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Liquid junctions in electrochemical cells introduce potentials that
can strongly affect measurements. Such liquid-junction potential
errors can exceed 100 mV. In the analysis of charge-transfer
thermodynamics, error differences of 100 mV can have substantial
impact on the interpretations. Discussion herein outlines an
approach for eliminating the effects of liquid-junction potentials
from charge-transfer analysis.

Introduction

Charge transfer (CT) and charge transport (CTr) drive life on Earth and ensure our
modern ways of living possible.' Electrochemical analysis is essential for the design and

characterization of CT systems.” Specifically, the reduction potentials of the electron
(1/2) (1/2)

acceptor, EA|A.7, and the oxidized electron donor, ED.+|D,

produces, are intricate for estimating CT driving forces, -AG©.>*

which cyclic voltammetry (CV)

Light-driven processes, such as photoinduced charge transfer (PCT), are key for
harvesting solar energy and converting it into a utilizable form like in photosynthesis and
photovoltaic devices.”” In addition to the electrochemical potentials, the thermodynamic
analysis of PCT requires prior knowledge of the zero-to-zero energy, &y, of the donor or
the acceptor, estimated from steady-state optical spectroscopy.® Frequently, the
conditions of electrochemical and spectroscopic measurements are different, i.e.,
employing media with different polarity.”'® Electrochemical potentials and optical
transitions depend on the polarity of the solvating media. Usually, estimating the Born
solvation energy, AGy, allows correcting for such polarity differences.’

Even with solvation-energy corrections, two challenges remain pending. First, the liquid-

junction potentials (Eyy) introduced in the electrochemical cells by using high-precision

reference electrodes, such as SCE and AgCl/Ag, introduce bias in the measurements."!

Second, the CT analysis employing electrochemically measured potentials assumes a

prior knowledge of the polarity of the species during oxidation and reduction at the

electrode surface.'”"” Usually, the bulk polarity of the solvent or the electrolyte solution

is associated with the measured reduction potentials. At the surface of polarized working

electrodes, however, the electric field immobilizes the media within the double layer

where the redox species are characterized. Such immobilization, known as “electrofreeze”
results in lowering of the static dielectric constant that the redox species experience. '
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This transaction discusses an approach for eliminating the Ey; bias error from the
measured potentials for CT analysis.

Results and Discussion

An increase in medium polarity stabilizes charged species. Therefore, it induces a

positive shift in Egﬁl and a negative shift in EY2 | for non-charged donors and

DD
acceptors. The difference between these potentials accounts for the energy level of the
CT state when estimating -AG”. Indeed, Ey; indices the same bias regardless if CV

probes oxidation or reduction. Therefore, E1; does not affect the potential difference, AE
_ (1/2)
= ED.+|D

— Eil‘/j_)f. This consideration allows rewriting the equation for PCT driving force
as follow:"!

AGpcr(e) = F AEY?(eg) — &ole) + AGy(e, ex) + W(e) [1]

Where ¢ is the dielectric constant of the media for the electrochemical analysis, and ¢ —
of the media for the spectroscopy and PCT studies; W is the Coulombic term accounting
for the electrostatic interaction between the donor and the acceptor; and F is the Faraday

%14 In this analysis, it is important to ensure that the measurements of £ (2

D’+|D and

constant.
E:/Z,)_ are conducted in the same electrochemical cell and under identical solvent
conditions.

The Born-solvation term, AGg, accounts for the interactions of the donor and acceptor
with the solvating media:”"*

AGS(ga lc/‘E) =

s, (- 1) 2]

8 & EE

Where ¢, is the elementary charge; ¢ is the dielectric vacuum permittivity; and Sy
depends on the radii of the donor and the acceptor, rp and 74, the initial charges of the

donor and the acceptor, zp and z,, and the number of transferred electrons, nezz’“

1 1
Sip=Qap+n) - —(22a-n) - [3]

Using eq. 1, along with 2 and 3, allows estimating CT thermodynamic driving forces
without the systematic errors that £y introduces in the interpretation of the measurements.

Conclusions

CV measurements are easy to carry out, but their interpretation warrants a great degree of
caution. The outlined analysis illustrates eliminating the errors that liquid junctions in
electrochemical cells introduce. Nevertheless, understanding the media at the electrode
surface is as important for drawing valid conclusions. Such medium effects become
especially pronounced when lowering the solvent polarity for redox species with small
size.
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