc A F  

6 3 0.94 1.03 --  0-09 
6 4 0.56 - - 0 . 3 8  - - 0 . 1 9  
6 5 1.12 --  1.16 0.04 
7 0 1.12 - - 0 . 9 7  - - 0 . 1 5  
1 - -  6 0.54 - - 0 . 5 9  0.04 
1 - -  5 1.48 1.46 0.02 
1 - - 4  3.42 3.68 - - 0 . 2 5  
1 - -  3 0.28 0.03 0.25 
1 --2 1.88 --1.87 --0.00 
1 - -  1 3.22 3-14 0.08 
2 - - 6  0.27 0.18 0-09 
2 - - 5  1.41 1.06 0.36 
2 - - 4  1.08 0.82 0.26 
2 - - 3  0.15 - - 0 . 0 9  - - 0 . 0 6  
2 - - 2  1.60 1.67 - - 0 . 0 7  
2 - - 1  0.44 0.61 - - 0 . 1 7  
3 - - 5  1.69 1.58 0.11 
3 - - 4  0.51 - - 0 . 2 7  - - 0 - 2 5  
3 - - 3  2-08 - - 1 . 9 1  - - 0 . 1 7  
3 - - 2  1.10 0.92 0.18 
3 - - 1  1.53 1.34 0.18 
4 --5 0.81 0.86 --0.05 
4 - - 4  0.89 0.72 0.17 
4 - -  3 1.28 --  0.88 - -  0 .40 
4 - - 2  2.59 - - 2 . 2 1  - - 0 . 3 8  
4 - -  1 0-56 - -  0.33 - -  0-24 
5 - - 4  0.64 - - 0 . 5 3  - - 0 . 1 1  
5 - - 3  0-39 - - 0 . 5 8  0-19 
5 --  2 0.53 --  0.86 0.32 
5 - - 1  0.57 0-38 0-20 
6 - - 3  2.01 - - 1 . 9 1  - - 0 . 1 0  
6 - - 2  0.11 - - 0 - 0 3  - - 0 . 0 8  
6 --  1 1.62 1.30 0.32 
7 --I 0.12 --0.05 --0.08 

(0kz) 
k l ]Fol Fc AF 
0 1 3.09 3-29 - -  0.20 
0 2 0.92 0.42 0-50 
0 3 1.68 1.53 0.15 
0 4 0.62 0.43 0.19 
1 0 2.27 2-35 --  0.07 
1 1 1.84 1.72 0.12 
1 2 1-94 1.91 0.03 
1 3 1-95 1.85 0.11 

(hk0) 

h k tFol Fc AF 
0 1 2.11 2"34 - -0"23*  
0 2 2-05 - -  2.06 0"01 
0 3 0"44 0-59 - - 0 - 1 5  
0 4 3"63 3-24 0"39 
0 5 1"16 0"99 0-17 
0 6 0.41 0.05 0"37 
1 0 3.42 3.44 --  0-02 
1 1 0.17 0"03 0.14 
1 2 0.67 - - 0 . 7 9  0-12 
1 3 1.50 1.55 - -0"06  
1 4 0"51 0.65 - - 0 - 1 4  
1 5 0"36 - - 0 . 2 7  - -0"09  
1 6 0.40 - - 0 . 2 3  - - 0 . 1 7  
2 0 0.54 0-65 - - 0 . 1 0  
2 1 1.41 - -  1.35 - -  0-06 
2 2 0-65 0.60 0-05 
2 3 2-44 2.47 - -  0.03 
2 4 0.31 - - 0 . 2 5  - - 0 - 0 6  
2 5 0.40 - -  0.75 0.35 
2 6 1.46 - -  1.46 0.01 
3 0 1.36 1.20 0.17 
3 1 2.12 - - 2 . 1 3  0.01 
3 2 2.42 --  2.62 0.20 
3 3 0.29 0.09 0.20 
3 4 1.09 1.19 - -0 .11  
3 5 0.12 - - 0 . 2 7  0.14 
3 6 1.45 - -  1.54 0.09 
4 0 1.08 0-93 0.15 
4 1 0-38 - -  0.47 0.09 
4 2 1.40 --  1.43 0.02 
4 3 1.41 --  1-75 0.34 
4 4 0.28 --  0.24 --  0 .04 
4 5 1.62 - -  1.59 --  0-03 
4 6 0.89 - - 0 . 7 7  - - 0 . 1 2  
5 0 1.93 - - 1 . 8 0  - - 0 . 1 3  
5 1 3.18 - - 3 . 2 3  0.05 
5 2 0.14 0.11 0.03 
5 3 1.41 1.23 0.19 
5 4 0.28 - - 0 . 7 2  0 .44 
5 5 2-43 --  2 .92 0.49 
6 0 1.25 - -  1.32 0.07 
6 1 2.62 - - 2 . 9 5  0.33 
6 2 0.77 - -  1.09 0.32 

