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SOME FIRST ROW TRANSITION METAL COMPLEXES
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(Received February 27, 1979; in final form May 13, 1980)

A range of metal thiosulphate compiexes of the type [ML,S,0,]X* has been prepared, where M = Ni(1I), Co(II)
or Co(Il), L = variety of nitrogen ligands. They have been characterised by ir. and visible spectroscopy and by the
measurement of magnetic moments. A complex using 1,2-diamino-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 py, S, 0, ] was also prepared and its possible
structure is discussed. Thermal analysis was conducted on several complexes.

INTRODUCTION

The thiosulphate group S, 03", has been extensively
studied.!*? Metal thiosulphate complexes have long
been reported especially those of copper® and silver.*
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 (II) to copper (I) by
adding an excess of sodium thiosulphate and
precipitating, using a simple sodium or potassium
salt, usually the chloride.

Early infrared studies were concerned with simple
metal thiosulphates such as sodium and barium,®*” or
the amine complexes of cobalt thiosulphates.®*® 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.' !

In the present work a range of metal thiosulphates
and their complexes were prepared and studied.

EXPERIMENTAL

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

(a) Metal thiosulphates

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

(i) BaS,03.H,0 Sodium thiosulphate (35.5 g) was
added to a solution of barium chloride dihydrate
(35.g) in water (100 cm®), and stirred for one hour.
The BaS, O;.H, O which precipitated was suction
filtered, washed with ice-cold water and 95% ethanol
and dried at 40°C. BaS; 03.H, O was made for use in
metathetical preparations of other metal
thiosulphates and their complexes (1).

M(I1)SO, +BaS,05 > M(INS,0; +BaSO, (1)

(ii) NiS,03.xH,0 Barium thiosulphate mono-
hydrate (5 g) was added to a solution of NiSO4.7H, 0
(4.5 g) in water (25 cm?®). The BaSO, 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.

(iii) CoS,036H,0 Co0S0,.7H,0 (7 g) was warmed
in water (20 cm ?) at 50°C and BaS, 05.H, 0 (6.7 g)
added. The solution was stirred for 30 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.

(b) Complexes of metal thiosulphates.

(i) Nickel complexes Ammonia, pyridine and the
following amines were used as ligands (abbreviations
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TABLE I
Analytical data (%)
Original Calculated Found
Compound colour C H N M 5,0, C H N M S,0,
BaS,0;.H,0 white
CoS,0,.6H,0 red
NiS,0,.xH,0 green
[Ni(mepn), S,0, | yellow 277 696 16.1 16.9 326 273 17.15 14.5 15.2 324
[Ni(tn),]S,0, purple 276 7.70 214 149 285 27.5 810 215 13.9 284
[Ni(tn), S, O,] grey-blue 226 632 176 223 630 161
[Ni(pn), 1S, 0, lilac 276 7.70 214 149 285 264 17.25 206 133 29.6
[Ni(en),S,0,].H,0 litac 15.5 5.86 18.1 189 363 15,6 594 17.0 18.0 37.6
[Ni(en), S, 0, purple 206 689 239 16.7 319 205 691 23.8 16.9 31.6
[Ni(py),S,0,] blue-green 474 497 11.8 11.6 209 473 438 109 1.2 254
{Ni(NH;)SSIO,]A2H2O blue 6.51 239 201 619 229 221
{Co(NH;), }CI1S,0, orange 5.84 27.2 6.06 27.0
[Co(NH,);C1]S,0,.2H,0  brown 584 214 590 219
[Co(NH;), Cl}S, 0, red 5.18 240 520 243
[Co(NH,), 5,0, ]C1 deep red 5.18 24.0 5.15 26.0
[Co(NH,;),S,0,},S,0, deep red 484 224 5.04 21.8
[Co(en),S,0,}Br.2H,0 brown 11.8 49 13.8 10.9 3.9 11.0
[Co(py), sS,0:]1p pink 40.7 342  9.49 40.8 3.26  8.88
{Cotpy), 5S,0,1,.H,0 lilac 30.1 285 17.03 297 276  7.36
[Cotpy)S,0,],.H,0 lilac 23.2 233 5.40 21.0 237  5.36

are in parenthesis:

NH, CH, CH; NH;, ethylenediamine (en),

NH, CH, CH(NH,)CH3;, 1,2-diaminopropane (pn),
NH, CH, CH, CH; NH,, 1,3-diaminopropane (tn),
NH, CH, C(NH, ) (CH;)CH3, 1,2-diamino-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.

[Cofen),S,03/Br.2H,0  This was prepared by the
method of Schlessinger,' ? involving the conversion
of dichlorobis(ethylenediamine)cobalt(III) chloride
to the carbonatobis(ethylenediamine)cobalt(111)-
bromide which on treatment with barium
thiosulphate gave the product.

