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.The crystal structure of bis-(N-phenylsalicylaldiminato)copper(II), [OC6H4CHNCeHs]2Cu, has 
been determined from three-dimensional X-ray diffraction data, hO1 through h51. The cell has 

'dimensions a=12.15, b=7-96, c=11.94 /~, 8=111°44 ', space group P2~/n, and contains two 
molecules: 

The coordination of the copper(II) ion is planar with Cu-O = 1.88 A and Cu-N = 1.99 /~. The 
molecule, although centrosymmetric, is markedly non-planar, the two salicyla]dimine groups being 
parallel but not coplanar, with a separation of 0.89/~. The phenyl groups are roughly perpendicular 
to the remainder of the molecule. 

Introduct ion 

The cell dimensions and space group of bis-(N-phenyl- 
salicylaldiminato) copper (II), [OC6H4CHNC6Hs]2Cu, 
have been reported by yon Stackelberg (1947) and 
a report on a preliminary study of the structure has 
been given by Block (1958). We have now completed 
a three-dimensional determination of the crystal 
structUre from X-ray diffraction data. 

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

The Schiff base, N-phenylsalieylaldimine, was pre- 
pared by the reaction between aniline and salicyl- 
aldehyde in ethanol-water solution. To this solution 
was added the stoichiometric amount of copper(II) 
acetate and the mixture was refluxed for one hour. 
The product, separated as a dark brown powder, 
was recrystallized from ethanol, yielding rhomb- 
shaped monoclinic plates on {10T}, bounded by {110}. 

Cell dimensions were determined from rotation, 
zero-level Weissenberg, and precession photographs, 
with Cu Ka radiation (2= 1.5418 J~). Calibration was 
made by superposition of diffraction patterns of NaC1 
(a=5.6394 A) on the films used for measurement. 
The cell dimensions are: 

a=12.145, b=7.956, c=11-935 A (all _+0.01 A); 
#=111o 44 , . 

The cell contains two molecules. Density calculated 
is 1.412 g.cm -3, observed 1.396 g.cm -3. Systematic 
absence of hO1 for h+l  odd and of 0k0 for k odd 
indicate the space group to be P21/n. With appropriate 
changes of axes, these results agree satisfactorily 
with those reported by earlier investigators. 

Intensities were obtained from a set of integrated 
equi-inclination Weissenberg photographs, hO1 through 
h51, with Cu Kc~ radiation. Camera integration was 
carried out in one direction only, normal to the 
rotation axis. Diffraction spots were then scanned 

normal to the integration direction 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 plan:meter and used as relative 
intensities. The range of intensities, 1 to 10,000 was 
obtained by the use of multiple films and a range of 
exposure times. The intensities from the several films 
for a given level were placed on the same scale by 
comparison of common spots. The several levels were 
then placed on a common scale by the use of intensities 
from an integrated hkO Weissenberg photograph. 

Of the 2451 reflections within the limiting sphere, 
1682 (68.4%) were examined and intensities measured 
for 1475. 207 reflections were found to be too weak 
for measurement. 

Lorentz and polarization factors were applied and 
observed structure factors calculated by data reduction 
programs for the IBM 709 computer written in this 
Laboratory. No correction was made for absorption. 

The atomic scattering factors used were those of 
Viervoll & Ogrim (1949) for copper, Berghuis, Haan- 
appel, Potters, Loopstra, MacGillavry & Veenendaal 
(1955) for nitrogen and carbon, and McWeeny (1951) 
for oxygen and hydrogen. No correction was made 
for anomalous dispersion. 

Structure  de terminat ion  

The presence of two copper atoms in a cell of space 
group P21/n requires that  they be in a twofold set 
of special positions. They were therefore placed at 
0, 0, 0 and ½, ½, ½ and an electron-density projection 
on (010) was calculated with all hO1 phases equal to 
zero. All of the atoms appeared clearly, although not 
completely resolved, on this projection and their 
x and z parameters were refined by a series of two- 
dimensional difference syntheses to Rh0z = 11.5%. R is 
defined throughout as 2:liFo] - ]Fcll/Z, I Fol, where the 
summation is over the unique, observed reflections 
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only.  Cons ide ra t ion  of t h e  p r o j e c t e d  b o n d  lengths  
m a d e  poss ible  t h e  e s t i m a t i o n  of app rox ima te  y co- 
o rd ina tes .  W i t h  these  coord ina tes  and  an  overal l  
i so t ropic  t e m p e r a t u r e  factor,  a series of four three-  
d i m e n s i o n a l  Four i e r  syn theses  a n d  two  difference 
s y n t h e s e s  r e d u c e d  R to  14.9%. 

