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The Crystal Structure of Bis-(5-chlorosalicylaldoximato)copper(II) 
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AND BRUCE W. BROW~ 
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The crystal structure of bis-(5-chlorosalicylaldoximato)-copper(II), [OCGH3(C1)CHNOH]2Cu, has 
been determined from partial three-dimensional X-ray diffraction data, hO1 through h21. The cell 
has dimensions a=13-38, b=3.84, c=7-31 A, a = 8 1  ° 30', fl--98 ° 3', y = 9 8  ° 3', space group P1, 
and contains one molecule. 

The copper(II) ion has a distorted octahedral coordination, with Cu-N = 1.96, Cu-O = 1.91 and 
3.01 I .  The molecule shows considerable deviation from complete planarity. The chlorine atoms 
form layers with a distorted hexagonal close packing. 

Introduction 

The s t ructure  of the l igand, 5-chlorosalicylaldoxime, 
HOC6Hs(C1)CHNOH, has recent ly  been de termined 
(Simonsen, Pfluger & Thompson,  1961). The deter- 
mina t ion  of the structure of bis(salicylaldoximato)- 
copper(II), [OCdH4CHNOH]2Cu, and  bis-(N-pheuyl-  
sa l icylaldiminato)  copper (II), [OC6H4CHNC6Hs]2Cu, 
was underway  in this  labora tory  (U. of W.). The 
invest igat ion of the bis- (5- chloro- ) complex, 
[OCdI-[8(C1)CHNOH]eCu, was in i t ia ted  for comparison 
of the effects of subst i tuents  on the sal icylaldehyde- 
like residues and  for comparison with the crystal l ine 
ligand. 

Exper imenta l  

Bis-(5-chlorosalieylaldoximato)copper(II)  was prepared 
by the addi t ion  of an  aqueous solution of 5-chloro- 
sa l icyla ldoxime to an  aqueous solution of copper(II) 
chloride. Needle-shaped crystals  elongated along the 
b axis were grown from a solution in a mix ture  of 
Methyl  Cellosolve and  acetone. 

b-Axis rotation, hO1 Weissenberg and (hkO) and (Okl) 
precession pictures were t aken  wi th  Cu K s  radia t ion  
( 4 =  1.5418 A). All cell dimensions were obtained by 
superimposing the rotat ion pa t t e rn  of NaC1 (a = 
5.6378 A) to cal ibrate these films. The results are: 

a--13.38,  b--3.84, c--7.31 A; 

c~=81 ° 30', fl=98 ° 03', 7 = 9 8  ° 03'. 

Each Iigand molecule occupies a volume of 188 A 3 
in  the free l igand crystal  (Simonsen, Pfluger & 
Thompson,  1961) and  not more than  two l igand 
molecules (i.e. one complex molecule) can be accom- 
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modated  in  the present  un i t  cell of 358 A s volume. 
We therefore assumed one molecule per cell with a 
calculated dens i ty  of 1.88 g.cm-~, and  assumed the 
probable  space group to be P1. 

A needle of 0.05 m m  diameter  was selected for 
in tens i ty  measurements .  Equi- incl inat ion Weissen- 
berg photographs of hOl through h2l were obta ined 
wi th  nickel-fi l tered Cu K a  radia t ion  on a Nonius 
camera. The unidi rect ional ly  in tegrated mult iple  f i lm 
sets were scanned normal  to the integrat ion direction 
with a Moll type  densi tometer  feeding into a Leeds 
& Nor thrup amplif ier  and  recorder having  a log- 
a r i thmic  slide wire. 

The p lan imetered  areas under  the dens i tometer  
t racings were t aken  to be proport ional  to the in t ens i ty  
for those diffract ion spots in the linear response range 
of the films. The scale of the hO1 structure factors 
was determined by comparing with the calculated 
structure factors. In  the initial  three-dimensional 
calculations, the levels were approximate ly  sealed 
together by  comparing with a set of structure factors 
calculated from the copper posit ion only. These 
approximate  scale factors were used to prepare a set 
of hkO reflections from these three-dimensional  data.  
During the later  stages the various levels were scaled 
independent ly  by  comparing the observed and  cal- 
culated s t ructure  factors. 

A total  of 773 reflections of measurable  in tens i ty  
were observed and  an  addi t ional  293 reflections had  
intensi t ies  too weak to be recorded. The 110, T l l ,  and  
510 reflections were too intense to be densi tometered 
and were assigned the in tens i ty  of the 011 reflection 
which was the most  intense measurable  hll reflection. 
These three reflections were not  inc luded in  the  
successive re f inement  cycles except tha t  values of Fc 
were used in place of Fo in electron-densi ty  maps.  
The range of relat ive intensi t ies  was 1 to 1000. 

