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The thiomolybdate(V1) ions, [Mo0,S4_,] ‘--, 
(x = O-3), are believed to be active intermediates 
in the copper-molybdenum antagonism that afflicts 
ruminants [l-4]. Administration of MO&‘- is 
known to cause symptoms of copper deficiency in 
monogastric animals [5]. The MO&~- ion is also 
believed to be involved in the active site of nitro- 
genase as well as other molybdenum containing 
enzymes [6]. In these cases redox reactions occur 
at the thiomolybdate centre. The chemical and 
physical properties of the thiomolybdates are well 
documented [7-91, but little information is available 
on the electrochemical properties of the thiomolyb- 
date ions themselves. 

In our earlier papers the nature of the reaction 
between Cu(I1) compounds and MoSg2- was inves- 
tigated. The reaction of thiomolybdate ions with 
Cu(II) generates an insoluble Cu containing product 
which is thought to offer a plausible explanation as 
to how MO can cause Cu deficiency in ruminants 
[3,4]. The reaction of Cu(I1) with MoSJ2- produces 
a Cu(I)-MO(V)-S containing species involving a 
two electron internal redox reaction [4]. Similar 
two electron redox reactions have been reported by 
Stiefel et al. [lo] involving organic oxidants. 

Results have recently been reported of an investi- 
gation of the electrochemistry of the thiomolyb- 
dates in aqueous media [l 11. We wish to report the 
results of a study of the electrochemistry, using 
cyclic voltametry, of MO&~- in non-aqueous media. 

Experimental 

Tetraethylammonium tetrathiomolybdate was 
prepared by the method of McDonald et al. [ 121, 
purity was checked by elemental analysis, ultraviolet/ 
visible and infrared spectrometry, and was found 
to be satisfactory. Tetrabutylammonium tetrafluoro- 
borate was purchased from Sigma (Laboratory 
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Reagent), dimethylformamide and acetonitrile were 
from BDH (General Purpose). Solvents were distilled, 
and dried over molecular sieves, prior to use. 

Cycle voltammograms of tetraethylammonium 
tetrathiomolybdate (5 X lOA mol dme3) were 
measured in dimethylformamide or acetonitrile 
with tetrabutylammonium tetrafluoroborate (0.1 mol 
dmp3) as the background electrolyte. 

Cyclic voltammograms were recorded at room 
temperature, under anaerobic conditions, using a 
three electrode system with a platinum or vitreous 
carbon button working electrode, a platinum wire 
auxiliary electrode and a saturated calomel electrode 
(SCE) as the reference. Potentials were also refer- 
enced to the ferrocene/ferricinium system. The 
apparatus used consisted of a Ministat Potentiostat, 
a Hi-Tee Waveform Generator and a Bryans X-Y 
recorder. 

Results and Discussion 

The cyclic voltammogram of MoSe2-, using a 
platinum working electrode, shows an irreversible 
reduction at -2.46 V in dimethylformamide or 
-2.55 V in acetonitrile, versus SCE, Fig. 1. When a 
vitreous carbon working electrode is used a reversible 
one electron reduction is observed at -2.50 V in 
dimethylformamide, Fig. 2. The apparent difference 
in behaviour may be due to fast follow up reactions 
occurring at the platinum electrode surface, which 
does not happen when using the relatively inert 
vitreous carbon electrode. Cyclic voltammograms 
of the tetraethylammonium salts of trithiomolyb- 
date and tetrathiotungstate did not show any reduc- 
tions over the same range. It is known that upon 
increasing oxy-substitution of MO-S containing 
systems the cathodic reduction potential becomes 
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Fig. 1. Cyclic voltammogram of ca. 5 X 10v3 mol dmm3 

[N(C2Hj)4]2MoS4 in a solution of 0.1 mol dmp3 [N(Cd- 

H~)~]BFQ in dimethylformamide at room temperature, at 

a platinum disc electrode; scan rate 100 mV s-‘. 
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Fig. 2. Cyclic voltammogram of CQ. 5 X 10m3 mol dmm3 

