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Modelling a cyclic staircase voltammetry of two electron
transfers coupled by a chemical reaction on a rotating
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Abstract: Two electrode reactions that are coupled by a chemical reaction are
called an ECE mechanism. The model of this mechanism which has an
unstable intermediate is developed for staircase voltammetry on the rotating
disk electrode. It is assumed that both electrode reactions are fast and reversible
and that the chemical reaction may appear to be of the second order and rever-
sible. The influence of the concentration of an electro-inactive component of
the chemical reaction is investigated, and the conditions under which the react-
ion turns into the first order one, and becomes totally irreversible, are reported.

Keywords: an ECE mechanism; steady-state response; logarithmic analysis; kin-
etic currents.

INTRODUCTION

The electrochemical reactions of p-nitrosophenol,!2 adriamycin,3 benzene-
sulfonyl fluoride,*> hexacyanochromate(IIl),® tocopherol,” methylcatechol®-?
and dopamine!9 consist of two electron transfers that are coupled by a chemical
reaction between the product of the first electrode reaction and the reactant of the
second one.!1-13 The acronym of this mechanism is ECE and its theory is dev-
eloped for both polarography!4-19 and voltammetry,20-27 on either expanding or
stationary planar and spherical electrodes. Depending on the difference between
standard potentials of two electrode reactions, the response of ECE mechanism
may consist of either two waves or a single wave.28 This mechanism can be
considered as a special case of multiple electron transfer reactions, with coupled
chemical processes that are described by the extended schemes of squares.29-32
Under the steady state conditions on the rotating disk electrodes the kinetics of
chemical reaction in the ECE mechanism can be measured.33-37 In this paper the
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theory of ECE is extended to the general case of the unstable intermediate in
cyclic staircase voltammetry on the rotating disk electrode.

MODEL

It is assumed that an electrolytic solution contains a dissolved reactant of the first elec-
trode reaction and an electro-inactive substance Y that cannot react with the mentioned react-
ant. The first electron transfer is a fast and reversible electro-oxidation. Its product cannot par-
ticipate in the second electron transfer, but it can react with the substance Y to produce a new
electroactive compound G that can be oxidized to the final product H. The standard potentials
of the first and the second electrode reactions are equal, or the one of the second reaction is
lower. Hence, the second reactant G is oxidized at the same potentials as the initial reactant A.
Both chemical reaction and the second electrode reaction are reversible in the chemical and
electrochemical senses, respectively. The described mechanism can be represented by the fol-
lowing chemical equations:

ASB+e (1)
B+YSG )
GSH+e 3)

On the rotating disk electrode the mass transfer and currents are defined by the following
system of differential equations and the initial and boundary conditions:
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ac I
D(a—:)x:o = —F—g (17)
v=—=0.51003"2v"12x2 (18)
K= ]'i—f (19)
b

The meanings of all symbols are reported in Table 1.

TABLE 1. The meanings of symbols

Symbol Meaning

cz Concentration of species Z
Ch,CY Bulk concentrations of species A and Y
D Diffusion coefficient

) Diffusion layer thickness
AE Potential increment

At Time increment

Ax Space increment

E Potential

EVEY Standard potentials

F Faraday constant

I, I, Currents

v Kinematic viscosity
ke, ky, Rate constants of chemical reaction
Equilibrium constant of chemical reaction
Rotation rate
Gas constant
Electrode surface area
Time
Temperature
Step duration
Flow rate of solution

SaNTLma®

The Egs. (4)—(8) were solved by the finite difference method.?® The current was cal-
culated for the staircase cyclic voltammetry. The dimensionless current is defined by the fol-
lowing equations:

D= (Il +12)§SS /FSCZD (20)
Sss =1.61D13y 16112 @1)

The following parameters were not changed: D = 10-5 cm?/s, v= 102 cm?/s, At =107 s,
DAt/Ax*=0.2, AE=1mV and 7= 10 ms.