The  r e f i n e m e n t  was con t inued  w i t h  t h e  Bus ing  & 
L e v y  (1959) ful l  m a t r i x  l eas t - squares  program.  
A mod i f i ed  H u g h e s  weighing  scheme was used,  w i t h  
l/w = 0 for u n o b s e r v e d  ref lect ions for which Fc _< Fmin, 
l/w = 1 for u n o b s e r v e d  ref lec t ions  for which  2'c > Fmin 
a n d  for obse rved  reflect ions w i th  Fo < 8, a n d  Vw = 8/Fo 
for re f lec t ions  w i t h  Fo> 8. The  func t ion  m i n i m i z e d  
was Xw(lFol-lFd)% I n d i v i d u a l  a t o m  an iso t rop ic  

Tab le  1. Atomic coordinates and their e.s.d.'s 

Atom 
Cu 
O 
N 
C(l.) 
c(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
c(8) 
C(9) 
c(1o) 
C(ll) 
c(12) 
c(13) 
H(1) 
H(2) 
H(3) 
I-I(4) 
H(5) 
H(7) 
H(8) 
tt(9) 
H(10) 
I-I(13) 

(X 10 4) 

x/a az y/b ay z/c 
0000 0 0000 0 0000 
0036 3 --0256 4 1550 
1008 3 -- 2042 5 0211 
0248 5 --3703 8 -- 1628 
0384 7 --4377 l0 -- 2656 
1368 7 --4139 I0 -- 2871 
2268 7 -- 3268 10 -- 2071 
2183 5 -- 2547 8 -- 1010 
1170 4 -- 2775 6 -- 0819 
1607 4 --2706 6 1257 
1531 4 -- 1478 7 4662 
2338 4 --2630 8 4576 
2351 4 --2985 8 3457 
1558 3 -- 2204 6 2393 
0735 3 -- 1032 6 2482 
0722 4 --0689 7 3646 
0542 -- 3901 -- 1472 
0292 -- 5147 -- 3247 
1449 --4571 -- 3677 
3080 -- 3133 -- 2204 
2889 -- 1832 --0398 
2190 -- 3700 -- 1284 
1513 -- 1189 5517 
2927 -- 3239 5350 
2976 -- 3847 3382 
0103 0159 3744 

az 
0 
3 
3 
5 
6 
6 
6 
5 
3 
3 
3 
4 
4 
3 
3 
3 

t e m p e r a t u r e  factors  were  used.  Two cycles of ref ine-  
m e n t  r e d u c e d  R to  8.0%. At  th i s  p o i n t  t he  h y d r o g e n  
a toms  were  i n t r o d u c e d  in  ca lcu la ted  pos i t ions  a n d  20 
ref lec t ions  (marked  E in  Table  3) were  o m i t t e d  f rom 
s u b s e q u e n t  ca lcula t ions  because  of s econdary  ext inc-  
t i on  effects.  Three  cycles of leas t - squares  r e f i n e m e n t  
fo l lowed by  a d j u s t m e n t  of scale fac tor  r e d u c e d  R to  
t he  f inal  va lue  of 5.8%. Dur ing  t he  las t  cycle no  
p a r a m e t e r  sh i f t ed  by  more  t h a n  0.1 a. 

The  f inal  p a r a m e t e r s  a n d  the i r  e s t i m a t e d  s t a n d a r d  
dev ia t ions  are g iven  in  Tables  1 a n d  2. F ina l  va lues  
of obse rved  and  ca lcu la ted  s t ruc tu re  factors  are g iven  
in  Table  3. 

