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Abstract
The voltammetry of two simultaneous electrochemically reversible reactions with different formal
potentials is investigated at a macroelectrode for a conventional linear potential waveform and a
herein newly proposed semi-circular potential waveform, which, at the midpoint of the potential
window shows an instantaneous infinite scan rate and relatively very slow scan rates in other areas
of the wave. We show that the method increases the sensitivity of detection of individual species by
greatly amplifying the peak current of one species while suppressing the interference with the other

species and is thus ideal for analytical applications.

1 Introduction

1 in which the scan

Typical cyclic voltammetry and linear voltammetry employ a linear potential wave
rate is constant throughout the voltammetric sweep, and is used to extract information such as analyte
concentrations, diffusion constants, and rate constants of a redox system.? The potential wave for linear

voltammetry is expressed by the following equation:

E(t) = 4wt + E(t = 0) (1)

where the £ sign indicates oxidation or reduction and v is the scan rate. For analytical applications, other
techniques such as differential pulse voltammetry(DPV) and square wave voltammetry(SWV) are used
because of their sensitivities and their abilities to effectively suppress the capacitive current effect on the
voltammogram.3 However, the interpretation of SWV is often more complex compared to cyclic voltam-

metry. 145 We herein propose an alternative method to perform sweep voltammetry for electroanalysis



using a semi-circular potential sweep, which gives an instantaneous infinite scan rate at the midpoint
of the potential window. Since the current is proportional to the scan rate, the aforementioned feature
greatly increases the current response at the potential at which the infinite scan rate is observed if this
coincides with a Faradaic feature in the voltammetry. Additionally, the semi-circular potential sweep ap-
plies relatively slow voltage scan rates in other parts of its wave, thereby suppressing the current response
in these regions. Our analysis shows that these two features, instantaneous infinite scan rate and relative
suppression of current everywhere else, is beneficial in electroanalysis because the peak current of one

species can be greatly amplified while the current resulting from other species can be much suppressed.

2 Theory

In the following section, the theoretical model is introduced and the proposed new semi-circlular
potential waveform is explained. Additionally, we introduce the dimensionless coordinates employed in

the simulation.

2.1 Theoretical model

We investigate two simple one-electron electrochemically-reversible reduction reactions of A to C and
B to D simultaneously at a planar macroelectrode under diffusion-only conditions, where species A and
C have equal diffusion coefficients as do species B and D, but the redox couples A/C and B/D may have

different diffusion coefficients from each other:

A+e=C (2)

B+e=D (3)

The system of interest is simulated under the assumption that sufficiently high concentration of supporting
electrolyte is present in order to suppress migration®? and ensure diffusion as the only means of mass

transport of the analyte to the electrode surface.® 19 Although it is noted that when the scan duration

time is long, convection'! may need to be taken into consideration.'>'® The transport of analytes is
described via the one-dimensional diffusion equation given by Fick’s second law: 16:17
dc; %c;
= = Digs (4)
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where j is the species under study and Dj is its diffusion coefficient. For the reactions shown in Equation
(2) and (3), D4 = D¢ and D = Dp but D4 # Dp. Since the two reactions are independent of each
other, we can establish boundary conditions akin to that of a one-species reaction where it is assumed

1

that initially only the reactant is present in the bulk solution'i'® and prior to applying potential, the

concentration of the reactant and product are uniform in space: %18

t<0,allz, ca=clh, cc =0 (5)

t<0,allz, cg=cp, cp=0 (6)

As t increases, c4, ¢g, ¢c, and cp near the electrode surface vary but no change is observed at the outer

boundary surface:

t>0, 200, cg=cy, cc=0 (7)

t>0, z—o00, cg=cpg, cp =0 (8)

Due to conservation of mass, the amount of A and B consumed at the electrode surface equal the amount

of C' and D produced, giving the conditions:

8CA 600

t>0,$:0,—67237 (9)
- 803_8cD

assuming Dy = D¢ and Dg = Dp. Therefore for the diffusion coefficients established above, the

following conditions hold true for all space and time:

ca+co=cy (11)

cg+cp=cp (12)

The electrode kinetics can be described via the Butler-Volmer equation for a general one-electron reaction

of O +e= R where O = Aor Band R = C or D, given as: 1% 2!



