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Structure of Copper-Dimethylg lyox ime at Low Temperature  
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The crystal structure of copper-dimethylglyoxime has been examined at  l iquid-nitrogen tem- 
peratures and refined by two-dimensional Fourier syntheses. The unit  cell is monoclinic with 
a ---- 9-71, b ---- 16.88, c = 7.08 A, }6 =- 108 ° 26". The space group is P21/n and the unit  cell contains 
4 molecules of copper-dimethylglyoxime. 

The two organic radicals bonded to the copper atom do not lie in the same plane, but form an 
angle of 180°-21 ° 44'. The copper is bonded with four N atoms (Cu-N ---- 1.94 A) and with an O 
atom in a nearby molecule (Cu-O --~ 2.43 fi~) forming a dimer. There are two hydrogen bonds be- 
tween pairs of oxygen atoms; when one of these oxygen atoms is bonded to a copper atom the 
hydrogen bond is very weak. 

Introduction 

I n  a pre l iminary  note,  Bezzi, Bua & Schiavinato  (1951) 
reported the crystal lographic characterist ics and  some 
s t ructura l  properties of Cu-dimethylg lyoxime;  this 
compound belongs to the monoclinic system space 
group C~h-P2~/n with 4 molecules in the uni t  cell 
(Bua & Schiavinato,  1951). The copper atoms were 
located by a Pa t t e r son  projection,  and then  a Fourier  
project ion was calculated by a t t r ibu t ing  to the Fo the 
signs of the copper contr ibut ion;  Bezzi, Bua & 
Schiavinato  (1951) thus found p lanar  coordinat ion for 
the  Cu in this molecule. 
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The well known differences of properties between 
Cu and Ni -d imethy lg lyox ime  have been in terpre ted  
by the recent  work of Godycki & Rundle  (1953). 
The Ni -d imethy lg lyox ime  was seen to belong to the 
or thorhombic  system with space group Ibam and two 
molecules in the e lementary  cell. But,  besides crystallo- 
graphic differences, fundamenta l  s t ructural  differences 
dist inguish the compound of Ni from tha t  of Cu. 
The existence of two weak bonds of 3.25 A was noticed, 
normal  to the plane of the Ni -N  bonds between Nickel 
a toms in overlying molecules. An octahedral  s t ructure  
of this type  is impossible for the Cu-dimethylg lyoxime 
because of the  considerable distance between Cu atoms 
in overlying molecules and also because of the inter- 
posi t ion between them of the organic par t  of another  

molecule. This fundamenta l  difference between the  
structures of the two compounds of d imethylglyoxime,  
which is not  easy to interpret ,  rendered the complet ion 
of the s t ructure  of the Cu-d imethylg lyoxime highly 
interesting.  

The diffraction pa t t e rn  was recorded a t  room tem- 
pera ture  and a t  - 140 °C. using the technique described 
by Post,  Schwartz & Fankuchen  (1951). Wi th  the 
low-temperature  technique,  we have a t t emp ted  to 
obta in  the  max imum possible resolution of the a toms 
in the projections,  and to reach a low s tandard  error 
in the final coordinates. The influence of the tem- 
pera ture  factor  on the precision obtainable  for the  final 
coordinates has in fact  been demons t ra ted  by Burbank  
(1953) as well as by Hirschfeld & Schmidt  (1956). 

Exper imenta l  and diffraction data 

The Cu-d imethylg lyoxime compound was prepared by  
react ion between d imethylg lyoxime in alcoholic solu- 
t ion and copper acetate.  By re-crystal l izat ion of the  
precipi tate  from alcoholic solution, long needles of 
small cross section were obta ined having an intense 
wine-red colour. 