RESULTS AND DISCUSSION

An ECE mechanism can be recognized by performing the electrochemical
experiments in the absence and the presence of the electro-inactive compound Y
if it is possible. An imaginary response is presented in Fig. 1 for the reversible and
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Fig. 1. Dimensionless cyclic staircase voltammograms of the ECE mechanism on the rotating

disk electrode. E? =EY, D =107 cm?/s, v=10"2 cm?s, At =10~ s, DAt/Ax> = 0.2,
AE=1mV and 7= 10 ms, = 4w rad/s, kecy =103 57!, Kci =1 (A) and 103 (B) and

¢y /ca=0(1)and 1 (2).

irreversible chemical reactions. It is also assumed that the standard potentials of
the first and the second electrode reactions are equal and that both reactions are
electrochemically reversible, as well as that the rotation rate of the disk electrode
is rather low. In the absence of Y the voltammogram is characterised by the
limiting current that is determined by the single electron transfer and the concen-
tration of the initial reactant A (see Eq. (20)). Dimensionless peak currents (@ ox
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= 1.29 and @, req = —0.29) appear at 0.039 V and —0.039 V vs. Elo , respectively.
If the bulk concentrations of A and Y are equal, the dimensionless limiting cur-
rent increases to 1.74, which can be explained by the increasing number of
exchanged electrons and the peak currents depend on the dlrnenswnless equilib-
rium constant Kc A - The chemical reaction is reversible if Kc) A= 1 and
irreversible if Kcy 4 = 103. In the first case, the peak currents of the oxidation and
reduction are equal to 2.28 and —0.49, respectively, and the peak potentials are
0.048 V and —0.042 V vs. El The rate of chemical reaction depends on the
product kfc A and the value assumed in Fig. 1 corresponds to a rather fast react-
ion that can transform the second reactant G into the first product B, in the rev-
erse branch of the Voltammogram This is the origin of the reduction peak at
—0.042 V. However, if KcA— 103 the backward rate constant of the chemical
reaction is very small and the second voltammogram in Fig. 1B exhibits the oxid-
ation peak at 0.031 V, but there is no reduction peak in the reverse branch. This
form of the response is the indication of an irreversible chemical reaction in the
ECE mechanism.

Fig. 2 shows the Voltammograms influenced by the decreasing stability of
the intermediate G. If E2 - El = —0.1 V, the second reactant G is oxidized at the
electrode surface as soon as it is produced by the chemical reaction, and the
response shows some characteristics of the concerted transfer of two electrons.
Comparing to the curve 1, the oxidative maximum is higher and the reductive
minimum is deeper, while the peak separation decreases frorn 90 to 67 mV and
the medlan of peak potentials of curve 2 is —0.043 V vs. El , which is close to
(E2 +E1 )/ 2 that is predicted for infinitely fast chemical reaction.3® However

03

Fig. 2. Dependence of the ECE response on the second standard potential. Kci =1, ¢y =ch
and (E9—EQ)/V=0(1),-0.1 (2),-0.2 (3) and 0.3 (4). All other parameters are as in Fig. 1.
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the further decreasing of the difference Eg —Elo causes the diminishing of the
reductive peak in the reverse branch of the voltammograms. Although the medi-
ans of peak potentials of curves 3 and 4 are —0.083 and —0.130 V, the peak separ-
ation increases to 126 and 220 mV, respectively. This is caused by the diffusion
of the final product during the reverse scan, as can be seen in Fig. 3. Depending
on the second standard potential, the peak potential of reduction of H is lower
than —0.042 V, and more time is needed to reach it. During this time the concen-
tration of H near the electrode surface is diminished and lower current is obtained
by its reduction. This is another reason why the ECE may appear irreversible.

