
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

SOME FIRST ROW TRANSITION METAL COMPLEXES USING
THIOSULPHATE AS A LIGAND
James R. Lustya

a Department of Chemistry, University of Petroleum and Minerals, Dhahran, Saudi Arabia

To cite this Article Lusty, James R.(1980) 'SOME FIRST ROW TRANSITION METAL COMPLEXES USING
THIOSULPHATE AS A LIGAND', Journal of Coordination Chemistry, 10: 4, 243 — 249
To link to this Article: DOI: 10.1080/00958978008079870
URL: http://dx.doi.org/10.1080/00958978008079870

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978008079870
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J.  Coord. Chem., 1980,Vol 10, pp. 243-249 
0095-8972/80/1004-0243 $06.50/0 

0 1980 Gordon and Breach Science Publishers, Inc, 
Printed in Great Britain 
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USING THIOSULPHATE AS A LIGAND 
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(Received February 27, 1979; in final form M a y  13, 1980) 

A range of metal thiosulphate complexes of the type [MLnS, 0, ] X *  has been prepared, where M = Ni(II), Co(I1) 
or Co(III), L = variety of nitrogen ligands. They have been characterised by i r .  and visible spectroscopy and by the 
measurement of magnetic moments A complex using 1,2-diaminc~2-methyl propane was prepared, 
[ Ni(mepn), S ,  0, ] which was a diamagnetic square planar complex ; on standing it underwent rapid conversion to a 
distorted octahedral paramagnetic complex. A novel complex [Co py2.$ S,O, ] was also prepared and its possible 
structure is discussed. Thermal analysis was conducted on several complexes. 

INTRODUCTION 

The thiosulphate group Sz O",, has been extensively 
studied.' J Metal thiosulphate complexes have long 
been reported especially those of copper3 and ~ i l v e r . ~  
The interest in silver thiosulphate and its complexes 
probably originates from its use in the photographic 
industry.' Thiosulphate is well known as a reducing 
agent and most preparations of copper complexes 
involve the reduction of copper (11) to  copper (I) by 
adding an excess of sodium thiosulphate and 
precipitating, using a simple sodium or potassium 
salt, usually the chloride. 

metal thiosulphates such as sodium and barium,6 *' or 
the amine complexes of cobalt thiosulphates.8 l9 A 
comparison of the infrared spectrum of thiosulphate 
with other sulphur containing anions has been 
reported' and more recently infrared spectra have 
been used to distinguish between monodentate and 
bidentate thiosulphate complexes, and the nature of 
the donor atom present.' ' 
and their complexes were prepared and studied. 

Early infrared studies were concerned with simple 

In the present work a range of metal thiosulphates 

EXPERIMENTAL 

The coinpounds are listed with their analytical data 
in Table I. 

(a) Metal thiosulphates 

Cobalt, nickel and barium thiosulphates have been 

prepared. The nickel species decomposed very rapidly, 
and the cobalt compound was prepared with cobalt 
sulphide impurities, which proved impossible to 
separate. 

(i) BaSZO3.HzO 
added to  a solution of barium chloride dihydrate 
(35 .g)  in water (100 cm3), and stirred for one hour. 
The Basz O3 .Hz 0 which precipitated was suction 
filtered, washed with ice-cold water and 95% ethanol 
and dried at 40°C. Basz O3 .Hz 0 was made for use in 
metathetical preparations of other metal 
thiosulphates and their complexes (1). 

Sodium thiosulphate (35 .5  g) was 

M(II)S04 t BaSZO3 -+ M(I1)SI O3 + Bas04 (1) 

(ii) NiSz O3.xHZ 0 
hydrate (5 g) was added to  a solution of NiSO4.7HZ 0 
(4.5 g) in water (25 cm3). The BaS04 was filtered off 
and the solution left to  evaporate. When the 
compound had nearly solidified it was dried in vacuo, 
and decomposed as it crystallised out. 

Barium thiosulphate mono- 

(iii) CoSz O3 6Hz 0 
in water (20 cm 3, at 50°C and Basz O3 .Hz 0 (6.7 g) 
added. The solution was stirred for 3 0  minutes and 
filtered. Acetone was added in large excess until the 
oily layer solidified. The brown-red solid which 
separated out was filtered and air dried. 
Decomposition occurred very slowly. 