At  the  low tempera ture  we obtained a set of cell 
constants  sl ightly different from those determined a t  
room tempera ture  by Bua & Schiavinato  (1951), 
which are also given here for comparison. 

t = - 1 4 0 ° C .  t = ~20°C .  
a = 9.71 :k0.04/~ a = 9.80 ±0.04 
b - - 1 6 . 8 8  :k0.06 b = 17.10 +0.06 
c = 7.08 ±0.03 c = 7.12 +0.03 
fl = 108 ° 26 '+20 '  fl = 107 ° 20 '±20 '  

The hk0 and 0kl diffractions were measured by the 
multiple-fi lm technique in a Weissenberg camera 
having an appara tus  for l inear integrat ion.  Intensi t ies  
were evaluated  by means of photometr ic  in tegra t ion  
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Table 1. Observed and calculated structure factors for the hkO a~wl O]cl reflexions 
hid Fo Fc 
020 55"5 +53"8 
040 14"4 -- 28"9 
060 78"2 --85"8 
080 40"9 + 40"9 

0,10,0 36"8 +40"9 
0,12,0 31"6 +35"8 
0,14,0 19"7 --15"6 
0,16,0 16"1 --19"4 
0,18,0 5.9 + 8 . 5  
0,20,0 36"0 +42 .7  

110 141"6 +143.3  
120 9"4 + 7 . 6  
130 4.2 --5"4 
140 10.8 +15 .6  
150 96-6 --95.0 
160 30-3 --36"3 
170 58.1 --58-9 
180 5.8 +5-6  
190 65.9 +57-9 

1,10,0 24.3 --20.1 
1,11,0 43;8 +47 .0  
1,12,0 2.6 + 5 . 3  
1,13,0 21.4 --22.2 
1,14,0 32.5 +35 .6  
1,15,0 31.4 --32.2 
1,16,0 15.5 +16 .7  
1,17,0 17.1 -- 13"9 
1,18,0 19.8 --20.8 
1,19,0 16"2 --18.5 
1,20,0 4.6 --4.5 
1,21,0 21"3 +25 .0  

200 27"9 +41 .2  
210 8"5 + 7 . 7  

2,22,0 16.5 + 19.6 
230 3"6 --7.8 
240 28.1 - -  29-4 
250 110.4 -b 96"0 
260 44.1 --46"2 
270 30"7 --31.2 
280 16.4 +19"4 
290 50"6 --44.8 

2,10,0 59-8 +62"5 
2,11,0 9.4 --0-8 
2,12,0 20.2 +20 .6  
2,13,0 13-4 +18 .2  
2,14,0 25.3 --30.2 
2,15,0 19.5 +18 .5  
2,16,0 38.3 --40.3 
2,17,0 7.8 --8-4 
2,18,0 7.3 --9.8 
2,19,0 3.5 --4.9 
2,20,0 23.2 +26 .8  
2,21,0 9.1 +10 .2  

310 74.1 +73-5 
320 56.6 + 5 6 . 4  
330 12-6 --8.4 
340 20'9 +26'3 
350 4.7 --5.4 
360 7"7 + 9 . 2  
370 12.3 --13.1 
380 44.6 --40.8 
390 45.2 +47-3 

3,10,0 45.1 --35.5 
3,11,0 27.0 + 3 1 . 4  
3,12,0 6"9 --5"1 
3,13,0 33.6 +32 .2  
3,14,0 - -  +0-1  
3,15,0 23.4 --29"6 
3,16,0 11"5 -- 12-7 
3,17,0 21.6 --22"8 
3,18,0 23.5 --27"5 

hkl .Fo t~c 
3,19,0 22.7 + 2 6 . 6  

400 13.9 + 15.5 
410 32.8 +30 .6  
420 46.9 + 4 5 . 6  
430 73.8 +72.1  
440 32.3 -- 32.2 
450 33.7 --37.6 
460 19.2 --28.6 
470 23.5 --23.3 
480 13.4 -- 14-3 
490 43.5 --40.6 

4,10,0 59.2 +65 .2  
4,11,0 34.6 +32-2 
4,12,0 20.1 + 2 3 . 0  
4,13,0 3.0 + 5 . 7  
4,14,0 3.0 --1.4 
4,15,0 11.6 + 9 . 2  
4,16,0 30.2 --31-0 
4,17,0 23.9 --23.4 
4,18,0 12.3 --11.5 
4,19,0 18.6 --21.3 
4,20,0 12.7 + 12.1 

