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Crystal Structure of Bis(NN-di-isopropyldithiocarbamato)nickel ()

By P. W. G. Newman and A. H. White, Department of Physical and Inorganic Chemistry, University of Western
Australia, Nedlands, 6009, Western Australia

The crystal structure of the title compound has been established by single-crystal X-ray diffraction methods.
Crystals are monoclinic, space group P2,/a. a = 1562 £ 0-03, 6=17-83+003, ¢c =816 001 A, B =
110-5(2)°, Z = 4. The structure was solved by Patterson and Fourier methods and refined by block-diagonal

least-squares to R 0-11 for 1909 visually estimated reflections.

The structure consists of two independent sets of

planar molecules, the nickel atoms each being planar co-ordinated by four sulphur atoms at equal distances
(mean Ni—S, 2:181 = 0-005 A) and significantly shorter than in previously reported nickei(l1) dithiocarbamate
structures (mean Ni—S > 2:20 A), the trend in bond length paralleling crystal-field effects. The remainder of the
ligand dimensions are normal [C—S, 1-70(1) A, S-Ni—S, 79-2(5)°, C-N, 1-33(1) A]. Steric interaction between
the terminal i-propy! substituents leads to an interesting non-equivalence of these within each ligand.

IN the tris-(NN-dialkyldithiocarbamato)cobalt(11) and
-iron(111) derivatives, [M(CSyNR,),], ligand substituent
modifications effect appreciable changes in the field
experienced by the metal atom in its Dy environment of
six sulphur atoms. In the cobalt(ii1) derivatives, the
5Co n.m.r. chemical shift o¢, (%, relative to K4[Co(CN)g])
is a sensitive indicator of the change;! in the iron com-
plexes the change is most sensitively observed via the
relative sextet-doublet energy-level disposition as re-
flected in the magnetic moment, ppe, at 300 K in chloro-
form solution.?* By use of these parameters, it is

possible to classify the ligands in terms of R as follows:

Class ~NR, Sco( %) ure/B.M.
(i) —N(CH,),, ~NH,(Co only) ca. 0-705—0-725 ca. 59

(ii) —N(n-alkyl),, ca. 0-664—0-670 ca. 4-1—4-5

=N(CH,).(n > 5)
(iii) —N(CHR,),;, —NPh, ca. 0-626—0-632 ca. 2226

Intermediate classes of behaviour may be obtained
when a ‘mixed’ ligand, CS,NR!R? is used. This
classification is less sensitively reflected in the elec-
tronic spectra of these complexes and their nickel
analogues.®

To obtain an appreciation of the causes of this variety
of behaviour in the cobalt(111) and the iron(i11) series,®?
we have investigated structurally a series of nickel(11)
complexes of these above ligand types, chosen because
of the constant ground state, the good quality of the
crystallographic data, the variety of related structures
known, and their frequent structural simplicity.

In those nickel(1r) complexes already studied the
insensitivity of the electronic spectrum to substituent
change is not reflected in other observables. Both C-N
and Ni-S bonds change appreciably from class (i) to
class (ii); in [Ni(CSy'NH,),] these bond lengths are
1-37(3), 1-38(3), and 2-207(7)—2-224(15),8 whereas in
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class (ii) complexes they are 1-33(1), 1-33(1), and
2-197(2)—2-210(2).* Although doubt is cast on these
by the high (full-matrix) standard deviations, they are
paralleled by changes in the ir. frequencies of these
bonds. In [Ni(CSyNH,),], v(C-N) is ca. 1440 cm™ and
v(Ni-S) ca. 378 cm™; for the dialkyl derivatives v(C-N)
is >1500 cm™ and v(Ni-S) ca. 383 cm, (assignments are
supported by normal co-ordinate analyses),1913 suggest-
ing that, in terms of the canonical forms (I) and (II),
form (II) is more pronounced in the latter.