—ao/rF(E = EY¢,5)
RT

(1 —ao/r)F(E - E} 5/p)
RT

j = klexp

[Rlo (13)
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where j is the flux of the reactant to the electrode surface, k° is the standard electrochemical rate
constant, [O]p and [R]y are the surface concentrations of the reactant and product, respectively. « is the
transfer coefficient,?%23 F, R, and T have their usual meanings, F is the applied potential and E?’ O/R is
the formal potential of the redox couple under investigation. Butler-Volmer is flexible and can be applied
generally and thus we have implemented a Butler-Volmer boundary condition, shown in Equation (13),
with a large k for the electrode surface. The flux of the species to the electrode surface is described via
Fick’s first law, which can be written in the form:

j=—-Do <8008(;c,t)> = —[kreaco(0,t) — kozcr(0,1)] (14)
=0

assuming equal diffusion coefficients for O and R. Using the relationships 6 = %(E — E? 0/ R)s Kred =
ko= and ko, = k1= Equation (14) can be written as:

Do (&Oa(j’t)> = k2%™%5(0,t) — k0t =%R(0, ) (15)

Equation (14) and (15) give the concentration gradient of the reactant at the electrode surface. In the
following, the two systems of interest, the A/C and B/D redox couple, are both assumed to be fully
reversible in which the electrode kinetics are fast compared to the mass transport and attain Nernstian

equilibrium %24, thus the boundary condition in Equation (13) can be replaced by:*16

E=E}+ ];Tlngﬁ (16)

where F is the applied potential. The Nernst equation is used for systems with fast electrode kinetics
whereas the Butler-Volmer equation encompasses systems with both, fast and slow electrode kinetics.
Our two systems, the A/C and B/D redox couple, are electrochemically reversible and can thus be

described with the Nernst equation.

2.2 Dimensionless coordinates

The simulations were run using the dimensionless forms of the expressions given earlier using the

conversion factors listed in the following Table.



Table 1: Dimensionless parameters. 1°

Parameter Normalization
concentration C; = =
Ca
e . D;
diffusion coefficient d; = 5%
A
spatial coordinate X =%
time T = D4t
€
. _(F 0
potential 0= (%) (E— Ef’A/C)
_ (&) (E
scan rate o= (DA) (RT)V
_ I
current J = wFDAc,
0
rate constant K° = %

Given these expressions, Equation (4) can be written in its dimensionless form:

oc; | 9%°C;
o~ Yoxe a7
and Equation (14) becomes:
Con—C 1
=L —08 = — Ko f(0){Co0 — [1+ Ch — Coole’} (18)

h d;
where Cp 1 and Cp o correspond to the dimensionless concentrations at X =1 and X = 0 respectively,

f(0) =e 2% and h = X; — X assuming O and R have equal diffusion coefficients.

2.3 Semi-circular potential sweep

The goal of this project is to employ a potential wave with an instantaneous infinite scan rate at
some potential and a slow scan rate in other areas of the wave in order to selectively amplify the peak
current of one species at its formal potential and suppress the current contribution of others for analytical
applications. To this end, we introduce a semi-circular potential wave function which possesses all the
desired features. As shown in Figure 1, the triangular(linear) potential wave shows a constant scan

rate throughout the duration time but the semi-circular wave when centred at § = 0 has the highest



instantaneous scan rate at # = 0 and rapidly decreases as the potential becomes further from zero.
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Figure 1: Triangular(linear) and semi-circular potential wave graphs centered at 0 with an amplitude of 1. The triangular po-
tential wave shows a constant scan rate throughout the duration time whereas the semi-circular potential wave shows the highest
instantaneous scan rate at & = 0 but rapidly decreases as the potential becomes further from 0.