D i s c u s s i o n  

The presence  of on ly  two molecules  in  t he  cell of space 
group  P2z/n requ i res  t h a t  t h e  molecu le  be centro-  
symmet r i c .  I n t r a m o l e c u l a r  d i s tances  a n d  angles  are 

GI/'/~(II8° ~ C4 

119 Cg ~ 1"40 ^ 
x~/izt ° v,[g------C~ 

,---..~N /"°" o r 3 1  ~/ \~ 

119° ~ ~ ;,.0 " ~ " ,= .%,z3" (gL~,¢.ur ,~ .4z Jo 

o o g" 

• d 
":'/ ¢1 
q /o 

"0"\¢ 3 i._.~-- ¢2 

Fig. 1. Bond lengths and angles. 

Table  2. Thermal parameters and their e.s.d.'s 
(All × 104) 

Atom /~lZ /~22 /~33 bgz9 /~13 ~23 
Cu 66(1) 120(3) 57(1) 13(1) 22(1) 3(1) 
O 71(2) 118(10) 43(2) 53(3) 28(2) 20(3) 
N 70(2) 101 (9) 53(2) 13(3) 27(2) 5(3) 
C(1) 138(5) 165(17) 95(4) --14(6) 62(4) --42(6) 
C(2) 244(10) 174(16) 108(6) -- 16(10) 95(6) -- 50(7) 
C(3) 223(9) 187(18) 115(6) 11(10) 117(7) -- 16(8) 
C(4) 203(8) 227(17) 145(7) 77(10) 137(7) 63(9) 
C(5) 115(5) 213(15) 107(4) 28(6) 74(4) 30(6) 
C(6) 105(4) 61(11) 72(3) 32(4) 47(3) 15(4) 
C(7) 80(3) 114(12) 71(3) 34(4) 36(3) 21(4) 
C(8) 111(4) 162(13) 50(3) 8(5) 31(3) 12(4) 
C(9) 94(4) 231(15) 61(3) 29(6) 21(3) 38(5) 
C(10) 93(4) 213(15) 74(3) 48(5) 33(3) 39(5) 
C(ll) 62(3) 132(11) 57(3) 11(4) 25(2) 14(4) 
C(12) 64(3) 112(12) 49(2) 1(4) 21(2) 7(4) 
C(13) 92(4) 133(12) 59(3) 16(5) 33(3) 3(4) 

All hydrogen atoms were given isotropie B = 3.50/tx 2 
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T ~ b l e  3 .  O b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  f a c t o r s  

The  columns  are h, 10F o and  lOFt. U n o b s e r v e d  ref lect ions are m a r k e d  wi th  * 
Ref lec t ions  om i t t e d  because of s econdary  ex t inc t ion  effects  are  m a r k e d  wi th  E 
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Table 3 (cont.) 

] 2 f  2 i  l l *  . IEC 175 ] 171 162 4 q f  - ~ ]  13 4E 38 

159 14~ - 2 6  5 12e 12 IC {5 64 ~ IC7 IC7 1 IC4 114 ~ 45 4C - i . § * L  34? 3~T 
3 81 84 IC 66 58 ~ ?e 71 I I  l i e  28 1 2C5 220 IC 16t  --l~ ~ lea 5 7 l~e  1~4 ~ 2* 26 
4 55 bC ~ 11 • 21 12 133 135 2 317 334 11 46 55 e !  e4 ( 15e 5 1 2C4 235 44 -49  

322 ~qq 613 .L  52 4e 3 78 -79  ~ 1C2 St  2 l~e  169 4 45 -43  
l i 5  l l g  - 7 , 4 , L  4 274 2 (9  4 , 4 , L  1 2 , 4 , L  lC l?  |6  ] 2 iC ~46 5 126 116 

? 225 216 C 8C 55 - 1 3 , 4 , L  5 71 67 11 16* - 1 7  4 ~5 76 6 33 -31 
IC3 - 1 1 4  1 354 4Ce 1 315 342 6 328 313 C 363 345 C IC5 IC3 12 14.  -8  5 315 ~3C 7 6? bC 
l l q  127 ~ IC ,  - 57  ] 1 1 2  IC3 2 , 4  58 : 6 7  61 J 6C - , q  J 14 ,  - 2  13 IC? 51 ~ ~ e2 ~ 17 .  -18  