CoS04 .7Hz 0 (7 g) was warmed 

( b )  Complexes of metal thiosulphates. 

(i) Nickel complexes Ammonia, pyridine and the 
following amines were used as ligands (abbreviations 
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244 J. R. LUSTY 

TABLE I 
Analytical data (%) 

Original Calculated Found 
Compound colour C H N M szo, c H N M S 2 0 3  

white 
red 
green 
yellow 
purple 
gre y-blue 
lilac 
lilac 
purple 
blue-green 
blue 
orange 
brown 
red 
deep red 
deep red 
brown 
pink 
lilac 
lilac 

27.7 6.96 16.1 16.9 
27.6 7.70 21.4 14.9 
22.6 6.32 17.6 
27.6 7.70 21.4 14.9 
15.5 5.86 18.1 18.9 
20.6 6.89 23.9 16.7 
47.4 4.97 11.8 11.6 

6.51 23.9 20.1 
5.84 27.2 
5.84 21.4 
5.18 24.0 
5.18 24.0 
4.84 22.4 

11.8 4.9 13.8 
40.7 3.42 9.49 
30.1 2.85 7.03 
23.2 2.33 5.40 

32.6 27.3 7.15 14.5 15.2 32.4 
28.5 27.5 8.10 21.5 13.9 28.4 

28.5 26.4 7.25 20.6 13.3 29.6 
36.3 15.6 5.94 17.0 18.0 37.6 
31.9 20.5 6.91 23.8 16.9 31.6 
20.9 41.3 4.38 10.9 11.2 25.4 

6.19 22.9 22.1 
6.06 27.0 
5.90 21.9 
5.20 24.3 
5.15 26.0 
5.04 21.8 

10.9 3.9 11.0 
40.8 3.26 8.88 
29.1 2.76 7.36 
21.0 2.37 5.36 

22.3 6.30 16 1 

are in parenthesis: 

NH2 CHI CH2 NH2, ethylenediamine (en), 
NH2 CH2 CH(NH2)CH3, 1 ,?-diaminopropane (pn), 
NH2 CH2 CH2 CH2 NH2, 1,3-diaminopropane (tn),  
NH2 CH2 C(NH2 ) (CH3 )CH3. 1,2diamino-2- 

methylpropane (mepn). 

To a solution of nickel thiosulphate, the ligands were 
added in stoichiometric ratio. The complexes were 
precipitated with ice-cold acetone or methanol and 
recrystallised in the same manner. 

(ii) Cobalt complexes A number of ammine 
complexes were prepared together with complexes 
using pyridine and ethylenediamine as ligands. 

/ C O ( ~ ~ ) ~ S ~ O ~ ~ B ~ . Z H ~ O  
method of Schlessinger,’ involving the conversion 
of dichlorobis(ethylenediamine)cobalt(llI) chloride 
to the carbonatobis(ethylenediamine)cobalt( I I I)- 
bromide which on treatment with barium 
thiosulphate gave the product. 

This was prepared by the 

fcO(NH3 j6lsz 0 3 cl, f Co(NH3 Is sz o3fa. 

f Co(NH3 s ells, 0 3 . 1  cdNH3 / s  s 2  0 3 2 sz 0 3 .  
These were prepared by the method of Ray.’ 
Bis(thiosulphateopentaamminecobalt(III) 
thiosulphate was prepared by bubbling air through a 
solution of cobalt(I1) hydroxide and ammonium 
thiosulphate, treated with concentrated ammonia. 

Recrystallisation was from aqueous ammonia. 
Hexaamminecobalt(Il1) thiosulphate chloride and 
thiosulphateopentaamminecobalt(I11) chloride were 
prepared from a solution of cobalt(l1) chloride, 
ammonium chloride and sodium thiosulphate,treated 
with concentrated and dilute ammonia respectively 
and then with a current of air. Chloropentaammine- 
cobalt(II1) thiosulphate was prepared by heating of 
solution of thiosulphatopentaamminecobalt(II1) 
chloride with a large excess of ammonia, or by adding 
an excess of sodium thiosulphate to a solution of 
aquopentaamminecobalt(Il1) chloride. 
[ C ~ ( p y ) ~  . s S 2 0 3 ] . n .  Pyridine was added in large 
excess to a freshly prepared cobalt thiosulphate 
solution, which was then poured into ice-cold acetone, 
A pink compound separated out which turned 
blue-lilac on prolonged standing. A stable lilac 
compound of formula [ C o ( p ~ ) ~  .5 S2 0 3 ] ,  resulted. 
On heating other pyridine complexes were prepared. 
(See later results.) 

