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Crystal and Molecular Structure of Cobalt(III) Tris(2V, N-diethyldithiocarbamate)
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di Cristallografia del C.N.R., Italy
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Cobalt(III) tris(V,N-diethyldithiocarbamate) is monoclinic, space group C2/c with four molecules in
the unit cell, a=14-10, 5=10-26, c=17-02 A, p=110°8". The crystal structure has been determined by
two-dimensional Patterson and Fourier syntheses and refined with three-dimensional data by anisotropic
least-squares method, with a final agreement index for the observed reflexions R; =0-062. Each molecule
is formed by three dithiocarbamic ligands coordinated to a cobalt atom through the sulphur atoms;
except for the terminal methyl groups the molecule has nearly trigonal symmetry, with each
...S2CNC;. .. group approximately in a plane with the cobalt atom. Mean bond lengths: Co-S

2:258, S-C 1-704, C-N 1:319 A. The

...S,C=NR; form makes, as expected, an important contribu-

tion to the molecular structure. The intermolecular interactions are of the van der Waals type.

Introduction

During recent years the amount of information avail-
able on the structures of dithiocarbamates has in-
creased greatly; such information is important for the
understanding of their biological activity and is also
of theoretical interest in relation to the coordination
geometry about the metal atom and the bond lengths
and bond angles in dithiocarbamic ligands.

The crystal structure of cobalt(III) tris(N,N-diethyl-
dithiocarbamate) was investigated as part of a re-
search program on xanthates and dithiocarbamates
developed in our laboratory with the object of gaining
information on metal-sulphur bonds and on the struc-
tures of xanthic and dithiocarbamic ligands.

A preliminary study (optical and morphological
data, X-ray crystallography and two-dimensional
structure analysis) on this compound was published
by Merlino & Troysi (1966). Accurate data on bond
lengths and bond angles, however, are still lacking.

Experimental

The crystals of Co[S,CN(C,Hjs),]; are black and tabular
(001). Optical and morphological data can be found
in an earlier paper (Merlino & Troysi, 1966).

Crystal data

Cobalt(III) tris(N,N-diethyldithiocarbamate)
Co(I11) [S;CN(C,H5),];, M.W. 503-92
Crystal class: monoclinic prismatic
a=14-10+0-02, b=10-26 +0-02,
B=110°8"115".

Unit-cell volume U=2311-8 A3, Z=4, molecular sym-
metry C,-2, Dy=1-44 (determined with a Westphal
type balance), D.=1-448 g.cm~3, F(000)=1056.
p#=129 cm~! (Mo Ku) .

The systematic absences (hk! with A+k=2n+1, h0/
with A=2n+1 and /=2n+1, 0k0 with k=2n+1) cor-
respond to space groups Cc and C2/c. The use of in-

c=17-02+0-03 A,

tensity statistics (Howells, Phillips & Rogers, 1950)
and the absence of a detectable piezo-electric effect led
to the conclusion that the space group is probably
C2/c; this choice was subsequently confirmed by struc-
ture analysis.

The three-dimensional intensity data were recorded
with zirconium-filtered Mo Ka radiation (A=0-7107 A),
by means of Buerger precession photographs, with the
multiple-exposure technique and integration process.
A crystal of the compound was reduced to nearly
spherical shape with a mean diameter of 0-86 mm.
(uR=0-55 for Mo Kua radiation). Six layers with [010]
as precessing axis (k=0 through 5) and four layers
with [100] as precessing axis (A=0 through 3) were
taken.

A total of 1089 independent reflexions were ob-
served. The intensities, measured with a Nonius micro-
densitometer, ranged from 1 to 2400 and were pro-
cessed by a program written by Catani & Zanazzi
(1965).

Corrections were made for Lorentz and polarization
factors, and for the absorption factor by the three-
constants formula proposed by Palm (1964) for spher-
ical crystals.

Determination of the structure

The structure (Merlino & Troysi, 1966) was determined
with two-dimensional data (reflexions 40/ and 0k/) by
Patterson and Fourier methods and refined by two-
dimensional difference syntheses to a reliability index
Ri= X ||Fol—|Fdl|/ £ |F,)=0-17. Among the atoms of
the asymmetric unit, the cobalt atom, one nitrogen
atom and one carbon atom are in special positions 4(e)
along the twofold axis; all the other atoms are in gen-
eral positions 8(f).