The semi-circle function is advantageous in a way that the potential wave displays the desired features

and the equation is easily understood. The general form of a circle equation centred at (a,b) is given as:

(x—a)?+(y—b)?2=r? (19)

where a and b determine the shift from the point of origin defined as (0,0), and r is the radius. Solving

Equation (19) for y yields:

Y=/ @—aP +b (20)

When applying Equation (20) to voltammetry, y represents the function of the potential § with respect to
time 7, r represents the amplitude A, x represents the time 7, a represents the fraction of the maximum
time when the centre of each semi-circle is observed, thus defined as a = ¢7,4,. For example in Figure 1,
the first semi-circle is centred around 7 = 0 and the second semi-circle is centre around 7 = 7,44, thus
they were plotted using ¢ = 0 and ¢ = 1 respectively. b represents the potential shift expressed as Osp;y+,

which is defined as Ognifr = 0avg — H%A/c thus giving the equation:

9(7—) = :l:\/A2 - (T - CTmaa:)2 + eshift (21)

We need to ensure the duration time remains unchanged from the triangular potential wave with varied

scan rates. For this purpose, we introduce a new parameter:



0(r) = i\/lAZ — [Cavg * (7 = Tmaa))?| + Oshise (22)

2A

Cavg

where 04,4 represents the average scan rate in dimensionless coordinates and Ty,q0 =

2.4 Simulation via finite differences

All simulations were performed using the finite differences method through discritization of the di-
mensionless diffusion equation and employing the backward implicit method.?'® The theoretical model
introduced above was implemented in C'++ and plotting was done in Python with the packages Num Py
and matplotlib. Thorough testing?® was performed via convergence tests, the conservation of mass test,

and comparing the peak heights and peak positions with theoretical values.

3 Results and discussion

The results are divided into two sections where (a)we discuss the difference in the voltammetric
behavior between the conventional triangular and the newly proposed method for a one species system
by shifting the potential window with respect to the formal potential of the A/C couple which we have
set to E?’A/C = 0 and hence 9?’A/C =0, and (b)we investigate the analytical application of our method
by discussing the features of a two species system using the same method. The transfer coefficient, «,
is set to a constant value of 0.5 and all results are reported in dimensionless units with 04,9 = 10* and

Ky = 10'° while changing the Osnipe values.

3.1 Single electrochemically reversible species: triangular versus semi-circular

potential sweeps

We first focus on one species, A, of the A/C couple, and compare the results between triangular
and semi-circular potential waves as shown in Figure 2. The formal potential of A/C is set to 0 and its
dimensionless diffusion coefficient, d4 = d¢, is 1.0. Figure 2 shows the results at certain 0., values
where 2A corresponds to 0,45+ = —10, 2B corresponds to 0445 = —8, 2C corresponds to Ogpife = —4,
2D corresponds to Ogpi5¢ = 0, 2E corresponds to Osp:5; = 2, and 2F corresponds to spi5¢ = 4. The
blue solid line represents the results obtained using the triangular potential wave whereas the green solid
line represents results from the semi-circular potential wave. The arrows indicate the direction of the
sweep and the dotted line shows the theoretical peak current for the triangular results predicted by the

Randles-Sevéik equation %27 for an electrochemically reversible electron transfer given as: 161928



FDjV
RT

I, = —0.446 F Ac} (23)

where A is the area of the electrode, ¢} is the concentration of the species under study, % has its usual
meaning, D; is the diffusion coefficient of the said species, and v is the scan rate. Equation (23) shows
that the peak current has a square root dependence on the scan rate.1%29 Equation (23) can then be

converted to a dimensionless form using the conversion factors from Table 1, giving

Jp = —0.4460j\/ de (24)

where C'y = 1.0.

The peak currents obtained through the triangular potential wave do not show any variance with
different 0,4;5¢ values as predicted, however, those obtained from the semi-circular potential wave show
a significant dependence on the 6y;5; values. Looking at Figure 2A, we do not see much difference
between the triangular and semi-circular peak currents, but as 6.x;5; approaches 0, the peak current of
the semi-circular potential wave voltammogram increases and at 6,p;5; = 0, where the wave features an
infinite scan rate at the formal potential, the peak goes to infinity. In other 6y, values, a sharp peak is
also observed. This is due to the singularity of the scan rate that forms in the semi-circular wave function
at the midpoint of the potential window as can be seen in Figure 1. When this singularity occurs at
the formal potential and in its immediate vicinity of the reduced species, an infinite increase in the peak
current is observed and a small but sharp peak is observed at other 0g4;f; values as well. When the
Osniye is significantly negative with respect to the formal potential, no sharp peak is observed due to the
relatively low sensitivity of the electrochemical reaction kinetics to changes in the applied potential in
this potential region.