Lorentz and  polarization factors were appl ied to 
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observed structure factors calculated using the data 
reduction program written in this laboratory (U. of W.) 
for the IBM 650 computer. No correction was made 
for absorption. The atomic scattering factors used 
were those of Thomas & Umeda (1957) for copper, 
Berghuis, Haanappel, Potters, Loopstra, MacGillavry 
& Veenendaal (1955) for chlorine, oxygen, nitrogen, 
and carbon, and MeWeeny (1951) for hydrogen. No 
correction was made for anomalous dispersion. 

The s t ruc ture  de terminat ion  

The choice of space group of P1 was corroborated 
by the structure determination. With one molecule 
per cell, the copper atom was assigned the position 
0, 0, 0. 

The electron-density projection @(x, z) was calculated 
with the use of the unscaled observed hO1 structure 
factors as coefficients with phase angles equal to zero, 
using an IBM 1620 computer (at E.J.C.). All of the 
atoms were resolved and a calculation of the hO1 
structure factors based on these trial parameters with 
an overall temperature factor of 2.5 had an Rho~ of 
0.245; the discrepancy index, R, is defined as R = 
•]]Fo[- ]Fcl[/XIFo[ for observed non-zero reflections 
only. 

After one further electron-density projection @(x, z) 
and two difference syntheses the value of Rh0~ was 
reduced to 0.129 with the use of individual atom 
isotropic temperature factors. 

The very short b axial length and excellent resolu- 
tions of the atoms in @(x, z) indicated that  the molecule 
is lying approximately in the plane of the electron- 
density map. This orientation was utilized to deter- 
mine approximate y coordinates for the atoms. An 
electron-density projection @(x, y) was calculated using 
the approximately scaled observed hkO structure 
factors as coefficients with phase angles equal to zero. 
OMy the heavy copper and chlorine atoms were 
resolved; however, these proved sufficient to solve 
the structure. A line was drawn on the electron- 
density map connecting the copper atom at 0, 0, 0 
with the peak maximum of the chlorine atom, 
(x = 0-5119, y = 0.7800). The y coordinates for the other 
atoms were read from this line using the final x 
coordinates obtained from the hOl data. These y 
coordinates were used, along with the x, z, and 
individual atom isotropic temperature factor para- 
meters from the hO1 data, as input for continued 
refinement by the Busing & Levy (1959) least-squares 
method using an IBM 709 computer. These input 
data had an overall R of 0.389. 

A modified Hughes weighting scheme was used with : 

l/w = 0 for unobserved reflections with 2'c _< ZVmin 
]/w = 1 for unobserved reflections with Fc > Fmin 
Vw = 1 for observed reflections with 2'o ~ 16 
~/w = 16/Fo for Fo > 16. 

The function minimized was Xw([Fo[ [Fc]) 2. Five 

cycles of least-squares refinement were carried out, 
which gave R values of 0.314, 0-237, 0.145, 0-120, and 
0.119. Hydrogen atoms were introduced in calculated 
positions (C-H distance = 1.04 A), with isotropic tem- 
perature factors of 3.0, and two additional cycles 
were run with R values of 0.111 and 0-107. 

The behavior of the first three cycles of least-squares 
refinement gives a very good illustration of the power 
of the Busing-Levy program and of the tendency for 
a least-squares calculation greatly to increase the 
temperature factors of atoms which are far from their 
correct positions. In Table 1 are listed the temperature 
factors suggested by the program in the first three 

Table 1. Least-squares refinement of B 
I n p u t  Cycle 1 Cycle 2 Cycle 3 (~ 

Cu 2.40 1.34 1-63 2.14 - -  
C1 3"10 2.36 2-62 2-71 0-14/~ 
O(1) 2.25 3"88 6-27 3"56 0-78 
0(2)  2.50 3-56 4.62 2-19 0.63 
N 2.10 1-09 1.51 1.26 0-32 
C(1) 2.60 1.12 1.07 1"36 0-11 
C(2) 2.30 3.21 3-56 1.74 0-62 
C(3) 3"50 6"12 9"82 1"97 0-95 
C(4) 1.20 3-17 5"26 3-63 0"83 
C(5) 2"40 2"02 1"58 1"93 0"22 
C(6) 3"00 2"50 2"14 2"64 0-09 
C(7) 2"50 3"08 2"21 1-68 0"26 