Refinement
The atomic coordinates obtained in the preceding

phase have been refined by a full-matrix least-squares
program (Busing, Martin & Levy, 1962) with indi-
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vidual temperature factors and constant weights, in-
cluding also among the refined parameters the ten
scale factors. After the fourth cycle (R;=0-16) new
positions for two carbon atoms [C(6) and C(7)], in-
correctly located in the preceding phase, were deter-
mined by a three-dimensional Fourier difference syn-
thesis, calculated with a program written by Domeni-
cano & Giucci. Two further least-squares refinement
cycles with individual isotropic temperature factors
reduced the reliability index from R;=0-16 to R,;=
0-096.

STRUCTURE OF COBALT(III) TRIS(N,N-DIETHYLDITHIOCARBAMATE)

At this point, before anisotropic refinement, the 002
and 112 reflexions were rejected because they had
anomalously large discrepancies (the first is partially
trapped by the beam stop and the second is on the
limit of the blind region). Anisotropic temperature
factors were then introduced in the form

exp { — (W2B11 + k2B + 128334+ 2hkp15 +2hIBys + 2kiB,3)}.

Two further least-squares cycles reduced the reli-
ability index to R,=0-062, whereas R,=[ X w||F,|—
|Fel |/ £ w]Fo|?]/2 was 0-074. In the last four refinement

Table 1. Observed and calculated structure factors

Reflexions for which FO is listed as 0 were not recorded. Those marked with an asterisk were given zero weight.

H oKL FO FC Hok oL Fo FC CHoX L
2 v o 4 v 18 17
LU ] -8 018 LI 4
8 v o0 -8 v 18 17
w v o =10 v 18 18
s v 0 =12 3 1e 1 8
16 0 0 2 02 1 8
9 v 2e -2 02 V8
2 ¢ 2 ~4 0 22 18
-2 v 2 =19 v 29 1 8
U2 -12 Y2 19
-6 0 2 -1 D 2) 19
8 2 0 v 22 T 9
v 2 -4 022 19
v o2 -6 v 22 19
u 2 LR 19
2 31 9 19
¢ 2 5 1 2 19
v 2 T 19 19
[ ] ? 1 D 19
[ ] mn 19 19
[ ) 15 1 9 1
[ ) 11 )
[ -1 11 1
[} 3 1 1
U =3 1 1
[ 5 1 1
0o » =5 1 1 1
[ T 1
v b =T 1 1
[ 9 1 ! 1
[} =9 11 1
[ ] 13 1 )
v 6 5 1 1
0 6 17 1 1
[ 11 2 1
[ 3] -1 1 2 1
[ 3 301V 2 1
o 6 -3 1 2 1
v 6 51 2 1
0 & -5 1 2 t
0o 6 T 12 1
0 6 -7 1 2 1
o 6 9 1 2 1
0 6 n w2 1
v 8 =112 1
0o 8 -13 1 2 1
[ ) 15 1 2 1
0 8 113 1
6 8 -1 1 3 1
0 8 3 1 3 1
08 -3 1 3 1
¢C 8 -5 1 3 1
G 8 71 3 1
9 8 -1 1 3 1
0 8 ? 1 3 1
0o 8 -9 1 3 1
v 8 1nmn 1 3 1
0 8 <11 1 3 1
9 010 13 1 3 1
2 010 15 1 3 1
-2 0 W 11 0k 1
-8 010 =1 1 & 1
6 UMW 31 % 1
3 010 “3 1 & 11
-8 v 10 51 % 1
10 010 L2 N ¥ 1
~10 ¢ 10 1M1 s 1
12 610 =t 1% 1
=12 910 11 s 1
0 012 -1 1 5 1
2 v 12 31 s 1
-2 YN -3 1 5 1
L3I P s 15 1
6 v 12 =5 1 5 1
6 oy 12 7T 1S 1
8 012 9 1 5 1
-8 v 12 -9 1 5 1
10 v 2 -1 15 1
=10 12 =13 1 5 1
12 012 =15 1 5 1
=12 v 12 -17 1S 1
=18 012 T 18 1
[ IS -1 1 6 1
2 0 s 3 1 6 1
-2 0% =3 1 6 1
8o 5 1 & 1
=% 0 1k 71 6 1
6 0 W 9 1 6 1
-6 v -9 1 6 1
<10 v s n 1 e 1
=12 y =11 1 s 1
-18 0 W 15 1 6 1
0 16 LI I 4 1
=2 U 16 -1 17 ]
-4 oy 16 31 7 1
-6 0 16 -3 17 1
~8 U 16 5 17 1
=10 ¢ 16 -5 1 7 1
=12 L 16 T 17 1
-2 018 -9 1 7 1