510 23.0 +19.1  
520 74.2 + 74.4 
530 12.4 -- 6-6 
540 24.6 + 27-9 
550 2.4 -- 1.0 
560 13.3 -- 13.9 
570 3.6 -- 1.5 
580 65.8 --65.3 
590 46.9 +46 .5  

5,10,0 15.6 +17 .5  
5,11,0 59.1 + 6 0 . 6  
5,12,0 42.6 + 4 3 . 0  
5,13,0 4.2 + 3 . 9  
5,14,0 27.9 +31 .9  
5,15,0 20.8 --20.8 
5,16,0 6.2 --7.0 
5,17,0 13.6 --18.0 
5,18,0 25-3 --26.1 

600 21.6 +18 .2  
610 34"6 +34"1 
620 19.2 -- 19.5 
630 75.0 + 78-7 
640 14"2 -- 9" 1 
650 18.3 +13 .2  
660 5.4 -- 2-4 
670 47.4 --46"3 
680 35.2 +33 .5  
690 42.9 --43.6 

6,10,0 24.7 + 2 5 . 4  
6,11,0 17.1 -}-21.1 
6,12,0 3.0 + 2 . 5  
6,13,0 31.1 + 2 9 . 9  
6,14,0 - -  --0.0 
6,15,0 11.3 +10 .7  
6,16,0 15'8 - 12'0 
6,17,0 36.7 --38.3 

710 2"8 + 2 . 8  
720 49.0 + 50.4 
730 3"9 + 2 . 2  
740 27.8 +32 .3  
750 13.1 --18.3 
760 26-4 --32.5 
770 12.1 +14 .8  
780 44.3 --45.0 
790 16.3 --11-7 

7,10,0 4-2 --3.1 
7,11,0 7-1 --7.1 
7,12,0 21"9 +23"1 
7,13,0 6"7 --6.8 

hkl 2'o .Fc 
7,14,0 19.2 + 17.3 

800 2.9 +0 .1  
810 44.2 +47 .2  
820 32.5 +30 .2  
830 2.9 + 0 . 0  
840 25.0 + 27.0 
850 - -  -- 0.2 
860 16-9 + 13.8 
870 45.8 --43.0 
880 2.9 + 1.8 
890 18.7 -- 18.5 

8,10,0 2.7 + 1 . 2  
8,11,0 15.4 + 17.4 
8,12,0 2.5 + 1-7 
8,13,0 38.7 + 3 8 . 8  

910 2.9 + 1 . 9  
920 24.1 +24 .2  
930 11.6 + 1 1 . 9  
940 18.8 + 13-6 
950 17.0 + 16.5 
960 14.2 -- 16.4 
970 5.4 + 4 . 4  
980 37.6 --43-0 
990 2.5 -- 1.9 

9,10,0 2.4 -- 1.8 
9,11,0 13.1 --8.3 
9,12,0 33-8 +37 .8  
10,0,0 5.2 --11-3 
10,1,0 26.3 +27-5 
10,2,0 6.2 + 4 . 7  
10,3,0 38.7 +34-4  
10,4,0 3.6 --3.8 
10,5,0 2.4 + 2 . 3  
10,6,0 18.5 +22 .9  
10,7,0 25.0 --27.7 
10,8,0 14.3 -- 16.0 
10,9,0 17.1 --16.4 

10,10,0 17.0 --21.5 
10,11,0 4.6 + 4 . 6  

11,1,0 9-8 --10-6 
11,2,0 22.8 +25 .1  
11,3,0 18-2 + 1 9 . 6  
11,4,0 9.8 +9-3  
11,5,0 17.6 +17 .4  
11,6,0 14.4 -- 14-9 

020 53.0 + 53.4 
040 17-3 26.8 
060 70.1 83.0 
080 40-9 40.4 

0,10,0 35.7 37.8 
0,12,0 31.6 32-9 
0,14,0 19.7 13.2 
0,16,0 19.0 13.6 
0,18,0 2.9 7.0 
0,20,0 34.2 34.3 
0,11,1 94.0 94.7 

021 79'9 97'6 
031 34-1 34.3 
041 8.1 5.9 
051 40-5 47.5 
061 27.8 33.4 
071 56.1 57-9 
081 72"9 83.1 
091 43.0 40.0 