N3TRUMENTATION 

Infrared measurements were made using NaCl, KBr 
and Csl plates with nujol and hexachlorobutadiene 
mulls on  Perkin Elmer 237, 137 recording 
spectrophotometers. Reflectance spectra were 
recorded using Beckmann DK 2A recorder. The 
Thermal Analysis was conducted on a Stanton 
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SOME FIRST ROW TRANSITION METAL COMPLEXES 245 

Redcroft thermobalance, model TR fitted with a 
programmable temperature gradient attachment. 
Magnetic moments were measured by Gouy method 
using a Newport Mark I1 balance. 

RESULTS 

The reflectance spectra and magnetic moments of the 
compounds are given in Table 11. The infrared spectra 
of the cobalt and nickel complexes given in Table IV 
and V respectively. Also included are the spectra of 
sodium and barium thiosulphate, as these have been 
shown to contain the ionic thiosulphate group. 

DISCUSSION 

Electronic properties 

In the case of the nickel(I1) species the splitting of 
the bands in the electronic spectra indicated the 

Table I1 
Electronic spectra and room temperature magnetic moments 

Compound Electronic spectra, kK p, BM 

22.22, 19.80, 19,28ssp, 
8.71s, 6 . 9 0 ~  

24.80m, 14.70m, 8.81m, 
6 . 7 4 ~  

29.81s, 18.62s, 13.11m, 
9.71w, 6.49m 

29.00s, 18.28s, 11.36s, 
7.27w, 6.43m 

27.93s, 17.70s, 13.74sh, 
8.65s, 7.41sh, 6.56sh 

27.93s, 18.87s, 11.75s, 
7,27w, 6.47m 

29.59s, 18.69s, 11.81s, 
7.25w, 6 . 4 5 ~  

30.03sh, 18.25m, l l . l l m ,  
9.78sh, 7.38w, 6.47m 

25.71sh, 15.87s, 9.32m, 
8.42sh, 7 . 3 4 ~  

29.41s, 17.76s, 17.30sh, 
9.03m, 7.35sh, 6.58m 

21.05s, 14.29sh, 7.94w, 
6.90sh, 6.45s 

22.22, 20.33, 19.23ssp, 
8.00w, 6.46m 

27.OOssp, 19.60s, 18.35s, 
10.91w, 8.07w, 6.66s 

19.61s, 11.92sh, 8.21w, 
6.47s 

21.98w, 6.85sh, 6.41m 
18.69, 17.61, 15.85ssp, 

7.34bm 

2.76 

3.03 

3.26 

2.86 

3.09 

2.83 

2.73 

2.67 

d 

d 

d 

d 

d 
4.6 1 

presence ofD4h symmetry. The spectra were assigned 
thus: 

3Eg + 3B1g -8 kK 
3Bzg +- -11 kK 
3Azg + -13 kK 

3 E g +  -18kK 
3Eg13Azg + - 27 kK 

The yellow colour of [Ni(mepn)zSz03] is indicative 
of further distortion of D4* symmetry resulting in 
a diamagnetic complex showing only I band in its 
electronic spectrum. An approximate Dq value for 
SZ O3 '- was obtained? by a comparison of the 
[Ni(en)3]z' and [Ni(en)? S z 0 3 ]  spectra and was 
found to be 1 1.6 kK. This would suggest oxygen 
coordination. 