IC 82 - e 5  115 112 14* 2C ~ 155 163 24e 247 256 264 45 45 2 ; e e  55 59 
11 116 118 4 l q e  1 ~ e?  63 44 -35 q 34 36 ~ 02 ?3 - ? * ~ . t  e -22  IG 48 -54  
12 17.  -2C ~ 155 135 ~ 45 45 5 217 211 IO 223 243 ]e5 l ee  l ~ t 4 . L  5 l i e  1C4 
13 ~6 69 6 51 - S e  5 e7 e6 6 12C - ICq  IL 38 -28  5 57 37 " 1 48 42 IC 3? -34  5 . 5 . L  

? 166 ISq 6 23 25 7 (C 7C 12 1C? IC8 6 2C8 210 C ]E  - 3 9  2 46 -5C 11 l l ~  117 
1 . 3 . L  8 36 36 7 53 52 8 q? 1C4 ~ 26 -25  ~ 2" -34  ~ 264 2~0 

35 28 ; 5  2? ~S ?e - I , 4 , L  e5 7( - 1 3 , 5 . L  4 167 166 - I , S , L  56 -5C 
C 5CI 53 ,  i~ 22 - I (  ~ ICe 55 1~ 15.  -~  5 31 26 ~ -~3 2 1?* l e  

335 - 3 3 3  11 lea  -22  4~7e 620 lC 60 66 ~ 52 48 1 ~  12~ 2 ~74 ~52 l e e  21 
] . , 0  4 , ,  , , , . L  - , 2 . 4 , L  ,2  ~6 2~ ~ , 4  -23  ~ ~ : .  6~ ~ ,~  - 62  , 2 ,  , ,  : ,3~ , , 9  

3C2 285 1~ ~C ICL 3 153 2C4 5 , 4 , L  128 117 4 2*E 251 5 ~4 -33  
4,,,.,,,  224 ,,, : 4, 43 4,,9., i 6, ,2 ,5._,6 , , 2_ , , ,  ,o6  

36 -25  141 - 1 4 7  75 7~ - ( # 4 . L  5 255 251 C 152 144 13e - 4  IC 9e 25 ~ 3~2 413 l e e  -6  
4C0 3 8 t  2 IC5 I l l  9 65 e2 ' 6 113 - I C 5  1 296 286 6 7C 7C 11 16* ~ 7 4C 34 8 6C 63 

123 11~ 4 62 73 ~ l ? e  "4 41 45 8 77 76 9 9C 2 e 5C 52 3 55 5C 5 26 32 6 , 5 , L  
. 4 - ~ o e  : 2 . - .  , , o  , , ~  ~ 2 : - 2 ,  5 2 , ~  239 . , 2  ,2  ,~ . c  ,22 

IC 104 IC3 12G IC8 ? l ? e  11 IC$ IC 44 -48  5 137 132 - 1 2 . 5 . L  - ~ * ~ . L  11 46 -47  ~ 42 -41 
12 (5  63 184 18C , ,  , 2 - , ,  : 6, , ,  e , , 6  , ~  ~ . c - .  , ,  ~5 ~9 i 2 , - .  

12 79 ?q e f  66 5 41 161 160 12 16,  -5  45 31 1~i  117 1 e2 76 2 114 l / g  
5 18 ~25 1C 91 25 7 53 e2 13 45 47 41 94 15e 23 2 1~2 131 C .5 .L  ~ 13( 136 

2 . 3 . L  e 2 (4  252 q 89 95 9 q l  53 3 IC2 IC~ 15 .  -2  
8 , 3 , L  - I I , 4 , L  S IC7 - I C 6  OI4$L 1C 23 - 2 4  4 l e e  2 4 21 - l e  1 3~e 4C6 5 157 155 

74 - 1 5  lC l ~ "  ~ ~ e6 84 5 1 4 3  1~5 2 (4  61 ~ 32 -31  
563 5q3 i 15* 16 ~ 5 5  1 ~  ~ 71 6 ~ 245 236 6 . 4 . L  15* - 3  ~ l e*  - (  = 2~? 267 55 62 

2 430 - 4 2 4  218 225 15 1C5 1C4 45C 452 7 85 81 lC~ 59 4 1~4 -19C 8 31 40 
9 124 IgT 2 2C5 2C4 2 ~I 52 19 146 14 3 51 -SO ~ 236 255 E 25 27 ~ 48 4C • 271 27g 