S R Sy R S,

\ .
\/C—N< >C—N/ \C=N/R
s” s/ \ 's/ \R

(la) (Ib) ()

We have examined structurally a representative set of
these complexes as follows: (i) [Ni(CSy;N(CH,),),],1?
[Ni(CS,'NH,),];8 (i), (i) [Ni(CSyNHMe),]; 1% (i)
[Ni(CSyNEt,),],2 [Ni(CSyNPrn,),]; 1%  and (i), (ili)
[Ni(CSyNMePh),]; 1* we now report the structure of
the class (iii) complex [Ni(CS,"NPri,),].

EXPERIMENTAL AND RESULTS

[Ni(CS,*NPrl,),] was prepared by the reaction of stoicheio-
metric quantities of the sodium salt of the ligand in aqueous
solution with nickel sulphate, and recrystallized from chloro-
form-ethanol. Crystals suitable for X-ray work were ob-
tained as blocks from the slow evaporation of chloroform—
ethanol solution.

Non-integrated X-ray data was collected by the multiple-
film equi-inclination Weissenberg method, on two crystals
{both 0-12 x 0-10 X 0-15 mm) mounted with the spindle
axis parallel to b and ¢ respectively (the crystal axes being
parallel to the crystal edges) for the layers A0—9!, 1k0—4.
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Unit-cell calibration was effected by superimposing alumin-
ium powder lines (agsx = 4:0494 A) 16 on zero-layer Weis-
senberg photographs. Nickel-filtered copper radiation was
used throughout [A(Cu-K3) = 1-5418 A].17

Crystal Data.—C,,Hy( N, 1\184, M = 411, Monoclinic, a =
1562 + 0:03, b = 17-83 + 0-03, ¢ = 816 4+ 0-024, B =
110-5 4 0-2°, U = 2127 A3, Dy = 1-28 4+ 0-01 (flotation),
Z =4, D,=129. F(000) = 872. Space group P2,/a
(C3;, No. 14).® p(Cu-K,) = 68 cm™, transmission co-
efficient 0-39—0-57.

The intensities of 1909 independent observed reflections
were estimated visually by use cof a calibrated intensity
strip, only these non-zero reflections being used in the
structure determination. The data was corrected for
absorption by the ABSCOR routine,'® for Lorentz and
polarization factors, and scaled by internal correlation,2®
all reflections being assigned unit weights.

TasrLe 1
Final atomic parameters of the asymmetric unit with
estimated standard deviations in parentheses
(a) Fractional positional and isotropic thermal parameters

Atom x y z BJA?
Ni(1) 0-5000 0-5000 1-0000

Ni(2) 0-5000 0-0000 1-0000

sy 0-3527(2) 0-4857(2) 0-9313(4)

S(2) 0-4570(2) 0-4959(2) 0-7154(4)

S(3)  04317(2)  0-1047(2) 1-0190(6)

S(4)  0-5956(2) 0-0823(2) 0-9655(5)

N(1)  02727(7)  04773(5)  0-5795(13)  4-5(2)
N(2)  0-5351(8) 0-2220(7) 0-9884(15)  6-6(3)
C(1)  0-3486(7)  0-4849(6)  0-719(1) 3.6(2)
C(2)  05208(7)  01479(7) O 992(2) 12(2)
C(3)  02703(8)  0-4790(7)  0-396(2) 47(2)
C(4)  01835(9) 0-4694(7) 0-607(2) 52(3)
C(s)  0-624(2) 0-249(1) 0-964(3) 10-4(6)
Cl6)  0-468(1) 0-281(1) 0-995(2) 9-2(5)
(1)  0128(1) 0-541(1) 0-541(2) 7-7(4)
c(8)  0135(1) 0-3971(9) 0-518(2) 7-3(4)
C9  0301(1) 0-5536(9) 0-350(2) 7-1(4)
C(10)  0-321(1) 0-4120(9) 0-355(2) 7-0(3)
C(11)  0-458(1) 0-280(1) 1-170(3) 11-6(6)
C(12)  0-379(1) 0-273(1) 0-849(3) 10-3(5)
C(13)  0-599(2) 0-295(2) 0-800(4) 16-1(9)
C(19)  0677(2) 0-297(2) 1-126(4) 15-8(9)