Table 2. Atomic positions and temperature factors 
x/a y/b z/c B 

Cu 0.0000 0-0000 0-0000 2.58 
C1 0.5101 0.8156 0.2634 2.77 
O(1) 0.0741 0.3041 0.1695 2-00 
0(2)  0.0872 -- 0.0404 -- 0.3347 2.53 
N 0.1090 0.0900 -- 0-1601 1-62 
C(1) 0.2352 0.3883 0.0449 1-61 
C(2) 0.1731 0-4130 0.1867 1.80 
C(3) 0-2175 0.5665 0.3452 2-30 
C(4) 0.3195 0.6894 0.3679 2-56 
C(5) 0.3797 0.6552 0-2318 1.82 
C(6) 0.3389 0.5144 0.0737 2-14 
C(7) 0.1982 0.2355 - 0.1241 1-77 
H(1)  0.173 0.589 0.449 3.00 
H(2) 0.352 0.812 0.484 3-00 
H(3) 0.386 0.499 -- 0.029 3.00 
H(4)  0.249 0-249 - 0 . 2 2 2  3.00 
I-I(5) 0-024 - 0.143 - 0-270 3-00 

Table 3. Estimated standard deviations and 
final cycle parameter shifts 

x y 
( ~ ×  104 ) ( A ×  104 ) 

Cu a - -  - -  

C1 a 32 43 
0 0 

N a 91 121 
6 0 1 

O 6 86 108 
S o 2 
~max 0 2 

C d 116 156 
3 2 

~max 7 10 

z B 
(AX 104 ) (A2X103 ) 

69  
- -  4 
32 77 

0 0 
88 167 

1 0 
83 162 

1 3 
1 3 

114 209 
4 4 
7 7 
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T a b l e  4.  Observed and calculated structure factors 
The columns are h, lOFo and lOFc. Unobserved reflections are marked with * 
Reflect ions omitted because of secondary ext inct ion effects are marked with E 

h ,0 ,0  ~5 230 263 -7  128 142 - I  ~45 -255 H , I , - 2  0 2~0 2~3 
6 2 6 1  2 6 2  8 5 3 .  23  2 3 9 3  354  l 124 1 2 6  

1 186  245  - 6  86 ? 5  - 8  6C* - 8 9  - 2  3 1 3  27~  0 177  L6B - [  3 6 *  - 2  
2 281 300 7 5~a 5 ; I0~ 106 ~ 164 157 I 177 173 2 296 263 
3 95 -59 -7 197 I~9 -9 Ill 137 -~ 27a -217 -I 297 27~ -? 221 233 
6 258 260 8 275 2~I i0 62 51 4 626 3~0 2 231 222 3 ?2 lC 
5 9 7  - 6 4  - e  87 65  - L o  65  64 - 4  4 2 1  383  - 2  36 5B - 3  73 qo  
6 276  267  q 74  79  11 77 68 ff 7c 93 3 3 7 3  361  6 323  2 9 5  
7 333 -273 -9 266 276 -ii 149 153 -5 I98 157 -3 231 231 -6 271 271 
O 2 2 8  2 0 6  1C 75  5 7  - 1 2  4 6 .  13 6 379  336  6 184  176  5 62 66  
9 111 115 -IC 158 147 -I~ I13 120 -6 ~64 45~ -4 I~7 172 -S 61 65 

10 301  285  11 59*  5 ? 63 92 5 6 1 0  358  5 333  3 6 6  
I I  59a 65 - I I  60* -14 HtC,7 -7  137 151 -5 I08 117 -S 177 171 
12 2 6 3  202 12 172 158  9 261  222  6 71 81 7 6 5 .  - 3 9  
13 89 70 -12 60t 26 0 ~9. 62 -8 921 399 -6 209 239 -7 II0 Ill 
16 t05 79 13 51J 19 1 5~. 33 9 I12 I I i  7 266 253 8 681 -3  
15 681 I0 -13 182 179 - I  131 /15 -S IC 90 -7 63 81 -8 l l ~  i00 
16 82 71 16 139 113 2 12J I15 IC 223 194 8 68 -63 9 68* -27 

-16 53* 36 -Z 172 /99 - iC 664 363 -8 76 97 -9 75 09 
H,0,g 15 30. - ~ I  ~ h i *  36 11 71 26 9 ~A ?I I0 132 109 

-15 97 ~2 -~ 59* -63 -11 67* -67 ~9 59 06 - I 0  67 76 
0 4 9 5  69~  - 1 6  35m - 3 6  6 156 I ~ 7  12 6 7 *  - 2  10 6 8 *  - ~ 1  11 6~*  - 1 2  
I 137 166 -6  5~* 67 -12 98* 9 - iC  I12 i13 - l l  ~ 66 