0,10,1 12.0 8-7 
0,11,1 27.5 31.3 
0,12,1 23.2 23.4 
0,13,1 2-9 0.1 
0,14,1 23.3 23.3 
0,15,1 15.8 15.9 
0,16,1 8"6 8.4 

hkl Fo Fc 
0,17,1 21.8 21.2 
0,18,1 24.9 23-3 
0,19,1 15-6 12.7 
0,20,1 13-5 12.0 
0,21,1 20-4 16.2 

012 186.0 205-3 
022 95.3 101-2 
032 61-7 72-1 
042 18-5 19.4 
052 10-2 6-4 
062 22.9 20.4 
072 77-1 89.5 
082 8-4 8.2 
092 26.0 23.8 

0,10,2 3"3 2-5 
0,11,2 16-3 13-4 
0,12,2 3-7 1-4 
0,13,2 39"3 39.7 
0,14,2 14.2 15.4 
0,15,2 3"1 5.2 
0,16,2 12.1 13-7 
0,17,2 22.6 21.4 
0,18,2 7.2 9-1 
0,19,2 29-2 25.2 

013 90"0 91-7 
023 61.1 64.3 
O33 25.8 26.1 
043 23-9 34-2 
053 48"4 45-1 
063 12-1 8-6 
073 37-8 41"1 
083 52.0 47.9 
093 15"5 18"0 

0,10,3 2.8 2-9 
0,11,3 18.3 16-8 
0,12,3 23.3 24"6 
0,13,3 4"0 6.4 
0,14,3 12-9 12.6 
0,15,3 5"6 4.4 
0,16,3 3"9 5.1 
0,17,3 11.3 12-9 
0,18,3 31"4 26"6 
0,19,3 9.4 5-9 
0,20,3 4.5 3"6 

014 9.1 2.1 
024 49.2 46-8 
034 29.5 27.4 
044 62-1 65-0 
054 15.0 18.2 
064 59"0 59.2 
074 6"1 9.6 
084 16.3 19.1 
094 5"4 2.6 

0,10,4 38.9 35.1 
0,11,4 3"1 0.8 
0,12,4 16.1 14"7 
0,13,4 13'8 14'3 
0,14,4 25-2 24.9 
0,15,4 2.9 0.8 
0,16,4 24.1 27.7 

015 13.2 11-4 
025 51-2 47-6 
035 21-7 15.3 
045 18.9 17.8 
055 15-5 18.7 
065 3-0 2.0 
075 17-9 13-8 
085 20.9 23.6 
095 42.8 38.4 

0,10,5 4.0 1-7 
0,11,5 21.3 23-4 
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2"0  

5"5 
7"5 
5"0 

24"3 
4"0 

26"6 
43"1 
4"0 

24-1 

4.3 
7.9 
4.0 

23.7 
1.2 

18.5 
44.9 

0.5 
25.1 

1 

Table 1 (cont.) 
hkl 2'o 2"c 
046 23"9 24"4 
056 3"1 0"2 
066 3-1 8-6 
076 28"9 31"4 
086 4-0 9"2 
096 17"8 16"0 

0,10,6 3"8 4"8 
0,11,6 14"5 13"1 
0,12,6 9"5 10"8 

hbl 
0,12,5 
0,13,5 
0,14,5 
0,15,5 
0,16,5 
0,17,5 

016 
026 
036 

hkl 2,0 2,c 
0,13,6 21-2 23.8 
0,14,6 8.4 8.9 

017 8-6 10.3 
027 11.2 13.1 
037 6.8 6.3 
047 3.8 9.3 
057 5.3 5.5 
067 2.8 5.7 
077 2.7 2.8 

hlcl Pc Fc 
087 18.5 27.4 
097 9.0 12.5 

0,10,7 4.2 5.3 
0,11,7 5.4 6.0 
0,12,7 15.5 21-6 

002 105.6 114.1 
004 86.9 97-3 
006 13.9 5.4 

Fig. 1. Arrangement of the molecules projected on (001). Contours from electron-density 
projection are also shown (3, 5, 7, 9 e./~-2). 

in  the  other  direction with a pho tomete r  f i t ted with 
a potent iometr ic  recorder. 