14e - 4  = S4 ~ 54 - 6 6  14 7S 8C 4 88 ~q ~5 - q ?  ~ Se 92 ~3 37 ~ ~5 62 7~SeL 
: , 6 4  496 ~ 2 .  : ; ,4?  ,46  , 2 2 ~ - 2 , 4  2 4~ ~4 , ~  . . 7 3 , 4  ....4 

3. ~,, ,e. ~ 2¢9 2- ,, -. ~ ~e~ ]~? ~ ,~. -~ 4, 32 .. 3~ 
, , 6  - , 2  : , c 2  ,~  ~ 4 ,  3 ,  ~ , 2 ,  ,4o ~ , , 2  2~o . .  ,4 3~ ~o . , 2  , 4  . 92 4 ,  2 ., , =  
q q |  88 24 - 2 3  eC 12 155 IS6 61 ?l . lC3 94 112 123 11 ~? 51 3 24 -22  

IC 36 - 3 5  IC 44 - 9 2  3 2(4  3C~ 1C 111 118 I 18e lC ~ 27 ~1 - 5 . ~ , L  4 155 152 
i1  107 IC7 9 4 3 , L  11 43 41 ~ 15e - 11 65 -?b  144 146 4 115 "112 1 , 5 , L  5 43 -47  
12 32 - 2 6  12 56 - 5 5  161 165 12 84 88 5 17~ 18 1 24C 234 ~ 78 81 

"C 257 264 ~ (6  -6C 13 64 -61  7~4~L 6 147 146 2 167 113 C 91(  26C 25 -27  
3 . 3 j L  1 68 60 - I C . % L  4~4 444 ? l ? e  11 3 46 -~3  1 165 158 8 96 IC3 

c , ~ o  6 , ,  ~ 2~ .  , ,  ~ , 5 .  ; , , 4  , 4 ,  ~ .2 ,52 ~ ~ , 6 .  :~ 5 ,  ,6  , . , , ~  
I 111 - 1 1 1  4 61 69 1C4 lC lC 17 78 ~ q4 89 172 166 iC 61 37 ~C 4 2 ~  3Ci 

23 - 2 4  I I  I t 7  112 44~ 442 132 130 11 ~6 - 2 8  68 e~ 5 248 - 251  C 48 -50  | , 4 o  33, : 9 4 - 2 9  ~ ; :  h 
103 -87 66 67 (6 53 12 = 3? 2 153 -139 4 19e • e 216 213 6 224 224 I 123 I l l  

4 366 376 ~ 19 - 1 6  : 15* ? 13 75 3 372 372 ~ 164 1 - I C , 5 , L  g 15e - 1 6  ? 18* | 9  2 68 - 6 5  
: 'C  - -7 '  lEE 171 14 33 35 4 236 - 2 1 7  ~ 18.  - l l  IC 67 "61 ~ E4 5S ~ 157 146 

302 305 IC~3 .L  ? 6S 65 ~ 261 251 127 126 1 132 14g 11 124 - 1 2 2  65 58 42 -38  
? 62 - 6 |  ~ 124 115 ~ 4 . 4 . L  6 69 -67  e 46 5C ~ I~* - 2 6  12 leC 145 IC ~2 79 5 85 89 
8 134 148 ~ e~ - 5 6  t 45 --53 7 258 154 3 1 2 |  116 6 42 -5C 
q ~ :  eC t q  84 1 EC 77 1 154 2C1 8 15e 17 8 ,4~L  4 41 -SC - 4 e S t L  2 , 5 ~ L  ? 93 ICC 

l i  41 35 61 54 12 6~ 65 ~ 114 125 lC 47 -50  271 287 eC ?S 212 222 161 161 9 , 5 , L  
12 94 56 4 170 - 1 8  2~7 2(~  1~ 65 63 46 46 55 91 2e 43 4 iC  9~ 

: 4e 46 - ~ . 4 . L  ~ 74 66 2 4 8  43 ~ : ~  77 ~ 162 l e l  ~ 35 ~ 125 138 
4 , 3 , L  22 - 1 2  2(2  27C 2 e 4 . t  3 19e 5 1 ICZ 156 - 1 6 e  ?5 68 31 -94  

