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The Rate and Activation Parameters for the Cleavage of the Metal-Metal Bond of the
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Electron transfer to [(CsHs)Fe(CO),], gives an anion radical in which the electronic configuration of one Fe no longer
conforms to the ‘18 e’ rule and which undergoes cleavage of the metal-metal bond with a rate constant equal to
1060 s at 273 K and an activation energy of 15.7 kcal mol-* (1 kcal = 4.18 kJ) in acetonitrile.

It is a well recognised fact that electron transfer can play an
important role in the reactions of organo-transition metal
compounds and can thus be a primary step in homogeneous
catalysis.! In spite of the importance of such processes little
detailed information is available concerning the reactions of
ion radicals of this class of compounds.?

We report the preliminary results of a detailed investigation
of the redox reactions of complex (1) and related substances.

Reaction (1) is observed to take place when complex (1)
(Cp = cyclopentadienyl) is exposed to metallic sodium.?
Although the mechanism of the reaction is not known we
considered it likely that either the anion radical resulting from
the transfer of 1 e~ or the dianion from 2e- transfer is the
species which undergoes cleavage of the metal-metal bond.
The electron transfer process is illustrated by the steady
state voltammogram for the reduction of (1) in acetonitrile at
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Table 1. Kinetic and activation parameters for the decomposition of
[(CsHs)Fe(CO),], anion radical in acetonitrile.

[Substrate]/mm 0.25 0.50 1.00
kpgals1 35.9 30.5 35.4(£16%)
E,/kcal mol—! — — 15.7(£0.3)
AS#/cal (K mol)—1 — — 11
P — — 1060

aThe rate constant at 273.2 K evaluated from the Arrhenius plot. All
experiments were conducted in solvent containing BuyNBF, (0.10 m).
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Figure 1. Steady state cyclic voltammogram for the reduction of
[(CsHs)Fe(CO),], (1) in acetonitrile at 263 K and 1.00 V s—1.

263 K (Figure 1). The cyclic voltammogram was measured at a
mercury electrode after about 10 cycles between —1.46 and
~2.26 V (vs. Ag/Ag*) at a voltage sweep rate of 1.00 V s—1,
Under these conditions the process corresponds to the
reduction of (1) at R1 with a peak potential of —1.972 V and
the oxidation of a reaction product [presumably (2)] at O2
with a peak potential equal to —1.576 V. After the first cycle a
new reduction peak R2 which is linked to O2 is observed.

By going to either lower temperatures or higher sweep rates
the oxidation of the anion radical regenerating (1) can be
observed on the reverse scan. This allowed the kinetics of the
reaction to be studied by derivative cyclic voltammetry
(d.c.v.), a transient technique which has recently been
discussed.? The data in Table 1 are for measurements carried
out at temperatures ranging from 243 to 273 K and voltage
sweep rates from 1.00 to 100 V s—1. The rate constants were
evaluated from theoretical data* for the ECE; mechanism
which consists of reactions (2) to (4) in this case.

The dianion was ruled out as a possible intermediate by the
observation that Ip/vt, where v is the voltage sweep rate,
changes by about a factor of 2 as v is varied to observe the
change from complete to no reaction under the time scale of
the measurements.5 Any contribution from electron transfer
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(1) -5, Cp(CO)Fe- + Cp(CO),Fe- 3)
Cp(COYFe- + (1) —2L, Cp(CO),Fe- + (1) 4)

reaction (4) to rate control was ruled out by the fact that the
observed rate constants were independent of the substrate
concentration in contradiction to the expected behaviour for a
second order reaction of (1)+.3 Three independent determina-
tions of the rate constant at 244 K with a substrate concentra-
tion of 1 mM showed a standard deviation of £16%. This error
is somewhat greater than is usually encountered using d.c.v.
and is likely to be due to some interference by product
adsorption on the electrode. Because of this it was necessary
to change the mercury surface frequently during the experi-
ments.

The activation parameters for this reaction are of interest.
In spite of the fact that the configuration around one Fe atom
in the anion radical no longer conforms to the stable situation
described by the ‘18 electron rule’! the Arrhenius activation
energy (E,) is of considerable magnitude, i.e. 15.7 kcal
mol—1.t1 This implies a reasonably high barrier to the cleavage
of the metal-metal bond in the anion radical. As would be
expected for rate determining reaction (3) the entropy of
activation, AS*, was observed to be positive and equal to
about 11 cal (K mol)~1. The only data available for compari-
son deal with the cleavage of arenes from cation radicals of
tricarbonylchromium complexes.6 Activation energies rang-
ing from 8—18 kcal mol-! were found but the activation
entropies were negative. The reaction having an activation
energy of 16 kcal mol-1, comparable to that reported here,
had a rate constant of only 0.46 s—! at 298 K which is several
orders of magnitude less than we can calculate in this case. In
fact the rate constant in this case is greater than 103 s-1 at 273
K. Thus, compared, to the other known cases we conclude
that the facile reaction (3) is driven by the positive entropy of
activation.

It is our general conclusion that the study of the kinetics and
mechanisms of electron transfer reactions involving organo-
transition metal compounds is feasible and can be expected to
provide highly useful information on the reactions of these
very important compounds.
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