- l  555 561 h ,0 .4  5 53* -35 I~ ~q* 23 i I  i27 l i b  12 176 129 
2 320  3~9 - b  73 78 - 1 3  54 - 6 9  - 1 1  6 ~ *  32 - 1 2  124 9 3  

-2 ~8 -48 C I I I  151 6 5Cq 35 14 67 57 12 47* 25 -13 111 102 
3 301 336 I 116 -117 -6  83 111 -16 91 55 -12 167 13-8 -14 117 1O~ 

.-3 67 ?7 - I  93 -81 T 65- -6 Ib 52 47 13 199 t 76 -15 ( I  10 
6 125 16l 2 621 626 - !  i19 123 -15 66~ 0 "-13 112 I / I  

- 6  222  232  - 2  2 6 2  2 5 8  8 8~ 86 - 1 6  162 120  16 3 9 *  15 h , l , - 6  
5 383 396 ~ 218 211 - 8  bb 63 -16 I i 0  I02 

- 5  Lb6 161 -3 120 - IC2  -9  50* • 27 H , I , - I  15 169 125 0 i O l  106 
6 78  - 5 6  6 , 303  ~C1 - 1 0  56 60  - 1 5  3 2 .  - 3 0  i 39*  6 6  

- 6  365  38~ - 6  2 9 0  2 ~ 3  - 1 1  4C* 37 C 21C - 2 1 9  - 1  9 7  96  
7 82 88 5 132 123 I 32 50 H)l,3 2 I~8 203 

-7 167 158 -~ E4 82 H,C)~ - I  )SSE 1261 -2 41. 0 
8 5 0 *  61 6 2 3 5  2 2 6  2 171 - 1 1 9  0 61 76 3 2 3 /  2 3 1  

- 8  2 6 9  271 - 6  2 6 4  2 6 8  0 bo 76 - 2  6 5 3  6 3 9  l 7 5 6  6 6 6  - 3  55 66  
9 211  197 7 . I l l  I 1C  1 bO* - 3  3 2C7 188 - 1  2 2 8  ~36  6 130  168  

- 9  106 l l O  - ?  5 6 ,  6~ - I  52 *  - 6 3  - 3  b l l  665 2 297  2TO - 6  227 222 
10 57~ 68 R JO0 292 2 6 8 *  52 6 2 9 *  16 - 2  56 - 3 8  5 63~ 62 

- I 0  130 I17 -8 266 269 -2  ICb 132 -6 136 ~60 3 305 278 - 5 205 217 
.11 2 6 3  2 3 6  9 109  - ~ 9  3 6 6 .  26 b 2 7 6  2 6 9  - 3  3 0 8  2 8 6  6 2 0 6  2 1 6  

- I I  59~ -? -9 59* IC -3  51~ 19 -5 ~14 3~6 6 112 123 -6 66 86 
12 I 1 2  120 10 59*  - 6 7  ~ 57 70 6 115  - 8 1  - 6  2 1 1  - 1 6 1  7 77 6~  

-12 99 69 - IC  2~3 268 -6  58 132 -6  63 35 5 205 190 -7  166 160 
13 146  113 11 55*  2 5 38* - ~  ? 3~5  332  - 5  2 1 4  ~47  8 2~0  2 5 3  

-13 5 9 *  -12 - I t  60~ ~6 -b 118 76 -7  3~3 315 6 102 I16 -8 6 8 *  12 
16 53~  - 3 7  12 67  ~7  6 52 73 ~ 1 5 6  172 - 6  70  77 9 62  57  

-14 ~60 130 -12 130 l i b  -6  q0 121 -8 213 -207 7 231 208 -9 167 171 
15 131 106 13 57 55 -7 6 6 *  9 ~ 2 6 5  265. -7 232 217 lO 68- Ib 

-15 69.  O -13 5~* 26 -5  39 96 -~ IC3 75 8 182 - t 72  - I 0  128 I / 0  
16 36* 0 16 77 76 IC 67- 50 - 8  62~ -8 i i  66. 38 

-16 I15 102 -16 a9 51 H,O,9 - iC  6 ~  -9 9 48* -27 - I I  6 3 *  4 
-15 ~0. -31 It 157 138 -9 263 256 12 126 137 

I.~0)2 0 32~ -6  - I I  216 190 I0 I14 107 -12 39* -69 
h ,0 ,~  1 66 57 12 56 52 -10 67. - I 0  13 38* -21 

0 271 -266 - I 3~* 64 -12 6 a *  14 I I  129 117 -13 80 84 
l 364 369 C 12~ 125 -2  34* -15 13 93 58 - l l  330 303 16 72 66 