Postulated co-ordinates of the calculated secondary hydrogen
atoms numbered according to the carbon atom to which they
are attributed

H(3) 0193 0-472 0-307
H(4) 0194 0-462 0-759
H(5)  0-659 0-202 0-945
H(6)  0-501 0-339 0-973

(b) Anisotropic thermal parameters (x 10%) of the form exp —
(Biah?® + Beoh® + Bl + Brohk + Bishl + Bookl)

Atom Bn Bap Bas Bz Bas Bis

Ni(1)  23(1) 25(1) 938 —2(3)  6(4) 23(%)
Ni(2)  43(1) 16(1) 117(5) 3(2)  5(4) 47(4)
s(1) 45(1) 49(1) 168(5) —5(2) —4(5) 59(4)
s(2) 42(1) 68(1) 189(5 —6(2)  5(5) 66(4)
5(3) 66(1) 33(1) 381(10) —0(2)  7(5) 159(7)
S(4) 64(2) 39(1) 308(8) 12)  6(5 126(6)

Structurve Determination.—An unmodified three-dimen-
sional Patterson function was computed from all data, all
nickel and sulphur atoms being located; the carbon and

16 B. W. Delf, J. Appl. Phys., 1963, 14, 345.

? ‘ International Tables for X-ray Crystallography,” vol. 1II,
Kynoch Press, Birmingham, 1962, p. 59.

18 Ref. 17, vol. I, 2nd edn., 1965.

1 N. W. Alcock, in ‘ Crystallographic Computing,’
gaard, Copenhagen, 1971, p. 271.
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nitrogen atoms were located in a subsequent three-dimen-
sional Fourier synthesis. Positional and isotropic thermal
parameters were refined by use of a block-diagonal (3 x 3,
6 x 6) least-squares routine (local versions of SFLS 1,
A.I.M. Rae, and SFLS 2, B. J. Ong) and after four cycles the
R was reduced to 0-23. A weighting scheme of the form
w = (a + |Fo| + b|F,|%™ was introduced 2! (a and b being
recalculated at successive stages of refinement); refinement
continued, the function minimized being Zw( — |Fe)3

and converged to R 0-136, the value, R/, {R’ = [Lw [Fo| —
|Fe|)2/Zw|F,|?]!} being 0-189. The nickel and sulphur atoms

TABLE 2
Intramolecular bonding distances (&) and angles ),
with estimated standard deviations in parentheses
(a) Distances

Molecule (1) Molecule (2)