[Co(NH3)6]S303Cl, [ Co(NH4)5S,05]/C,
[Co{NH;)5Cl]S,0;3, [Co(NH3 }s8,03],5,0;5.
These were prepared by the method of Ray.!?
Bis(thiosulphateopentaamminecobalt(111)
thiosulphate was prepared by bubbling air through a
solution of cobalt(1) hydroxide and ammonium
thiosulphate, treated with concentrated ammonia.

Recrystallisation was from aqueous ammonia.
Hexaamminecobalt(IIT) thiosulphate chloride and
thiosulphateopentaamminecobalt(I1I) chloride were
prepared from a solution of cobalt(II) chloride,
ammonium chloride and sodium thiosulphate treated
with concentrated and dilute ammonia respectively
and then with a current of air. Chloropentaammine-
cobalt(III) thiosulphate was prepared by heating of
solution of thiosulphatopentaamminecobalt(11T)
chloride with a large excess of ammonia, or by adding
an excess of sodium thiosulphate to a solution of
aquopentaamminecobalt(11I) chloride.
[Co(py),.sS;,04].,. 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 {Co(py), s S; 03], resulted.
On heating other pyridine complexes were prepared.
(See later results.)

INSTRUMENTATION

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

RESULTS

The reflectance spectra and magnetic moments of the
compounds are given in Table II. 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(II) species the splitting of
the bands in the electronic spectra indicated the

Table 11

Electronic spectra and room temperature magnetic moments

Compound Electronic spectra, kK u, BM

CoS,0,.6H,0 22.22, 19.80, 19,28ssp,
8.71s, 6.90w

Nis, 0,.xH, 0O 24,80m, 14.70m, 8.81m,
6.74w

[Ni(mepn), S,0,] 29.81s, 18.62s, 13.11m, 2.76
9.71w, 6.49m

[Ni(tn), ]S, 0, 29.00s, 18.28s, 11.365, 3.03
7.27w, 6.43m

[Ni(tn), S,0,} 27.93s, 17.70s, 13.74sh, 3.26
8.65s, 7.41sh, 6.56sh

[Ni(pn), }S,0, 27.93s, 18.87s, 11.75s, 2.86
7.27w, 6.47Tm

[Ni(en), ]S, 0, 29.59s, 18.69s, 11.81s, 3.09
7.25w, 6.45w

[Ni(en), S,0,].H,0 30.03sh, 18.25m, 11.11m, 2.83
9.78sh, 7.38w, 6.47m

25.71sh, 15.87s,9.32m,  2.73
8.42sh, 7.34w

[Ni(NH,),S,0,].2H,0 29.41s, 17.76s, 17.30sh,  2.67

9.03m, 7.35sh, 6.58m

[Ni(py),S,0,].H,0

[Co(NH,),1S,0,Cl 21.05s, 14.29sh, 7.94w,  d
6.90sh, 6.45s

[Co(NH,),C1]S,0, 22.22,20.33,19.23ssp,  d
8.00w, 6.46m

[Co(NH, ), $,0,]C1 27.00ssp, 19.60s, 18.35s,  d

10.91w, 8.07w, 6.66s
[Co(NH,),S,0,1,8,0, 19.61s, 11.92sh, 8.21w, d
6.47s
21.98w, 6.85sh, 6.41m d
18.69, 17.61, 15.85ssp, 461
7.34bm

[Co(en),S,0,]Br
{Co(py);.s8,0;31n

d = diamagnetic

presence of D4y symmetry. The spectra were assigned
thus:

‘Eg+*B;; ~8kK
3Byg « ~11 kK
YAgg ~13kK

Eg«  ~18kK

SEgPAzg«  ~27KkK

The yellow colour of [Ni(mepn),S,0;] is indicative
of further distortion of Dy symmetry resulting in

a diamagnetic complex showing only 1 band in its
electronic spectrum. An approximate Dq value for
S,03% was obtained t by a comparison of the
[Ni(en);]%* and [Ni(en), S, 03] spectra and was
found to be 11.6 kK. This would suggest oxygen
coordination.

Apart from thjosulphatobis(-1,2-diamino-
2-methylpropane)nickel(IT) 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.

These complexes showed interesting colour changes
during and subsequent to their preparation.
[Ni(mepn), S, 03] 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), D4 5, square planar,
diamagnetic yellow
Ni(Il), D4 ,, distorted octahedral,
paramagnetic purple )]

of the paramagnetic complex on which all
determinations were carried out.

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

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

3T <« Ag 13kK
3T14(F) « 21 kK
'Tg(P) « 29 kK

Of particular interest was the dimeric or polymeric
cobalt(Il) complex, [Co(py)s .5 S2 03], which was

tusing formula 10 Dg(S, 0, *7)=4/6.10 Dg(en)® + 2/6.10
Dq(S,0,)P
9of Ni (en), ** Pof Ni (en), S, 0,
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prepared several times with constant composition.
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); .5S2031n

and [Co(py)S; 03], respectively. The colour of the
complex changed on standing from pink to lilac. In
solution it was pink but small quantities of water
absorbed onto the surface gave an intense purple
coiour. This is unusual for cobalt(1l) compounds,
hydrated salts being red or pink and containing the
octahedrally coordinated cobalt(ll) ion. The
electronic spectrum (Table IT) and magnetic moment
showed the complex to be tetrahedral. Two bands,
the *T,(F) < *A,(F) and * T, (P) «+ * A, (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(Il) 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;(Ln*)and

CoX, Y(In*)where X=Cl, Br, ; Y=CI, Br, ; X #Y.