- I  277 312  1 132 161 -3  33* 46 -13 I~o 18G 12 I I I  I03 
2 /86 - / 5 6  -I 267 256 -6 4~ 31 16 41- 26 -12 58 67 H ) I , 5  

-2 105 -86 2 55* 60 -3  68 118 -14 ~4 74 I~ 59 67 
3 291 276 -2 129 120 15 77 65 -I~ I19 107 0 16~ 145 

- 3  791  738 3 113 1~3 H ) I , C  - 1 ~  ~q 85 16 33 2~ 1 63*  - 9  
6 38*  ~ -3 225 2C5 -16 28* -0 - 1 6  66. 39 , - I  76 6 0  

-6 317 307 4 57. 19 0 75 131 -15 112 I12 2 83 89 
308 317 - 6  96 75 l 173 221 H ) I , 2  - 2  5 6 7  500 

- 512 ~99 5 185 185 - I  32? 636 H , I ) - ~  3 66. 20 
6 65. 63 -5 I01 ~3 2 306 3C0 C 56 -61 -3 232 206 

- 6  125  126 6 6 0 *  l g  - 2  6 8 7 E  G48 1 3E5  3 3 7  0 3 1 3  3 1 6  6 73 6 6  
7 342 330 -8 105 97 3 26- 32 - l  3Cl  260 I I I ? "  I09 -6 264 260 

- 7  3 3 3  333 7 269  242 - 3  97 128 2 18L 18~ - 1  33*  - 6 2  5 6 8 .  - 9  
8 ~3"  ~8 - 7  b9*  28 6 327 308 - 2  2 3 *  27 2 709  609  - 5  66- 63 

-8 49.  63 8 59. 6C -6  101 95 3 3 l l  292 -2 316 298 6 164 146 
q 2 5 4  253  -B 6 0 *  55  5~ 3 2 5  - 2 3 6  - 3  e9  96 3 .168 170 - 6  146 166  

- 9  301 31~ 9 69 58 --6 73 ~5 6 73 56 - 3  P8 - 8 8  7 IC3 78 
I0 71 86 -9 60* 56 6 147 139 -6  60 6V 6 267 267 -7  67- -36 

- I 0  203 -179 IC 53* -6  -6  74 79 5 375 367 -6 207 210 8 155 135 
I I  216 203 - I 0  I I 0  92 7 112 121 -5  563 492 5 39* 25 -8 L6C 156 

- 1 1  59*  - 2 3  11 91 75 - 7  232  222 6 3~*  28 - 5  ~ 0 -  - t O  9 83 80 
12 5~9- 58 -11 I f 0  88 8 317 299 -6  2~2 277 6 196 193 -9 87 - l l 0  

- 1 2  6 0 -  b 12 39*  - 2 6  - 8  1 2 6  126  7 3 7 8  328  - 6  168  182  10 70 57  
13 61 40 -12 167 141 9 76 86 -7  181 171 7 63* ~6 - I 0  ~8 87 

-13 166 139 -13 93 91 -9  ~9 I17 ~ 6b*  58 - 7  65- -17 IL 71 67 
L~ 69* - I 0  -16 48 68 10 356 291 -8  166 156 8 210 211 - I I  67t . 7 

-16  64  66 - 1 0  132  130  ~ 179  164  - 8  195  2 0 9  - 1 2  1~6 1 6 9  
15 56 ~2 H,0,6 IL 76 90 -g 6~ 62 9 190 - I 8 8  -13 41. 17 

-15 153 137 - I I  16~ 157 IC 69* 35 -9 48* -7 - i ~  162 151 
-16 ~9. 0 0 148 /25 12 159 IC5 - IC  213 196 i0  69.  41 -15 50 69 

I 177 183 -12 63 69 11 leC 156 - I 0  196 201 
H~0o3 -1 63~ 953 13 65o -36 - l l  205 2CC I I  120 t l 9  H~ l , -5  

2 6 0 -  33 -13 83 46 12 6 6 -  - 2 4  - I I  ~ 7 .  ~6 
0 227 207 -2 69 4k 14 16~ 121 -12 6 8 .  -38 12 159 161 0 65. -18 
I 3 8 *  -b ~ 129 t26 -14 65* 3 I~ 156 IC2 -12 13B 14 ~ ! 197 226 