The fact that the peak current is significantly amplified at the formal potential when gy = 0
and suppressed at other 0,p;¢: values makes the semi-circular potential sweep a more powerful tool for
electroanalysis compared to the conventional triangular wave which shows no peak height variance. The
new method can thus be used to selectively detect individual species with different formal potentials
and diffusion coefficients that are in a same mixture since the current contribution of one species will be
augmented at its formal potential while the current of other species will be minimized, thereby making
the interpretation of the results much more obvious and intuitive. Here, we have limited the window of
the y-axis in order to better show the difference between the triangular and semi-circular results. A full

scale version of Fig.2 and the following figures are provided in the Supporting Information.
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Figure 2: Voltammetric scan of species A obtained using triangular and semi-circular potential waves at different 0.5,;5¢ values
with a formal potential of 0 and a dimensionless diffusion coefficient of 1.0. A is when Os4;5¢ = —10, B is when Osp5¢ = =8, C
is when Ospif¢ = —4, D is when 6,555+ = 0, E is when 0,;¢; = 2, and F is when 04,5 = 4. The blue solid line represents the
results from the triangular potential wave and the solid green line represents results from the semi-circular potential wave. The
dotted line shows the peak current predicted by the Randles-Sevéik equation and the arrows indicate the direction of the sweep.



3.2 Two species triangular versus semi-circular potential sweeps

In the following sections we explore the analytical applications of the semi-circular potential wave
by comparing its voltammetric features with that obtained from a triangular potential wave for a two
species system containing the A/C couple and B/D couple where both systems are assumed to be
electrochemically reversible. We vary the formal potential difference between the two redox couples
to study the changes in the voltammetric response of both methods, starting with a formal potential
difference of —8 dimensionless units, then —4, and —2. In all cases, d4 = d¢ = 1.0, dg = dp = 0.5,

Cy = 107 Cp = 107 and 9(])0,14/0 =0.

3.2.1 Two species with formal potential difference of —8 dimensionless units

Figure 3 shows the results at the same 0,5, values as in Figure 2 but includes the voltammogram for
the second species, B. The formal potential difference between the two species is —8 dimensionless units
(Gg,B/D = 92,,4/0 —8), which, in dimensional terms corresponds to approximately —0.21 V at 25 °C. The
light blue solid line represents results from the triangular potential wave for species A, the medium dark
blue solid line represents results from the triangular potential wave for species B, the dark blue solid line
represents the total current of species A and B obtained from the triangular potential wave, the light
green solid line represents results from the semi-circular potential wave for species A, the medium dark
green solid line represents results from the semi-circular potential wave for species B, and the dark green
solid line represents the total current of species A and B obtained from the semi-circular potential wave.
The light and dark blue dotted lines show the theoretical peak currents predicted by the dimensionless
Randles-Sevéik equation for species A and B, respectively.

If we look at the total current for the triangular potential wave, we see there are two peaks observed,
each of which is a result of the contribution of the peak currents of species A and B. Since the individual
peak currents do not change with varying sy, the two peaks in the total current also remain constant
with varying €sn;5: values. Through simple examination, it is obvious that there are two species in this
particular simulation where each species has a different formal potential based on the height of the two
peaks and the potential at which they are observed. In addition, for this particular case, one of the
peaks of the total current matches the dotted line plotted by the dimensionless Randles-Sevéik equation
using the dimensionless diffusion coefficient and concentration for species A. This is due to the fact that
the potential at which this peak occurs is the region where species B does not react and thus most of
the current contribution comes from species A. In such cases, Randles-Sevéik equation can be used to

determine the diffusion coefficient of the current-contributing species. However, this is only applicable

10



when the formal potential difference between species A and B is significant and the peak current of A is
observed at a potential region where minimal or no reaction is observed for species B.