Ni(l)-S(l) 2-183(3) Ni(2)-S(3) 2-182(3)
(1)-S(2) 2179(3) Ni(2)-S(4) 2-181(3)
(1) cl)  1-711(11) S(3)—C(2) 1-673(12)
5(2)—0(1) 1-714(12) S(4)-C(2)  1-720(12)
C(I)-N(1)  1-329(15) C(2)-N(2) 1-337(17)
N(I)-C(3) 1-48(2) N(2)-C(5) 1-55(3)
N(1)-C(4) 1-49(2) N(2)-C(6) 1-50(3)
C(4)—C(7) 1-53(2) C(6)—C(11) 1-49(3)
C(4)—C(8) 1-54(2) C(6)—C(12) 1-49(3)
C(3)-C(9)  1-50(2) C(5)—C(13) 1-51(4)
C(3)-C(10) 1-53(2) C(5)-C(14) 1-55(4)
() Angles
S(1 )—N1( =S(2)  79-6(1) S(3)—Ni(2)—S(4) 78-9(1)
Ni(1)-S(1)— C(l) 85-6(4) Ni(2)—-S(3)—C(2) 86-3(4)
Ni(1)-S(2)-C(1) 85-6(4) Ni(2)-S(4)~C(2) 85-3(4)
S(1)-C(1)-S(2) 109-2(6) S(3)—C(2)-S(4) 109-5(7)
S(1)—-C(1)-N(1) 124-9(9) S(3)-C(2)—-N(2) 127-6(10)
S(2)—C(1)-N(1) 125-9(9) S(4)—C(2)—N(2) 122-8(9)
C( )-N(1)—C(3) 124-0(10) C(2)—N(2)—C(5) 118-2(13)
C(1)-N(1)-C(4) 118-7(10) C(2)—N(6)—C(6) 124-3(13)
C(4)-N(1)-C(3) 117-3(10) C(5)—N(2)—C(6) 117-4(14)
C(9)-C(3)-N(1) 111-8(11) C(11)-C(6)—N(2) 109-8(16)
C(10)-C(3)-N(1) 111-7{11) C(12)-C(6)-N(2)  112.0(16)
C(7)~C(4)-N(1)  108-6(11) C(14)—C(5)-N(2)  107-3(18)
C(8)-C(4)-N(1) 109-9(11) C(13)-C(5)-N(2)  108-6(19)
C(8)—C(4)-C(7)  113-6(12) C(11)-C(6)-C(12) 112-8(18)
C(10)-C(3)-C(9) 113-7(12) C(13)—C(5)-C(14) 110-3(22)

were allowed to vibrate anisotropically and refinement
terminated at convergence (R 0-108, R’ 0-146). Final
weighting scheme parameters were a = 7-54 and b = 0-033.
The introduction of anisotropic thermal parameters was
justified on the basis of a ratio test.22 A difference-Fourier
map, computed after the final round of least squares, was
flat to better than 0-2 of a carbon atom. There was no
evidence for disorder in the structure. During the final
cycle of least-squares refinement, parameter shifts in all
atomic parameters were <0-lo for the lighter atoms, those
for the heavy atoms being considerably less. Scattering
factors employed for neutral nickel, sulphur, carbon, and
nitrogen atoms were taken from ref. 23, nickel and sulphur
atoms being corrected for anomalous dispersion (Af’,
Af"”).24  The final set of observed and calculated structure
factors is in Supplementary Publication No. SUP 20485

20 W. C. Hamilton, J. S. Rollett, and R. A. Sparks,
Cryst., 1965, 18, 129.

21 D. W. Cruickshank, in ‘ Computing Methods in X-Ray
Crystallography,” ed. J. S. Rollett, Pergamon, Oxford, 1965,

. 114.
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(¢ pp., 1 microfiche).* Final atomic fractional cell and
thermal parameters are listed in Table 1. (Estimated
standard deviations are derived from a block-diagonal re-
finement procedure and are therefore likely to be under-
estimates). Secondary hydrogen atom positions were
estimated assuming C-H 1-08 A, and H-C-N = H-C-C’ =
H-C-C”. Interatomic distances and angles were com-
puted ?* and are given in Table 2.

Computation was carried out on the DEC PDP 10
machine at the University of Western Australia.

DISCUSSION

The crystals are composed of two distinct, independent
sets of discrete molecules each being centrosymmetric
about the nickel atoms which occupy (0,0,0), (3,3,0), and
(1,0,0), (0,4,0) and lying closely coincident to the planes
v=0,3 and z= 0,3 (Least-squares planes through
the Ni(S,CNC,), fragments of each molecule were
calculated in an orthogonal (&) co-ordinate system X =
ax 4+ czco8 8, Y = by, Z = czsin B:
Molecule (1): —0-1124X -+ 0-9930Y — 0-0374Z = 8-007
Molecule (2): —0-1255X + 0-0095Y -+ 0-9920Z = 8-194
In both cases, none of the thirteen atoms deviate signifi-
cantly from the plane). The unit-cell contents are

depicted in Figure 1. There is a significant difference
in the accuracy of the determination of the parameters

