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The clystal structure of bti(S-methyl-N-isopropyl- 
idendithiocarbazate)nickel(II), Ni [(CH&CNNCSS- 
CH3j2, has been determined from three-dimensional 
X-ray diffractometer data. The triclinic crystals 
belong to the space group Pi: a = 7.198(3), b = 
18.548(4), c = 7.025(3) 4 (Y = 94.02(J), /3 = 
114.85(J), y = 92.79(J)“. The observed and calculat- 
ed (Z = 2) densities are 1.51 and 1.50gcmm3, respec- 
tively. The structure was solved by the heavy-atom 
technique and refined by fill-matrix least-squares 
method to R1 = 0.062 and Rz = 0.069 using 1811 
rejlexions for which I > 1.96 o(I). In the molecular, 
monomeric complex the nickel atom is four-coordina- 
te and the stereochemistry around it is intermediate 
between planar and tetrahedral. The angle between 
the planes through Ni, S(l), N(1) and Ni, S(3), N(3) 
is 27.71”. 

Introduction 

In recent years investigations of transition metal 
complexes with dithiocarbazic acid and its derivati- 
ves have given much information about their 
structure, magnetic properties and biological activity 
[l-6]. So far only the crystal structures of the two 
compounds: bis(ethyldithiocarbazate)nickel(II) [7] 
and (S,S-2ethyldithiocarbazato)(S,N-2-methyl-methyl- 
dithiocarbazato)nickel(II) [8] have been investigated. 
The crystal structure of the title compound is the 
first stage of our investigation of the nickel com- 
plexes with dithiocarbazic acid derivatives. 

Experimental 

The compound Ni[(CHJ),CNNCSSCHs12 was 
prepared as described previously [2]. The product 
was recrystallized from a mixture of chloroform and 
water yielding brown-green crystals. A single crystal 
of dimensions 0.1 X 0.1 X 0.1 mm was selected for 
data collection. The unit cell dimensions and 
intensity data were measured on a Syntex P21 four- 
circle diffractometer with a graphite monochromator 
using CuK, radiation. The lattice parameters and 

orientation matrix used for data collection were 
obtained from the least-squares refinement of 15 
reflexions. The parameters are: a = 7.198(3) 4 b = 
18.548(4) & c = 7.025(3) a, OL = 94.02(S)“, fl = 
114.85(S)‘, y = 92.79(5)‘, V = 845.8(2) A3. The 
density measured by flotation in a mixture of ethyl 
alcohol-carbon tetrachloride was 1.51 gcmm3, the 
calculated density for Z = 2 was 1.50 gcmF3. Intensi- 
ties of 2209 reflexions were collected using the 8-20 
scan technique to 28,,, = 110’. The scan rate varied 
from 3.8 to 20.0 deg min-’ depending upon the 
intensity of reflexion. From a total collection 1811 
reflexions were accepted for further calculations, 
being those for which I was greater than 1.96 o(I). 
Intensities of a standard reflexion were measured 
every 15 reflexions and showed no significant change 
with time. The data were corrected for the Lorentz 
and polarization factors but not for absorption. The 
linear absorption coefficient was 59.0 cm-’ for 
CuK,. The absorption factor varied from 1.56 to 
1.52. 

Structure Determination 

The positions of the nickel and two sulphur atoms 
were determined from a three-dimensional Patterson 
synthesis. The Fourier map based on signs from those 
atoms showed the remaining two sulphur and three 
nitrogen atoms. All other non-H atoms were found 
from several difference Fourier maps. Refinement by 
the full-matrix least-squares method with individual 
isotropic thermal parameters reduced R to 0.112. 
Subsequent refinement with anisotropic thermal 
parameters reduced R to 0.082. At this stage a dif- 
ference-Fourier synthesis showed the positions of 
seven H atoms. All the remaining H atoms were found 
from further difference-Fourier maps. The refme- 
ment with futed parameters for H atoms (for all B = 
5.0 AZ) gave R1 = 0.062 and R2 = 0.069. The 
function minimized during the refinement was xw- 
( IF, I - lF,l)2 with w = l/o’(F). 

In the final cycle of refinement the maximum shift 
over error was 0.90 with an average shift over error of 
0.15. The fmal atomic coordinates, temperature 





Structure of Ni(II) Dithiocarbazate Complex 

TABLE III. Interatomic Distances (A). 