0.24

1A

0.157

0.17

0051 A

2B

50 100 150 200 250 300 350

Fig. 3. Dimensionless concentrations of the final product H (1) and the second reactant G (2)
during the reverse scan in cyclic voltammetry at —0.076 V (A) and —0.239 V (B).
(E9—EQ)/V =-0.1 (A) and -0.3 (B). All other parameters are as in Fig. 2.

Under the influence of the increasing rotation rate, the maximum and mini-
mum of the voltammogram of ECE mechanism gradually vanish and the res-
ponse acquires the form of polarographic wave. This is shown in Fig. 4. The half-
-wave potential of the oxidative branch of polarogram is —0.003 V vs. Elo and the
one of the reductive reverse branch is 0.003 V. This difference appears because
the calculated response corresponds to the near steady-state conditions. At lower
scan rates the two branches are overlapped and Ej/, — Elo =0V for equal diffus-
ion coefficients. The limiting current of polarogram is lower than the limiting
current of voltammogram, because the reactants spend more time near the elec-
trode surface if the rotation rate is lower. Hence, the chemical reaction appears
faster at lower rotation rate.

Fig 5 describes the logarithmic analyses of the oxidative branches of steady
state voltammograms that correspond to various standard potentials of the second
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electrode reaction. If ES = Elo and chemical reaction is reversible this function is
a straight line with the slope of the inverse function
AE -E)/ Alog(@ /| (B, —®))= 0.062 V and Ej, — E = —0.003 V. So, the
two parallel single electron transfers appear as a simple one electron wave. If
E5 —Elo = —0.1 V this analysis is a curve with two parallel asymptotes and a
steeper middle part. The inverse slope in the middle is 0.044 V and the one of
asymptotes is 0.062 V. This is in the agreement with the theory of a simple EE
mechanism with an unstable intermediate.3 The half-wave potential is —0.041 V,
which is close to the medium value of the peak potentials of curve 2 in Fig. 2.
The half-wave potentials of the curves 3 and 4 in Fig. 5A are —0.054 and —0.055
V, respectively. This is similar to the potentials of maxima of curves 3 and 4 in
Fig. 2, which are —0.020 and —0.019 V, respectively. This shows that the oxid-
ation of the second reactant G can start only after the first reactant A is oxidized,
regardless of the standard potential of the second electrode reaction.

-0.5

-0.2 -0.1 0 0.1 02 0.3
E-E%/V

Fig. 4. Influence of the electrode rotation rate on the ECE responses. EY = E{ and
@/ rad s' = 47 (1) and 407 (2). All other parameters are as in Fig. 2.

The logarithmic analyses of the ECE waves that are influenced by the
irreversible chemical reaction are shown in Fig. 5B. If both standard potentials
are equal, the slope in the middle is lower than the slopes of the asymptotes and
the half-wave potential is —0.030 V vs. Elo . The chemical reaction is consuming
the first product B, and the whole ECE response appears at lower potential. Also,
a small separation of the two electron transfers can be noted. If £, — 10 =01V
the logarithmic analysis acquires a regular form and the half-wave potential i

—0.060 V. This is because the mechanism becomes irreversible.
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Fig. 5. Influence of the second standard potential on the logarithmic analyses of the ECE
responses at high rotation rate. Kcj =1 (A)and 10° (B), @=40n rad/s and (E9 —E) / V=0
(1),-0.1 (2),—0.2 (3) and —0.3 (4). All other parameters are as in Fig. 2.

Fig. 6 shows the dependence of the dimensionless limiting currents of the
waves on the logarithm of the product of the forward rate constant and the bulk
concentration of the compound Y. This product can be achieved either by the
variation of the product kfc A » keeping the ratlo cY / cA 1, or by the Var1at10n
of the ratio cY /cA , keeping the product kch =1 s~L. Note that log( kch) =
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Fig. 6. Relationship between limiting currents of the ECE responses and the logarithm of the
product keey . EY =E?, Kcp =1, w=40nrad/s and cy =cj (1) and kpcp =157 (2). All
other parameters are as in Fig. 1.