FO FC H X L o FC H KL FO FC
22.1 =21.3 =5 122 -2 2 9
23.0 =281 -9 122 -5 2 9
17.1 =1T.9 -3 123 6 2 9

115.4 =108.7 -5 123 -6 2 9
34,6 33.9 -7 123 -8 2 9
28.0 28.0 2 2 0 0 2 9
29.3 =31.0 w20 -2 2 9
24,5 =26,5 6 2 0 0 210
2T.6 =27.5 8 2 0 2 210

100.8 102.3 10 2 0 =2 210
k.3 =21.2 12 2 0 s 210

100.0  109,7 s 2 0 - 210
37.7 39.3 6 2 0 -6 210
25.7  23.M 0 21 8 210
B4.2 81.3 2 21 -8 210
87.7 86.9 -2 21 10 210
22.5 20.6 v 21 <10 2 10
27.8 2646 % 2 1 -2 210
21.8  19.8 6 2 ) 0 2Mn
10,6 10,8 -6 2 1 220

8 2 1t -2 2N
-8 21 82
0 21 -3 2N
=10 2 1 6 21
12 211 =10 2 1
=12 21 0 212
w2 2 212
16 2 1 -2 212
-6 2 1 5 212
0 2 2 6 212
2 2 2 -6 212
-2 2 2 8 212
202 -8 212
-% 2 2 k.6 159.) =10 212
6 2 2 21 24,5 =12 212
-6 2 2 133.2 180,22 -18 212
-8 2 2 59. 60.3 =16 2 12
0 2 2 0 213
-0 2 2 -2 213
12 2 2 s 213
w2 2 -4 213
6 2 2 6 213
2 2 3 -6 213
-2 2 3 -8 213
-4 2 3 10 213
6 2 3 0 2s
8 2 3 2 218
-8 2 3 -2 2 W
0 2 3 S 2N
-12 2 3 -5 2%
-16 2 3 -6 2
0 2 s -8 2 N
2 2 % =16 2 %
-2 2 & 2 215
2 -2 215
. 2 % B 215
6 2 & =% 215
-6 2 & -8 215
8 2 & -2 21
-3 2 4 -5 216
0 2 & -6 2186
=10 2 & -8 216
12 2 & 0 217
=12 2 » -4 217
-8 2 4 218
=16 2 & -6 218
2 2 5 -8 218
-2 2 5 =10 218
5 2 S =12 2118
6 2 S -% 218
8 2 & 0 219
0 2 S =% 219
-6 2 S -8 219
0 2 & =12 219
2 2 6 2 220
-2 2 ¢ 2 22
L2 6 s 220
- 2 6 -8 2 20
6 2 6 -16 2 20
-6 2 & 22
=12 2 ¢ =% 221
-1s 2 & -8 221
-6 2 6 0 222
027 -2 222
2 271 - 222
-2 21 -6 223
6 2 7 -5 226
10 2 7 130
=12 27 3 0
w 27 5 30
- 27 131
0 2 8 -1 31
2 2 8 3 31
-2 2 8 -3 31
v 2 8 5 31
-4 2 8 =5 3 1 281.8 -28%,3
=10 2 & - 3 1 #de7 =8Je8
-8 2 8 e 31 39.6 8.9
0 2 9 -2 31 18.5 17.8
2 2 9 nmn 31 31,1 -35.6
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Table 1 (cont.)