J 22q 22? ~ 1 ,¢  16 l  ~ IC3 9e ,C 58 - 5 6  ~ S |  E,  ~ e2 -61  : 1 ,5  1 |6  
92)  31] I i . ] . L  7e - e 6  l e e  lq2  ~ 163 183 21 - 2 8  11 66 65 51 - 4 3  145 133 l ? e  -16  
346 338 3 1c3 ~q S 131 129 161 165 6 84 ?q 12 22 -2~  ? 27c 2?3 6 64 -76  4 9£ 55 

218 210 lqe S I¢2 ~3 II ~4 -q8 3 15q -172 -$eS,L 2e I~ '(? 85 6 82 e~ 
4 37 036 2 9~ q§ ~ |C1 --$7 12 e5 84 ~ 293 2~2 9 t 4 . L  | 76 - 7 4  121 117 

275 266 • 4s - 4s  zc9 ~c~ t3 s4.  25 43 - 4 0  : tg .  - 9  ~j  ~s5 t~2 ~c se,  -22  s c , ~ , ~  
qO -86  4 T4 7C : 61 ~ 14 55 45 6 2?6 257 C 49 o52 2 126 136 1~* -1~  11 (C 61 

132 13C J : 4C -45  13 117 IC4 ~ 42 -36  • : 2¢6 209 7 151 -1~7  58 ~ 
15~ 1~9 12e3 .L  IC 53 -5C - 3 , 4 ~ L  ~ 52 40 19e  q? 85 3 .SeL 58 95 

9 115 lOS 11 125 13t  45 43 3 11% 12C • 6¢ 60 -3#5*L  2 | 6 *  22 
18e -16  12 54 - 5 4  I £1 q4 1C 64 55 4 48 -49  ~ 238 231 C 317 332 3 85 86 

I1 65  6 94  53 13 1C8 IC~ ~ ( 5  96 l i  IS~ 7C 7C 117 l i e  2C s 48 44 
2 25 -3C 286 314 12 74 ? 14e - l l  121 115 275 3 21C 248 l l , 5 . t  

5 . 3 . L  3 77 e¢ - e , 4 , L  4 IC~ 114 ~ l e *  12 ! 24 1( : 1~4 2C2 
5 l e3  16q 3 ( 4 e L  I O . % L  1 55 53 ICE 112 4 25 -26 C I IC  122 

11 |56 14 $4 -IC4 C 592 551 1 3 . 3 . L  ~ 7C - 7 4  ~ 145 134 5 2e - 27  ~ 15 .  
1 18 15 26? 27c 266 272 ~ 1e9 -181  ~ 115 124 12 45 34 6 3C5 317 6 l~C 173 71 ? 

339 347 C e2 e2 ~ 28 - 2 6  e 4C -26 198 194 l q ,  - | q  7 1(3 1(1 ] ~C ~ 
3 2C 18 151 157 5 4C 49 ~ ?4 75 ~ 156 158 - e , S e L  e 1C7 ICE e 51 1 a . 5 . t  
4 184 182 - 1 4 . 4 * L  5 (~ - ? (  IC 15" -6  226 232 39 - 41  t 1S* 6 5 ~ "27  
5 i6 -14 6 115. ICI II I?C 177 4 154 -158 4 53 g? 1 166 171 l 155 14~ IC 46 C 28 -41 

12 44 -45  5 3C2 315 2 IC2 118 11 l ?e  - 1 4  I ~L 48 

shown in Fig. 1 and listed with their estimated Scheringer & Freiburg, 1961). The intrachelate angles 
standard deviations in Table 4. The molecule may in the N-phenyl and N-methyl  compounds, 91.4 ° and 
be described in terms of a set of five planar groups: 91.1 °, are also in agreement. 
the coordination group CuN2Os; the two salicyl- The benzene ring and the oxygen atom in the 
aldimine groups, parallel but not coplanar; and the salicylaldimine group are strictly coplanar (maximum 
two phenyl groups. The equations for the least- distance of any atom from the least-squares plane, 
squares planes through these groups are given in 0.012/~), but the external carbon atom, C(73, and the 
Table 5, based on a set of Cartesian axes lying along nitrogen atom are slightly but significantly out of 
a, b and c*. the plane. The two salicylaldimine groups are, of 

Tho coordination of the copper(II) ion is planar, course, parallel as required by the centrosymmetry, 
the more common distorted octahedral coordination but are far from coplanar. The perpendicular distance 
being prevented by the bulky phenyl groups. The between the two parallel salicylaldimine planes is 
Cu-O and Cu-N distances of 1.88 and 1.99 A, respec- 0.89 /~, considerably larger than has been reported 
tively, agree well with the corresponding distances for any other similar molecule. Each salicylaldimine 
of 1.90 and 1-99 A found in bis-(N-methylsalieyl- group makes an angle of 18 ° with the coordination 
aldiminato)copper(II) (Lingafelter, Simmons, Morosin, plane. 