NiS(1) 2.152(3) C(2)-H(1) 
NiS(3) 2.154(3) C(2)-H(2) 
Ni-N(1) 1.933(7) W-H(3) 
Ni-N( 3) 1.935(7) C(4)-H(10) 
S(l)X:(l) 1.752(11) C(4)-H(11) 
S(3)<(3) 1.752(10) C(4)-H(12) 
(X1)-N(2) 1.287(13) C(6)-H(16) 
C(3)-N(4) 1.288(15) C(6)-H(17) 
N(2)-N(1) 1.415(10) C(6)-H(18) 
N(4)-N(3) 1.432(10) C(7)-H(13) 
C(l)-W) 1.758(g) C(7)-H(14) 
C(3)-S(4) 1.748(11) C(7)-H(15) 
S(2tcW 1.800(12) W)-H-I(4) 
S(4)<(4) 1.775(13) C(9)-H(5) 
N(l)-C(8) 1.279(12) C(9)-H(6) 
N(3)-C(5) 1.262(14) C(lO)-H(7) 
C(8)-C(9) 1.496(14) C(lO)-H(8) 
C@FC(lO) 1.498(15) C( 10)-H(9) 
C(5)<(6) 1.494(14) 
C(5)<(7) 1.486(14) 

1.00 
1.02 
1.00 
1.04 
1.00 
1.02 
1.01 
1.02 
1.03 
1.03 
0.92 
0.87 
1.00 
1.00 
1.00 
0.92 
1.08 
1.02 

TABLE IV. Bond Angles (deg). 

S(l)-N&S(3) 91.75(12) 
S(l)-NtN(3) 159.63(25) 
S(l)-Ni-N(1) 86.71(24) 
N(l)-Ni-N(3) 101.92(32) 
N(l)-NiS(3) 160.18(25) 
S(3)-N&N(3) 86.18(24) 
Ni-S(l)-C(l) 93.79(36) 
S(l)-c(l)-S(2) 125.65(81) 
C(l)-N(2)_N(l) 110.65(78) 
N(2)-N(l)-Ni 118.05(55) 
Ni-N(l)-C(8) 128.96(67) 
C(8)-N(l)-N(2) 112.67(76) 
N(l)K(8)-C(9) 122.56(91) 
NC1 )-C(8)-W 0) 120.05(90) 
C(9W(8)~:(10) 117.35(89) 
S(l)-C(l)-S(2) 113.83(59) 
S(2)--C(l)-N(2) 120.48(79) 
C(l)S(2)~(2) 101.76(53) 
Ni-S(3)-C(3) 93.79(38) 
S(3)<:(3)-N(4) 125.42(85) 
C(3)-N(4)-N(3) llO.lO(81) 
N(4)-N(3)-Ni 117.10(56) 
Ni-N(3)<(5) 128.5 l(67) 
N(4)-N(3)-C(5) 114.07(77) 
N(3)<3(5)-C(6) 123.52(90) 
NGFC(5)-C(7) 120.30(88) 
C(6)K3(5)-c(7) 116.08(86) 
S(3)-C(3)-S(4) 111.72(61) 
N(4)--C(3)4(4) 122.86(84) 
C(3)-S(4)~(4) 103.23(58) 

carbazidato)Ni(II) [lo], 2.150 A and 1.935 A in 
bis(acetophenonethioacethydrazonato)Ni(II) [ 1 l] . In 
the ligand molecules all bonds are similar to those in 
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TABLE V. Molecular Planes for Ni[(CH&CNNCSSCH3] 2. 

(a) Plane through Ni, S(l), N(1) 
0.9633x + 0.1317~ - 0.23392 - 2.4623 = 0 

@) Plane through Ni, S(3), N(3) 
0.7302x + 0.2559y - 0.6335~ - 1.9516 = 0 

(c) Plane through S(l), C(l), N(2), N(1) 
0.5969x - 0.2884~ - 0.7487~ - 1.3192 = 0 
Distances of atoms from plane (A) 
Ni -0.531(2) N(2) -0.009(8) 
SW -0.000(3) C(1) 0.015(11) 
S(2) 0.131(3) C(2) 0.486(12) 
N(l) 0.004(7) C(8) 0.499(10) 

(d) Plane through S(3), C(3), N(3), N(4) 
0.2285x - 0.2281~ - 0.94642 + 0.6611 = 0 
Distances of atoms from plane (A) 
Ni 0.581(l) N(3) -0.005(7) 
S(3) 0.001(3) N(4) 0.013(8) 
S(4) -0.080(3) C(3) -0.022(10) 

Angles between planes 
a-b 27.71” 
C-d 24.39” 

bis(acetophenonethioacethydrazonato)Ni(II) and 
they can be described as single or double bonds. The 
presence of the two double bonds C=N in the 
llgand molecule cont%rns the results of previous 
investigations [2] that the deprotonated tautomeric 
form of the ligand takes part in the bonding. The 
lengths of other bonds and the angles in the organic 
ligand are only slightly different from those found in 
other similar compounds [9, 111. 

The angle between the planes through Ni, S(l), 
N(1) and Ni, S(3), N(3) is 27.71”. This angle is 0” 
for a perfectly planar arrangement and 90’ for a 
perfectly tetrahedral one. The respective angle in 
bis(acetophenonethioacethydrazonato)nickel(II) is 
19”. Other compounds of nickel containing similar 
chelate rings but without large groups at the nitrogen 
atom directly bound with the nickel atom are planar 
or nearly planar [9, 10,121. 

It was found by R. G. Hazell [ 131 that Ni(bis-N,N- 
diethylphenylazothioformamide) is quite stable, 
contrary to the similar compounds without a bulky 
group at this nitrogen atom which are unstable and 
difficult to be isolated. 
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