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Crystal and Molecular Structure of Dichlorobis(2,2’-Thiodiethanol)Cobalt(1I)
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The crystal and molecular structure of dichloro bis-
(2, 2'-thiodiethanol Jcobalt(Il) was determined from
three-dimensional X-ray data collected by counter
methods. The compound crystallizes as prismatic
pink plates and belongs to space group P2,/c. The
unit cell dimensions are a = 6.786(2), b =11.270(3),
c = 10331(3) R, B =109.24(2)°, and Z = 2. The
structure was solved by direct methods from 1496
reflections and was refined by least-squares to an R
value of 0.028. The complex is centrosymmetric, and
each thiodiethanol molecule is bonded to cobalt
through a sulphur (Co—S 2.508 A) and an oxygen
atom (Co—0 2.066 A), resulting in a five-membered
chelating ring. The six-coordination around cobalt is
completed by the two chlorine atoms occupying the
apical positions trans to each other (Co—Cl 2.423 A).
There is extensive hydrogen bonding involving the
hydroxyl groups and chlorine atoms.

Introduction

2,2"-Thiodiethanol, S(CH,CH,OH),, is potentially
a terdentate ligand, capable of bonding through the
sulphur and hydroxy groups. Several 1:1 and 1:2
transition metal halide and thiodiethanol complexes
have been isolated and their bonding properties have
been discussed based on magnetic and spectroscopic
studies [1, 2]. Similar to 2,2"-iminodiethanol [3],
thiodiethano! also functions as an anionic ligand
which favours the formation of polynuclear com-
plexes through bridging alkoxide groups. Recently
Udupa and Krebs [4, 5] have reported the crystal
structures of copper(Il) complexes of this ligand. In
this paper, we report the crystal and molecular struc-
ture of dichlorobis(2,2’-thiodiethanol)cobalt(1II).

Experimental

Dichlorobis(thiodiethanol)cobalt(II) was prepared
by mixing alcoholic solutions of cobalt(Il) chloride
and thiodiethanol taken in a 1:2 molar ratio. The

*Permanent address: Department of Chemistry, Indian
Institute of Technology, Madras-600 036, India.

resultant solution was stirred for some time and was
diluted with diethyl ether. The pink crystalline
product separated was filtered and washed with ether.
Single crystals were obtained by slow evaporation of
the acetone solution of the complex. Anal.: found,
C 25.16, H 566, Cl 19.33%; calculated for
CsH200,4S,Cl,Co: C 2568, H 539, Cl 1895%.

The unit cell parameters were determined by pre-
liminary Weissenberg and precession photographs and
were refined by least-squares from diffractometer
coordinates of 15 high-order reflections. The crystals
are monoclinic with ¢ = 6.786(2), b = 11.270(3),c =
10.331(3) A, B = 109.24(3)°, V = 7460 A>. The
measured density of 1.65(1) g cm™2 is in agreement
with 1.667 g cm™2 obtained for two formula units
of the complex per unit cell. The systematic absences
observed from the photographs, 0kO with k =2n +1,
hOl with 1 = 2n + 1 indicated the space group P2,/c
(C3h, No. 14).

The X-ray intensity data of a prismatic crystal of
approximate dimensions 0.02 X 0.1 X 0.15 mm?
were collected at 22 °C on a Syntex P2, four-ircle
diffractometer using graphite monochromated MoK«
radiation (A(a;) 0.70926, A(a;) 0.71354 A, w26
scan, scintillation counter, take-off angle 6°). The
sampling interval in 20 was 1° below the calculated
MoKa; maximum to 1.0° above the calculated
MoK, maximum. Depending on the intensity of
reflections, the scan rate was varied from 2° min™!
to 15° min~!. A standard reflection was measured for
every 50 reflections. A complete set of 1634 unique
reflections was measured up to (sin 8)/A =0.64 3!,
out of which 1496 were accepted as statistically
above background based on I > 1.964(]). No absorp-
tion correction was made (u = 18.2 cm™'). The data
reduction was done by applying Lorentz and
polarization corrections including a Wilson plot.