The total current of the semi-circular potential wave also shows there are two species within the same
mixture, but significantly amplifies the current contribution of one of the species near its formal potential
while suppressing the other, thereby making the analysis much easier. Looking at Figure 3A and 3B,
we can see the peak current growing in 3B compared to 3A. It then diminishes in 3C, and increases
significantly again in 3D. The subsequent figures 3E and 3F show a gradual decrease in the total peak
current. Through simple observation we can determine that the formal potential of A/C and B/D couple

must be very close to 0 and —8 dimensionless units, respectively.

11
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Figure 3: Voltammetric scan obtained using triangular and semi-circular potential waves at different 04;5; values for species A
and B with a formal potential difference of —8 dimensionless units, which, in dimensional terms corresponds to roughtly —0.21V.
The formal potential of A is again 0, and d4 = 1.0 while dp = 0.5. A is when 0:x;5¢ = —10, B is when 05p;5¢ = —8, C is when
Oshift = —4, D is when Ospi5¢ = 0, E is when O,p55¢ = 2, and F is when 0,55+ = 4. The light blue solid line represents the
results from the triangular potential wave for species A, the medium dark blue solid line represents the results from the triangular
potential wave for species B, the dark blue solid line represents the total current of species A and B obtained from the triangular
potential wave, the light green solid line represents results from the semi-circular potential wave for species A, the medium dark
green solid line represents the results from the semi-circular potential wave for species B, and the dark green solid line represents
the total current of species A and B obtained from the semi-circular potential wave. The light and dark blue dotted lines show the
peak currents predicted by the Randles-Sevéik equation for species A and B, respectively.
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From the trend found in Figure 3, we can expect the semi-circular total current to show two potentials
in which an absolute maximum peak height is observed with varying 6sp, s+ values, and indeed this is the
case as shown in Figure 4. Figure 4 shows the peak heights plotted against the corresponding 04+
values at which they are observed. The light orange dots represent peak heights for species A, dark
orange dots represent the peak heights for species B, and dark red dots represent the peak heights of the
total current. The plot for the total current shows that near 0.5 = 0 and 8sp;4¢ = —8, a maximum
is observed and these two values correspond to the formal potential of species A and B, respectively.
Therefore Figure 3 and 4 can be used to selectively detect individual species in a mixture and estimate

their formal potentials.
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Figure 4: Peak height plotted against the corresponding 0,5 ¢: value at which it is observed for species A, B, and their total currents
obtained through the semi-circular potential wave. The formal potential difference between the two species is —8 dimensionless
units, and da = 1.0 and dg = 0.5. The light orange dots represent the peak heights for species A, dark orange dots represent the
peak heights for species B, and dark red dots represent the peak heights of the total current.

From the above analysis, it is clear that a semi-circular potential wave is a powerful tool for analyzing
mixtures, however, Figure 3 shows that when the formal potential difference between two species is
significant, the conventional triangular potential wave is sensitive enough to detect them since two distinct
peaks are observed in the total current. Therefore we next investigate the limit of detection of the semi-

circular potential wave and decrease the formal potential difference between species A and B.

3.2.2 Two species with formal potential difference of —4 dimensionless units

Figure 5 again shows the voltammetric results of species A and B with a formal potential difference
of —4 dimensionless units (9(}, B/D = 9% A/c ~ 4), which, in dimensional coordinates corresponds to
approximately —0.1 V. The results were obtained using both, triangular and semi-circular potential
waves. Each figure uses the same color scheme as in Figure 3, however, the results are reported at

different @4p;5; values to better show the results at a 84,5, value near the formal potential of each

13



species. Figure 5A corresponds to @it = —6, 5B corresponds to g5+ = —4, 5C corresponds to
Osnife = —2, 5D corresponds to spire = 0, 5 corresponds to Ospire = 2, and 5 corresponds to Ospipe = 4.

