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Abstract: A theoretical analysis of reversible and kinetically controlled electrode reactions in conditions of alternative differential multi-pulse 
voltammetry (ADMPV) is presented. The degree of reversibility, as well as symmetry of the electron transfer reaction, can be estimated by 
visual inspection of the ADMP voltammogram. The values of electron transfer coefficient and the standard rate constant of a simple electrode 
reaction Ox + ne− ⇄ Red, can be determined from the slope of linear dependence of the peak currents ratio on the logarithm of pulse duration. 
The criteria for recognition of reversible and kinetically controlled electrode reactions by alternative differential multi-pulse voltammetry are 
given. 
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INTRODUCTION 
ETHODOLOGICAL development and application of 
various pulse techniques for the study/interro-

gation of electrode reactions have been proposed over the 
years.[1−3] The main characteristic of modern pulse 
voltammetric techniques is a stepwise change of the 
electrode potential to which potential pulses are 
superimposed with current sampling at the end of each 
step.[4,5] In such a way, reduction of the charging current 
and consequently lowering of detection limits were 
achieved. Accordingly, square-wave voltammetry (SWV) 
and differential pulse voltammetry (DPV) are the most 
commonly used pulse techniques for quantitative and 
qualitative analysis, mechanistic studies and kinetic 
measurements of the electrode processes.[5−7] 
 However, during the last 20 years, several further 
variants of (double) potential pulse techniques, as a 
valuable extension/supplement to the existing ones have 
been proposed.[3] Accordingly, Molina et al.[8] developed 
the double pulse potential technique additive differential 
pulse voltammetry (ADPV) based on recording two 

(cathodic and anodic) differential pulse voltammograms 
and plotting their sum versus the first applied potential. 
They presented the theoretical study of ADPV and its 
experimental application for different electrode pro-
cesses.[8−14] It has been shown that in ADPV the charging 
current is minimized to a large extent with respect to 
“traditional” DPV. A few years later, Zlatev et al.[15] 
proposed a new electrochemical technique, with a similar 
name, differential alternative pulse voltammetry (DAPV) 
based on the non-linearity of I/E characteristic of the elec-
trochemical system. They showed that DAP voltammetry 
has a higher resolution power and sensitivity compared to 
some other pulse voltammetric techniques and that is 
suitable for simultaneous determination of species as well 
as for multicomponent analysis, without their preliminary 
separation.[15−19] This technique is characterized by 
stepping electrode potential to which two rectangular 
pulses with opposite polarity are superimposed. However, 
to the best of my knowledge, articles about alternative 
differential multi-pulse voltammetry (ADMPV) in studying 
the reversibility and kinetics of a simple charge transfer 
reaction have not been published yet. 
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 In this article, a multi-pulse technique with specified 
advantages, i.e. a version of aforementioned techniques that 
unifies the abilities of SWV to provide mechanistic and kinetic 
information with the analytical performances of DPV, is 
proposed. The potential-time program is similar to that 
employed in ADPV[8−14] and DAPV,[15−19] respectively, with the 
key difference that the initial equilibrium conditions are only 
restored at the end of the experiment. Thus, the alternative 
differential multi-pulse voltammetry is expected to enable 
faster electrochemical measure-ments relative to ADPV and 
DAPV. The proposed metho-dology is tested by theoretical 
analysis of the responses of a simple reversible and kineti-
cally controlled electrode reactions, at a planar macroscopic 
electrode of a solution resident redox couple, where both 
forms are chemically stable species. However, although ex-

perimental confir-mation of this technique is not possible at 
this time using commercially available instruments/poten-
tiostats and software packages, it is not excluded that ever-
faster development of technology will soon enable the appli-
cation of this technique in experimental work. Thus, the exis-
ting theories of the above-mentioned techniques (ADPV and 
DAPV)[8−19] are complemented by giving the working ADMPV 
curves calculated for standard experimental conditions. 
 In addition, the theoretical investigation of the 
influences of timing/kinetic parameters on the ADMPV 
responses (i.e. characteristic potentials, height and shape 
of the signal) under conditions of linear diffusion, are also 
studied. From such analyses, simple diagnostic criteria for 
elucidation of the reversibility/kinetics of electrode 
reactions taking place at the planar electrode are given. 