log( kfcj;) + log( c; / cZ). The results of these two procedures are not equal
because of the diffusion of Y. Experimentally, these procedures can be per-
formed if the concentrations of A and Y can be changgd independently. If the
bulk concentration of Y is fixed, then the product kgcy is also fixed and the
kinetics of the ECE mechanism can be changed only by the variation of the
rotation rate of electrode. In this research it is assumed that the concentration of
Y can be changed. The basic difference between compounds A and Y is that the
currents of both electrode reactions depend on the concentration of the first react-
ant A, but not on the concentration of compound Y. The latter is determining the
forward rate of chemical reaction only. If the ratio cY iy A 1s low, the chemical
reactlon consumes Y, regardless of the bulk concentration of A. The higher is
cA , the higher are currents and more Y is consumed The change of Y concen-
tratlon can_ be neglected only if the ratio CY / c A 1s very high. Fig. 6 shows that
for CY —cA the variation of reactant A concentration causes the increasing of
limiting current to Diim = 1.50 if kch =50 s~ and that this current increases to
1.86 if kpey= 6x10% s, For keca= 1 s7! the variation of Y concentration
results in @y, = 1.52 if kch 20 s ! and @y, = 1.98 if kch 5x104 s~1. Fig.
7 shows that the ratio of concentrations of Y and A influences the form of the
ECE responses. The corresponding half-wave potentials are shown in Fig. 8. If
cY =cp the wave looks hke a single electron polarogram and its E1/ changes
from 4 to -1 mV. If CY /cA 5x10% and kch— 1 s71, the response consists of
two poorly separated waves and the half-wave potentlal is —0.054 V vs. El
Within the interval 1 <log( kch ) < 3 there is a linear relationship:
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Eyjy — E)=-0.016log(kecy ) +0.012 V (22)

05

02 01 0 01 02 03
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Fig. 7. Polarograms of the ECE mechanism; k¢cy /s'=0 (1), 6x10*(2) and 1 (3) and

C:( /CZ =0(1),1(2)and 5x10* (3). All other parameters are as in Fig. 6.
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Fig. 8. Half-wave potentials of the ECE mechanism with reversible chemical reaction;
¢y =ch (1)and kecy = 1571 (2). The straight line is defined by Eq. (22). All other parameters
are as in Fig. 6.

The bulk concentration of Y influences only the forward rate of the chemical
reaction, making the latter irreversible. This could mean that the responses cor-
responding to high values of the dimensionless equilibrium constant do not dep-
end on the concentration of the compound Y. In Fig. 9 it is shown that this hypo-
thesis is not true. The limiting currents are marked by 1 in Fig. 9A and were cal-
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Fig. 9. The dependence of limiting currents (A) and half-wave potentials (B) of the ECE
responses on the logarithm of the product kecy . Kcy = 10% and ¢y =ci (1) and kgcp = 15!
(2). The straight lines 1 and 2 are defined by Eqgs. (23) and (22), respectively. All other

ulated by the variation of the product kch, assuming  that KcA

parameters are as in Fig. 6.

103 and

c; / cz = 1. The same results were obtained for Kc, 4 = 104, which means that the
responses in Fig. 9 correspond to totally the 1rrevers1ble chemical reaction. These
kinetic currents are characterized by @y, = 1.56 if kch 50 s! and @}, = 1.95
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if kfc:} = 5x10%4 s71. These values are higher than those shown by curve 1 in Fig.
6 but they are lower than the limiting currents calculated by the variation of
CY / cA ratio keeping kch— 1 s!and KcA— 103. These currents are shown by
curve 2 in Fi ig. 9A. They are marked by @i, = 1.52 if kch 20 s and @y, =
= 1.97 if kgcy = 104 s71. These values are identical to the curve 2 in Fig. 6. So,
again, it can be concluded that the effect of chemical reaction is the highest if the
diffusion of compound Y can be neglected, and the chemical reaction is ﬁotally
irreversible. In the simulation these conditions can be fulfilled if ¢y =cy and
ky = 0. The results of such simulation are reported in Table II, and compared with
the curve 2 in Fig. 9A. A small difference can be seen within the 1nterval 1 <
kch < 100. This means that the assumption cy —cY is justified if cY / cA >
100. The half-wave potentials of the irreversible ECE mechanisms are shown in
Fig. 9B They can be approximated by the straight lines in the interval 1 <
log( kch) < 3. The line 1 in Fig. 9B is defined by the following equation:

Eyp _El =-0.012log( kch )+ 0.005 V (23)
The line 2 in this figure is defined by Eq. (22).

TABLE II. Limiting currents of the ECE waves influenced by the first order and the second
order chemical reactions

log( krcy ) D (cy =cy) Diim (Fig. 9A)
0 1.068 1.064
0.3 1.126 1.120
0.48 1.175 1.168
0.7 1.255 1.247
1 1.388 1.381
1.3 1.527 1.523
1.48 1.602 1.599
1.7 1.684 1.682
2 1.771 1.771
CONCLUSIONS

The ECE mechanism which consists of the two electrochemically reversible
electrode reactions that are linked by a chemical reaction of the primary product
B and the compound Y depends on the stability of the intermediate G. If the two
waves appear, the limiting current of the second one depends on the kinetics of
chemical reaction, and the rate constant can be estimated under certain con-
ditions.37 In this paper the two electro-oxidations with equal standard potentials
were investigated. It is shown that the response is a single wave and that the
limiting current depends on the kinetics of chemical reaction and its stability
constant. The mechanism appears irreversible if the second standard potential is
lower than the first one and also if the stability constant is high and the concen-

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



CV OF ECE ON RDE 903

tration of the compound Y is much higher than the concentration of the initial
reactant. The second order reaction depends on the diffusion of Y, but this can be
neglected at very high concentrations and the reaction becomes to be the first
order and totally irreversible. Under these conditions the mechanism is indepen-
dent of the stability constant.

U3BOJ

MOJEJIOBAILE BOJITAMETPUJE CA ITPABOYTAOHHM TAJIACUMA 3A
IOBOEJIEKTPOHCKY U3MEHY CITPETHYTY CA XEMHUJCKOM PEAKIIMJOM HA
POTUPAJYROJ IUCK EJEKTPOIU

MILIVOJ LOVRIC
Divkoviceva 13, Zagreb 10090, Croatia

EnexTpoxemujcka peakuuja [BOEIEKTPOHCKE H3MEHE CIPErHyTa ca XEeMHjCKOM
peaxuujom ce HasuBa ECE mexaHHu3am. Y 0BOM HUCTpa)kMBamwy je pa3BHUjeH MOME BOJTa-
METpHje ca NpaBOyraOHMM TajacMMa Ha poTupajyhoj OUCK eNeKTPOAH, KOjH YK/bydyje
Hectadunan MHTepMenujap. [IpeTnocTaBbeHO je Ja cy oDda €IeKTPOXEMHjCKa CTyNma
Op3a u peBep3ndUIIHA U [a je XEMHjCKH CTylawk PEBEP3UOWIHA peaklHja Apyror pena.
HcnuTuBaH je yTHLaj KOHUEHTpaldje eleKTPOXeMHUjCKH HeakTHBHE KOMIIOHEHTe y Xe-
MHjCKOM CTynwmy M oapeheHH Cy YC/IOBH INOJ KOjUMa Taj CTyNnawk INOCTaje UpeBep3u-
OunaH ¥ IpBOT pepa.