Exper imenta l  intensit ies were corrected by means 
of the  usual Lorentz and  polarizat ion factors, while 
correction coefficients for absorpt ion were rapid ly  
de te rmined  by a method  elaborated by some of us 
(E. Frasson and S. Bezzi, to be published). The hie0 
intensi t ies  were found to be free from secondary 
ex t inc t ion  errors, while for the 0/el in tens i ty  data,  
secondary ext inct ion coefficients have been calculated 
using the  method  proposed by Hous ty  & Clastre (1957) 
on the basis of the  slope of the graph:  

Fo/F~ = exp ( ~ L ) .  

2'c have been calculated using the atomic scat ter ing 
:factors given by Berghuis e$ al. (1955). Table 1 gives 
the  Fourier  coefficients Fo and F¢ for the hkO and Okl 
reflections. 

Ref inement  of the (001) project ion 

The plane of the  molecule is approx imate ly  parallel  
to  (001). In  spite of this, the  exact  locat ion of the  
max ima  in the electron-densi ty projections is very  
uncer ta in ,  since pract ical ly  every max imum contains 
the  cont r ibut ion  of a nearby  a tom (see Fig. 1). To 
overcome this difficulty, a number  of Fourier  difference 

maps were calculated and  for each one the contribu- 
t ion of any  a tom which dis turbed the  locat ion of a 
nea rby  a tom was subtracted.  The Fourier  differences 
successively calculated were as follows: 

Fo-Fc~ Fo-Fc~-Fo~ 
Fo-Fo2 Fo-Fc~-Fc8 
Fo-Fc~-FN3 Fo-Fc~-Fo3 
Fo-.Fo~- Fc4 Fo-  Fc~- Fcs 

From the first two we determined the  posit ion of the  
Cu atom. The subt rac t ion  of the  cont r ibut ion  of the  
Cu a tom was aimed a t  e l iminat ing one of the  major  
causes of diffraction ripples. This subt rac t ion  did no t  
increase the  lack of precision in the Fourier  coefficients 
since the  Cu coordinates were assumed to be very  
close to the  final value. For  each pair  of overlapping 
atoms the  subt rac t ion  of the  heavier  a tom was first 
carried out, for which the  calculated contr ibut ion to 
the  s t ructure  factor  could be considered closer to the  
real contr ibut ion.  This procedure was repeated three 
t imes and led to a rel iabi l i ty  index R = 0.16. Then 
two Fourier  differences Fo-.Fc were calculated;  these 
suggested some displacements which led to a reduct ion  
of R to 0.12. A th i rd  Fourier  difference Fo-Fc con- 
ta ined  max ima  which were in terpre ted  as hydrogen 
atoms belonging to methy l  groups. No indicat ion was 
found for the hydrogen of the two hydrogen bonds. 
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Fig .  2. A r r a n g e m e n t  of  t h e  m o l e c u l e s  p r o j e c t e d  on  (100). C o n t o u r s  f r o m  e l e c t r o n - d e n s i t y  
p r o j e c t i o n  a re  a lso  s h o w n  (5, 6, 7, 10, 16 e .A-~) .  

In t roduct ion  of hydrogen atoms led to a lowering of 
R to a f inal  value of 0.10. 

On the basis of atomic coordinates for this projec- 
t ion it has been possible to deduce the non co-planari ty 
of the two organic rings bonded to copper, thus 
enabling us to make a model of the molecule on the 
basis of the approximate  angle between the two rings. 

Ref inement  of the (100) project ion 

In  the (100) electron-density projection, the molecule 
of Cu-d imethylg lyoxime appears in profile (see Fig. 2) 
and therefore there is no possibili ty at all of locating 
the maxima.  

