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Proof of an Electron-transfer Mechanism by which Metals can Catalyse 
Oxidation-Reduction Reactions 

By M. SPIRO* and P. W. GRIFFIN 
(Department of Chemistry, Imperial College of Science and Technology, London, S. W.7) 

MANY redox reactions in solution are catalysed by meta1s.l 
Several workers2 have postulated that such catalysis pro- 
ceeds via electron transfer through the metal phase; we 
report the first quantitative confirmation of this hypothesis. 

The reaction employed was 
2Fe(CN),3- + 31- -+ 2Fe(CN),4- + I,- (1)  

catalysed by platinum. If the electron-transfer mechanism 
is correct, then in the steady state the rate at which ferri- 
cyanide ions accept electrons from the platinum equals the 
rate a t  which iodide ions donate electrons to it. Each rate, 
too, equals the rate of heterogeneous catalysis. From the 
electrochemical point of view, the cathodic current of the 
ferricyanide-ferrocyanide couple at the metal surface must 
equal the anodic current of the tri-iodide-iodide couple at 
the pot en t ial-the "mixture pot en t ial' '-which the met a1 
takes up in the reaction mixture. An experimental test can 
therefore be made by (i) measuring the rate of heterogeneous 

catalysis and at the same time the potential adopted by the 
catalyst during the run, and (ii) determining the current- 
voltage curves of the two couples individually a t  the same 
metal surface. To achieve uniformity of conditions we used 
a large rotating disc of platinum metal: the hydrodynamic 
theory of such a system is well e~tablished,~ the practical 
conditions necessary for large discs to meet the theoretical 
requirements are now known,4 and it is relatively easy to 
condition the surface reproducibly before each experiment. 

A platinum sheet (3.8 cni. diam.) was brazed on to a 
trumpet-shaped stainless steel former, and the latter was 
insulated from the solution by two coatings of Araldite 
Clear Lacquer. The platinum surface was preconditioned 
in M-HClO, a t  0" by being cathodized for 45 min. a t  f0.140 
v and then anodized for 10 min. at + 1.400 v. All potentials 
quoted are with respect to a saturated calomel electrode at  
0". The rate of reaction (1)  was determined spectrophoto- 
metrically a t  350nm. where I,- absorbs strongly. All 
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experiments were carried out at 0” because the contribution 
of the homogeneous reaction to the overall rate is then 
relatively small. 

In a 300 ml. reaction 
mixture M in KNO,, 1 mM in K,Fe(CN),, and 50 mM in 
I-, the homogeneous rate of tri-iodide production was 
0.5, x mole 1.-1 see.-1. With the platinum disc 
immersed and spinning at 200 rev./min., the overall rate 
was 6.7, x 10-8 mole 1.-1 sec.-l. The heterogeneous 
contribiition, therefore, was 6.2, x mole 1.-1 sec.-l, or 
6-2, x after a small sampling correction. In the 
catalyscd run, the mean concentrations of ferrocyanide and 
tri-iodide were 14-6 p , ~  and 7.3 PM, respectively, The 
potential of the platinum disc was 0.293,~ (versws S.C.E. a t  
0’) at the beginning of the run, and 0.293,~ at the end. 

Current-voltage curves for the individual couples were 
then measured by use of the same rotating disc. After 
allowance for the effect of the residual current, i t  was found 
that the cathodic current of a mM-ferricyanide + 1 4 . 6 ~ ~ -  
ferrocyrtnide couple in M-KNO, equalled the anodic current 
of a 50 mM-iodide + 7.3 p-tri-iodide couple in M-KNO, a t  
a potential of 0.295, v. The corrected currents, which 
were fairly insensitive to the ferrocyanide and tri-iodide 
concent rations, respectively, were both 354 PA. By 
Faradav’s law, this is equivalent to the production of 
tri-iodide a t  the rate of 6.1, x 10-9 mole 1.-1 sec.-1 in the 
300 ml. solution used. 

The following figures are typical. 

The two independent determinations of both potential and 
rate are in close agreement. The potential of the disc 
during catalysis is only 2 mv less than that deduced from the 
current-voltage curves of the separate couples, and the 
electrochemically measured rate of electron transfer a t  the 
mixture potential agrees to within 2% with the kinetically 
determined rate of heterogeneous catalysis. Only one basic 
assumption-the additivity of current-voltage curves-has 
been made, and this is generally a~cepted .~  Within the 
limitations of its validity and of the experimental errors, the 
above experiments and others like them prove that platinum 
metal catalyses reaction (1) by allowing the transfer of 
electrons through the metal and not by some other mech- 
anism such as direct electron transfer between adjacently 
adsorbed reactant ions. If this path is a general one, the 
rates of heterogeneous catalysis by metals of this and other 
redox reactions can be predicted from electrochemical 
experiments alone. A similar mechanism is likely to apply 
to redox reactions catalysed by semiconductors, and indeed 
the possibility that enzymic oxidoreductions proceed via 
electron transfer through the enzyme was envisaged some 
years ago.s 
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