* Z1F m a y  d i s a g r e e  b y  0.01 w i t h  t h e  d i f f e r e n c e  b e t w e e n  t h e  t a b u l a t e d  2 '  0 a n d  .F c. A l l  v a l u e s  
f i g u r e s  a n d  t h e n  t r u n c a t e d  to  t h r e e .  

c a l c u l a t e d  to e i g h t  s i g n i f i c a n t  
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gen atoms in this projection, in agreement with the 
high temperature factor obtained from the least- 
squares treatment.  It  is felt that  this is due to system- 
atic errors in the data rather than to anything real. 
Both Fourier projections and the least-squares refine- 
ments agree on the position of this atom. 

(c) Final refinement 
The data for both zones were combined, and all 

positional parameters, starting with the average of 
parameters from the separate refinements, were re- 
fined simultaneously. Again, an at tempt to refine 
temperature factors anisotropically led to unrealistic 
values for these parameters in the [100] projection. 
The two zones of data were again refined separately, 
holding the y parameters fixed at the best values from 
the combined refinement. Separate isotropic tempera- 
ture factors were obtained for each zone. The final 
values of R' and R are, for the [001] zone, 0-090 and 
0"088 and for the [100] zone, 0.123 and 0.121. Values 
of observed and calculated structure factors and their 
differences are presented in Table 2. 

Results  

The final parameter values and their least-squares- 
calculated standard deviations are presented in Table 3. 
The X-ray results are also listed. There is no clear 
correspondence between the positions of the methyl  
hydrogens assumed in the X-ray work and those 
found here. Only the isotropic temperature factor 
values are presented. For only the hydrogen atoms 
does the thermal anisotropy appear to be significant, 
but, as all components of the matrices have not been 
determined, no further discussion of the anisotropies 
will be given here other than to say that  the motion 
comes nowhere near approaching free rotation of the 
methyl group. This will be apparent from inspection 
of the Fouriers, particularly that. for the [100] zone. 
It  will be noted that  the methyl  group temperature 
factors derived for the [100] zone do not appear 
altogether reasonable. This would seem to indicate 
further that  there are in this zone unknown sources of 
experimental error, unfortunately reflected in the 
large standard deviations for the z parameters. It 
should be remarked that  the correlation coefficients 
between positional and thermal parameters were 
generally small and that  changing from isotropic to 
anisotropic temperature factors or vice versa did not 
change any coordinate by much more than the final 
standard deviations quoted. 

The eight heavy atoms lie within statistical error 
on the plane 

0 .996x-  0.083y +z  = 0 .  

The deviations of the atomic positions from this plane 
are C1, -0 .03  /~; C~, 0.00 /~; N, -0 .02  A; and 0, 
0.02 h. 

Interatomic distances and bond angles are presented 

Table 3. Atomic positions and isotropic temperature 
factors in dimethylglyoxime 

S t a n d a r d  
P o s i t i o n  Value  d e v i a t i o n  X - r a y  

C a x 0.0907 0-0013 0.085 
y 0.0196 0.0014 0.016 
z 0.9016 0-0029 0-907 
Bo01 1.55 0.20 
B10 o 0.66 0.55 

C 2 x 0.7062 0-0027 0-701 
y 0-1918 0.0022 0.194 
z 0.3086 0.0031 0.289 
Boo 1 1.89 0.33 
Bao o 1.67 0.65 

N x 0.0526 0.0013 0-052 
y 0.2437 0"0016 0"238 
z 0.9623 0.0033 0-952 
B0o I 2-24 0.19 
Bao o 2.50 0.65 

O x 0.2187 0.0027 0-222 
y 0-2718 0-0035 0.266 
z 0"8104 0.0076 0.781 
Boo 1 3.61 0-40 
B10 o 4.42 1.10 

H x x 0"5881 0.0156 
y 0.2149 0-0097 
z 0"1423 0.0116 
Boo s 6-53 1-40 
Bxo o 2.50 1"52 