Table 1. List of symbols 

symbol [unit] 

cox* bulk concentration of the reactant [mol dm−3] 
(cox)x=0 concentration of the reactant at the electrode surface [mol dm−3] 
(cred)x=0 concentration of the product at the electrode surface [mol dm−3] 
D diffusion coefficient [cm2 s−1] 
E electrode potential [V] 
Ec crossing potential [V] 
Ep peak potential [V] 
Es step potential [mV] 
Est starting potential [V]  
E1 “prepulse” (staircase) electrode potential [V]  
E2 “pulse” electrode potential [V]  
E° standard potential [V] 
∆E pulse amplitude [mV] 
∆Ef forward pulse amplitude [mV] 
∆Er reverse pulse amplitude [mV] 
F Faraday constant [C mol−1] 
i current [A] 
Δip,f forward net peak current [A] 
Δip,r reverse net peak current [A] 
ks standard rate constant [cm s−1] 
n number of electrons 
R gas constant [J K−1 mol−1] 
S electrode surface area [mm2] 
t time [s]  
td interval time [s] 
t1 pre-pulse time [s] 
tp pulse time [s] 
T absolute temperature [K] 
W1/2 half-peak width [mV] 
α cathodic transfer coefficient 
β = (1 – α) anodic transfer coefficient 
∆t time increment [s] 
∆x space increment [cm] 
φ = nF(E – E°)/RT dimensionless potential 
Φ dimensionless current 
Φ1 dimensionless “prepulse” component of current 
Φ2 dimensionless “pulse” component of current 
ΔΦf = Φ2 – Φ1 dimensionless forward component of the net current 
ΔΦr = Φ2‘ – Φ1‘ dimensionless reverse component of the net current 
ΔΦn = ΔΦf + ΔΦr dimensionless net current 
ΔΦp dimensionless net peak current 
κ = ks(tp/D)1/2 dimensionless kinetic parameter 
τ delay time between pulses of the opposite polarity [s] 

 



 
 
 
 D. JADREŠKO: Simulation of Alternative Differential Multi-pulse Voltammetry … 97 
 

DOI: 10.5562/cca3485 Croat. Chem. Acta 2019, 92(1), 95–102 

 

 

 

THE MODEL 
A simple, reversible or kinetically controlled electron 
transfer reaction on the stationary, planar electrode is 
considered: 

 −+ Ox e Redn   (1) 

It is assumed that both the reactant Ox and the product Red 
are soluble in the aqueous electrolyte phase and are not 
adsorbed on the electrode surface. Initially, only the 
reactant is present in the solution. The mass transport is 
solved by digital simulation, using a common dimensionless 
diffusion coefficient D∆t/∆x2 = 0.4, where ∆t and ∆x are 
time and space increments, respectively.[20] The meanings 
of all symbols are listed in Table 1. The time increment is 
defined as: ∆t = tp/25. 
 The kinetics of electrode reaction (1) generally 
depends on the cathodic transfer coefficient α and the 
dimensionless kinetic parameter κ = ks(tp/D)1/2. The 
conditions at the electrode surface are defined by Nernst 
(in the case of reversible electrode reaction):  
(cox)x=0 = (cred)x=0∙exp(φ) (where φ = nF(E – E°)/RT) or Butler-
Volmer equation (in the case of a kinetically controlled 
electron transfer reaction):  
i/nFS = – ks∙exp(– αφ)[(cox)x=0 – (cred)x=0∙exp(φ)]. 
 A program written in Quick Basic is available on 
request. 
 In alternative differential multi-pulse voltammetry 
(ADMPV) excitation signal includes continuous stepwise 
change of the electrode potential, to which couples of 
rectangular oppositely oriented pulses, separated by a 
constant delay time (τ) and having the same values of the 

pulse amplitude, are superimposed. Currents are measured 
before (Φ1, Φ1’) and at the end (Φ2, Φ2’) of each pulse, and 
the sum of differences ∆Φn = ∆Φf + ∆Φr = (Φ2 – Φ1) + (Φ2’– 
Φ1’) is plotted against the staircase potential (Figure 1). In a 
theory, the dimensionless current is calculated:  
Φ = i(πtp)1/2(nFScox × D1/2 )−1. 
 

