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(54) METHOD OF CHANGING THE POTENTIAL VALUE DURING AN ELECTROCHEMICAL

MEASUREMENT

(67)  The object of the invention is a method of chang-
ing the potential value during an electrochemical meas-
urement. The method is characterized by the fact that
the first potential is applied to the working electrode with
the value of the formal potential of the tested redox sys-
tem increased by a value of the first of the predefined
series of amplitudes. The duration of the first applied po-
tential is derived from the first of a predefined series of
applied frequencies. The value of the potential in the sec-
ond return pulse results from the potential minus the val-
ue of the first in the amplitude series. This represents the

Fig.2

first cycle of potential change. In the second cycle of
changes, the value of the potential is changed in a similar
manner, but the value of the amplitude used is the next
in the series, while the change in the duration of applica-
tion of the potential is based on the next in the series of
frequency values. Subsequent cycles of potential change
are carried out in an analogous manner exhausting a
pre-planned range of amplitude and frequency values
with an identical number of positions. The current flowing
through the circuit is measured each time at the end of
the applied potential values.
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Description

[0001] Theobjectoftheinventionis amethod of chang-
ing the potential value during electrochemical measure-
ment.

[0002] In the method described in Electrochemical
Faradaic Spectroscopy (ChemElectroChem, 2018, 5,
187-194), the authors used multiple, alternating applica-
tions of two fixed potential values, with a square wave-
form, at a predefined frequency. The potential values are
set relative to the formal potential of the redox reaction
thatis being characterised in the course of the experiment
so designed. The frequency with which the potential val-
ues are changed depends on the duration of the appli-
cation of the potential value and is constant throughout
the measurement. The current flowing through the circuit
is measured each time at the end of the application of
the potential. In this way, the forward values, the back-
ward values and their difference (the resulting net cur-
rent) are obtained. The number of cycles (series of two
adjacent potentials) is not fixed. The end result of the
measurement is the dependence of the measured cur-
rent values as a function of the number of cycle changes
or the duration of the experiment.

[0003] In another example presented in Multi-frequen-
cy analysis in a single square-wave chronoamperometric
experiment (Electrochem. Commun., 2021, 124,
106943), the inventors used the analogous principle of
alternating the application of the potential with a constant
potential difference and a square waveform. In this case,
however, the principle of changing frequency values dur-
ing a single measurement was applied. This means that
two adjacent pulses of potential (a single cycle) have the
same duration, while successive cycles are already as-
signed different, predefined frequency values. The cur-
rent flowing through the circuit is measured each time at
the end of the application of the potential. In this way, the
forward values, the backward values and their difference
(the resulting net current) are obtained. The number of
cycles (series of two adjacent potentials) is not fixed. The
end result of the measurement is the dependence of the
measured current values as a function of the number of
cycle changes or the duration of the experiment.

[0004] Inanother case presented in Electrode kinetics
from a single experiment: Multi-amplitude analysis in
square-wave chronoamperometry; (Physical Chemistry
Chemical Physics, (2022), 24, 24419-24428) the authors
presented a modified method of measurement based on
the reapplication of alternating potential values, this time
with a fixed duration for each pulse, but varying the po-
tential values in a predefined way. The current flowing
through the circuit is measured each time at the end of
the application of the potential. In this way, the forward
values, the backward values and their difference (the re-
sulting net current)) are obtained. The number of cycles
(series of two adjacent potentials) is not fixed. The end
result of the measurement is the dependence of the
measured current values as a function of the number of
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shift cycles or the duration of the experiment.

[0005] Theobjectoftheinventionisamethod ofchang-
ing the potential when conducting an electrochemical
measurement using predefined, variable potential val-
ues. It is characterized by the fact that in the first cycle
of changing the potential value, the first potential is ap-
plied to the working electrode with the value of the formal
potential of the tested redox system increased by a value
of the first of the series of amplitudes. The duration of
the first applied potential results from the first of the series
of frequencies applied, while the value of the second re-
turn pulse results from the potential reduced by the value
of the first of the series of amplitudes Then, in the second
cycle of change, the value of the potential is changed
analogously, but the value of the amplitude used is an-
other of the series, while the change of the duration of
the application of the potential is based on the next series
of frequency values, in the next stage successive cycles
of potential changes are realized analogously exhausting
the previously planned series of values of amplitude and
frequency. The number of positions in the series is not
predefined, and the current flowing through the circuit is
measured each time at the end of the duration of the
applied potential values.