FU FC MoK oL (2] £C Hok oL Fo FC LIRLIY FO FC Hox
318 v e S 5 7 2845 =23.9 2 6
315 =% & mn 9 5 7 18,9 =20.8 -2 &
315 ~8 & 1 9 5 7 24,8 =251 26
316 10 8 13 S11 5 T 4103 -42.0 -2 6
37 =12 & 1 15 8 496 5048 -2 6
317 v ok I2 3 5 8 21.3 17.8 0 6
37 2 w12 5 5 8 49.6 ~49.1 -2 6
319 -2 w12 7T 5 8 4149 ~kU.9 2 &
319 o612 -9 5 8 22,9 =21.9 0 &
319 6 & 12 15 9 59.1 54,0 2 6
319 -6 412 “1 5 9 50,4 52.0 -2 6
321 8 & 12 3 5 9 204 20.7 0 o
321 -8 & 12 -3 5 9 69,2 T2.4 [
321 -12 & 12 -7 5 9 59.2 62.2 -2 &
P -lu w12 -9 5 9 ul.1 31 2 6
L ~16 u 12 15 9 23.1 2.2 T 0
) J k13 -1 5 9 2649 25.6 3 70
s ) 2 13 15 L A |
LI -2 & 13 -1 5 -1 7
& 0 -4 u 13 -3 5 -3 7 1
L | v b 5 5 17 2
LI | 2 s -5 5 -3 7 2
[ 2w -1 5 17 3
o1 -6 4 1 9 5 -1 7 3
[ ~lu u 1n s -3 7 3
& 1 =16 & 1L 15 17T .
P 0 oS -1 5 -1 T w
2 2 & 15 5 5 175 52,1 =S1.u
s 2 -2 415 -5 5 -1 7 5 82.5 -66.7
b 2 2 L 18 -1 5 3 17 5
2 2 u 16 95 -3 7 5
2 =2 4186 -9 5 37 ¢
2 -4 4 16 =11 5 177
b 2 -6 4 18 -13 5 -1 77
v 3 -8 4 16 \ - -3 17
v 3 0 &7 -3 5 117 8
v 3 oW 7 -5 5 -t 78
v 3 -8 & 17 ] -3 7 8
L 3 -6 & 18 -13 5 T 7T 9
s 3 -8 4 18 15 -1 7T 9
v 3 FEE -1 5 -3 7 9
v 3 -4 419 3 5 t 7
LY d %22 -3 5 -1 7
Lo 0 & 21 -5 5 37
uou -2 21 75 -3 7
bou -2 & 22 -1 5 -1 7
LY 1.5 0 -9 5 -3 7
[ 3 50 -1 5 1T
N 9 50 =13 5 -1 7
b ou 1 5 0 15 37
Y 5 5 0 -1 5 17
LI 151 -3 5 -7
Lo -1 5 5 5 -3 7
L5 3 51 -5 5 -3 7
v 5 -3 5 1 1105 -1 7
L] 9 5 1 15 -3 7
L5 -9 5 1 -1 5 -3 7
L5 1m s 1 -3 5 -1 7
LY =11 5 =5 5 -3 7
L] -1 5 2 15 17
v 5 -3 5 2 5 5 -1 7
L) T 5 2 -T 5 0 8
L) 9 5 2 -9 5 2 8
L) 15 2 =13 5 0o 8
6 -1 5 2 -1 5 2 8
L6 1.5 3 -3 5 -2 8
o6 -1 5 3 =5 5 [
s 6 3 5 3 ] -2 8
L) -3 5 3 -9 5 o 8
L7 75 3 =11 5 2 8
4 7 ? 5 3 -3 s 2 A
P -9 3 3 -7 5 -2 A
L7 mn s 3 -9 5 0 8
7 -1 5 3 15 2 R
7 =1 5 =1 5 -2 8
4 8 3 5 u =17 5 0 8
4 8 =3 5 & 1 5 -2 8
v 8 9 5 u -1 s 7 8
4 4 1M 5 . =5 5 -2 9
¥ 8 -1t 5 4 15 0 8
v 8 -13 5 & -1 5 2 8
L B %5 . 0 6 -2 8
¥ 9 15 5 2 6 -2 8
v 9 -1 5 5 -2 & 0o 8
v 9 5 5 5 2 6 2 8
b9 T 5 S 2 6 2 8
59 5 5 6 A
9 5 5 6 f
v 9 5 5 3 8
LIRIY 5 5 (3 8
1) 5 5 3 B
819 5 6 6 8
1) 5 6 6 8
N 506 6 9
PR 5 6 6 i
%17 -9 5 & 2 6 -3 9
s a0 15 7 -2 % -1 9
0 -1 5 7 0 & 3 9
N 3 5 7 2 6 3 9
u 5 7 6 °