RESULTS AND DISCUSSION 
In this paper, the theoretical possibilities of alternative 
differential multi-pulse voltammetry (ADMPV) for study 
and recognition of various kinetic and diffusion controlled 
electrode processes are presented. The proposed 
technique is based on the potential-time waveform 
(excitation signal) defined in Figure 1A., which is the main 
difference compared to techniques described in refs.[8−19] 
More precisely, in ADMPV excitation signal includes 
continuous stepwise change of the electrode potential, to 
which couples of rectangular pulses (opposite polarity) are 
superimposed. Furthermore, contrary to Zlatev et al.,[15] in 
this article, all simulations were performed using shorter 
delay time between the opposite pulses (see further in 
text). As a result, the initial equilibrium conditions are not 
re-established after each potential step/cycle (unlike the 
results given in Refs.[8−19]). However, design of the potential 
modulation together with the current-sampling procedure 
of alternative differential multi-pulse voltammetry, enable 
effective reduction of the charging current, faster (time-
saving) analysis and lower detection limits, providing a 
signal with high resolution power and enhanced sensitivity. 
Accordingly, the response is well-defined I-E curve, which is 
very convenient for the quantitative analysis of the system, 

 

Figure 1. A) Excitation signal in alternative differential multi-pulse voltammetry (ADMPV). Sampling points are schematically 
indicated for pulse (2) and pre-pulse (1) currents. Es = step potential, td = interval time, tp = pulse time, ∆E = pulse amplitude, 
τ = delay time between pulses of the opposite polarity. B) Theoretical alternative differential multi-pulse voltammogram (along 
with the differential “forward” (ΔΦf) and “reverse” (ΔΦr) curves) of reversible electrode reaction (1). Est = 0.3 V vs. E°, Es = −2 
mV, n = 1, td = 0.3 s, tp = 0.05 s, τ = 0.05 s, ∆E = 50 mV. 
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as well. Furthermore, from Figure 1A it can be seen that 
during each potential step/cycle currents are measured 
four times, twice before (Φ1 and Φ1’) and twice at the end 
(Φ2 and Φ2’) of each pulse, while the sum of their 
differences (∆Φn = (Φ2 – Φ1) + (Φ2’ – Φ1’)) is plotted against 
the staircase potential (Figure 1B) (as in the classical DPV 
and SWV).[5−7] Thus, one of the advantages of a given 
technique is the fact that during a single potential cycle, the 
electrode reaction is driven in both cathodic and anodic 
directions, providing an insight into the electrode 
mechanism. More precisely, the obtained data can  
be presented in a form of forward/cathodic and 
reverse/anodic ADMPV curve (Figure 1B) (same as in 
SWV[6]). Furthermore, from Figure 1B (black curve) it can be 
seen that the maximum current of forward/reduction peak 
is somewhat higher than the reverse/oxidation one (i.e. 
|∆Φp,r / ∆Φp,f| = 0.79) as a result of the concentration 
gradient of redox components in diffusion layer near the 
electrode surface. These observations are different from 
the results given by Laborda et al.[12,13] where |∆Φp,r / 
∆Φp,f| = 1 and Ec = E° (in case of a reversible redox reaction) 
as a result of different potential-time waveforms. More 
precisely, in ADMPV at the “middle-pulse” potential, the 
product Red generated during the forward/cathodic pulse 
diffuses away during the delay time (τ) separating the  
two pulses with opposite polarities. As a result, its 
concentration on the electrode surface is decreased and 
the current response due to the anodic pulse(s) is smaller, 
i.e. |∆Φp,r / ∆Φp,f| < 1. This statement applies to the 
examined/standard parameters (n = 1, td = 0.3 s, tp = 50 ms, 
τ = 50 ms, Es = −2 mV, ∆E = (−) 50 mV, Est = 0.3 V vs. E°).  
In general, renewal of the initial conditions is only achieved 
by waiting long enough at “pre- /middle- pulse” potential, 
i.e. both peak currents gain the same absolute value (i.e. 