Apart from thiosulphatobis(-l,2-diamino- 
2-methylpropane)n1ckel(II) all the magnetic moments 
for the nickel complexes were consistent with 
octahedral stereochemistry, with two unpaired 
electrons, all falling within the range 2.7-3.8 BM. 

during and subsequent to their preparation. 
[Ni(mepn)z S z 0 3 ]  changed rapidly from a yellow 
compound to  a purple compound indicating that a 
rearrangement had occurred (2). This was confirmed 
by the electronic and infrared spectra 

Ni(II), D4h, square planar, e 

These complexes showed interesting colour changes 

diamagnetic yellow 
Ni(II), D4*, distorted octahedral, 

paramagnetic purple (2) 
of the paramagnetic complex on which all 
determinations were carried out. 

The bis(diaminopr0pane) and bis(ethy1ene- 
diamine) complexes darkened on standing and 
eventually decomposed t o  give black nickel sulphide. 
Thiosulphatopentaamminenickel(I1) was prepared as 
a light blue complex but gave green nickel hydroxide 
in the air or on the addition of water. 

All the cobalt(II1) complexes were octahedral or 
distorted octahedral and showed two or three main 
bands in their spectra. These were assigned thus: 

3T1g +'Alg 13  kK 
3T1g(F) + 21 kK 
' Tl,(P) + 29 kK 

Of particular interest was the dimeric or polymeric 
cobalt(I1) complex, [Co(py)~ .5 Sz 0 3 1 ,  which was 

tusing formula lOD9(S,O,~-)=4/6.10D~(en)" + 2/6.10 
D9(S, 0, 13b 

d = diamagnetic =df Ni (en), I+ bof Ni (en), S, 0, 
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246 J. R. LUSTY 

prepared several times with constant coniposition. 
The thermal analysis (numerical results follow) 
indicated the formulation to be correct, as it lost 
one mol and one half mol of pyridine in successive 
steps, to  give the complexes [Co(py), . s S ~ 0 3 ] .  
and [Co(py)S203], respectively. The colour of the 
complex changed on standing from pink t o  lilac. In 
solution it was pink but small quantities of water 
dbsorbed onto the surface gave an intense purple 
coiour. This is unusual for cobalt(1I) compounds, 
hydrated salts being red or pink and containing the 
octahedraliy coordinated cobalt( 11) ion. The 
electronic spectrum (Table 11) and magnetic moment 
showed the complex to  be tetrahedral. Two bands, 
the 4T,(F) +- A2(F) and 4T1 (P) + ‘A2(F) were 
observed at 7.3  and 17.6 kK respectively. The latter 
band showed considerable splitting. A further 
possibility is that the bidentate behaviour sometimes 
observed in cobalt(l1) complexes, giving six 
coordinate pseudo-tetrahedral complexes, is present 
here, with thiosulphate occupying two of the 
octahedral sites. This type of behaviour is well known 
for cobalt complexes of the type COX~(LII+) and 
CoX,Y(In’) where X = C1, Br, I; Y = C1, Br, I ;  X # Y. 
A recent publicationi4 in which was monoproton- 
ated 1 -methyl and 2-methyl piperazine assigned 
pseudotetrahedral symmetry to all the complexes. 
Comparing the magnetic moments of the pyridine 
(4.61 BM) and piperazine complexes (4.40-4.72) i t  
would appear that the contribution t o  the “spin-only’’ 
value, of the S 2 0 $ -  ion, is similar to that of the Br- 
ion. The ligand field strength would thus decrease, 

I - <Br--  SzO:-< C1 <NOS - SCN etc.” 

It is also worth noting that pseudotetrahedral 
complexes of nitrate complexes have been reported 
and it is thus expected that thiosulphate would 
appear at this position in the spectrochemical series. 

Infrared Spectra 

The free thiosulphate ion, of symmetry C3” has six 
infrared active modes of vibration. These are 
symmetric and asymmetric stretching and bending 
vibrations, a sulfur-sulfur stretch and a rocking mode. 
Splitting of the free thiosulphate fundamentals can 
occur in the solid state and this will be greatest for 
the uaS (S-O) and S,, (S-O) modes. Freedman and 
Straughan’ ’ suggested that when sulfur is 
coordinated the spectra exhibits a lowering of the 
v ( S - S )  and an increase in the v , , (S-0)  and v,(S-0) 
frequencies compared to the fundamental frequencies 
of sodium thiosulphate. Oxygen coordination causes 

