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[Ni(N(C2H4OH)3)2] [OOCC6H4SSC6H4COOJ / Nickel /
Triethanolamine(tea) / Disulphide of thiosalicylic acid (RSSR)

Ni(II) complex involving triethanolamine (tea) and disulphide
of thiosalicylic acid (RSSR) was synthesised and the crystal structure of
the complex was solved. The molecular formula is C26H38N2NiO10S2. The
space group was found to be 12 with the following parameters a
27.872(2), b 9.016(2), c 27.820(2) Ä, ß 114.85(2)°, V 6343.8 Ä3,
Z
1.38 g cm-3, p.
0.739 mm-1. Final R was 0.102 and
8, Dx
Rw 0.106 for a total number of 2651 unique reflections with I> 3 a(I).
Molecular structure of the complex showed an octahedral coordination
around Ni(II) with a NiN204 chromophore inkeeping with the observed
magnetic moment (3.1 BM). The average Ni —N and Ni —O distances are
2.16(3), 2.06(3) and 2.11(2), 2.06(2) A respectively. One C2H4OH on each
tea molecule is left uncoordinated. The disulphide moiety is acting as a
counter ion and the average S —S distance is 2.077 Ä. Eight molecules in
the unit cell are held together by van der Waals forces.
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Introduction
The interaction of metal ions with various mercaptocarboxylic acids have
been investigated earlier (Kroneck et al., 1971). The mercaptocarboxylic
*
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acids have been extensively used as reagents in various analytical procedures. Ligands such as thiobenzoic acid and thiosalicylic acid provide
both soft and hard donor centres and hence interesting coordination
patterns in their complexes have been observed (Melson et al., 1970).
Numerous complexation studies involving thiosalicylic acid have been
carried out in the past (Subrahmanyan, 1982). But a survey of the literature
shows that many of them are solution studies and the structure
determinations are very sparse. Thiosalicylic acid gets oxidised to disulphide
even in air. The disulphide-dithiosalicylic acid also provides donor centres
such as carboxylate ions. The interaction of transition metal ions with
disulphides have been investigated recently (Higashi et al., 1977). In the
present investigation, an attempt was made to prepare Ni(II)dithiodisalicylic acid complex in triethanolamine-triethanolamine hydrochloride (tea-teaHCl) buffer medium. The resulting complex was found to
be Ni(tea)2RSSR. In this paper the results of a crystal structure determination are presented.

Experimental
Preparation of crystals
Dithiosalicylic acid was prepared by the oxidation of thiosalicylic acid in
the presence of Cu(II) salts. NiCl2 6H20 (3 mmols) was dissolved in tea25 mmols of teaHCl).
teaHCl buffer solution (25 ml) (25 mmols of tea
The pH of the resultant solution was 8.2. The disulphide RSSR (1 mmol)
was also dissolved in the buffer solution (25 ml). The ligand solution was
poured into the solution containing nickel chloride. Pale blue fragile crystals
appeared after a day. The crystals were washed with water, methanol and
dried in air. Good crystals were chosen by an examination under the
polarizing microscope.
The density of the crystal was found to be 1.3 g cm'3 by floatation
technique. An Enraf-Nonius CAD4 diffractometer was employed for data
collection. The cell constants were determined from least-squares analysis
of 25- high-angle reflections. The intensity data were collected by co-29
technique with 2 < 9 < 21 °. Of the 4978 reflections, 2651 unique reflections
with 7 > 3 a(I) were used for structure determination. The crystal data are
given in the Abstract.
—

Determination of the structure
A careful examination of the observed data showed the absence of all
(h + k + I) odd reflections. Based on this observation the space group
was assumed to be 12 which was found to be correct later. The measured
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corrected for background, attenuation and scan speed.
and
extinction corrections were not applied, p being
Absorption
0.739 mm-1. Atomic scattering factors of Cromer (Cromer et al., 1968)
and Stewart (Stewart et al., 1970) for non-H atoms and H atoms respectively
were used.
The unit cell contained 8 mol and each asymmetric unit 2 mol. Two Ni
atom positions 0.52, 0.25, 0.30 and 0.30, 0.0, 0.54 respectively were chosen
from the Patterson map. A difference Fourier map with these two positions
revealed the positions of other sulphur atoms and the residual was 0.45 at
this stage. Later on all the 82 non-hydrogen atoms appeared in successive
difference Fourier maps.
All the non-hydrogens were refined anisotropically. The four atoms
0(14), C(25), C(30), C(44) showed very large movements. Moreover, due to
the restriction on the number of atoms which can be refined anisotropically
(SHELX-76), the aforesaid four atoms were only refined isotropically.
Of the total 76 hydrogen atoms, 13 methylene hydrogens and 16 phenyl
hydrogens were fixed geometrically. The hydroxyl hydrogens did not appear and the 35 hydrogens which appeared in the difference Fourier maps
were refined isotropically. Standard deviations associated with the bonds
reported in this structure are quite large. One of the reasons for this is the
low ratio of the number of reflections to the parameters refined, the value
being 3.5.

