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Introduction

The polarographic reduction of some aromatic hydrocarbons, carbonyl
compounds, nitriles, nitro and other compounds to form radical anions is well
known (1), Ionic species of this type are often postulated as intermediates
in organic reacticns (2). Only when the radical anions have a relatively long
life time is it possible to prepare them chemically or electrochemically and
study their reactions and, for example, their e.s.r. spectrum {3), Here a
simple electrochemical method has been developed for following the course of
organic reactions involving relatively short lived species or reactions which
take place relatively rapidly. The method was first suggested by Koopmann and
Cerischer (4), and used by them to measure the stationary concentration of
radical anions in an e.s.r. experiment.

Experimental Method

The measurements have been carried out exclusively in D.M,F, solutions
because of solubility requirements, The radical anicn is formed at a stationary
mercury drop for a definiie length of time by applying a potential pulse to the
electrode using a high speed potentiostat, The course of the general reduction
process

R + e &= R’ (1)
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is observed as a current/time‘ curve, which is recorded oscillographically.
Integration of the curve gives directly the number of radical snions moving out
into the solution, by diffusion. When the potential pulse returns instantaneously
to the base potential equation {I) is reversed and the radical anion is oxidised
back to the parent. If the radical anion has not suffered any reaction during

the time it has been in solution then very simply one would expect to regain by
oxidation half the charge which has flowed in the reduction process. Qualitatively
this can be seen as follows: the radical anion concentration during the oxidation
step is zero ali the electrode gurface and in the bulk of solution, therefore an
enion has equa. chance to diffuse back to the electrode and appear as an oxidation
current or dif:fuse into the solution eand be lost., A similer constant current
reversal method has also been used in electrochemistry to measure the rates of
organic reactions. in agueous solution in recent years (5,6,7) but suffers from

the well known difficulty of separating effects due to double layer charging,

and adsorption of substances prior to electron exchange from the reduction and
oxidation currsnts, It was the purpose of the present work to test the above
proposition at short times and investigate the course of some simple organic
radical anion reactions.

Experimental resulis

The compounds benzophenone, acetophenone, anthracene, naphthalene in D.IM.F.
solution are known from e,s.r, studies to reduce to long lived radical anions,
The results of FIG. 1 confirm that all these radical anions is completely stable

in solution ard does not abstract hydrogen from D.M.F, or from water.

* Details of the apparatus and reduction kinetics will be published elsewhere.
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FIG. 1
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Reduction times up to 70 ms only could be measured due to interference from
convection which transports the radical anions away from the diffusion layer.
This is a severe experimental condition which limits the technique to fairly
rapid reactions. The radical anions react rapidly with the oxygen anion which
is formed simultaneously when dissolved oxygen is present and this was reduced
to a low level by tubbling purified nitrogen gas through the solution,

At higher reduction potentials as shown from the curfent time curves two
electrons are transferred and a dianion is formed. An example for the reduction
of anthracene is shown in FIG, 2. The anthracene dianion extracts hydrogen from
D.M.F., not from water, with a first order rate constant 31.2 sec—1. Dispropor=-
tionation is not observed. This confirms that the second polarographic wave,
which is usually ill-defined because of the eccentric behaviour of dropping

capillaries in D.M.F., is in fact due to dianion formation.
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FIG. 2
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It appears that two electrons are transferred in a single step, Benzaldehyde
also forms a radicel anion and & dianion but does not fit into the above scheme
possibly due to & dimerization reaction., Measurements using a glassy carbon
electrode show that metal organic intermediates are not formed,

Two distinct types of experimental behaviour have been observed when the
radical anions undergo subsequent reaction. These are typified by the radical
anion reaction with carbon dioxide on one hand and ethyl bremide and oxygen on
the other., The radical anions of anthracene end benzophenone react with 002.

In this case the concentration of the free radical anion (weasured by the
oxidation charge) is elways zero. The one satisfactory way to explain this

phenomenon is as follows.
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H COO further reduction

The radical anion after the addition of one CO, molecule is in a potentially

2
unstable situation and quickly takes an electron from a neighbouring unreacted
radicel ion., This vlea;res an anthracene molecule in the neighbourhood of the
electrode surface which is further reduced, a fact which is clear from the
experimental current time curve for the reduction. Benzophenone reacts with 002
in an exactly analogous manner. This mechanism explains the findings of Wawzonek
and Gunderson (8). Carbon dioxide is probably reduced simultaneously with the
hydrocarbons but the concentration of the carbon dioxide radical anion is only
very low. The fact that two substances are reduced polarographically at the same
potential is therefore not an infallible proof that the reduced forms react
together,

The reactions of the anthracene anion in presence of dissolved oxygen and

the benzophenone anion in ethyl bromide are experimentally quite different from

the reactions with 002. In the case of benzophenone, for example, the amount of
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charge going into the simultaneous reduction of ethyl bromide leasds to a
corresponding decrease in the concentration of the free benzophenone radical
anion concentration., Even when ethyl bromide is present in lerge excess there
is no evidence that the benzophenone anion reacts with ethyl bromide itself.

This leads to the scheme

c 2H 5B17 + e jsam— c 2H5 + Br
0. O
[ I
Co + e o]
b —
Qe OH
C.

0w — OID

the hydrogen ion in the last step being supplied from the D, M.F.

Except for the hydrogen extraction reaction of the anthfacene dianion all
these reactions are very fast, and it has not proved possible to measure rate
constants, It is clear, however, that it is possible to recognize when two
species react together and follow fairly complex reaction paths. In this way
it should be rossible, by making orgenic fragments at different potentials
(using potential as en oxidising or reducing agent of exactly variable strength)
and allowing these to react near to the electrode, to tailor make meny organic

molecules,
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