|∆Φp,r / ∆Φp,f| = 1) only if τ > 2∙tp (in case of a reversible 
electrode reaction). 
 Figure 2 shows the dimensionless theoretical 
alternative differential multi-pulse voltammograms of a 
simple reversible electrode reaction (1) at the stationary 
planar electrode, for different values of the pulse 
amplitude (∆E) and of the time parameters (tp and τ, if τ = 
tp). The net ADMPV response consists of two apparently 
“symmetric” peaks at different sides of the potential axis: a 
forward/cathodic peak followed immediately by anodic 
one, which reflect the reduction of the reactant Ox and 
reoxidation of the product Red, respectively. In all cases, 
ADMPV curves have a center of symmetry at the crossing 
potential (intercept point with the potential axis) which 
coincides with a value of the formal potential, i.e. Ec ≈ E°. 
Furthermore, as can be seen in Figure 2, the Ec value of a 
simple reversible electrode reaction is independent of the 
pulse amplitude and of the time parameters. However, the 
amplitude affects both the peak currents and half-peak 
widths (W1/2) so that both increase nonlinearly with 
increasing its value (∆E) (Table 2). These are in accordance 
with the results given in references.[12,15] On the other 
hand, by increasing the values of τ and tp simultaneously, 
both forward/cathodic and reverse/anodic peak currents 
decrease (Figure 2B). Furthermore, unlike data from 
Laborda et al.[13] the net ADMP voltammogram is not a 
result of the addition of two differential pulse 
voltammograms. More specifically, in ADMP voltammetry 
forward/cathodic pulse is followed by a short period of 
time (τ) at first potential, after which reverse/anodic pulse 
is applied on the same potential step (see Figure 1A). It is 
important to note that these empirical parameters (tp and 
τ) could have the same or different values (i.e. there are 
many possible combinations of these parameters), on 

 

Figure 2. Influence of the A) pulse amplitude, ∆E, and B) time parameters, tp and τ, on the net ADMPV response, for a reversible 
electrode reaction (1). Est = 0.3 V vs. E°, Es = −2 mV, n = 1, td = 0.3 s. A) tp = 0.05 s, τ = 0.05 s, ∆E / mV = 25 (i), 50 (ii), 75 (iii) 
and 100 (iv). B) ∆E = 50 mV, tp (= τ) / ms = 5 (I), 10 (II), 25 (III), 50 (IV) and 100 (V). 
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which appearance (i.e. apparent symmetry) of 
voltammogram depends. In this article, all simulations were 
performed using the same values of the pulse time and of 
delay time between them (i.e. tp = τ) as well as the 
amplitudes ratio |∆Ef/∆Er| = 1. This is contrary to data from 
Zlatev et al.[15] where the value of τ >> tp is used. The 
described results, as well as the preserved apparent 
symmetry of the ADMPV response, regardless of the values 
of examined parameters (i.e. ∆E, tp and τ), are characteristic 
of a simple reversible electrode reaction with both 
components of the redox pair dissolved in the electrolyte 
solution. 
 In addition, the influence of the charge transfer 
kinetics on the theoretical alternative differential multi-
pulse voltammograms was studied. For this reason, the 
influence of dimensionless kinetic parameter (κ = 
ks(tp/D)1/2) was investigated for the following set of 
standard parameters: td = 0.3 s, tp = τ = 50 ms, ∆E = (−) 50 
mV, Es = −2 mV, Est = 0.3 V vs. E°. The simulations were 
performed for n = 1 and for various values of the transfer 
coefficient: 0.1 < α < 0.9. 
 As can be seen from Figure 3, absolute values of both 
peak currents (∆Φp,f and ∆Φp,r) decrease and the 
appearance/symmetry of the ADMP voltammogram 
changes as the value of κ decreases. More precisely, the 
forward (and reverse) half-peak width of the net ADMPV 
signal, changes from 74 mV (and 69 mV) for a reversible 
reaction to 157 mV (and 119 mV) for an irreversible 
electrode reaction. In other words, in case of an irreversible 
electrode reaction, the net ADMP voltammogram consists 
of a broad cathodic peak and a very low anodic one. 
Moreover, the reverse/anodic peak of the ADMPV 
response completely disappears for the values of κ < 0.05. 
Furthermore, the crossing potential (Ec) shifts to more 
negative values as the value of κ decreases. These effects 
as well as the loss of the apparent symmetry of the 
voltammogram and the ratio |∆ip,r/∆ip,f| ≠ 0.79, indicate 