Determination and Refinement of the Structure
The structure was solved by direct methods,
employing the MULTAN programme system*, The

*The calculations were carried out on a Data General
Eclipse computer, using, besides own programmes, the pro-
grammes of the Syntex EXTL system, and on an IBM 360/50
using the ORTEP programme of C. Johnson.
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programme was allowed to select origin-defining
reflections. The correct solution was readily apparent
from the combined figure of merit values. An E map,
calculated with phases having the highest figure of
merit, revealed the positions of most of the non-
hydrogen atoms. After isotropic refinement of the
Co, Cl and S atoms, the remaining non-hydrogen
atoms were located from the difference Fourier map.
All the hydrogen atoms were found, after anisotropic
refinement of the non-hydrogen atoms, from a sub-
sequent difference Fourier map. The atomic
scattering factors for Co, Ci, S, O, C and H were
taken from the International Tables [6]. Full-matrix
least-squares refinement with anisotropic temperature
factors for the non-hydrogen atoms and isotropic
ones for hydrogen converged to residuals of R; =
0.028, R, = 0.033 where R; = Z(||Fy| — |F.I)/Z|Fyl
and R, = [Zw(|Fo| — IF.1)*/ZwF3] /2. The quantity
minimized was Zw(|Fo] — [F¢[)*. The weighting
scheme was based on counting statistics of the
intensities. The shifts in the final cycle were below
0.020 and the AF map had no significant features.
The final positional and thermal parameters of
the atoms are given in Tables I and II. A Table of
the calculated and the observed structure factors is
available from the Editor.
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TABLE II. Experimental Coordinates and Temperature
Factors of the Hydrogen Atoms.

X y z B
H(1) 0.808(4) 0.072(3) 0.422(3) 4.6(7)
H(2) 0.7714) —-0.001(2) 0.232(3) 4.7(7)
H3) 0.674(4) ~-0.118(2) 0.273(3) 4.1(6)
H@4) 0.452(4) 0.104(2) 0.174(3) 3.6(6)
H(S) 0.400(4) —0.013(2) 0.092(3) 4.1(7)
H(6) 0.125@4) -0.197(3) 0.263(3) 4.8(7)
H(7) 0.3224) -0.212(2) 0.221(3) 4.3(7)
H(8) ~0.063(4) —0.139(2) 0.037(3) 3.8(6)
H(9) 0.152(4) -0.155(2) 0.005(3) 3.8(6)
H(10) -0.097(4) -0.321(3) 0.026(3) 4.3(7)

Results and Discussion

The crystal structure consists of centrosymmetric
dichlorobis(2,2'-thiodiethanol)cobalt(II), [CoCl,*
2S(CH,CH,0H),], units which are linked through
hydrogen bonds involving the Cl atoms and the
hydroxyl groups. The geometrical arrangement of the
atoms in the molecule is shown in the ORTEP plot
reproduced in Fig. 1. The cobalt atom in the mole-

TABLE I. Coordinates and Anisotropic Temperature Factor Coefficients of the Atoms other than Hydrogen in the Unit Cell of

Dichlorobis(2,2’-thiodiethanol)cobalt(II).

x y z
Co 0.50000 0.00000 0.50000
Cl 0.43931(9) 0.21167(5) 0.47001(6)
S 0.25460(9) —0.01733(5) 0.25870(6)
o) 0.72603(24) 0.00933(14) 0.40664(17)
0(2) 0.02096(26) —0.30633(16) 0.02688(19)
cQ) 0.66753(40) —-0.02707(25) 0.26604(27)
C(2) 0.45502(42) 0.01825(24) 0.18347(27)
C(3) 0.19790(40) ~0.17147(20) 0.20974(26)
C4) 0.06843(40) -0.18400(22) 0.06080(27)

Bj 2 B2z B3 B, Bpa Bas
Co 2.05(2) 1.81(2) 1.80(2) 0.08(1) 0.79(1) —-0.06(1)
Cl 2.94(2) 1.85(2) 2.91(2) 0.13(2) 1.17(2) 0.17(2)
S 2.54(2) 2.11(2) 2.24(2) 0.86(2) 0.48(2) -0.11(2)
o) 2.43(6) 2.38(1) 2.59(7) —-0.30(5) 1.13(5) -0.20(6)
0(2) 2.39(7) 2.51(7) 4.38(9) —-0.30(5) 0.64(7) —0.89(6)
C(1) 3.46(11) 3.63(12) 2.97(11) -0.60(9) 1.93(10) —0.83(9)
CQ2) 4.24(12) 3.33(12) 2.10(10) —1.06(10) 1.08(9) 0.06(9)
C(@3) 2.94(10) 2.16(9) 2.72(10) —-0.23(8) 0.83(9) —0.02(8)
C4) 2.79(10) 241(10) 3.13(12) —0.18(8) 0.25(9) -0.27(9)