- 1  122 10R - 3  80  86 15 38 - 1 5  - 1 3  6 8 .  - 3 2  13 85 77 - 1  121 1 4 5  
2 2 5 l  2~7 6 6 0 -  29 - 1 ~  lC5  83 16 ~7 - 6 7  - 1 3  72 62 2 4 5 .  - 1 2  

-2 76 82 -4 59* -66  -16 32* -3  -14 167 127 16 IO0 86 -2 103 -128 
3 3 1 0  286  5 6 3  85  15 5 0  72 - 1 ~  85 82  3 216 2 3 5  

-3 202 195 -5 70 ~8 ~ , I ) I  -15 56 6~ -15 22" I -3 145 173 
6 276 270 6 66 -~5 -16 124 I I I  6 73 66  

- ~  390 4 t 8  - 6  6 0 *  - 2 6  0 656 621  H ) l ) q  - ~  6 9  62 
5 47* 69 ? 56~  59  l 6 t  -29 5 170 188 
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T a b l e  4 (cont.) 

H ~ I , - 5  C 179 261  b 312 280 C 24~ L42 E q2 S2 S 132 t 1 4  
t 7J - S 2  - 6  272 Z~6 - ¢  2C3 24q _ r  4bo 16 I 140 I ~ 3  

- 5  148 180 - I  I 0 8  $3 7 4 ~ t  21 7 77 79 9 4 3 .  27 - I  87 l q  
6 4 8 -  ~2 2 4G-  r - ?  [ ~  ZC2 - 7  43Q 4~ - 3  16m I b 9  7 81 55 

--~ 4g b l  - 2  106 135 H IS~  [ 6 1  ~ 122 I [ 4  I 0  105 81 - 2  I [ 6  I 0 9  
7 L55 I76 3 4bm -28 -3  193 2C9 -~  23g 27~ - i 0  47* -59 3 4~,* 28 

-T 124 164 -3 46 32 9 47. -4  S 47.  23 I I  3 ) "  I0 -3  46* -7~ 
8 4 8 *  -C 4 76 S? - 9  12~ 133 - q  57 - 5 9  - i i  7~ 65 4 IC9  102 

-8  5g 54 -4 bb ICI  i0  125 87 IC e3 76 12 b9 4b -4  143 140 
9 157 180 5 44.  IP - I C  9c 96 - i c  47 %8 -12 44 .  -35 5 90 ~3 

-9  242 269 -5 lOC 4c I i  67 -44  I I  6g 63 -13  95 90 -5  87 82 
I0 45.  25 6 87 I13 - t l  123 l l 5  - l l  45* -44 -14  36. -9  6 41.  53 

- I 0  41.  l l  -6 103 t l ~  12 154 IC l  12 5~ 48 -15  128 I P l  -6  47* 38 
I I  97 10Z 7 40* -41 -12  226 2t4 - [ 2  g4 g7 7 109 96 

- i [  36* -19 e 11& 14c I~ 50 -24  I~ 52 49 i f , 2 , - 4  -7  46,  2 
12 3 8 ,  2 9 64 5? - 1 3  4 5 -  - I t  - 1 3  3 e *  -3C  £ 8~ 67 

-12 29~ -32 IC 62 ~? 14 13C Sl 14 b) &l C I06 '93 -8  13C 130 
-14 41.  -54  -- i4 IC6 IC7 I ~03 326 g 27. 21 

h , l , b  h , l , 8  -15 35- 31 - i  155 200 -9  15 57 
H~2,3 2 44~ 23 - IO 187 190 

0 47.  4~ 0 87 S~ H , 2 , - I  -2  44 .  0 - I I  57 35 
l 185 174 ] 40.  2C C l ? l  176 3 7 l  9~ -12  97 I07 

- I  I12 IU~ - I  42,  4 0 42 33 l ZC6 266 -3  165 198 
2 4 8 .  30 2 86 IC6  I 16S t 5 t  - l  426  4CC 4 4 5 ,  "19 H , 2 , - 6  

-2  144 12~ -2 ?5 ~3 --I 24~ lg  2 3g 64 - 4  46.  - 4 L  
180 177 ~ 3 7 *  - g  Z 4b - 3 6  - 2  3 0 *  16 5 116 124 e LIO 1 4 5  

- 3  312 ~7t -3 42-  -33  -?  58 74 3 3C8 283 -5  112 l J 7  I 45* - 2  
4 65 -114 4 109 i15 ~ 1S5 tO? -~  2C7 2Cd 6 ~7 b~ - i  44- 6 

-4  48.  -23 -% 65 73 -~  6CS ~5B 4 40* 39 -6  64 28 2 9b 127 
5 48. 62 5 30* I 4 20b -157 -4  ~3. 16 7 I13 i l l  -2  IC9 138 

-5 48. 38 -5  41.  5 -4  2?6 247 5 31g 276 -7  10g I?9 3 44* 26 
6 47- lO. 6 72 ~4 5 ??~ 256 -~ 243 238 B I I 3  - l l e  - 3  43~ -42  
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cycles and the distance in /~ between the initial 
positions and the final ' true' positions. It  will be 
noted that  all atoms which were more than 0.5 /~ 
from their final positions showed marked increases 
in their temperature factors, the extreme being atom 
C(3) which moved 0.95 /~ and whose temperature 
factor reached 9.82 A e in the second cycle. 