H e x 0.7415 0-0110 
y 0.3764 0.0082 
z 0.3849 0.0087 
Boo 1 5.27 0-80 
B10 o 1.95 1.04 

H a x 0"6374 0.0100 
y 0"1647 0.0075 
z 0-5098 0-0330 
Boo 1 11.51 4.20 
Ba0 o 8.80 4.0 

H a x 0.1631 0-0046 0.118)* 
y 0-4304 0.0046 (0.456)* 
z 0-7952 0.0151 (0-845)* 
Boo 1 4-54 0.66 
B100 6.02 2.23 

* A s s u m e d .  

in Table 4. The standard deviations were calculated 
using all the relevant correlation coefficients from the 
least squares error matrix. 

Perhaps the most interesting feature of the structure 
is the hydrogen-bonding network (see Fig. 4). The 
O - H - - - N  angle of 140 ° departs greatly from the 
ideal linear hydrogen bond so o~ten discussed in the 
literature. It  shows clearly that  other factors, such as 
the tendency of the covalent bond angles to remain 
undistorted and steric repulsion between hydrogen 
atoms, can outweigh any inherent tendency of the 
hydrogen bond to be linear. It  would also seem to be 
important  to have the hydrogen atom directed toward 
the lone-pair orbital of the nitrogen atom, which seems 
to be approximately the situation in this molecule. 
This result shows clearly the danger of making such 
arguments as those referred to in the introduction to 
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Table 4. Interatomic distances in A and bond angles in degrees in dimethylglyoxime 

I n  m o l e c u l e  

C1-C ~ 1.562 + 0.018 <~ C1-C1-C 2 120.0 -+ 0.9 
C1-C 2 1"479_+ 0.015 <): C 1 - C 1 - N  113.8_+0.9 
C 1 - N  1.253 4- 0"011 <): C2-C1-N 126-0 _+ 1.0 
N - O  1"321 -+ 0"021 <): t t 4 - O - N  109.6 -+ 2.1 
C - H  4 1.020 _+ 0.036 <): C 1 - N - O  111.4 _+ 0"9 
C 2 - H  1 1.061 4- 0.072 <~ H 1 - C 2 - C  I l 11-8 + 3-5 
C 2 - t t  2 1.0914- 0-061 <)2 H 2 - C ~ - C  1 109.4 4- 3"0 
C ~ - H  3 1-107_+0-065 <): H 3 - C 2 - C  ] I09-3_+ 3.1 

H 1 - C 2 - H  2 88.1 _+ 5.8 
H I " ' ' H  4 2 .842_+0.063 <): H 1 - C 2 - H  a 115.8_+ 1.4 

<): H 2 - C 2 - H  3 121.0_+3.3 

z=359.8+ 0.2 

M e a n - - - - l l 0 . 2 +  1-4 

M e a n =  108.3 + ]-1 
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I n  h y d r o g e n - b o n d  n e t w o r k  

O • • • N 2-766_+0-020 <): O - H  • • • N 140-0_+2.5 
N • • • H 4 1.906_+0.020 <): O - N  • • • H 106.2+_ 1.5 
N • • • N 2.981 _4- 0-019 <): N - O  • • • N 86.0 4- 0-7 
O • • • O 3-147_+ 0.031 ~ O - N .  • • O 94.0_+0.7 

H t 
N 1-90A 

- - ~  N '  

H 

o.o8A 

0.0SAo.o8A . . . . . . . .  Pro" 

Fig .  4. H y d r o g e n  b o n d i n g  n e t w o r k  in  d i m e t h y l g l y o x i m e .  T h e  
l ine  P a t  t h e  b o t t o m  i n d i c a t e s  t h e  b e s t  p l a n e  t h r o u g h  t h e  
s ix  a t o m s ;  t h e  d e v i a t i o n  of t h e  a t o m s  f r o m  th i s  p l a n e  a re  
d r a w n  to  t h e  s a m e  sca le  as  is t h e  u p p e r  d r a w i n g .  T h e  b e s t  
m o l e c u l a r  p l a n e s  Pm a n d  Pm m a k e  ang l e s  of  7 ° w i t h  p l a n e  P .  

this paper which depend explicitly on the assumption 
of a linear hydrogen bond. The O-H bond length is 
in excellent agreement with that  found in heavy ice 
(Peterson & Levy, 1957) where the O . . .  0 distance 
is almost precisely the same as the 0 . . - N  distance 
here. The present result is also in good agreement with 
the curve drawn by Lippincott & Sehroeder (1955) 
giving O-H distance as a function of O • - • O distance, 
and also with that  of Pimentel and Me Clellan (1960) 
for O-H . . . .  N hydrogen bonds. 