(ITpumibeno 23. HoBemdpa 2023, pesuaupaHo 12. janyapa, npuxsaheHo 1. mapra 2024)

REFERENCES

1. R. S. Nicholson, I. Shain, 4Anal. Chem. 37 (1965) 190
(https://doi.org/10.1021/ac60221a003)

2. G. S. Alberts, I. Shain, Anal. Chem. 35 (1963) 1859
(https://doi.org/10.1021/ac60205a019)

3. S. Komorsky-Lovri¢, M. Lovrié, Collect. Czech. Chem. Commun. 72 (2007) 1398
(https://doi.org/10.1135/cccc20071398)

4. P. Sanecki, K. Kaczmarski, J. Electroanal. Chem. 471 (1999) 14
(https://doi.org/10.1016/S0022-0728(99)00243-0)

5. P. Sanecki, P. Skital, K. Kaczmarski, Electroanalysis 18 (2006) 981
(https://doi.org/10.1002/elan.200603487)

6. S. W. Feldberg, Lj. Jefti¢, J. Phys. Chem. 76 (1972) 2439
(https://doi.org/10.1021/j100661a017)

7. G.J. Wilson, C. Y. Lin, R. D. Webster, J. Phys. Chem., B 110 (2006) 11540
(https://doi.org/10.1021/jp0604802)

8. R.N. Adams, M. D. Hawley, S. W. Feldberg, J. Phys. Chem. 71 (1967) 851
(https://doi.org/10.1021/j100863a011)

9. D. Nematollahi, S. M. Golabi, J. Electroanal. Chem. 481 (2000) 208
(https://doi.org/10.1016/S0022-0728(99)00500-8)

10. Y. Li, M. Liu, C. Xiang, Q. Xie, S. Yao, Thin Solid Films 497 (2006) 270
(https://doi.org/10.1016/j.ts£.2005.10.048)
11. P.T. Sanecki, C. Amatore, P. M. Skital, J. Electroanal. Chem. 546 (2003) 109

(Ohttps://doi.org/10.1016/S0022-0728(03)00138-4

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



904 LOVRIC

12. P.T. Sanecki, P. M. Skital, Electrochim. Acta 53 (2008) 7711
(https://doi.org/10.1016/j.electacta.2008.05.023)

13. R. Gulaboski, V. Mirc¢eski, 1. Bogeski, M. Hoth, J. Solid State Electrochem. 16 (2012)
2315 (https://doi.org/10.1007/s10008-011-1397-5)

14. S. O. Engblom, J. C. Myland, K. B. Oldham, Anal. Chem. 66 (1994) 3182
(https://doi.org/10.1021/ac00091a029)

15. M. D. Hawley, S. W. Feldberg, J. Phys. Chem. 70 (1966) 3459
(https://doi.org/10.1021/j100883a015)

16. C. Amatore, J. M. Saveant, J. Electroanal. Chem. 86 (1978) 227
(https://doi.org/10.1016/S0022-0728(78)80371-4)

17. J. Galvez, A. Molina, R. Saura, F. Martinez, J. Electroanal. Chem. 127 (1981) 17
(https://doi.org/10.1016/S0022-0728(81)80464-0)

18. B. Kastening, Anal. Chem. 41 (1969) 1142 (https://doi.org/10.1021/ac60277a016)

19. H.R. Sobel, D. E. Smith, J. Electroanal. Chem. 26 (1970) 271
(https://doi.org/10.1016/S0022-0728(70)80310-2)

20. M. Mastragostino, L. Nadjo, J. M. Saveant, Electrochim. Acta 13 (1968) 721
(https://doi.org/10.1016/0013-4686(68)85007-8)

21. C. Amatore, J. M. Saveant, J. Electroanal. Chem. 85 (1977) 27
(https://doi.org/10.1016/S0022-0728(77)80150-2)

22. R. S. Nicholson, I. Shain, Anal. Chem. 37 (1965) 178
(https://doi.org/10.1021/ac60221a002)

23. M. A. Mann, J. C. Helfrick Jr, L. A. Bottomley, J. Electrochem. Soc. 163 (2016) H3101
(http://dx.doi.org/10.1149/2.0151604jes)