Table 2. Atomic coordinates for copper-dimethylglyoxime 

xla ylb zlc 
Cu 0.034 0.097 0.382 
C 1 0-231 0.018 0.248 
C 2 0"636 0.006 0.783 
C a 0-897 0.040 0.772 
C a 0.893 0.118 0 .856 
N t 0-216 0.086 0.312 
N~ 0.989 0.011 0.711 
O 1 0.314 0.146 0.345 
O~. 0-095 0.059 0.711 
H 1 0-927 0.159 0.806 
H 2 0.868 0.157 0.955 
H a 0.837 0.127 0.906 
H a 0.625 0.034 0.787 
I-I 5 0-597 0.014 0.761 
H 6 0"399 0.012 0.707 

C 5 0-797 0.191 0-352 
C 6 0.658 0.217 0.365 
C 7 0.923 0.246 0.386 
C s 0.401 0.163 0.876 
N~ 0.835 0.121 0.339 
lXl 4 0.042 0.212 0 .400 
O a 0.655 0.246 0.912 
O 4 0.728 0.061 0.316 
H 7 0.667 0.250 0.318 
H s 0.635 0.233 0.422 
H 9 0.625 0.185 0.422 
Hlo  0.465 0.139 0.955 
H n 0.403 0.133 0.904 
H i s  0.365 0.137 0.806 

From the y atomic coordinates and from approx- 
imate  values of the z coordinates derived from a model 
of the molecule, values for Fc were obtained which 
gave R = 0.25. The satisfactory init ial  value of R and 
the lack of information from the electron-density map,  
induced us to proceed to the ref inement  by  means  of 
several Fourier  Fo-Fc syntheses. Such a procedure 
made the calculation of twelve syntheses necessary. 
The improvement  of R obtained by each Fourier  
synthesis was always very  slight. After carrying out 
these procedures and introducing the contr ibut ion of 
hydrogen atoms located on the twelfth Fourier  Fo-Fc 
and aided by the molecular model, R was brought  to 
a final value of 0-12. 

Table 2 lists the final coordinates of the atoms of 
Cu-dimethylglyoxime.  

Est imat ion  of a c c u r a c y  

In  both projections, calculation of s tandard  errors by  
Cruickshank's  method (1949) has been rendered im- 
possible by  the overlapping of the m a x i m a  which are 
present in this structure. Therefore, in order to have  
an indicat ion of the accuracy of the proposed coor- 
dinates, we have used the method elaborated by 
Luzzati  (1952). The mean  error for hkO reflections is 
0.025 /~, while for (Ok/) reflections, the mean error is 
0.035 /~. 

Descr ipt ion of the s tructure  

Bond lengths and angles are given in Table 3. 
In  order to evaluate the lack of co-planari ty of the  

two organic rings of the molecule, the mean  planes of 
the two radicals were calculated. The angle between 
these mean  planes is 21 ° 44'. Wi th in  exper imental  
error each d imethylg lyoxime radical  is planar.  The 
deviat ion of the atoms from the mean  plane is ±0.03 J~, 
which is of the same order as the mean  error. 

The molecule is shown in Fig. 3. Bond lengths and  
angles are also given. The dotted lines indicate  the  
organic radical  which forms an angle of 21 ° 44' with 
the plane of the paper. 
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Table  3. Bond lengths and angles in 
copper--dimethylglyoxime 

Cu-N N-O N = C C-C C-CH~ 

Radical I 1.96 /~ 1.34 ~ 1.27 A 1.53 /k 1.44 /k 
1.93 1.33 1.22 1.45 

Radical II  1.91 1.39 1.25 1.50 1.46 
1.95 1.32 1.27 1.52 

Hydrogen bonds Oz-O a = 2.53 A 
O~-O 4 = 2-70 

Mean error = 0"04 /~ 

two Cu-O bonds.  On the  p ro longa t ion  of t he  O-Cu 
b o n d  a m e t h y l  g roup  of a n o t h e r  molecule  is found  
3.76 ~ b e y o n d  t he  copper.  