[N(CZHs)4]aMoS4 and ferrocene in a solution of 0.1 mol 

dmm3 [ N(C4H9)4] BF4 in dimethylformamide at room 
temperature, at a vitreous carbon electrode; scan rate 100 

mV s-‘, [N(CaHs),]aMoS4; 300 mV s-l, ferrocene. 

increasingly negative [13, 141. In aqueous solution 
thiomolybdates were reported [l I] to exhibit ir- 
reversible waves; a value of - 1.08 V was quoted for 
ammonium tetrathiomolybdate. 

We have observed that reaction of Cu(I1) with 
MOSER- results in the formation of a Cu(I)- 
MO(V)-S containing species [4], however, reaction 
of Cu(I1) with WS42- produces what appears to be 
a Cu(I)-W(VI)-S containing species [ 151; no evi- 
dence for W(V) is observed. The large reduction 
potential of MOSER- can be explained in terms of 
extensive electron delocalization stabilizing the 
metal centre towards reduction. The lack of reduc- 
tion of WS42- was expected from the general redox 
behaviour of MO and W analogues. 

Bioinorganic Chemistry Letters 

Acknowledgement 

D.E.P. was a recipient of a Leicestershire Educa- 
tion Authority research assistantship. 

References 

1 

6 

7 

8 

9 
10 

11 
12 

13 
14 

15 

C. F. Mills, I. Bremner, T. T. El-Gallad, A. C. DaIgarno 
and B. W. Young, in M. Kirchgessner (ed.), ‘Trace Ele- 
ment Metabolism in Man and Animals’, Arbeitsgemein- 
schaft fur Tierenahrungsforschung, Freising-Weihen- 
Stephen, 1978, p. 150. 
N. F. Suttle,Ann. N. I’. ACQd. Sci., 355, 195 (1980). 
N. J. Clarke and S. H. Laurie, Inorg. Chim. Acta, 66, 
L3.5 (1982). 
S. H. Laurie, D. E. Pratt and J. B. Raynor, Irzorg. Chim. 
ACtQ, 123, 193 (1986). 
C. F. Mills, 1. Bremner, B. W. Young and N. T. Davis, in 
J. M. Gawthorne and J. MacHowell (eds.), ‘Trace Ele- 
ments Metabolism in Man and Animals’, Springer-Verlag, 
Berlin, 1982, p. 549. 
E. J. Stiefel, in M. P. Coughlan (ed.), ‘Molybdenum and 
Molybdenum-containing Enzymes’, Pergamon, 1980, 
p. 43. 
A. Mtiller, E. Diemann, R. Jostes and Il. Bogge, Angew. 
Chem., Int. Ed. Engl., 20, 934 (1981). 
G. A. Tsigdonis, ‘Aspects of Molybdenum and Related 
Chemistry’, Topics in Current Chemistry No. 76, 
Springer-Verlag, Berlin, 1978, p. 65. 
A. Mtiller, Po!vhedron, 5, 323 (1986). 
M. A. Harmer, T. R. Halbert, W.-H. Pan, C. I. Coyle, S. 
A. Cohen and E. I. Stiefel,PoZyhedron, 5, 341 (1986). 
J. You, D. Wu and H. Liu,Polyhedron, 5,535 (1986). 
J. W. McDonald, G. D. Friesen, L. D. Rosenhein and W. 
E. Newton. Inorn. Chim. Acta. 72. 205 (1983). 
J. Topich and J.-T. Lyon,PoZ_ihe&on,.3, 61 (i984). 
L. Szterenberg and B. Jeiowska-Trzebiatowska, Inorg. 
Chim. Acta, 79, 221 (1983). 
D. E. Pratt, Ph.D. Thesis, Leicester Polytechnic, 1985. 


