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The crystal structure of bis(salieylaldoximato)copper(II), [ O C 6 H 4 C H : N O H ] 2 C u  , has been deter- 
mined from three-dimensional X-ray diffraction data, hO1 through h31. The cell has dimensions 
a=13.98, b =6-08, c=8.00 :~, fl=97 ° 35", space group P21/c, and contains two molecules. The 
molecule has a trans-planar configuration and deviates slightly, but significantly, from complete 
planarity. The copper(II) ion has a distorted octahedral coordination with Cu-:N =1-94 :~ and 
Cu-O = 1.92 and 2-66 A. 

I n t r o d u c t i o n  

Cox & Webster (1935) reported bis(salicylaldoximato)- 
copper(II), Cu(CTH6NO2)2, to crystallize with a mono- 
clinic cell having dimensions 

a=27.61,  b=6-00, c=7.86 ,~; f i=98  ° 17' 

and containing four molecules. On the basis of the 
rather unusual systematic absence of hOl for either 
h or 1 odd and of 0k0 for ]c odd, they concluded that  
the space group is P2t/a with an additional glide 
plane parallel to b with a translation of c/2. This 
led them to decide that  the molecules must be centro- 
symmetric and therefore planar. As a part of a program 
of investigation of the coordination configurations of 
transit ion metal ions, we have determined the crystal 
structure of the compound from three-dimensional 
X-ray diffraction data. 

E x p e r i m e n t a l  

Bis(salicylaldoximato)copper(II) was prepared by the 
addition of an aqueous solution of salicylaldoxime to 
aqueous copper(II) chloride. Crystals were grown by 
slow cooling of a solution in a mixture of Methyl 
Cellosolve and acetone. The crystals were monoclinic 
plates on {100}, bounded by {001} and {010}. 

Celt dimensions were obtained from measurements 
of rotation and zero-level Weissenberg photographs 
taken about b with Cu Kc¢ radiation ()~=1.5418 A). 
The films were calibrated by superimposing the rota- 
tion pat tern of NaC1 (a=5.6387 A) on each film. 
The results are: 

a=13.98±0.03 ,  b=6.08_+0.01, c--8.00±0.01 A; 
f l=  97 ° 35'. 

The cell contains two molecules. Density calculated 
is 1.65 g.cm -3, observed 1-67 g.cm -3. Systematic 
absences of hO1 for l odd and of 0k0 for ]c odd indicate 
the space group to be P21/c. We could find no evidence 
for doubling of the length of a, as reported by Cox & 
Webster (1935). 

The crystal selected for intensi ty measurements 
was a plate of dimensions 0.15 x 0.12 x 0.04 mm. 
Integrated equi-inclination Weissenberg photographs 
of (hO1) through (h3/) were obtained with Ni-filtered 
Cu Ka  radiation on a Nonius camera. Multiple films 
and a range of exposure times were used in order to 
get a satisfactory range of intensities. Camera integra- 
tion was in one direction only, and each diffraction 
spot in the linear response range of each film was 
then scanned normal to the direction of camera 
integration with a Moll type densitometer feeding 
into a Leeds & Northrup amplifier and recorder 
having a logarithmic slide wire. The areas under the 
densitometer tracings were measured with a planimeter 
and used as relative intensities. The intensities from 
the several films for a given level were placed on the 
same scale by comparison of common spots. For the 
initial stages of the structure determination the 
several levels were roughly scaled together on the 
basis of their exposure times. During the later stages 
each level was scaled independently by comparison 
of observed and calculated structure factors. 

A total of 905 reflections were examined, of which 
356 were too faint  to be measured. The range of 
relative intensities was 1 to 4000. 

No correction was made for absorption. Lorentz 
and polarization factors were applied and observed 
structure factors calculated using the data reduction 
program writ ten in this Laboratory for the IBM 650 
computer. 

The atomic scattering factors used were those of 
Thomas & Umeda (1957) for copper, Berghuis, 
Haanappel,  Potters, Loopstra, MacGillavry & Veenen- 
daal (1955) for oxygen, nitrogen,, and carbon, and 
McWeeny (1951) for hydrogen. No correction was 
made for anomalous dispersion. 

S t r u c t u r e  d e t e r m i n a t i o n  

The two copper atoms must  lie in a twofold special 
position. They may be placed in the positions 0, 0, 0 
and 0, ½, ½ without loss of generality. 
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A three-dimensional Patterson synthesis was first 
calculated, from which the positions of the oxygen 
and nitrogen atoms were readily obtained. A three- 
dimensional Fourier synthesis, using phases calculated 
~rom the positions of the copper, oxygen and nitrogen 
atoms, gave positions for the carbon atoms. A second 
Fourier synthesis gave small shifts in atomic positions 
and reduced R to 0.20. R is throughout defined by 
R=,F, JJFoJ-JFcIJ/ZJFoJ, where the summation is over 
observed reflections only. Hydrogen atoms were 
introduced in calculated positions and assigned tem- 
perature factors of the atoms to which they are 
at tached and refinement was continued by the least- 
squares method using the program of Busing & Levy 
(1959) on an IBM 709 computer. During the refine- 
ment, individual atom isotropic temperature factors 
were used. 