[0006] The principle of changing the values of these
potentials is based on the simultaneous application of
both changing amplitude and frequency values of the
square wave. In this way, a single pair of applied poten-
tials, the change cycle, receives one pair of frequency,
duration and amplitude values, which is the difference
between the applied value and the output value - deter-
mined in relation to the value of the formal potential of
the redox reaction, which is subjected to characterization
in such a designed measurement. In this way, the forward
values, the backward values and their difference (the re-
sulting net current) are obtained. The number of cycles,
a series of two adjacent potentials, is not fixed. The end
result of the measurement is the dependence of the
measured current values as a function of the number of
shift cycles or the duration of the experiment.

[0007] The advantage of the method according to the
invention is that current values relevant only for the char-
acterised substances are obtained, which is due to the
fact that the applied potential values are changed within
the influence of the electroactive substance on the re-
corded current close to the value of the formal potential
of the given redox reaction.

[0008] The advantage of the method according to the
invention is also the simultaneous influence on the re-
corded signal through the amplitude and frequency val-
ues changing at the same time, as parameters that pro-
vide the possibility of characterizing and differentiating
the substances analysed in the measurement. The elec-
trochemical characterisation of the substance under
analysis, in terms of the electrode reaction mechanism
and its kinetics, can be carried out in a single measure-
ment, which is highly cost- and time-efficient compared
with electrochemical characterisation methods known in
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the literature, such as cyclic voltammetry (CV) or square
wave voltammetry (SWV).

[0009] An additional advantage of the method accord-
ing to the invention is the use of a simultaneous change
in the values of the characterizing parameters, i.e. the
amplitude and frequency of a square wave in an electro-
chemical measurement based on the principles de-
scribed for the method called electrochemical Faradaic
spectroscopy. This allows interaction with the redox sys-
tem under analysis through two independent parame-
ters. In this way, it is possible to characterise the mech-
anism and kinetics of the electrode reaction in a single
measurement, as both amplitude and frequency are trig-
gers for the interaction of the measurement method with
the redox system under analysis. None of the electro-
chemical analysis methods known so far allow the use
of variable values of critical parameters during a single
measurement.

[0010] Theinvention is illustrated in embodiments and
figures, where fig. 1 shows a general diagram of the
changes of the potential value throughout a single meas-
urement and in fig. 2, which shows the parameters char-
acterising the amplitude £, the frequency =1/2t, and
the moment of registration of the flowing current (forward
and backward, the resulting net value being the differ-
ence from adjacent pulses n and n+1 respectively).

Embodiment 1

[0011] The assumed series of amplitude values are:
10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mV, while the
series of frequency values are: 10, 15, 20, 30, 40, 50,
75, 100, 150 and 200 Hz. A potential (E,,) was applied
to the working electrode, with the value of the formal po-
tential of the tested redox system increased by a value
of the first of the series of amplitudes, i.e. 10 mV. The
duration of the applied potential is derived from the first
of a series of applied frequencies, i.e. 10 Hz. The value
of the potential in the second (return) pulse results from
the potential (E,;,) minus the value of the first in the am-
plitude series, i.e. 10 mV. This represents the first cycle
of potential change. In the second cycle of changes, the
value of the potential is changed in a similar manner, but
the value of the amplitude used is the next in the series,
i.e. 20 mV, while the change in the duration of application
of the potential is based on the next in the series of fre-
quency values, changed according to the series given
above. Subsequent cycles of potential change were car-
ried out in an analogous manner exhausting a pre-
planned range of amplitude and frequency values. The
number of positions in the ranks is not predefined. The
current flowing through the circuit was measured each
time at the end of the applied potential values.

Embodiment 2

[0012] Asinexample 1, except that the frequency val-
ue is changed in a differently defined manner, e.g. every
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0.1 on a logarithmic scale and similarly for the amplitude
value, e.g. every 20 mV.

Claims

1. Method of changing the potential value during the
electrochemical measurement, characterized in
that in the first cycle of changing the potential value,
the first potential value of a formal potential of the
tested redox system is applied to the working elec-
trode increased by a value of the first of the series
of amplitudes, the duration of the first applied poten-
tial results from the first of the series of frequencies
applied, the value of the second return pulse results
from the potential reduced by the value of the first of
the series of amplitudes, then in the second cycle of
change, the value of the potential is changed anal-
ogously, but the value of the amplitude used is an-
other of the series, while the change of the duration
of the application of the potential is based on the next
series of frequency values, in the next stage succes-
sive cycles of potential changes are realized analo-
gously exhausting the previously planned series of
values of amplitude and frequency, the intensity of
the current flowing through the circuit is measured
each time at the end of the duration of the applied
values of the potential, wherein the amplitude values
are selected from the range 5-250 mV and the fre-
quency values are selected from the range 1-1000
Hz, and wherein the first value taken from those rang-
es are most preferably lowest or highest one, the
number of cycles is from 5 to 1000, most preferably
50 and the range order is ascending or descending,
independently of each other.
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