8The anisotropic temperature factors are expressed in the form exp [—1/4(Bjh%a*2 + Bxl?c*? + Bg,312°"‘2 + 2Bjshka*b* +

2B,3hla*c* + 2By3kIb*c*)].
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TABLE III. Dichlorobis(2,2'-thiodiethanol)cobalt(ll): Interatomic Distances [A] and Bond Angles [°] with Standard Devia-
tions®,

Co-Coordination A-B-C % A-B—C d(A...0)

CoCl (1) 2423(1) CHCo-S 85.43(3) 3.346(2)

Co-S  (-S) 2.508(1) CHCo-§' 94.57(3) 3.624(2)

Co-0(l) (-0(") 2.066(2) CHCo-0(1) 90.64(5) 3.2023)
CL-Co-0(1") 89.36(5) 3.167(3)
$-Co-0(1) 83.79(5) 3.072(3)
$-Co-0(1") 96.21(5) 3.418(3)

Thiodiethanol Molecule

$-C(2) 1.8203) Co-5-C(2) 93.6(1)

$-C(3) 1.815(2) Co-8-C(3) 111.2(1)

C)CQ) 1.502(4) C2)-5-C(3) 102.2(1)

C(3)-C@) 1.506(4) C2)-C(1)-0(1) 111.8(2)

C(1)-0(1) 1.434(3) $-C(2y-C(1) 113.32)

C4)-02) 1.433(3) $-C(3)-C(4) 111.9(2)
CGI-C@)-0(2) 110.4(2)

O(1)-H(1) 0.88(3) Co-0()~C(1) 117.3(1)

C(1)y-H2) 0.93(3) Co—O(1)-H(1) 118(2)

C(1)-H®) 1.03(3) C(1)-O(1)-H(1) 1122)

CQ-H® 0.97(3) C(4)-0(2)-H(10) 110(2)

C2)-H(S) 0.97(3) @r-0@)-H( (

C(3)-H(6) 0.90(3)

CG)-H(T) 0.93(3)

C(@)-H(8) 0.98(3)

C4)-H(9) 0.99(3)

O(2)-H(10) 0.82(3)

8The primed atoms are related to the umprimed by a centre of inversion at the Co site.

Fig. 1. Dichlorobis(2,2'-thiodiethanol)cobalt(I): ORTEP
plot of the complex molecule with atom numbering (50%
probability ellipsoids).

cule is strongly bonded to two chlorine, two sulphur
and two oxygen atoms of the two ligand molecules.
The trans coordination of the two thiodiethanol
molecules per cobalt(II) produces an equatorial S,0,

ligand set forming a tetragonal plane with the cobalt
atom at the centre. Thus, the ligand is bidentate
chelating to a 5-membered non-planar ring. The apical
positions of the tetragonal plane are occupied by the
chlorine atoms resulting in a distorted octahedral ar-
rangement around cobalt.

The interatomic bond distances and the bond
angles are given in Table IIL In typical O-ligated octa-
hedral Co(II) complexes [e.g. 7—10] the average
Co—0 distance is found to be 2.09 A. In the present
complex, the bond distance of 2.066 A (Co—0 (1))
is of normal value, suggesting strong interaction of
Co(Il) with the hydroxyl oxygen of the ligand.
Though Co—S distances are in the range 2.144-2.382
A for several S-bonded cobalt complexes (S being
two- or three-coordinated) [11-14], the bond
distance of 2.508 A observed for the present complex
is significantly larger than the expected value of 2.31
A, derived from the sum of the covalent radii [15] of
Co(IT) (octah.) and S (tetrah.). However, it has been
reported [16] that in trans-Co(thiourea),Cl,, where
cobalt is 6-coordinated, the Co—S bond lengths are
2.502(6) and 2.553(6) A, which are very close to that
found for the present complex. A Co—Cl bond length
of 2.405 A is observed in dichlorobis(pyrazine)cobalt-
(I) [17], and 2.469 A in dichlorotetrathiourea
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TABLE IV. Hydrogen Bonding in the Dichlorobis(2,2'-thiodiethanol)cobalt(II) Structure?,

Distances [A]

H(1)...0(2")
H(10)...a1""

O(1)-H(1)
O(2)-H(10)

0.88(3)
0.82(3)

1.77(3)
2.36(3)

Angles [°]
0(1)...0(2") 2.638(2) O(1)-H(1)...0(2") 174(3)
0(2)...c1" 3.141(2) 0(2)-H(10)...cr'" 160(3)

2The indices refer to the following transformations of the coordinates in Table I:

012"):1-x,1/2+y,1/2 -2
arr': X,y —1/2,1/2 -2

cobalt(I) [16]. The value of 2423 A found for
CoCl,*2S(CH,CH,0H), is close to the reported
values.