,
)
-
o
x
=
-
-
o
-
o
T

K L Fo FC H x L FQ FC MoK L F0 FC

22U,k ~25.5 2 019 16 run 28.8 27.2 212 1 17.3 15.9

2242 =225 2 11 0 -1 un 25.1 23,3 212 8 17.3 15.7

29.% 2846 2 11 =311 12 20.1 2.1 21210 22,1 -27%.¢e

19.4 21.5 ] =1t 11113 18,3 =15.2 21210 17.0 -17.1

17.6 =20.2 2 311 -1 1113 16,2 =1641 =212 10 17.3  =18.0

19.5 -18.3 -2 111 3 111w 19.9 16.5 =212 1 15.7 =16.1

3¢.8 =29.7 2 -1 1 3 11118 13.9 . 0 12112 15.4 16.7

1601 =13.7 9 31 3 1108 na “4e5 -2 1212 18.6 15.7

39.9 8.7 -2 =311 3 =11 ar 11.3 =131 1ax 16,3 171

9 =11 . 012 o 15.9 4.5 =113 TueT V2.0

2 1115 212 ¢ 20.1 15.4 -113 2 14.8 12.1

o -1 1 5 012 2 3u.u =31.5 112 3 2.1 =221

2 =31 5 212 2 22.9 =25.8 =113 3 2645 -21.2

0 111 6 012 3 16.8 =17,2 =113 14,1 ~14.8

2 =3 N s 012 & 35.4 35.1 =11z 5 21.7 22.7

0 T T 212 u 21.0 19.1 117 13.7 -10.%

2 3, 11 oe -2 12 u 20.1 27.3 -11* 9 a4 13.8

01215 19.7 =18.6 =11 8 012 6 15.9 =17.0 =113 1 1.5 1.6

2540 19.5 =2 16 15 18,3 -16.7 119 30.3 -29.0 212 & 22,3 -22.6 -t Sa7 -1k.8
33,2 -3u.5
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cycles Cruickshank’s weighting system was used, mod-
ified by downweighting the weaker reflexions:

1
= G/|Fmax)) [Fol2+ [Fol+ 2[Fmial
w=al|Fol|?

if |Fol 22| Fmin|

w
lf lFol < 2IFm1n| ’

where |Fmin| = 140, |Frnax| =320-0 and the constant a
was such as to ensure that the two functions assumed

Table 2. Positional parameters in fractional coordinates
and, in parentheses, the significant figures of their stan-
dard deviations

x y z
Co 0-5000 0-2517 (2) 0-2500
S@) 0-3735 (2) 0-3987 (2) 0-2235 (1)
S(2) 0-4005 (2) 0-0794 (3) 0-2495 (1)
S(3) 0-4470 (2) 0-2785 (2) 0-1098 (1)
N() 0-5000 —0-1439 (10) 0-2500
NQ@) 0-2936 (6) 0-4502 (8) 0-0593 (4)
(1) 0-5000 —0-0169 (12) 0-2500
C(2) 0-4072 (12)  —0-2158 (12) 0-2479 (7)
Cc(3) 0-4186 (15)  —0-2661 (13) 0-3373 (8)
C(@d) 0-3605 (6) 0-3848 (8) 0-1210 (4)
C(5) 0-2953 (8) 0-4366 (11) —0-0281 (4)
C(6) 0-2290 (9) 0-5517 (14) 0-0775 (5)
c( 0-3444 (11y 0-5503 (13) —0:0529 (7)
C(8) 0-1237 (9) 0-5587 (19) 0-0161 (8)

STRUCTURE OF COBALT(III) TRIS(N,N-DIETHYLDITHIOCARBAMATE)

the same value for |Fo| =2|Fmin|. With such a weight-
ing system the average w(F,— F¢)? was approximately
constant over the whole range of F, values. In the last
refinement cycle all the parameter shifts were well
within the corresponding standard deviations.