24. A.B. Miles, R. G. Compton, J. Electroanal. Chem. 499 (2001) 1
(https://doi.org/10.1016/S0022-0728(00)00460-5)

25. J.J. O'Dea, K. Wikiel, J. Osteryoung, J. Phys. Chem. 94 (1990) 3628
(https://doi.org/10.1021/j100372a049)

26. A.B. Miles, R. G. Compton, J. Phys. Chem., B 104 (2000) 5331
(https://doi.org/10.1021/jp0006882)

27. S. Komorsky-Lovrié¢, M. Lovrié, To Chem. J. 2 (2019) 142
(http://purkh.com/index.php/tochem)

28. R. Gulaboski, V. Markovski, Zh. Jihe, J. Solid State Electrochem. 20 (2016) 3229
(https://doi.org/10.1007/s10008-016-3230-7)

29. E. Laborda, J. M. Gomez-Gil, A. Molina, Phys. Chem. Chem. Phys. 19 (2017) 16464
(https://doi.org/10.1039/c7cp02135%)

30. C. Batchelor-McAuley, Q. Li, S. M. Dapin, R. G. Compton, J. Phys. Chem., B 114 (2010)
4094 (https://doi.org/10.1021/jp1008187)

31. D. Menshykau, C. Batchelor-McAuley, R. G. Compton, J. Electroanal. Chem. 651 (2011)
118 (https://doi.org/10.1016/j.jelechem.2010.11.024)

32. G.J. Wilson, C. Y. Lin, R. D. Webster, J. Phys. Chem., B 110 (2006) 11540
(https://doi.org/10.1021/jp0604802)

33. H.Balslev, D. Britz, Acta Chem. Scand. 46 (1992) 949

34. R. Saravanakumar, P. Pirabaharan, L. Rajendran, Electrochim. Acta 313 (2019) 441
(https://doi.org/10.1016/j.electacta.2019.05.033)

35. X.Y.Liu, Y. P. Liu, Z. W. Wu, Thermal Sci. 26 (2022) 2459
(https://doi.org/10.2298/TSCI2203459L)

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.



CV OF ECE ON RDE 905

36. R. Umadevi, J. Visuvasam, K. Venugopal, L. Rajendran, /%! Int. Conf. Math. Tech. Appl.
AIP Conf: Proc. 2277 (2020) 130013 (https://doi.org/10.1063/5.0025822)

37. M. Lovri¢, Turk. J. Chem. 46 (2022) 1226 (https://doi.org/10.55730/1300-0527.3429)

38. J. Strutwolf, W. W. Schoeller, Electroanalysis 8 (1996) 1034
(https://doi.org/10.1002/elan.1140081111)

39. M. Lovri¢, J. Serb. Chem. Soc. 53 (1988) 211.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2024 Serbian Chemical Society.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice



@Article{Lovric2024,

  author    = {Lovri{\'{c}}, Milivoj},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {{Modelling a cyclic staircase voltammetry of two electron transfers coupled by a chemical reaction on a rotating disk electrode}},

  year      = {2024},

  issn      = {1820-7421},

  month     = {jul},

  number    = {6},

  pages     = {891--905},

  volume    = {89},

  abstract  = {Two electrode reactions that are coupled by a chemical reaction are called an ECE mechanism. The model of this mechanism which has an unstable intermediate is developed for staircase voltammetry on the rotating disk electrode. It is assumed that both electrode reactions are fast and reversible and that the chemical reaction may appear to be of the second order and rever­sible. The influence of the concentration of an electro-inactive component of the chemical reaction is investigated, and the conditions under which the react­ion turns into the first order one, and becomes totally irreversible, are reported.},

  doi       = {10.2298/JSC231123020L},

  file      = {:C\:/Users/Mario/Downloads/No6_2024/07_12695_5762.pdf:pdf;:07_12695_5762.pdf:PDF},

  keywords  = {kinetic currents,logarithmic analysis,state response,steady},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/12695},

}