The bond distances within the ligand molecule
have normal values. The sulphur atom assumes
pyramidal geometry, as found in dichlorothiodi-
ethanolcopper(Il) [4], with Co, C(2) and C(3) as the
nearest neighbours. The C(2)-S and C(3)-S bond
lengths are the expected values for C(sp®)-S. The
C—C distances in both the coordinated and the free
alcoholic groups are almost the same, equal to the
normal C—C single bond length values.

The five-membered chelate ring formed by the
atoms Co, S, C(2), C(1) and O(1) has half-chair con-
figuration with C(1) and C(2) being 0.34 &, and 0.30
A below and above the plane —0.0954x + 0.9952y —
0.0228z + 0.3979 = 0 through Co, S and O(1), where
X, Y, z are related to the monoclinic axes of the
crystal. The atoms S, C(3), C(4) and O(2) constitute
a plane the leastssquares equation of it being
—0.8329x + 0.0639y + 0.5497z + 0.2159 = 0. The
maximum deviation from the mean plane is 0.002
A for C(1).

In Table IV data on the intermolecular hydrogen
bonding are given. It is clearly seen that the O(1)—
H(1) group is linked to the O(2)-H(10) group of a
neighbouring molecule which is also hydrogen-
bonded to the Cl atom of an adjacent molecule.

Acknowledgments

The authors express their sincere thanks to the
Alexander von Humboldt Foundation for the award

of a senior fellowship to M.R.U. They also thank the
Fonds der Chemischen Industrie for substantial
support.

References

1 B. Sen and D. A. Johnson, J. Inorg. Nucl. Chem., 34, 609
(1972).

2 G. K. Ramachandra, Ph. D. Thesis, Indian Institute of
Technology, Madras (1979).

3 J. A. Bertrand and P. G. Eller, Prog. Inorg. Chem., 21, 29
(1976).

4 M. R. Udupa and B. Krebs, norg. Chim. Acta, 34, 249
(1979).

5§ M. R. Udupa and B. Krebs, Inorg. Chim. Acta, 39, 267
(1980).

6 ‘International Tables for X-ray Crystallography’, Vol. IV,
Kynoch Press, Birmingham (1974) pp. 99 ff.; R, F.
Stewart, E. R. Davidson and W. T, Simpson, J. Chem.
Phys., 42, 3175 (1965).

7 G. L. Dwivedi and R. C, Srivastava, Acta Cryst., B 27,
2316 (1971).

8 V. G. Rau and E, N. Kurkutova, Soviet Phys. Cryst., 17,
997 (1972).

9 H. Lynton and P.-Y. Siew, Can. J. Chem., 51, 227
(1973).

10 Lj. Manojlovié-Muir and K. W. Muir, ‘Molecular Structure
by Diffraction Methods’, Vol. 2,297 (1974).

11 J, H. Enemark and W. N. Lipscomb, Inorg. Chem., 4,
1729 (1965).

12 D. L. Stevenson, V. R, Magnuson and L. F, Dahl, J, Am.
Chem. Soc., 89, 3727 (1967).

13 W, A, Spofford, P, Boldrini, E. L, Amma, P. Carfagno
and P. S, Gentile, Chem. Comm., 40 (1970).

14 P. Porta, T. Tarantelli, L, Gastaldi and C. Furlani, Inorg.
Chim. Acta, 5, 616 (1971).

15 L. Pauling, ‘The Nature of the Chemical Bond’, Cornell
University Press, Ithaca (1960).

16 J. E. O’Connor and E. L. Amma, Chem. Comm., 892
(1968).

17 P. W. Carreck, M. Goldstein, E. M. McPartlin and W, D.
Unsworth, Chem. Comm., 1634 (1971).