I t  is interesting to note that  the hydrogen-bonding 
network itself is approximately planar, the best least- 
squares plane through the atoms O, H, N, 0 ' ,  H', 
and N' being 

x + 0.137y + 0-867z-- 0.0685 ---- 0 .  

The deviations from planarity are here, however, 
statistically significant. This plane makes an angle of 
only 7 ° with the molecular plane (see Fig. 4). As 
Jerslev (1957) has pointed out, the hydrogen bond 
system in dimethylglyoxime is almost identical to 
that  in syn-p-chlorobenzaldoxime. Indeed the N-O-. .N 

and O - N - . .  0 angles are almost exactly the same, 
and the position of the hydrogen atom guessed by 
Jerslev on steric grounds is very close to that  found 
here. 

Although the C-H bond lengths and the C-C-H 
angles are closer to the ideal values than one might 
expect, the agreement between the H-C-H angles 
and the ideal tetrahedral value is far from pleasing. 
Each of these angles lies three to four standard devia- 
tions away from the idea] value. The data thus seem 
to indicate that  there is some distortion of the methyl 
group. Attempts were made to refine structures with 
tetrahedral methyl groups; agreement was obtained 
for the [001] zone because of the partial overlap of 
H1 and H3; however, the best value of R' obtained 
for the [100] zone was 0.29. The H1-Co-H2 angle is 
the worst, and the sharpness of the H1 and H2 peaks 
in the difference synthesis (Fig. 2) would seem to rule 
out any large shifts in either of these positions. 

The bond angles and distances found here are com- 
pared with the results for other oximes in Table 5. 
Also given are the X-ray results for dimethylglyoxime, 
with which the neutron diffraction results are un- 
fortunately in disagreement for the C-C distances.* 
Cis and trans are used to denote the location of the 
C-C bond relative to the N-O bond around the C-lk" 
axis. The neutron results are in agreement with the 
X-ray results for nickel and copper dimethylglyoximes 
as well as with the results for the similar bonding 
situation in acetoxime in indicating that  the trans 
C-C bond has the normal C-C single bond length, 
while the cis bond is appreciably shortened. The 
difference between the two C-C bond lengths is 
0.083 + 0.027 A. This agreement lends some weight to 

* All  d i s t a n c e s  a n d  ang l e s  h a v e  a lso  b e e n  c a l c u l a t e d  u s i n g  
t h e  p r e s e n t  p a r a m e t e r s  b u t  u s i n g  M e r r i t t  & L a n t e r m a n ' s  cell 
c o n s t a n t s .  T h e  d i f f e r e n c e s  a r e  n o w h e r e  s i g n i f i c a n t  a n d  e x c e e d  
one  s t a n d a r d  d e v i a t i o n  f o r  o n l y  t w o  f u n c t i o n s  in T a b l e  4:  
2 .799 A fo r  t h e  l o n g  O - . - N  d i s t a n c e  a n d  3.180 /~ fo r  t h e  
l ong  O - . .  O d i s t a n c e .  T h e  C1-C 1 a n d  C1-C 2 d i s t a n c e s  a re ,  
fo r  e x a m p l e ,  1.551 a n d  1.491 if M e r r i t t  & L a n t e r m a n ' s  cell  
c o n s t a n t s  a r e  used .  
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T a b l e  5. Interatomic distances and bond angles in some oximes 

DMG(N), dimethylglyoxime,  present  work;  DMG(X) dimethylglyoxime,  Merrit t  & Lan te rman  (1952); NiDMG, nickel d imethyl -  
glyoxlme, Godyeki  & R u n d  le(1953); CuDMG, copper dimethylglyoxime,  Frasson, Bardi  & Bezzi (1959); ACET,  aceto~ime, 
Bierlein & Lingafel ter  (1951) ; SYNB and ANTIB,  syn. and anti-p-ehlorobenzoldoxime, Jerslev (1957) ; FORM, formamidoxime,  
Hall & Llewellyn (1956). The values for NiDMG and CuDMG are averages over two or four chemically, b u t  no t  erystallo- 

graphically, equivalent  distances or angles 

DMG(X) DMG(N) NiDMG CuI)MG ACET SYNB ANTIB  FORM 

C1-Ctran s 1.44 /~ 1.56 A 1.53 ,£_ 1.515 /k 1-55 /k 1-46 /~ -- -- 

Cl-Cci s 1-53 1.48 1.485 1.47 1.49 - -  1.55 ~ - -  
C~-l~l 1.27 1.25 1-225 1.25 1.29 1.27 1.26 1.33, 1-30 A 
N-O 1-38 1-32 1.375 1.345 1.36 1.36 1-39 1-41 