The two peaks of the triangular total current that were clearly separate in Figure 3 are merged in
Figure 5 and the current contributions from species A and B or their diffusion coefficients cannot be
distinguished. On the other hand, the results from semi-circular potential wave again show an infinite
increase in the peak current around the formal potential of each species (for a full-size figure, please refer
to the Supporting Information), indicating that this new method can be used for sensitive detection when

the triangular potential wave cannot.

14
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Figure 5: Voltammetric scan obtained using triangular and semi-circular potential waves at different 05,5+ values for species A and
B with a formal potential difference of —4 dimensionless units, which, in dimensional term corresponds to roughtly —0.1V. Formal
potential of species A =0, d4 = 1.0, and dp = 0.5. A is when 0,35+ = —6, B is when 0sp;5; = —4, C is when 045 = —2, D is
when 0,5+ = 0, E is when 0,555+ = 2, and F is when 0.x;¢¢ = 4. The light blue solid line represents the results from the triangular
potential wave for species A, the medium dark blue solid line represents the results from the triangular potential wave for species
B, the dark blue solid line represents the total current of species A and B obtained from the triangular potential wave, the light
green solid line represents results from the semi-circular potential wave for species A, the medium dark green solid line represents
the results from the semi-circular potential wave for species B, and the dark green solid line represents the total current of species
A and B obtained from the semi-circular potential wave. The light and dark dotted lines show the peak currents predicted by the
Randles-Sevéik equation for species A and B, respectively.
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Similar to Figure 4, Figure 6 shows the peak height of the semi-circular current plotted against their
corresponding @4+ values at which they are observed with the same color scheme as Figure 4. Although
the two maximum points are not as pronounced as in Figure 6 due to the closeness in the formal potential
of the two species, we can still see that two lowest points are observed near a 0p;¢+ of 0 and —4, which
again correspond with the formal potential of species A and B respectively and is thus still within the
limit of detection. Figure 5 and 6 show that a semi-circular potential wave can be used for selective

detection of species under conditions where triangular potential waves cannot.
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Figure 6: Peak height plotted against the corresponding 6,5 ¢: value at which it is observed for species A, B, and their total currents
obtained through the semi-circular potential wave. The formal potential difference between the two species is —4 dimensionless
units, da = 1.0, and dp = 0.5. The light orange dots represent the peak heights for species A, dark orange dots represent the peak
heights for species B, and dark red dots represent the peak heights of the total current.

3.2.3 Two species with formal potential difference of —2 dimensionless units

We next study a case where the formal potential difference between the two species is decreased even
further to —2 dimensionless potential units (64, 5,p = 0 4/c —2), which in dimensional term corresponds

to —0.05 V. The color scheme is the same as in Figure 3 and 5 but the results are reported at different

Ospife values. Figure 7TA corresponds to Ogpir: = —4, 7B corresponds to Osp¢+ = —2, 7C corresponds
to Osnife = —1, 7D corresponds to 85 = 0, 7TE corresponds to Oguir¢ = 2, and 7F corresponds to
Oshift = 4.

Here we see that the two individual peaks of species A and B from the triangular potential wave are
completely merged in the total current making it impossible to detect the individual species or determine
whether there are more than one species. Similarly, the results from semi-circular potential wave cannot
be used to detect the individual species as the 04 r¢ value at which the inifnite current is observed cannot
be associated with the formal potential of either of the species. The total current in Figures 7B, 7C, and