A C 1 7  ~ 6 9  
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Tab le  4. Bond distances and angles and their e.s.d.'s Table  6. Shortest intermolecular distances 

Bond (A) (A) Angle (o) (o) Atom Distance 
Cu-O 1-878 (0.003) O-Cu-N 91.4 (0.2) C(1) 3.77/t~ 
Cu-N 1.993 (0.004) Cu-O-C(12) 128.0 (0.4) C(2) 3.69 
O-C(12) 1-313 (0.004) Cu-N-C(7) 123.4 (0.3) C(3) 3.69 
N-C(7) 1-302 (0.005) Cu-N-C(6) 119.6 (0.3) 3.69 
N-C(6) 1.438 (0.006) C(6)-N-C(7) 116.8 (0"5) C(4) 3.69 
C(1)-C(2) 1-404 (0.010) N-C(6)-C(1) 118.6 (0.6) C(5) 3.33 
C(2)-C(3) 1.326 (0.014) N-C(6)-C(5) 120.9 (0.6) C(6) 3.90 
C(3)-C(4) 1.347 (0.010) C(6)-C(1)-C(2) 119.0 (0.8) C(7) 3.45 
C(4)-C(5) 1.429 (0.010) C(1)-C(2)-C(3) 121.4 (1.0) C(8) 3.60 
C(5)-C(6) 1.343 (0.008) C(2)-C(3)-C(4) 119.3 (1.0) C(9) 3.60 
C(6)-C(1) 1-389 (0.007) C(3)-C(4)-C(5) 121.9 (1.0) C(10) 3.45 
C(7)-C(11) 1.436 (0.006) C(4)-C(5)-C(6) 117.9 (0.8) C(ll) 3.69 
C(8)-C(9) 1.373 (0.008) N-C(7)-C(11) 126.1 (0.5) C(12) 3.80 
C(9)-C(10) 1.371 (0.007) C(7)-C(ll)-C(10) 118.1 (0.5) C(13) 3.33 
C(10)-C(ll) 1.421 (0.005) C(7)-C(11)-C(12) 122.5 (0.5) N 3.82 
C(11)-C(12) 1.399 (0.006) C(10)-C(I1)-C(12) 119.4 (0.5) O 3.60 
C(12)-C(13) 1-422 (0.006) O-C(12)-C(11) 123-7 (0.5) Cu 3.45 
C(13)-C(8) 1.396 (0-006)  O-C(12)-C(13) 118.3 (0.5) 
C(1)-O" 3.164 
C(5)-O' 3.308 C(11)-C(12)-C(13) 118.0 (0.5) 
C(2)-C(13') 3.261 C(8)-C(13)-C(12) 120.3 (0.5) 
C(3)-C(13") 3.619 C(9)-C(8)-C(13) 121.9 (0.6) 
C(4)-C(13") 3-984 C(8)-C(9)-C(10) 118.5 (0-6) 

C(9)-C(10)-C(ll) 122.1 (0-6) 

Tab le  5. Equations for least-squares planes 

Coordination -- 0-0823x-- 0.0634y- 0.0424z---- 0 
Salieylaldimine No. 1 -- 0.0871x- 0.0954y-- 0.0140z---- 0.0581 
Salicylaldimine No. 2 -- 0.087 Ix -- 0.0954y -- 0.0140z ---- -- 0.0581 
Phenyl No. 1 -- 0.0481x + 0" 1976y-- 0.1188z--- -- 0.4158 
Phenyl No. 2 --O.0481x+O.1976y--O.1188z= 0.4158 

The  bond  dis tances  and  angles wi th in  the  salicyl- 
a ld imine  group appea r  to be normal .  