<~. Ccis-C1-Ctrans 120.4 ° 120.0 ° 122.5 ° 122.3 ° 117 ° - -  __ __ 
<~ Ctrans-C1-N 115"1 113-8 111"0 112"8 113 123 - -  - -  
<): Ccis-C1- ~" 124"6 126"0 126"5 124"9 131 - -  130 ° - -  
<): N - O - H  - -  109"6 (102)* - -  - -  105~ - -  - -  
<): C~-N-O 113"9 111"4 121 119-5 111 112 118 110 ° 

N-O • • • N - -  86 - -  - -  111 84"7 - -  - -  

< ) :  O - N -  • • O ~ 94 . . . .  129 95.3 - -  - -  

< ) :  O - N . .  • H - -  106.2 - -  - -  - -  106 t - -  
o - H -  • • N -- 140 -- -- -- 160¢ -- -- 

• If  O - I t  • • • O is lineal'. ? If position assumed a compromise between st eric repulsion and geometr ical  effects. 

t h e  a u t h o r ' s  f e e l i n g  t h a t  t h e  p r e s e n t  b o n d  l e n g t h s  a re  
m o r e  r e a l i s t i c  t h a n  t h o s e  of  t h e  X - r a y  s t r u c t u r e .  
T h e  C - C  b o n d  l e n g t h s  i n  t h e  p - c h l o r o b e n z a l d o x i m e s  
a r e  n o t  r e a l l y  c o m p a r a b l e ,  s i nce  o n e  of  t h e  c a r b o n  
a t o m s  in  t h e  b o n d  is a r o m a t i c .  T h e  C - N  d i s t a n c e  f o u n d  
is i n  a g r e e m e n t  w i t h  t h a t  r e p o r t e d  fo r  al l  o t h e r  o x i m e s *  
a n d  w i t h  t h e  v a l u e  1-265 A c a l c u l a t e d  f r o m  t h e  
P a u l i n g  r a d i i  fo r  a n o r m a l  C - N  d o u b l e  b o n d  ( P a u l i n g ,  
1948).  A l t h o u g h  t h e  p r e s e n t  v a l u e  fo r  t h e  N - O  b o n d  
l e n g t h  a t  f i r s t  s i g h t  l o o k s  s o m e w h a t  low,  i t  is less  t h a n  
t w o  s t a n d a r d  d e v i a t i o n s  a w a y  f r o m  t h e  v a l u e  of  
1-36 A w h i c h  is q u o t e d  fo r  t w o  o t h e r  o x i m e s ,  a n d  
w h i c h  is a l so  t h e  s u m  of  t h e  P a u l i n g  c o v a l e n t  r a d i i  
( P a u l i n g ,  1948).  T h e  i n t r a m o l e c u l a r  b o n d  a n g l e s  fo r  
d i m e t h y l g l y o x i m e  a n d  a c e t o x i m e  a r e  i n  g o o d  ag ree -  
m e n t ,  a n  a g r e e m e n t  t h a t  p e r s i s t s  in  n i c k e l  a n d  c o p p e r  
d i m e t h y l g l y o x i m e s ,  w i t h  t h e  e x c e p t i o n  of  t h e  C - N - 0  
a n g l e ,  w h i c h  is p r o b a b l y  d i s t o r t e d  in  t h e  c o m p l e x e s  
b e c a u s e  of  t h e  a d j a c e n t  m e t a l  a t o m  a n d  t h e  s o m e w h a t  
d i f f e r e n t  h y d r o g e n - b o n d i n g  s i t u a t i o n .  

T h e  a u t h o r  w o u l d  l ike  t o  t h a n k  D r  W .  I~. B u s i n g  
a n d  P r o f .  R o n a l d  Sass  fo r  m a k i n g  s o m e  c o m p u t e r  
p r o g r a m s  a v a i l a b l e .  

* The bond  lengths in formamidoxime are not  directly 
comparable,  because of the  more complex resonance s t ructure  
which mus t  be used ~o describe it. 
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