Radical I Radical II  

N1-Cu-Ng. 81 ° 0' N4-Cu-N 3 79 ° 30' 
Cu-N1-O 1 121 ° 30' Cu-N4-O 3 125 ° 0' 
Cu-N1-C 1 113 ° 0' Cu-N4-C 7 115 ° 30' 
O~-Nx-C~ 125 ° 30' Oa-Na-C v 119 ° 30' 
N~-C~-C a 115 ° 20' Na-Cv-Cs 114 ° 30' 
N~-Cz-C ~ 123 ° 30' N4-C~-G s 124 ° 30' 
C~-C~-Ca 121 ° 10' C~-C~-C s 121 ° 0' 
C1-Ca-N ~ 111 ° 0' C:-C.~-Na l l0  ° 30' 
C1-C~-C a 124 ° 30' C;-Ca-C~ 122 ° 30' 
Ca-Ca-N~ 124 ° 30' CrC~-N ~ 127 ° 0' 
Ca-Ne-Cu 118 ° 0' C~-Nz-O a 117 ° 30" 
Cz-N~-O ~ 115 ° 30' C~-N~-Cu 120 ° 30' 
Cu-N~-Oe 126 ° 30' Cu-Na-O a 122 ° 0' 

Mean error -4- 70' 

t~ 

{:z-- ., 121"30' 125"N4 . ~ / ~  

J !; ~1 81" Cu" 79"30' ',o 

02 04 

Fig. 3. Bond lengths and angles in copper-dimethylglyoxime. 
The organic radical that forms an angle of 21 ° 44' with the 
plane of the paper is dotted. 

D i s c u s s i o n  of  the  s t r u c t u r e  

Orgel & Dun i t z  (1957) h a v e  po in t ed  out  t h a t  t h ree  
types  of e n v i r o n m e n t  are e n c o u n t e r e d  for cupric 
c o m p o u n d s :  (1) oc tahedra l  d i s tor ted ,  wi th  four shor t  
bonds  a n d  two long ones, (2) square  coplanar,  (3) 
t e t r ahedra l .  

I n  this  s t ruc tu re  the  Cu++ gives rise to  the  f o r m a t i o n  
of an  unusua l  t y p e  of molecu la r  s t ruc ture .  The  Cu 
a t o m  is s u r r o u n d e d  by  four N a toms  at  a m e a n  dis- 
t ance  of 1.94 /~. The  Cu is d isplaced f rom the  p lane  
of t he  four  N a toms  in the  d i rec t ion  of an oxygen  O~. 
in a n e a r b y  molecule.  There  is the re fore  a f if th co- 
o rd ina t ing  Cu-O~ b o n d  of l eng th  2.43 /~ ly ing on t he  
ex tens ion  of t he  axis of t he  p y r a m i d  fo rmed  by  t he  
Cu and  the  four N a toms.  Fig. 4 represen ts  t he  d imer  
f o r m e d  be tween  a pair  of ove r l app ing  molecules  wi th  

Fig. 4. A perspective view of a couple of copper-dimethyl- 
glyoxime molecules. 

The  Cu has the re fore  an  e lec t ronic  s t ruc tu re  
dgsnp3-nd~'(O _< n _< 1). The  fo rma t ion  of Me-Me chains 
s imilar  to  those  in N i - d i m e t h y l g l y o x i m e ,  is e x t r e m e l y  
improbab le  for Cu++ since this  would  lead  to  a struc- 
tu re  which  is less s table  energet ica l ly ,  due  to  t he  
p r o m o t i o n  of an e lec t ron  to  a 4d orbital .  

H y d r o g e n  bonds  in  Cu-  and  N i - d i m e t h y l g l y o x i m e  
should  be of equal  lengths ,  as t he  l e n g t h e n i n g  due  to  
the  bigger  a tomic  radius  of copper  should  compensa t e  
the  sho r t en ing  due  to  t he  d i s to r t ion  of t he  molecule .  
I n  fact,  t he  O1-0  a b o n d  of 2.53 A is a l i t t le  longer  
t h a n  t h a t  of t he  h y d r o g e n  bond  in the  N i - d i m e t h y l -  
g lyox ime  of 2.44 A. The  0 ~ - 0  4 bond  on t he  con t r a ry  
is v e r y  m u c h  weake r  and  its l e n g t h e n i n g  to  2.70 J~ 
is a t t r i b u t a b l e  to t he  Cu-O 2 coord ina t ing  bond.  

W e  are work ing  on o the r  m e t a l  complexes  of 
d i m e t h y l g l y o x i m e  and  on the  m e t h y l - e t h y l - g l y o x i m e s  
of n ickel  and  copper.  
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