An attempt was made to extend the refinement by 
the use of anisotropic temperature factors. This 
at tempt was unsuccessful because the standard devia- 
tion in fie9 of the carbon atoms was of the same order 
of magnitude as the average value of flee. Consequently 
there was a tendency for some flee values to become 
negative. I t  may be noted that  R was reduced to 
0.071 with no appreciable shift in atomic positions. 

The final parameters are listed in Table 2, and the 
estimated standard deviations and final cycle para- 
meter shifts are listed in Table 3. The final values of 
observed and calculated structure factors are listed 
in Table 4, and the agreement of certain classes of 
reflections is listed in Table 5 where R* includes 
Fmin and (Fmin-Fc) for those unobserved reflections 
for which Fc > Fmin. 

Table 5. Agreement of certain classes of reflections 
Class R R* 
hkO 0-132 0.109 
Okl 0.119 0.I 19 
hOl 0.091 0.108 
h l l  0.114 0.121 
h2l 0.110 0-131 

Overall  0.107 0.121 

Table 6. Bond lengths and angles 
Dis tance  a 

Cu-O(1) 1.908 A 0.009 
C u - N  1.957 0.009 
O(1)-C(2) 1.326 0.013 
N-O(2)  1.418 0.014 
N-C(7)  1.256 0.014 
C(1)-C(2) 1-438 0-017 
C(1)-C(6) 1.402 0.015 
C(1)-C(7) 1.441 0.017 
C(2)-C(3) 1-397 0-018 
C(3)-C(4) 1.376 0-017 
C(4)-C(5) 1.395 0.019 
C(5)-C(6) 1-360 0.018 
C(5)-CI 1.762 0.011 

Angle a 

O ( 1 ) - C u - N  91"8 ° 0"4 ° 
Cu-O(1 )-C(2) 127.3 1.0 
Cu-N-C(2 )  128.0 1.0 
O(2) -N-C(7)  115.2 1.2 
O(1)-C(2)-C(1)  122.1 1-4 
N - C ( 7 ) - C ( l )  123.8 1.5 
C(2)-C(1)-C(7) 124-2 1.5 
C(2)-C(1)-C(6) 118.2 1.4 
C(1)-C(2)-C(3) 119.1 1.4 
C(2)-C(3)-C(4) 121.0 1.6 
C(3)-C(4)-C(5) 119.4 1-6 
C(4)-C(5)-C(6) 121.4 1.6 
C(5)-C(6)-C(1) 120.9 1.5 
C(6)-C(5)-C1 119-9 1. I 

Discussion 

Bond lengths and angles in the molecule of bis- 
(5-chlorosalicylaldoximato)copper(II) are listed in 
Table 6 with their estimated standard deviations 
and shown in Fig. 1. 

The coordination configuration about the copper(II) 
ion is a rectangle with N-O(1) distance of 2.78 A 
and N-O(I') distance of 2.69 /~. The coordination 
polyhedron is completed by phenolic oxygen atoms 
located at (x, y - l , z )  and ( - x ,  l - y , - z )  with a 
distance of 3.01 /~. The phenolic oxygen-copper 

o(r) 
/ "'-. c(3)J-~_c(o 

,115o7 ' "-... .~/ \~. 
C(7')-7"~ ~,N' ()(1 ~33~"~,/, \,~.~ .,, 
%124 °128~ .~/ , ~ , - t f j  c ( 5 ) ~ - c j  

. . . .  .~121 °118~ " ~ u ~  z. C(.I )'j~-~C(6)" 

~119.121o~ ' 0(1)) /N~I . ~ C ( 7 )  
c(4')--~c(3,) ~3"-. /2' 

0(2) 

Fig. 1. Bond  lengths and angles. 

