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With utramicroeledrodes, it is possbleto cary
out voltammetry of uncharged organic substratesin
solutions containing very low amount of supparting
eledrolyte. Studies of typicd systems like ferrocene,
TEMPO and fullerene caried out under these mnditions
reved an unusual form of cyclic voltammetric waves (see
Figure), where the forward and the reverse scan cross
ead other intwo pants. The key fador for the
appeaance of thistype of hysteresisisthe low suppart
ratio (i.e., theratio of concentrations of supparting
eledrolyte and readant), usually below 0.1. For higher
suppart ratios the hysteresis gradually disappea and the
forward and badkward scans merge to a single stealy-
state aurve.
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Figure: Cyclic voltammogram of ferrocene (10 M) in
DMSO, no supporting electrolyte. Platinum electrode
22pm diameter, scan rate 20 mvV/s.

The width of the hysteresis loopincreases with
lowering the suppart ratio, and with increasing the size of
the dedrode and scan rate. When the suppart ratio is kept
congtant, the hysteresis width pradicdly doesn't change
with the a¢ual readant concentration. If a number of
scansisreoorded, the hysteresisloopin the second and
subsequent cyclesis dightly narrower than in the first
one, but does not disappea - instead, it reades an almost
constant width.

If the forward scan is stopped at the rising part of
the wave and after that the aurrent is recorded, its value
increases. In the badkward scan the current deaeases after
stopping the patential scan. In both cases the current
eventually reades a onstant value, and the plot of these
values versus the potential gives aline that lies between
the forward and the reverse scan curves. The stoppng of
the scan at the wave plateau for prolonged periods doesn't
influencethe hysteresis loopwidth in the subsequent
scans.

The described fedures all ow us to conclude, that
the observed hysteresisis caused by a differencein the
iR-drop magnitudes in the forward and the reverse scans.
Both waves are displaced by the ohmic drop, but the
solution resistancein the backward scan is small er than
the corresponding resistancein the forward scan.

When aneutral reacdant is oxidized or reduced at
the dedrode, the charge of the readion product hasto be
compensated by the munterions attraded from the bulk of
the solution. Because the readant (and thus product)
concentration significantly exceeds the ancentration of
ionsin the bulk, arelatively large volume of the solution
hasto be depleted of counterions. Aslong as this process
is not completed, the solution resistance dhanges and so
does the iR-drop.

Therefore, to be aleto speak about the steady-
state in the discussed type of systems, one has to consider
the situation in which all concentration profiles of ionsin
the solution and the concentration profil e of the readant
do not change with time any more. This difference has
quite important conseguences, two of them will be
presented below.

The driving forces for the transport of the
readant (diffusion) and the transport of the counterion
(diffusion-migration) are different, and so are the time
scdes of these phenomena. The parameters that control
therate & which the steady-state profil e of the the neutral
readant is readed are the dectrode radius and the
diffusion coefficient of the reactant. The time necessary to
acamulate the counterion and to establish its geady-state
profile will also depend on the suppart ratio and the
surface oncentration of the dedrode readion product.
Thislatter parameter depends, in turn, on the dectrode
potential.

If the steady-state is assessed by testing whether
the height of the wave is independent of the scan rate,
essentially only the readant concentration profileis
indiredly examined. The test whether the paosition of the
wave dong the potential axisis constant deliversthe
information about establi shing a true steady-state with
time-independent concentration profil es of all i ons.

If aseleded scan rate gives the voltammogram
that has dealy-state feauresin the presence of excess
supparting eledrolyte, the same scan rate for a
significantly lower suppart ratio can gve anon-stealy-
state voltammogram. Equivalently, a significant increase
in the readant concentration without change of the
suppat eledrolyte level can also lead to non-stealy-state
behaviour.

These diff erences beaome important when
parameters believed to be measured under steady-state
conditions are used in further analysis, e.g., in the
determination of the formal potential of the redox couple.