2241

distance being 3-05 A.2 As in the other structures of
the bis-(NN-dialkyldithiocarbamato)nickel(11) series,
there are signiﬁcant intermolecular S -+ - H interactions
[H(3) -+ S@(} + x} — 2z — 1), 283; H{)- - S@4)-
(3 4 x,9,2), 2777 A]; the disparity in the C(2)-S(3,4)
distances [1-67(1), 1-72(1)] may be a consequence of this.
There is also a short intermolecular nickel-hydrogen
contact [H(6) - - - Ni(1) 2-89 A).

The Nickel Environment.—As in other complexes of
this series, the nickel atom is co-ordinated by two dithio-
chelates, the NiS, core being necessarily planar with the
four nickel-sulphur distances equal [2-179(3)—2-183(3) A]
and much shorter than in the complexes of the di-n- alkyl
and parent-ligand complexes, differing from the latter
by possibly as much as 0-03;, A (Table 3). Although
some of the standard deviations are high, there is a
close and strict correlation between the metal-sulphur
distances and the ligand class and it is clear that a real
contraction in bond length is observed.

The shorter bond length in the present complex may
be accompanied by an increase in metal-ligand =-bond-
ing. [Eisenberg,?” following Schrauzer,? regardsthe 1: 1
dithiochelates as ‘odd’ ligands and attributes the
greater length of the metal-sulphur bonds in such systems
vis-a-vis those of the 1 : 2 dithiochelates as being indica-
tive of a much greater = component in the latter com-
plexes of the “even " ligands. T'rom the present results, it

TABLE 3

Comparison of the intramolecular dimensions of [Ni(CS,*NPrly),] with those of related structures

S(1)-M-S(2) S(1)—C(1)-S(2)
Compound M-S/A ) C(1)-S(i)/A C(1)-N/A () N—C(2,3)

[Ni(CS,'NH,),] 221, 2-22(1) 78-6(3) 1-68(2), 1-70(3) 1-37(3) 112(1)

221, 2-22(1 78-4(2) 1-68(2), 1-70(3) 1-38(3) 112(1)
[Ni(CSy,'NHMe),] 2196, 2-203(9) 79-2(1) 170(1) 1-72(1) 1-30(1) 109-8(9) 1-47(2)
[Ni(CSy*NEt,),) ¢ 2:195, 2:207(2) 79-2(2) 1-70(1), 1-71(1) 1-33(1) 110-5(6) 1-48(1), 1-49(2)
[Ni(CS,"NPrs,),] 4 2:197, 2-209(2) 79-4(1) 1-69(1), 1-72(1) 1-33(1) 110-6(4) 1-46(1), 1-48(1)
[Ni(CS,NMePh),] ¢ 2198, 2-208(3) 79-3(1) 1-70(1), 1-74(1) 1-30(1) 109-3(6) 1-44(1), 1-51(2)
[Ni(CS,NPr,),] 2-183, 2:179(3) 79-6(1) 1-71, 1°71(1) 1-33(2) 109-2(6) 1-48, 1-49(2)

2-182, 2-181(3) 78-9(1) 1-67, 1-72(1) 1-33(2) 109-5(7) 1-55, 1-50(3)

o Ref. 8. % Ref. 14. ¢ Ref. 9. ¢ Ref. 15. ¢ Ref. 14. / This work.

of the peripheral atoms of the two molecules, the second
having substantially higher estimated standard devi-
ations and thermal parameters and appearing to be less
firmly constrained within the lattice. Molecular geo-
metries and atomic designations are given in Figure 2.
Non-bonding Contacts.—The disposition of the i-propyl
substituents is of interest. For both molecules, the
symmetry approximates to C,,; this is not strict, how-
ever, as the i-propyl groups do not have their mirror
plane coincident with the molecular plane but are tilted
slightly. This disposition seems a result of minimization
of steric interaction between pairs of methyl substi-
tuents. As a result, the intramolecular S---H-
(estimated) contacts are very short [S(1) - - - H(4), 2-42;
S(4) - -+ H(5), 2-38 A], the estimated van der Waals’