7D all appear to approach infinity, and this trend can be confirmed in Figure 8 as well.
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Figure 7: Voltammetric scan obtained using triangular and semi-circular potential waves at different 04;5; values for species A
and B with a formal potential difference of —2 dimensionless units, which, in dimensional term corresponds to roughtly —0.05V".
The formal potential of species A = 0, da = 1.0, and dp = 0.5. A is when O.n;p¢ = —4, B is when 6.p45¢ = —2, C is when
Osnist = —1, D is when Ospi5¢ = 0, E is when O,p55¢ = 2, and F is when 0,45+ = 4. The light blue solid line represents the
results from the triangular potential wave for species A, the medium dark blue solid line represents the results from the triangular
potential wave for species B, the dark blue solid line represents the total current of species A and B obtained from the triangular
potential wave, the light green solid line represents results from the semi-circular potential wave for species A, the medium dark
green solid line represents the results from the semi-circular potential wave for species B, and the dark green solid line represents
the total current of species A and B obtained from the semi-circular potential wave. The light and dark dotted lines show the peak
currents predicted by the Randles-Sevéik equation for species A and B, respectively.
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Figure 8 shows the peak heights plotted against the 045 value when the formal potential difference
between species A and B is —2 dimensionless units using the same color scheme as Figure 4 and 6. Note
the maximum point is observed at a 0sp,¢+ value close to —1, which does not correspond to the formal
potential of either of the species. However, Figure 7 can be used to infer the presence of more than one
species with small formal potential differences due to the wide range of 05+ values where a very large
peak is observed, and together with Figure 8 the range of 7+ values in which the formal potential of
species A and B might be observed can be estimated. Looking at Figure 7, we see that the total peak
current of the semi-circular potential wave results approach infinity approximately between 04p;5 = —2
and 85+ = 0, and dramatically decreases in the positive 8sp,¢+ region. This feature can be seen in
Figure 8 as well since the peak heights of the total current do not show much variance between the

aforementioned range, and decreases rapidly in the far negative and positive region.
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Figure 8: Peak height plotted against the corresponding 0,5 ¢: value at which it is observed for species A, B, and their total currents
obtained through the semi-circular potential wave. The formal potential difference between the two species is —2 dimensionless
units. The light orange dots represent the peak heights for species A, dark orange dots represent the peak heights for species B,
and dark red dots represent the peak heights of the total current.

From the results shown in Sections 3.2.1, 3.2.2, and 3.2.3, the conventional triangular potential sweep
is sensitive enough to detect individual species in a mixture when the formal potential difference is
significant and in some occasions can be used to determine the diffusion coefficient of a specific species
through the Randles-Sevéik equation. However, the results from the semi-circular potential wave is much
easier to analyze because of the inifinite peak current observed at the formal potential of individual species
and its immediate vicinity. The semi-circular potential wave can further be used to distinguish individual
species and detect their presence in situations where the triangular potential wave cannot through the
suppression and amplification of current contribution at varying 8n;: values.

For our analysis we have shifted the potential window with respect to the formal potential of the A/C

couple where we set 9?’ Ajc = 0 and thus Ospif = Oavg. However, in practice, when the identities of the
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species are unknown the only available parameter would be the 6., value. Therefore in experimental
practice, the above analysis would be performed by repeatedly applying the semi-circular potential wave
given in Equation (22), where 65, will be replaced by the 6,4 values, until an infinite peak is observed.
We showed earlier that the said infinite peak occurs when 045, = 0 and in its immediate vicinity, thus the
formal potential of the species in a mixture can be estimated through the analysis of the voltammograms

by determining the 6,4 value at which the aforementioned feature is observed.

4 Conclusions

We have introduced a novel approach in running voltammetric scans for electroanalysis on a mixture
with two species, A and B, using a semi-circular potential wave with various Egp;s; values where the
wave is shifted with respect to the formal potential of one of the species. When the formal potential
difference between the two species in a mixture is significantly large, the conventional triangular and the
new semi-circular potential waves can both selectively detect the species. However, in situations where
the triangular potential wave cannot distinguish individual species due to the small formal potential
difference, the semi-circular potential wave can sensitively detect them by showing an infinite increase in
the peak current near the formal potentials of the species in the mixture. Under conditions where the the
formal potential difference between the two species is too small to sensitively detect the individual species
using either of the methods discussed, the semi-circular potential wave can still predict the presence
of more than one species and estimate the potential range at which their formal potentials may be
observed. We thus show that our new method complements the conventional triangular potential wave
for electroanalysis.

In this paper we focus on the analytical application of the semi-circular voltammetry method. We
note that the infinite scan rate at the apex of the potential wave maximizes the Faradaic current as

well as the capacitive current3°

and thus that the method operates in a manner such that both signal
contributions are amplified. A prior careful determination of the capacitive background though enables
the identification of the Faradaic current contribution. We suggest our method primarily as a tool for

detecting the presence of a species via its electrochemical signal.
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