The following atomic scattering curves were used:
cobalt from Freeman & Watson (1961); sulphur from
Dawson (1960); carbon and nitrogen from Freeman
(1959).

The observed and calculated factors are compared
in Table 1. Tables 2 and 3 respectively give the final
positional and thermal parameters with their standard
deviations.

Description and discussion of the structure

The structure consists of enantiomorphous molecules
Co[S,CN(C,Hs),); (Fig.1). The interatomic distances
and bond angles were calculated by the ORFFE pro-
gram of Busing, Martin & Levy (1964). Intramolecular
distances and bond angles are reported in Tables 4
and 5 respectively and in Fig.1. The closest inter-
molecular distances are reported in Table 8 and in
Fig.2. In the Tables and Figures the atoms of the dif-
ferent asymmetric units are related to the symmetry
equivalent atoms of the fundamental unit as follows:

Table 3. Thermal parameters and, in parentheses, the significant figures of their standard deviations

Au Ba2 B33 bz J:E) B23
Co 0-0049 (1) 0-0067 (2) 0-0029 (1) 0-0 0-0013 (1) 0-0
S() 0:0069 (2) 0-0114 (3) 0-0031 (1) 0-0014 (2) 0-0019 (1) —0-0001 (1)
S(2) 0-:0062 (1) 0-0098 (3) 0-0039 (1) —0-0015 (2) 0-0015 (1) 0-0005 (1)
S(3) 0-0058 (1) 0-0088 (2) 0-0032 (1) 0-0008 (2) 0-0018 (1) —0-0002 (1)
N(1) 0-0107 (10) 0-0073 (11) 0-:0044 (4) 0-0 0-0007 (5) 0-0
N(2) 0-0069 (5) 0-0111 (9) 0-0037 (3) 0-0018 (7) 0-0016 (3) 0-0004 (4)
C(1) 0-0073 (10) 0-:0071 (10) 0-0039 (5) 0-0 0-0008 (6) 0-0
C(2) 0-0156 (12) 0-0106 (11) 0-0059 (5) —0-0086 (13) 0-0012 (7) —0-0001 (6)
C@3) 0-0246 (21) 0-0187 (18) 0-0075 (6) —0-0156 (20) 0-0034 (9) 0-0018 (8)
C@4) 0-0056 (5) 0-0077 (8) 0-:0036 (3) —0-0001 (8) 0-0017 (3) 0-0001 (4)
C(5) 0-0079 (6) 0-0160 (13) 0-0030 (3) —0-0010 (10) 0-0011 (3) 0-0011 (5)
C(6) 0-0108 (9) 0:0254 (22) 0-0039 (4) - 0-0093 (14) 0-0017 (5) —0-0007 (7)
C(7) 0-0128 (11) 0-0199 (18) 0-0065 (6) —0-0050 (15) 0-:0042 (7) 0-0012 (9)
C(8) 0-0075 (19) 0:0346 (34) 0-0090 (7) 0-0061 (16) 0-0015 (7) —0-0005 (13)
Table 4. Bond distances, with their standard deviations
Bond Distance e.s.d. Mean e.s.d. Calculated

Co—S(2) 2:255A 0-003 A

Co—S(1) 2:260 0-003 2-258 A 0-002 A 226 A

Co—S(3) 2:258 0-002

S(2) ~C(1) 1714 0-008

S(1) -C(4) 1-703 0-007 1-704 0-005 1-698

S(3) -C4) 1-695 0-009

C(1)-N(1) 1-304 0015 _ ] )

