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Purpose

It is well known that electron deficient organometallic
complexes are much more labile than their electroni-
cally saturated analogues. A recently studied exam-
ple of this is the 33 electron dinuclear complex
Fep(CO)7{(u-PPh2), which is synthesized using
chemical or electrochemical oxidation of the 34 elec-
tron moneanion (F1). 1t was shown by cyclic voltam-
metry that the oxidized complex rapidly reacts with
phosphines at room temperature to give the mono-
substituted phosphine derivative (the neutral complex
does not react under these conditions). A further
study was undertaken to measure the rate of the
substitution reaction, and 1o investigate the effect of
variation in the steric and electronic properties of the
phosphine on this rate.
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Figure 1. Redox interconversion of [Fex{CO)7{y-

PPh2)]" (n =0,-1).
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Method

Cyclic voltammetry is a powerful technique for the
qualitative investigation of the reactions of electro-
generated species in solution. However, the inter-
play of heterogeneous and homogeneous processes
complicates calculation of quantitative data, and
other techniques are generally preferred. One such
technique is chronocoulometry. In this methed, the
polential is stepped from a value at which no elec-
trolysis occurs (Ei} to a potential at which the electro-
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active species is converted to a different oxidation
state at the working electrode (Es). The working
electrode is then held at this potential for a time 1,
after which the poteniial is stepped to another value
(often the initial potential) at which the electrolyzed
species is converted to the original oxidation state
(Ef) (F2a). The potentials used are calculated from
gyclic vollammetric data and are sufficiently different
from the redox potential to cause very rapid electron
transfer, which eliminates the effect of slow hetero-
geneous charge transfer. The current (and hence
the charge) for both steps is therefore diffusion con-
trolied. In chronocoulomelry, it is the charge for both
steps that is measured (F2b). For a simple electron
transfer, the charge ratic Qy/Qs is 0.586 (i.e. some of
the molecules electrolyzed in the first step diffuse
away from the working electrode before the second
step). However, if the electron fransfer is followed
by a chemical reaction, there are fewer molecules
available for elecirolysis in the second step, and the
ratio decreases. The magnitude of this decrease de-
pends on < (i.e. the time available for the chemical
reaction); therefore, the rate of this chemical reaction
can be calculated by measuring the variation in Qr/Qf
due fo changes in .
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Figure 2. a) Applied potential vs. time plot for
chronocoulometry. b) Charge vs. time plot for

chronocoulomatry.

Results

The chronocoulometry experiment was carried out
on a solution containing the monoanion and a
phosphine, with oxidation of the monoanion occur-
ring in the first step. In addition to varying 7, the
concentration of the phosphine was also varied and
a range of phosphines with differing steric and elec-
tronic properties was used. Working curves are
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available (1) that relate Qr/Qt 1o k1[P] for various val-
ues of k-1/ki[P} {(where k1 and k1 are the rate con-
stants for the forward and reverse chemical reactions
respeclively, and [P] is the conceniration of the
phosphine). For this system, Q/Qs tended to zero
for moderate P and large t, which showed that the
rate of the reverse reaction was negligible (i.e. the
chemical reaction is irreversible). The values of
ki[P] were therefore taken for the working curve for
ki/ki[P] = 0 (F3), and k1 was calculated. As dis-
cussed above, ki was several orders of magnitude
larger than the rate constant for substitution of the
monoanion. Variations in ki for different phosphines
showed that the substitution reaction is associative.
The activation parameters calculated from variable
temperature measurements of k1 were also consis-
tent with an associative mechanism (e.g. the entropy
of activation was negative).
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Figure 3. Variation of Qi/Qf with L(T) (L(T} =
log(k1[P]1) for an EC mechanism where the chemical
reaction is imeversible.
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