


and is nearly independent of 1*. 1Its value is given, to good appro
mation, by the series combination of the bulk geometric capacitap,
C N - 1, and the normalized compact-layer capacitance. The value

fgund for C is generally smaller than in the Chang-Jaffé case apg
reflects the combination of diffuse and compact-layer effects. T}
values found for R,, display less dependence on I: than in the Chj
Jaffé case for the same reason.

In systems with two identical electrodes it is found that depl
tion effects dominate the resistance R2 ,» while accumulation effecg,
dominate the capacitance C2 , both of wﬁich increase as |Is| incre
In general, the results of tﬁe least squares fitare not quite as gg
factory for biased systems with two identical electrodes as it ig
half-cells. Probably this indicates an inadequacy of the chosen c;
cuit to describe both accumulation and depletion behavior in the gg
system. Clearly some elaboration of the basic circuit would be de-
sirable. The Fig. 2b circuit has, nevertheless, been found to prf
vide an adequate representation 'of system response in a great many
cases and may be of considerable practical use in the treatment of
experimental data.

b

8. Summary and Conclusions

We have reported steady-state and small-signal ac response re
sults for one-mobile systems with one or two polarizable electrodes
obtained by computer solution of the appropriate differential equa:
tions. Most features of the system response can be understood in
terms of the accumulation or depletion of mobile charge carriers at
the electrodes, as determined by the rate law for the electrode re=
action and the equations governing charge transport within the el
trolyte. An equivalent circuit was found which provided adequate
least-squares fits to the system impedance and yields parameter est
mates consistent with a qualitative understanding of the physical
processes involved in system response.

In future work, the two-mobile case will be treated in detail
and the possible presence of intrinsic space charge layers will be
included in the basic model. With such generalization the model
should be applicable to a significant number of realistic systems,
and more detailed theoretical analyses of particular experimental
systems may be in order.
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Impedance plane plot for M=20 half-

10
cells with Butler-Volmer electrode kinetics.

Fig. 6.

(.001,20,0.1
5. Impedance plane plot for M=20

half-cells with Chang-Jaffé electrode
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Fig. 8. Impedance plane plot for M=100

. J. Albery, Imperial College, London: I understand how you can
1€ equivalent circuits to describe the numerical results and for
l‘tiOH, but are the variations of Ry and Cy in the simpler cir-
ensible and can they give us physical insight into what is going

Fig. 7. Impedance plane plot for M=100
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Dr. D. R. Franceschetti: We believe that the variations in R angd
have a very simple physical interpretation, and have briefly §Omm )
on this in the written text of our paper. 1In systems with one ohmg.
and one partially polarizable electrode, Cy increases and R deCrui
as the biasing current is increased. This clearly reflects the egp
lishment of an accumulation space-charge region at the electrode 3
in which the excess charge carrier is the electroactive species-’:l
also accounts for an increased rate of charge transfer, reduciné ol
For such systems, also, the dependence of Ry and C, on the biasi 2
current is strongest for 6 = 0 and lessens as § increases, clear;_lg
dicating a reduced role for the diffuse double-layer as the compazf
layer becomes more significant. Although the results for systemg »
two polarizable electrodes (both depletion and accumulation layerg
present) are somewhat more complex, the behavior of Ry 1is domiﬁat”
the depletion region, as one would expect. We have noted that a }
slightly more complex circuit is probably appropriate for this cag

ELECTRODE REACTIONS OF EXCITED MOLECULES

Heinz Gerischer, Mark T. Spitler, and Frank Willig
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Faradayweg 4-6, D-1000 Berlin 33, Germany

It is explained how the redox potentials of an excited
Qlecule in its function as an electron donor or as an elec-
.yon acceptor can be obtained. The distribution of energy
svels for the excited molecules is derived and the condi-
ons are discussed which are needed to observe electron
ansfer from or to an excited molecule at an electrode.

Examples are discussed for metal, insulator and semicon-
uctor electrodes. The measured quantum yields are correlat-
| for a series of dyes to the difference of the energy terms
tween donor and acceptor states and the results are com-

ed with theoretical expectations.

DOX POTENTIAL OF AN ELECTRONICALLY EXCITED MOLECULE.

fors like a molecule in the electronic ground state. Its redox

etic equilibrium of forward and reverse reaction since,besides
ort lifetime of the excited molecules which limits their con-

the steady state of illuminations dominate electron transfer

tances.

,Vtely be derived in the following way (1-4). We can compare
te for a molecule D acting as an electron donor:

olv + e — D . : ’;O_z_ O
e solv, with ED/D AG1

114 115

f'excited molecule can exchange electrons with electron donors or
ties can thermodynamically be characterized by two standard re-
tials, one for reduction and another for oxidation. These re-
ntials, however, cannot be measured directly in the usual way
ion, the electron transfer reactions of the unexcited molecules
2 opposite direction. Generation of excited molecules by electron
€r at an electrode would be needed as the reverse process in or-
' reach redox equilibrium with an excited molecule, but the paral-
%tion generating the unexcited molecule will predominate in all

Standard redox potentials of excited molecules can, however,

d redox potentials, ¢ , in the ground state and in the ex-