W NG 1327 0010 1-319 0-009 1-314

N(1)-C(2) 1492 0-016

N(2)-C(5) 1-502 0-010 1-496 0-008

N(2)-C(6) 1-486 0-014

C(2)-C(3) 1-562 0-019

C(5)-C(7) 1-490 0-016

C(6)-C(8) 1-495 0-015
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i atomat 1-x y 13-z
ii  atom at x -y 14z
iii  atom at x 14y z
iv atomat I-x 11—y -z
v atom at x 1-y 4+4+z
vi atomat i—x —3+y 1-z
vii atomat -—-x 1-y -z
viii atomat 4—x 1i-y -z

Fig.2 illustrates the arrangement of the molecules
in the unit cell, as seen along [100]. The packing of
the molecules does not present outstanding peculiari-
ties; the weak intermolecular interactions, which are
of the van der Waals type, explain very well the soft-
ness of the crystals.

Each complex molecule is formed by three dithio-
carbamic ligands octahedrally coordinated to a cobalt

a
1zo,o° 1.30

5(2) -Co—S(2Y)
S(1) -Co—S(3)

Co—S(2) -C(1)
Co—S(1) -C(4)
Co—S(3) -C(4)
S(2) -C(1)-S(2Y
S(2) ~C(1)-N(1)
S(1) -C(4)-S(3)

S(1) -C(4)-N(2)
S(3) -C(4)-N(2)
C(1)-N(1)-C(2)
C(2)-N(1)-C(2Y)
C(4)-N(2)-C(5)
C(4)-N(2)-C(6)
C(5)-N(2)-C(6)
N(1)-C(2)-C(3)
N(@2)-C(5)-C(7)
N(2)-C(6)-C(8)

Bond angle
76°46"

75

86

86

87
109
125
110
124
125
119
120
119
120
119
109
112
114

55
50
59
5

34
13
2

35
24
37
46
13
33
30
32
0

50

@, 12.0°

Fig.1. The molecular structure of cobalt(III) tris(V,N-diethyldithiocarbamate).

Table 5. Bond angles, with standard deviations

e.s.d.

%
5
22
17
14
42
21
26
38
35
35

1°11”
43
38
41
1°1
49
55

1445
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atom through the sulphur atoms. Distances and angles
in the cobalt coordination sphere are reported in
Table 6: the octahedron formed by the sulphur atoms
is distorted with trigonal symmetry. Except for the
terminal methyl groups, the whole molecule has nearly
trigonal symmetry and the deviations are probably due

Table 6. Distances and angles in the
cobalt coordination sphere
Values of interatomic distances and bond angles not crystallo-

graphically independent are given in parentheses: they are
reported to emphasize the trigonal symmetry.

Co—S(l) 2260 A S(1) -Co-S(3) 75°54’
Co—S(2) 2255 S(2) -Co-S(2i) 76 48
Co—S(3)  2:258 S(1)-Co-S(3Y) (75 54)
S1)-S(3) 2779 S(1) -Co-S(2) 94 17
S(2) -S(2)) 2801 S(2) -Co-S(3) 94 31
SG3H-S(1)  (2:779) S(31)-Co-S(1) 94 38
S(1H-S(1)  3-366 S(1) -Co-S(1) 96 17
S(3)-S(2)  3-366 S(2) -Co-S(3) 96 27
S(2i)-S(3)  (3-366) S(2i)-Co-S(31) (96 27)
S()Y-S(2) 3310

S2)-s(39)  3-314

SGi)-S(1)  3-321
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to the intermolecular interactions which assure the best
packing in the crystal.

The distances between sulphur atoms belonging to
different dithiocarbamic ligands, 3-31 and 3-37 A, cor-
respond to the shortest values observed for S- - -S con-
tacts and are comparable to those observed in zinc
ethylxanthate, 3-38 A (Ikeda & Hagihara, 1966), in
nickel bis(dithiocarbamate), 3-41 and 3-44 A (Fava
Gasparri, Nardelli & Villa, 1967), in bisthioureanickel
thiocyanate, 3-40 and 3-45 A (Nardelli, Fava Gasparri,
Giraldi Battistini & Domiano, 1966), in K;Co(NCS),.
4H,0, 3-43 A (Zhdanov & Zvonkova, 1950), in rhoda-
nine, 3-47 A (van der Helm, Lessor & Merritt, 1960),
and are consistent with the value 1-72-1-73 A proposed
by van der Helm, Lessor & Merritt (1960) for the van
der Waals radius of the sulphur atom.