intensities

were

Discussion of the structure
The asymmetric unit in the unit cell contains 2 mol of Ni(tea)2 RSSR. The
molecules are monomeric and the nickel complex is found to contain
NiN204 chromophore in accordance with the observed paramagnetism of
the complex. Fractional coordinates of all the non-hydrogens are listed in
Table 1L. The ORTEP plots (Johnson, 1976) of the molecules are shown
in Figures 1 and 2. The packing of molecules in the unit cell is shown in
Figure 3. The bond parameters of the 2 mol in one asymmetric unit differ
only by the associated standard deviations.
Each nickel atom is in an octahedral environment of two nitrogens and
four oxygens from two tea molecules. Two CH2CH2OH groups of each
tea coordinate to the nickel ion and the third one does not. Relatively larger
thermal parameters are observed for the uncoordinated oxygen atoms. The
crystal structure of Ni(tea)2(N03)2 has already been reported (Nielsen et
al., 1972). The average Ni —N distances observed in the present compound
—

List of the thermal parameters of non-hydrogen atoms, hydrogen atom positions
with isotropic thermal parameters, bond lengths and angles and structure factors tables
of this paper can be ordered refering to the no. CSD 52519, names of the authors and
citation of the paper at the Fachinformationszentrum Energie, Physik, Mathematik
GmbH, D-7514 Eggenstein-Leopoldshafen 2, FRG.
1
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Fig. 3. Packing of Ni(tea)2RSSR molecules in the unit cell.

2.16(3) and 2.06(3) Ä agree with the reported value of 2.115(3) Ä.
Similarly, Ni—O distances average to 2.11(2) and 2.06(2) Ä. In general
of

Ni —N and Ni —O distances observed in this structure are in agreement
with those observed in similar structure (Sacconi, 1968). In the present
complex, the average normalized bite is 1.33°, which is defined as the
distance between the effective bond centres divided by r, the average distance from the central atom (Kepert, 1982). The O —Ni —O angles lie in
the range 63 65 ° which are characteristic of the symmetric facial isomer
as observed earlier (Nielsen et al., 1972).
The Ni04 moiety is planar to within 0.01 Ä. In the equatorial plane
all the O —Ni —O angles are close to 90°. The N —Ni —N axis is not
perpendicular to the plane of the oxygen atoms as the Ni —N bond is
slightly inclined towards the direction of the chelated CH2CH2OH moiety.
—
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C C Ois slightly puckered in such a way that the tetrahedral angles
around carbon atoms are maintained and the octahedral coordination
around Ni is also stabilised.
The dithiosalicylate ion acts as counter ion in the compound. The average
S —S bond distance observed in the present complex, 2.07(1) Ä, is close
to those observed in similar compounds such as dibenzoyldisulphide
N

—

—

—

(2.021(2) Ä), tetraethylthiuramdisulphide (2.009(5) Ä), 3,3'-dithiopropionic acid (2.033(4) Ä) [Rout, 1984]. The phenyl rings are planar to within
0.02 Ä. The phenyl rings of the disulphide unit are mutually perpendicular
(interplanar angle is 90°). The bond distances involving C —C and C —O
normal.
The molecular packing in the unit cell is due to van der Waals forces.
Intermolecular short contacts between the oxygens of the tea molecule and
the carboxylate moieties are in the range 2.53 to 2.63 Ä. This observation
clearly shows the possibility of hydrogen bonded interactions, but the
hydroxyl hydrogens could not be located.
In conclusion, the interaction of Ni(II) in tea-teaHCl buffer with RSSR
results only in a [Ni(tea)2]2+ complex and deprotonated RSSR acts as a
counter ion.
are
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