A modified Hughes weighting scheme was used, 
with w = 0  for unobserved reflections for which 
Fc < Fmin, w = 1 for unobserved reflections for which 
Fc > From, w = 1 for observed reflections for which 
Fo<40 and w=40/Fo for Fo>40. The function 
minimized was Zw(Fo-F~) 2. 

Six cycles of least-squares refinement reduced R 
to 0.096. In the final cycle, the parameter shifts were 
~x=0.00004, ~y=0.00015, 6z=0.00006, ~B=0"015 and 
maximum ~==0.0009 (for N), ~y=0.00028 (for C(1) 
and C(3)), ~=0-00020 (for C(6)), 5B=0"046 (for C(6)). 

The final parameters are listed in Table 1. The 
estimated standard deviations are: copper aB=0"04; 
oxygen, a==0.0006, av=0"0019, az=0"0011, aB=0"2; 
nitrogen, ax=0.0008, au=0.0023, a~=0.0013, a8=0"2;  
carbon a==0-0010, a~=0.0029, az=0.0017, aB=0"3. 
The final values of observed and calculated structure 
factors are listed in Table 2. 

Table 1. Atomic positions and temperature factors 
x/a y/b z/c B 

Cu 0-0000 0-5000 0-5000 3.88 
O(1) 0.0060 0.9118 0.6759 3.36 
0(2)  0.1187 0.3472 0-4884 4.89 
:N 0-0678 0-7440 0-6199 3.83 
C(1) 0.2100 0.4139 0.5429 3.05 
C(2) 0-2877 0.2842 0.5123 4.40 
C(3) 0.3806 0.3518 0.5680 4.98 
C(4) 0.4007 0.5451 0.6501 5-12 
C(5) 0.3261 0-6758 0.6811 4.81 
C(6) 0.2276 0.6164 0.6234 3.72 
C(7) 0.1560 0.7732 0.6632 4.31 
14(1) 0.2751 0.1287 0.4501 4.40 
1:1(2) 0.4383 0.2498 0.5426 4.98 
H(3) 0.4746 0.5936 0.6940 5.12 
g(4) 0-3411 0.8276 0.7463 4.81 
~(5) 0"1790 0"9221 0.7295 4.31 
H(6) 0-0421 0-1889 0.3874 3"36 

Discuss ion  

Bond lengths and angles in the molecule of bis- 
(salicylaldoximato)copper(II) are listed in Table 3 
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Fig. 1. B o n d  dis tances  and angles. 

with their estimated standard deviations and shown 
in Fig. 1. 

The coordination configuration of the eopper(II) 
ion is the usual distorted octahedral configuration. 
Ordinarily one finds the polyhedron for copper to 
deviate only very slightly from tetragonal symmetry.  
However, in the present case, the line between the 
two apical oxygen atoms makes an angle of 15 ° 
with the normal to the plane of the other ligand atoms. 

The Cu-O and Cu-N distances appear to be normal. 
The Cu-O(2) distance of 1.92 J( may be compared 
with those found in similar compounds: 1.90 A 
in bis-(N-methylsalicylaldiminato)eopper(II) (Linga- 
felter, Simmons, Morosin, Scheringer & Freiburg, 
1961) ; 1.91 J~ in bis- (5-chlorosalicylaldoximato)copper 
(II) (Orioli, Lingafelter & Brown, 1964); and 1.88 A 
in bis-(N-phenylsalicylaldiminato)copper(II) (Wei & 
Lingafelter, to be published). The Cu-N distance of 
1.94 /~ agrees well with the distance of 1.96 A found 
in bis-(5-chlorosalicylaldoximato)copper(II) and may  
be compared with (although it  may  be expected to 
differ somewhat from) those found in such compounds 
as bis-(N-methylsalicylaldiminato)eopper(II) (Linga- 
felter, Simmons, Morosin, Scheringer & Freiburg, 1961) 
1-99 A, and bis-(N-phenylsalicylaldiminato)copper(II), 
1-99 A (Wei, Stogsdill & Lingafelter, 1964). The 
'long bond' in copper(II) coordination compounds is 
found to vary widely in length and the value of 
2-66 /~ reported here is quite reasonable. 

The hydrogen bond formed between the two salicyl- 
aldoxime residues, with O-H • • • O distance of 2-58 J~, 
is only slightly longer than the 2.52 A bond in 
bis(salicylald0ximat0)ltickel(II) reported by Merritt, 
Guare & Lessor (1956). 

The bond distances within the salicylaldoxime 
residues do not differ significantly from the distances 
reported for similar molecules. 