direction is nearly perpendicular to the Cu-N-O(1) 
plane, making an angle of 80 ° along the Cu-O(1) 
bond direction. The distances and angles within the 
coordination polyhedron are listed in Table 7. The 
chelate coordination configuration is identical with 
that  found in bis(salicylaldoximato)copper(II) (Jarski 
& Lingafelter, 1964). However, the apical oxygen in 
bis(salicylaldoximato)copper(II) is an oxime oxygen 
atom from an adjacent molecule rather than a phenolic 
oxygen atom, and is considerably closer (2.66 /~) 
to the copper atom. The Cu-O distance of 1-91 J~ 
is similar to the 1.90 A in bis-(N-methylsalicyl- 

Table 7. Coordination configuration 
Distance  a 

Cu-O(1) 1.908 A 0.009 A 
C u - N  1.957 0-009 
Cu-O(l") 3.013 0.010 
N-O(1)  2.775 0.014 
N - O ( I ' )  2.691 0-012 
O(1") -O(1)  3.271 0.011 
O(1")-O(1") 3.840 0.015 
O ( I " ) - N  3.594 0.015 
O ( I " ) - N "  3.592 0.013 

Angle a 

O ( 1 ) - C u - N  91"8 ° 0"4 ° 
O ( 1 ) - C u - O ( l " )  79-9 0-3 
N - C u - O ( I " )  90-0 0.3 

No te :  O(1) and N are loca ted  a t  (x, y, z), O(1') and  N '  a t  
(W, y, ~), and  O( I " )  a t  (~, I - - y ,  5). 
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aldiminato)copper(II) (Lingafelter, Simmons, Morosin, 
Scheringer & Freiburg, 1961), the 1.88 ~ in bis- 
(N-phenylsalicylaldiminato)copper(II) (Wei, Stogsdill 
& Lingafelter, 1964), and the 1.92 A in bis(salicyl- 
aldoximato)copper(II) (Jarski & Lingafelter, 1964). 
There is good agreement between the Cu-N distance 
of 1.96 A and the distance of 1.94 J~ found in bis* 
(salicylaldoximato)copper(II). The Cu-O distance of 
3-01 A in the long bond' direction is somewhat 
longer than in most copper(II) coordination com- 
pounds, but with the type of molecular packing found 
in this crystal, the van der Waals radii of the ring 
atoms and the chlorine atom limit the approach 
distance. 

The hydrogen bond in bis(salicylaldoximato)copper 
(II) is longer (2-58 A) than that (2.52 A) in the 
nickel(II) compound because of the increased metal-  
ligand atom distances. The hydrogen bond in bis- 
(5-chlorosalicylaldoximato)copper(II) is still longer, 
2.63 /~, probably because of the increased deviation 
of the molecule from complete planarity. 

There are no significantly different bond distances 
or angles in the 5-chlorosalicylaldoxime residue from 
distances reported for similar molecules. The average 
C-C distance in the benzene ring is 1.395 A. The 
C-C1 distance of 1.77 ~ is somewhat longer than the 
average aromatic C-C1 distance of 1.70 J( (Bowen, 
1958), but agrees with the distance of 1.78 A in the 
ligand 5-chlorosalicylaldoxime (Simonsen, Pfluger & 
Thompson, 1961), and 1.78 A in syn-p-chlorobenz- 
aldoxime (Jerslev, 1950). 

The set of atoms consisting of the benzene ring and 
C(7), 0(1), and C1 which are directly attached to the 
benzene ring shows no significant deviation from 
planarity. The nitrogen atom is significantly displaced 
from this plane by 0-10 A, the oxime oxygen atom is 
also displaced from this plane by 0.08 /~, and the 
copper atom by 0.38 A. The molecule may be described 
as consisting of two parallel planes defined by the 
two phenyl groups and displaced by a perpendicular 
distance of 0.76 A, and the coordination plane which 
joins these two planes and makes an angle of 14 ° 
with each of them. This configuration is similar to 
that  found in bis-(2V-phenylsalicylaldiminato)copper 
(II) (Wei, Stogsdill & Lingafelter, 1964) in which the 
perpendicular distance between the phenyl groups is 
0.89 A and the angle is 18 °. 

The chlorine atoms form layers parallel to (I00), 

the atoms lying alternately 0-014/~ above and below 
this plane. They form a distorted hexagonal packing 
with C1-C1 distances of 3-84, 3.84, 3.89, 3-94, 3.98, 
and 4.80 J~. All of these distances are greater than the 
normal van der Waals sum of 3-42 ~ reported for 
the 5-ehlorosalicylaldoxime ligand molecule (Simon- 
sen, Pfluger & Thompson, 1961). 

Except for the Cu-O(1) distance of 3.01 J(, all 
intermolecular approach distances are greater than 
3.4 J~. 
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