Table 111 
Infrared spectra, barium and sodium thiosulphates. (Free 

thiosulphate ion) 

Assignment BaS,O,.H,O Na, S,O,a 

uas asymmetric ( S - 0 )  11 20 s 1160 sh 

stretch 1080 s 

- t ret ch 
6, symmetric (SO) 685 s 680 sh 
deformation 668 s 668  s 
6,, asymmetric (S-0) 561  S 555 m 

542 s 535 m 
deformation 507 s 

1100 s 1130 s 

us symmetric (SO) 998 s 1002 s 
981 s 

areference 11  

a shift in the opposite direction. The infrared 
assignments are given in Tables 111-V. It  can be seen 
from the spectrum of [cO(NH3)5S2 0 3 1  C1 that the 
possibility of linkage isomers exists. The va,(S-O> at 
1141 cm-I implies M-S coordination and the two 
bands below 1000 cm-’ suggest M-0 coordination. 
A similar conclusion based on a rigorous kinetic study 
was reached independently by workers in this 
field.’ ’’ Bis(thosulphatopentaamminecobdt(II1) 
thiosulphate has both coordinated and ionic 
thiosulphate present with vas(S-O) bands occurring 
at 1150 and 1095 cm-I respectively. The v,(S-0) 
mode was split into two strong bands, 6,(S-O) into 
three bands and S,,(S--O) also showed a doublet. 
While the stretching and asymmetric deformation 
modes of the NH3 groups were similar throughout, 
the symmetric deformations and rocking modes 
varied, the lower frequency denoting coordination. 
The spectrum of [ C 0 ( e n ) ~ S ~ 0 ~ ] B r  was, like most of 
the ethylenediamine complexes, difficult t o  interpret. 
Bands at 1125 cm-’ (v,,(S-O)) and 628 cm-’ 
(6,(S--O)) signified thiosulphate coordination, 
although it was difficult to determine whether it was 
S- or 0-bonded. The broad band at  1125 cm-’ 
could indicate isomeric forms. Indeed recent evidence 
suggests a mixture of compounds are formed using 
this method of preparation.’ ’ The spectrum of 
[Co(py), .5 Sz03], ,  suggested both sulfur bridging 
and M-0 coordination. The bridging band at 
1192 cm-’ was much reduced in [ C o ( p ~ ) ~  . s S z 0 3 ] n .  

[Ni(en)z S2 0 3 ] ,  [Ni(mepn), S2 0, ] and 
[Ni(NH3)s S z 0 3 ]  there was evidence for oxygen 
and/or bidentate coordination (Table V). The 
remaining nickel complexes contained only ionic 
t hiosulphate. 

In “i(py)4 SZ 0 3  1 9 “i(tn)Z SZ 0 3  1 9  
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[MPY), . 5  s2 0 3  I, .H2  0 
calculated loss, 23% 

+ actual loss, 24% 
[CO(PY), .S S 2 0 3 I n  

calculated total loss, 34% i actual loss, 33% 

decomposition 

lilac 

lilac 

lilac 
red-lilac 

FIGURE 1 Thermal analysis of [Co(py), .5 S, 0, In 

Thermal A nalysis 

Thermal analysis was conducted on most of the 
complexes but was generally ill-defined. 

In hydrated thiosulphatopentaamminenickel(II), 
water and ammonia were expelled (calculated 37.5%, 
found 38.1%) to give nickel thiosulphate which 
decomposed to  give the mixed nickel oxide, Ni2 03.  
In the hydrated bis-(l,2-diamino-3-methylpropane) 
complex, water was expelled. This was followed by 
ligand expulsion and decomposition to  the mixed 
oxide. 

[ C 0 ( p y ) , . ~ S ~ 0 ~ ] , .  The results are given in 
Figure 1. 

Obviously thn complex can not be symmetrical 
and several possibilities exist. Some of which have be 
been discussed above. I t  is also possible that a 
polymeric complex is formed as sulphur's tend- 
encies to form polymers is well known. However 
the spectral evidence suggests a pseudotetrahedral 
complex, probably dimeric with thiosulphate 
occupying two sites of coordination. 

Thermal analysis was conducted on 
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