Although the molecule is nearly planar, there 
appear to be small but  significant deviations from 
complete planarity. These deviations are best illus- 
t ra ted  by the distances listed in Table 4, and by the 
observation that  the perpendicular distance between 
the two parallel planes defined by  the two phenyl 
groups is 0.13 /~. The least squares plane for each 



M.  A .  J A R S K I  A N D  E .  C. L I N G A F E L T E R  1111 

T a b l e  2. Observed and calculated structure factors 
Columns are h, 10Fo, lOFc. U n o b s e r v e d  ref lect ions m a r k e d  wi th  * 
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T a b l e  3. Bond lengths and angles and their e.s.d.'s 

Cu-O(2) 1-92(0.01) O(2)-Cu-N 9l-4(0-5) 
Cu-N 1-94(0-01) 
Cu-O( l" )  2.66(0-01) Cu-O(2)-C(1) 128.6(1.I) 
N-O(1) 1-45(0-02) Cu-N-O(1) 114.8(0.8) 
C(7)-N 1.25(0.02) Cu-N-C(7) 130.1(1.4) 
C(6)-C(7) 1.45(0.02) O(I)-N-C(7)  115.0(1.5) 
C(1)-O(2) 1.36(0.02) N-C(7)-C(6) 122.1{1.9) 
C(1)-C(2) 1.39(0.02) O(2)-C(1)-C(6) 120-9(1-7) 
C(2)-C(3) 1.38(0-02) O(2)-C(1)-C(2) 119.9(1.7) 
C(3)-C(4) 1.36(0.03) C(6)-C(1)-C(2) 119.1(1.8) 
C(4)-C(5) 1.36(0.02) C(1)-C(2)-C(3) 119.9(1.9) 
C(5)-C(6) 1.44(0.02) C(2)-C(3)-C(4) 122.8(2.2) 
C(6)-C(1) 1.40(0-02) C(3)-C(4)-C(5) 118.6(2.1) 
O(1)-O(2") 2.58(0.02) C(4)-C(5)-C(6) 121-3(2-0) 

C(5)-C(6)-C(I) 118.2(1.7) 
C(5)-C(6)-C(7) 115.1(1-7) 
C(1)-C(6)-C(7) 126.6(2.0) 
O(2)-Cu-N" 88.6(0.5) 
N - C u - O ( I " )  104.2(0.5) 
0 (2 ) -Cu-0  (I") 85.1(0.5) 
O (2")- Cu-O ( 1 ") 94.9(0.5) 
N ' - C u - 0 ( I " )  75.8(0.5) 

c o l u m n  in  T a b l e  4 is  d e f i n e d  b y  t h e  a t o m s  l i s t e d  
a b o v e  t h e  h o r i z o n t a l  l ine .  T h e  e q u a t i o n s  of  t h e  p l a n e s ,  
i n  a C a r t e s i a n  c o o r d i , l a t e  s y s t e m  w i t h  x, y a n d  z a x e s  
p a r a l l e l  t o  a ,  b a n d  c*  a r e :  

A 0 . 0 7 0 9 1 x  + 0 . 2 0 6 0 4 y -  0-39364z  + 1 = 0 
B O.06913x+O.20016y-O.38859z+l_-O 
C O.07123x+O.19917y-O.38960z+ 1 =0 
D O.08129x+O.22165y--O.41131z+l = 0 .  

Intermolecular contact distances are all reasonable. 
The shortest distances observed between the several 
types of atoms are: 0-O, 3.0; 0-N, 2.9; 0-C, 3.5; 
N-C, 4.2; and C-C, 3.6 A. 

T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  b y  t h e  U . S .  
P u b l i c  H e a l t h  S e r v i c e  u n d e r  R e s e a r c h  G r a n t  G M  10842.  

T a b l e  4. Distances of atoms from least squares planes 
(A × 10 a) 

A B C D 
C(1) --006 - 0 0 1  - 0 0 5  --031 
C(2) - 004 + 006 + 009 -- 022 
C(3) + 009 + 013 + 020 + 014 
C(4) - 003 - 008 - 004 + 022 
C(5) - 007 - 015 - 019 + 012 
C(6) +011 +008  - 0 0 0  +005  

C(7) +020  +012  - 0 0 4  +011 
0(2) - 025 - 014 -- 022 - 074 

~N" + 048 + 044 + 024 + 018 

O ( 1 )  - -  036 -- 046 -- 074 -- 065 
Cu + 062 + 070 + 052 000 
0(1') + 160 + 187 + 178 +065  
N" + 077 + 097 + 080 -- 018 
0(2') + 150 + 154 + 126 +074  
C(7") + 105 + 129 + 108 --011 
C(6') + 114 + 133 + 104 - 0 0 5  
C(5') ÷ 132 + 156 + 126 --012 
C(4') + 128 + 149 + 108 -022 
C(3') +116 +128 +084 -014 
C(2") + 128 + 135 + 095 + 022 
C(I') + 131 + 142 + 109 +031 
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