* For details see Notice to Authors No. 7 in J. Chem. Soc. (4),
1970, Issue No. 20 (items less than 10 pp are sent as full size
copies).

seems likely that =-bonding within the present series is
not negligible, and the greater metal-sulphur distances
in this series as compared to the 1: 2 dithiochelate com-
plexes may be as much a consequence of the smaller
S-Ni-S angle imposed by the ligand (79° ¢f. 90°) as it is of
orbital symmetry.

The behaviour of the complexes tris-(O-ethyl dithio-
carbonato)-iron(111) and -cobalt(tr), [M(CS,:OR),], sug-
gests a similarity between this and the class (iii) ligands.-3
In the nickel(11) derivative, the nickel-sulphur distance
is appreciably longer [2-23(1) A] than that of the present
complex.?® This also occurs with the cobalt(111) deriva-
tives. In [Co(CS,OEt)s], the cobalt—sulphur distances

25 M. E. Pippy and F. R. Ahmed, Div. Pure and Appl. Phys.,
NRC, Ottawa, Canada, Program No. NRC 12, BONDSCAN.

28 1.. Pauling, ‘ The Nature of the Chemical Bond,’ Cornell
University Press, Ithaca, New York, 1960, p. 260.

27 R. Eisenberg, Progr. Inorg. Chem., 1970, 12, 295.

28 G. N. Schrauzer, Accounts Chem. Res., 1969, 2, 72.
28 M. Franzini, Z. Krist., 1963, 118, 393.


http://dx.doi.org/10.1039/DT9720002239

2242 J.C.S. Dalton

K(6) 289

N HE)

Ficure 1 Unit-cell contents viewed down (a) the b axis showing CH hydrogen-nickel contacts, and (b) the normal to the ab
face, showing CH hydrogen-sulphur intermolecular contacts
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are 2:276(4) and 2-277(4); % in [Co(CS,NEt,)3], they are
2-258(3)—2-268(3) A 31,32 suggesting that the parallel is

clid) _#H5)

e
o=23cl5)
1517
cus) Y185

.. /150
49\ 149
cmytciz)

FIGURE 2 The molecular geometries of (a) molecule (1) and (b)
molecule (2) showing the atomic numbering system used and
the dimensions and the disposition of the isopropyl groups

superficial and that there may be significant differences
in the crystal-field parameters of the two ligand types.

2243

The Ligand.—The ligand geometry within the conju-
gated system and its immediate appendages, S,CNC,,
is not significantly different from the other substituted
dithiocarbamates of nickel(n1) (Table 3), and there is
little or no significant or consistent trend throughout
the series which could suggest an explanation of the sub-
stituent effects and their origins. In the present com-
plex the nitrogen atom angles are distorted by the
asymmetry of the i-propyl substituents; the usual
median C-N-C angle of 117° is preserved but the C-N-C
angles are ca. 124° on that side of the ligand where the
terminal methyl groups are directed toward the sulphur
and 118° on the other side where the hydrogen is associ-
ated with the sulphur (Figure 2). Within the isopropyl
groups, similar distortions occur as a result of methyl-
methyl and methyl-sulphur strain: the C-C-C angle is
consistently larger than the tetrahedral angle [molecule
(1) 114(1), 114(1)°; molecule (2), 110(1), 113(1)°] and in
the substituents with the methyl groups directed toward
the sulphur, the C-C-N angles are uniformly larger
[112(1), 114(1); 112(2), 113(2)°] than in the other
[107(2), 109(2); 109(1), 110(1)°].

[2/474 Received, 29th IFebruary, 1972]
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