The  p h e n y l  group shows no s igni f icant  dev i a t i on  
f rom p l a n a r i t y  ( m a x i m u m  d is tance  of a n y  a t o m  f rom 
the  leas t -squares  p lane,  0.010 ~) .  The  several  bond  
d is tances  a n d  angles in  the  p h e n y l  group appea r  to  be 
s ign i f i can t ly  different ,  b u t  we are unab le  to  suggest  
a n y  i n t e r p r e t a t i o n  of the  differences.  

The  p h e n y l  groups  are  r o u g h l y  pe rpend icu la r  to  
the  r ema inde r  of the  molecule,  m a k i n g  an  angle  of 
82.3 ° w i th  the  coord ina t ion  group a n d  64-9 ° w i th  the  
sa l i cy la ld imine  group.  

The  shor tes t  i n t e rmolecu la r  con tac t  d i s t ance  of 
each a t o m  is g iven  in  Tab le  6. 

Doble r  (1962) has  r ecen t ly  r epor t ed  the  ceil d imen-  
sions and  space group of the  cor responding  n icke l ( I I )  
compound .  Af te r  m a k i n g  the  app rop r i a t e  t r ans fo rma-  

Neighbor 

C(7) at - - x , - - 1 - - y , - - z  
C(ll) at - - x , - - 1 - y , - - z  
C(4) at k--x,--½+Y,--½--z 
C(8) at x , y , - - l + z  
C(3) at ½ - x , b + y ,  - ½ - z  
C(13) at ½-x, - ½ + y ,  b - z  
C(13) at b - x , - b + y ,  ½-z 
C(13) at ½-x, - ½ + y ,  ½-z 
C(5) at b - x , b + y ,  ½-z 
O at ½+x, - ½ - y ,  ½+z 
Cu at b+x,  - ½ - y ,  b+z 
C(2) at - x , - 1 - y , - z  
C(10) at b - x , b + y ,  ½-z 
C(5) at ½-x, ½ + y , b - z  
C(10) at ½-x, ½+y, ½-z 
C(9) at - ½ + x , - ½ - y , - ½ + z  
C(10) at ½-x, ½ + y , b - z  

t i on  of axes, a compar i son  of the  two cells: 

Cu" a = 1 2 . 1 5 ,  b = 7 . 9 6 ,  c = 1 1 . 9 4 / ~ ,  

f l =  111 ° 44',  V =  1073/~8, 

Ni :  a = 1 2 . 6 4 ,  b=7-63 ,  c = 1 1 . 8 1 / ~ ,  

f l = l 1 2  ° 13', V = 1 0 5 4  jk3, 

ind ica tes  t h a t  the  two molecules  are near ly ,  b u t  n o t  
comple te ly ,  iden t ica l  in  s t ruc ture .  

This  i nves t iga t ion  was suppor t ed  in  p a r t  b y  t he  
U.S. Publ ic  H e a l t h  Service unde r  Research  G r a n t  
Gi~[ 10842. 

R e f e r e n c e s  

BERGIa-UIS, J., IIAA~ArrXL, I J .  M., POTTERS, M., LooP- 
STI~A, B. 0. ,  MACGILLAVXY, C. H. & VEElVENDAAL, A. L. 
(1955). Acta Cryst. 8, 478. 

BLOCK, B. P. (1958). Amer. Chem. Soc. Abstracts  of 
Papers, 134th Meeting, p. 35S. 

BusINc, W'. R. & LEVY, H. A. (1959). A Crystallographic 
Least Squares Refinement Program for the I B M  704. 
ORNL Central Files No. 59-4-37. Chem. Div. ORNL, 
Oak Ridge, Tennessee. 

DOBLER, M. (1962). Helv. Chim. Acta 45, 1628. 
LINGA_FELTER, E. C., SIMMONS, G. L., MOROSIN, B., 

SCgERINGER, C. & FREIBURG, C. (1961). Acta Cryst. 
14, 1222. 

MOWEENY, R. (1951). Acta Cryst. 4, 513. 
STACKELBERG, M. v. (1947). Z. anorg. Chem. 253, 136. 
VIERVOr,L, H. & OGRB~, O. (1949). Acta Cryst. 2, 277. 