The atoms of each dithiocarbamic ligand, apart from
the terminal methyl groups, lie approximately in a
plane with the central cobalt atom (Table 7). The de-
viations from the plane are of the same order of those
found in nickel, copper and zinc diethyldithiocarba-
mates by Bonamico, Dessy, Mariani, Vaciago & Zam-
bonelli (1965), Bonamico, Dessy, Mugnoli, Vaciago &

¢ st ——

e e e

Fig.2. [100] projection of the unit cell. Atoms and interatomic bonds in the two molecular units with central Co atoms at
(4, 0:2517,3) and (0,0-2483,3) are represented respectively as hatched circles and dashed lines.
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Zambonelli (1965), and Bonamico, Mazzone, Vaciago
& Zambonelli (1965).

The most interesting bonds are Co-S, S-C and C-N.
The mean value of Co-S bond lengths is 2-258 A,
which is equal to the sum of the covalent radii of
cobalt(IIT) and sulphur atoms, 1-22 and 1-04 A respec-
tively (Pauling, 1960). The mean values of S-C and
C-N bond lengths are 1-704 and 1-319 A respectively.
Planarity, bond angle and bond length values indicate
conjugation with sp? hybridization of the valence or-
bitals of C(1), N(1), C(4) and N(2) atoms. Bond dis-
tances in the diethyldithiocarbamate ligand, calculated
in terms of the valence-bond theory, agree very well
with those observed, assuming the following contribu-
tions of the resonance structures:

(=) ()

S S s
7N w7 N VAN /
C=N C—N C—N
Ny N N/ NN/ N
s S S
m 2% an 29% am 29%

Bond order-bond length curves were derived with the
use of the Pauling relation:

3x
2x+1°
It was assumed that for the S-C bond r; =1-812 A and
r,=1-607 A (Pauling, 1960), for the C-N bond r;=
1-475 A (International Tables for X-ray Crystallography,
1962) and r,=124 A, following the suggestion of
Vaughan & Donohue (1952), Wheatley (1955), Hahn
(1957), and Marsh, Bierstedt & Eichorn (1962). The
calculated values are reported in Table 4 for compar-
ison with the observed values.

In Table 9 the bond lengths within the dithiocarbamic
group in various compounds are compared: it appears
that the C-N bond always presents a high degree of
double-bond character. The close similarity of the
bond lengths (Table 9) in the M(ligand); complex

rg=ri—(ry—rz)
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studied in this work and in the various other M(ligand),
complexes is noteworthy: it means that the contribu-
tions of the three resonance structures are nearly in-
sensitive not only to the nature of the central metal
atom but also to changes in stereochemistry.

Table 8. Shortest intermolecular distances
The shortest intermolecular S---C distances are given also

in Fig. 2.
S(1) - - - C(21) 399 A
S(1) - - - C(3i1) 3-89
S(1) -+ -C(7Y) 3-99
S(2) - - - C(5vitl) 3-83
S(2) ---C(6v) 3-97
S(3) .o .C(Sviii) 3.90
S(@3) -+ -C(7V) 3-82
C(3) - - - C(51) 375
C@3) - -C(7) 3-80
C(4) « + - C(5viii) 398
C(6) - - - C(21) 3-93
C(8) - - - C(8Vii) 3:55

As Alderman, Owston & Rowe (1962) first pointed
out, the high contribution of the resonance structure
(1) confirms the attribution, made by Chatt, Duncan-
son & Venanzi (1956), of the strong absorption band
in the region 1542 —1480 cm! of the infrared spectra
of dithiocarbamic acid derivatives, to a polar C-N
partial double bond.

The two-dimensional Patterson and Fourier syn-
theses were calculated on the Calcolatrice Elettronica
Pisana (C.E.P.). All the other calculations were per-
formed on the IBM 7090 computer of the Centro
Nazionale Universitario di Calcolo Elettronico (Pisa).
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