decreased reversibility of the electrode process.  
 Figure 4 shows the relationships between the net 
peak currents ratio as well as crossing potentials of ADMPV 
response and the logarithm of the kinetic parameter. The 
linear parts of the curves (1−3) in Figure 4A, are typical for 
the quasireversible kinetic region (as in SWV[6]), whereas 
the plateaus for log κ < −1.5 and log κ > 0 correspond to the 
irreversible and reversible kinetic region, respectively. In 
other words, in ADMPV the electrode reaction (1) appears 
reversible (i.e. |∆ip,r/∆ip,f| = 0.79 and Ec ≈ E°) if log κ ≥ 0. 
Within the range −1.5 < log κ < −0.5 the reaction (1) is 
quasireversible. In this case, if α < 0.5 the maximum current 
of forward/cathodic ADMPV peak is lower than the anodic 
one, so their ratio is |∆ip,r/∆ip,f| > 0.79, and vice versa if α ≥ 
0.5 (see Figure 4A). Thus, from the ADMPV peak currents 
ratio, it is possible to deduce the energy profile of the 
electrode reaction i.e. symmetry of the electron transfer, as 
well as apparent reversibility of the electrode process. 

Table 2. Alternative differential multi-pulse voltammetry of fast and reversible electrode reaction (1). The dimensionless 
forward and reverse net peak currents and the corresponding half-peak widths as functions of pulse amplitude. n = 1, Est = 0.3 
V vs. E°, Es = − 2mV, td = 0.3 s, tp = 0.05 s, τ = 0.05 s. 

∆E / mV ΔΦp,f ΔΦp,r W1/2,f / mV W1/2,r / mV 
5 −0.0046 0.002 65 58 

10 −0.0165 0.0074 66 60 
20 −0.0554 0.0338 66 61 
30 −0.1105 0.0774 68 63 
40 −0.1760 0.1327 70 66 
50 −0.2464 0.1942 74 69 
60 −0.3173 0.2573 77 74 
75 −0.4174 0.3481 84 82 

100 −0.5558 0.4751 99 96 
150 −0.7229 0.6299 134 132 
200 −0.7947 0.6966 177 176 
300 −0.8342 0.7333 274 271 

 

 

 

Figure 3. Influence of the dimensionless kinetic parameter, 
κ, on theoretical alternative differential multi-pulse 
voltammograms for α = 0.5. κ = 10 (I), 1 (II), 0.1 (III), 0.05 (IV) 
and 0.01 (V). All other parameters are as in Figure 1. 
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Besides, Figure 4B implicates that the relationships 
between the crossing potentials of ADMPV signal and the 
logarithm of kinetic parameter are linear as well, if log κ ≤ 
−0.5, i.e.: 

 c

log
E m

κ αn
∂

=
∂

 (2) 

where m is a constant i.e. the slope of the straight line, 
while its “positive” or “negative” sign indicates the value of 
α ≥ 0.5 or α < 0.5, respectively.  
 Experimentally, the influence of kinetics of electron 
transfer reaction on the height, shape and characteristic 
(e.g. crossing and/or peak) potentials of the voltammetric 
signal can generally be studied by changing the time scale 
of the experiment. In ADMP voltammetry (as in DPV) this 
means by changing the pulse time, tp. More precisely, the 
variation of kinetic parameter, κ, can be achieved by 
changing the parameter tp, whereas the results are usually 
presented by plotting the peak currents ratio ∆ip,r/∆ip,f (or 
crossing potentials) in dependence of the logarithm of 
pulse time (Figure 5). Hence, if such (linear) dependence is 
experimentally obtained for e.g. −2 < log tp < −1, it means 
that −1.5 ≤ log κ < −0.7 (for symmetric charge transfer), 
assuming that other parameters are the same as in Figure 
4A. From this result, it follows a rough estimation of the 
rate constant of the electron transfer reaction, i.e. −0.5 ≤ 
log ks – ½ log D < −0.2, considering that the pulse time and 
the kinetic parameter are connected by the following 
equation: 

 s p

1 1
log log log log

2 2
κ k D t= − +   (3) 