A recent publication’* in which L;; 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) it
would appear that the contribution to the “spin-only”
value, of the S, 03 ion, is similar to that of the Br~
ion, The ligand field strength would thus decrease,

I - <Br ~$,0% < C1<NO3~SCNetc.!®

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 Cs, 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 v,5 (§—0) and 6,5 (S—0) 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,4(S—0) and v,(S—0)
frequencies compared to the fundamental frequencies
of sodium thiosulphate. Oxygen coordination causes

Table [I7
Infrared spectra, barium and sodium thiosulphates. (Free
thiosulphate ion)

Assignment BaS,0,.H,0 Na, §,0,°

vas asymmetric (S—0) 11205 1160 sh
1100 s 1130 s

stretch 1080 s

vg symmetric (S—0) 998 s 1002 s

_tretch 981 s

&4 symmetric (5—0) 685 s 680 sh

deformation 668 s 668 s

8 a5 asymmetric (S—0) 561s 555 m
5425 535m

deformation 507 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(NH; )5S, O3] Cl that the
possibility of linkage isomers exists. The v,4(S—0) at
1141 cm ™! implies M—S coordination and the two
bands below 1000 cm ™! suggest M—O coordination.
A similar conclusion based on a rigorous kinetic study
was reached independently by workers in this
field.?+' ¢ Bis(thiosulphatopentaamminecobalt(III)
thiosulphate has both coordinated and ionic
thiosulphate present with »,,(S—0) bands occurring
at 1150 and 1095 cm ™! respectively. The v,(S—0)
mode was split into two strong bands, 8,(S—0) into
three bands and 8 ,,(S—0) also showed a doublet.
While the stretching and asymmetric deformation
modes of the NH; groups were similar throughout,
the symmetric deformations and rocking modes
varied, the lower frequency denocting coordination.
The spectrum of [Co(en), S, 05 ]Br was, like most of
the ethylenediamine complexes, difficult to interpret.
Bands at 1125 cm ™! (v,4(S5—0)) and 628 cm ™!
(84(8—0)) signified thiosulphate coordination,
although it was difficult to determine whether it was
S- or O-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.! 7 The spectrum of
[Co(py)s 5S203], suggested both sulfur bridging
and M—O coordination, The bridging band at
1192 cm ™! was much reduced in [Co(py); 5S2051,.
In [Ni(py)aS; 03], [Ni(tn), S, 03],
[Ni(en),S, 03], [Ni(mepn), S; 03] and
[Ni(NH; )5 S; 03] there was evidence for oxygen
and /or bidentate coordination (Table V). The
remaining nickel complexes contained only ionic
thiosulphate.
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om 25 @ w o “w o wm e ow & [Co(py)zs SgOg]n.H20 lilac
b8R8 2288 IxBms o« calculated loss, 23%
2 |Qge 828z S rwwin - . actual loss, 24%
[Co(py)1.5S203]n lilac
-~ l calculated total loss, 34%
C actual loss, 33%
“ s3.eEs [Co(py)S2 03] lilac
> “n »n » o i
§ AT OTOO D (COS’O”I red-lilac
z EERRAR VRV S o
= —_— decomposition
—_ FIGURE1 Thermal analysis of [Co(py), 5,0, 1n
g
)
E
L g » G wE o
£ £ 2 2885
Z S & vwownwn Thermal Analysis
- Thermal analysis was conducted on most of the
o, complexes but was generally ill-defined.
= In hydrated thiosulphatopentaamminenickel(I1),
£ w w wE water and ammonia were expelled (calculated 37.5%,
R 0 9 = found 38.1%) to give nickel thiosulphate which
2= & O wnw decomposed to give the mixed nickel oxide, Ni, O;.
E In the hydrated bis-(1,2-diamino-3-methylpropane)
s 3‘ complex, water was expelled. This was followed by
: % iy ligand expulsion and decomposition to the mixed
o ] = o Seww oxide.
< % ) § § E § § Thermal analysis was conducted on
3 zZ [Co(py); 552031, The results are given in
9 Figure 1.
FRE=) Obviously this complex can not be symmetrical
Elw and several possibilities exist. Some of which have be
= - 5w been discussed above. It is also possible that a
p>4 8 38 polymeric complex is formed as sulphur’s tend-
Z « e encies to form polymers is well known. However
the spectral evidence suggests a pseudotetrahedral
e complex, probably dimeric with thiosulphate
o occupying two sites of coordination.
~ B EB
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