(the value of D can be determined from the limiting 
cathodic/reduction current of the e.g. normal pulse 
voltammogram,[21,22] by Cottrell equation.) Accordingly, if 

e.g. D = 1 × 10−6 cm2 s−1 then −3.5 ≤ log ks < −3.2. However, 
if experimentally obtained |∆ip,r/∆ip,f| is lower than 0.2 (or 
greater than 1.4; see Figure 4A), i.e. nearly constant for all 
pulses shorter than 0.1 s it means that log κ < −2 and log ks 
< −1.5 + ½ log D (i.e. log ks < −4.5 if D = 1×10−6 cm2 s−1) (see 
Figure 5). 
 Another possibility for determination of the ks value 
arises from the linear part of the crossing potentials vs. log 
tp plot (as in Figure 4B). In the range of shortest pulse times, 
in which the electrode reaction is apparently irreversible, 
the relationship between crossing potentials and the 
logarithm of pulse duration is linear.  
 The influence of the transfer coefficient (α) on 
dimensionless ADMP voltammograms (in case of an 
irreversible reduction reaction (1) of a dissolved redox 

 

Figure 4. Theoretical dependencies of the A) peak currents ratio and B) crossing potentials of the net ADMP voltammograms 
on the logarithm of kinetic parameter, for α = 0.25 (1), 0.5 (2) and 0.75 (3). All other parameters are as in Figure 1. 

 

 

Figure 5. The dependencies of the net ADMPV peak currents 
ratio on the logarithm of pulse time for two values of the 
standard rate constant of electrode reaction (1): ks / cm s−1 
= 5×10−4 (i) and 3×10−5 (ii). α = 0.5, τ = tp. All other 
parameters are as in Figure 1. 
 



 
 
 
 D. JADREŠKO: Simulation of Alternative Differential Multi-pulse Voltammetry … 101 
 

DOI: 10.5562/cca3485 Croat. Chem. Acta 2019, 92(1), 95–102 

 

 

 

couple) is shown in Figure 6. As can be seen, the transfer 
coefficient affects considerably the appearance (i.e. the 
shape/symmetry and the characteristic potentials (Ec and 
Ep)) of the ADMPV response. More specifically, the 
“asymmetry” between the maximum of forward and the 
minimum of the reverse peak currents increases as the 
value of α increases. In other words, the ADMP 
voltammogram of the asymmetric charge transfer (α = 0.1), 
consists of two peaks at different sides of the potential axis 
(similar as in the case of a reversible electrode process). 
However, │ΔΦp,r│>│ΔΦp,f│ indicates that oxidation is, in 
term of energy, a more favorable process. Furthermore, in 
the case of symmetric reduction reaction with slow kinetics 
(i.e. for α = 0.5), the ADMPV response consists of a broad 
cathodic peak and a very low anodic one, indicating that the 
reoxidation is a very slow process. A similar observation is 
valid for α > 0.5, and the final conclusion is the same. In 
addition, contrary to all simulated voltammograms, the 
anomalous shape of the ADMPV signal for α = 0.3, which 
consists of two cathodic and one anodic peak, can be seen. 
This is in accordance with observation first described by 
Laborda et al.[12] and further indicates un-symmetric charge 
transfer as well as decreased reversibility of the electrode 
process. Thus, the response in ADMPV reflects the 
symmetry of the electron transfer, i.e. gives qualitative 
information about the transfer coefficient and apparent 
rate of the electrode reaction.  
 Figure 7 shows dependencies of the normalized 
forward/cathodic and reverse/anodic peak currents 
(∆Φptp−1/2) of the ADMP voltammogram on tp−1/2 for a 
simple reversible electrode reaction and for two values of 
the dimensionless kinetic parameter: κ = 0.3 and 0.02 
(corresponding to quasireversible and totally irreversible 
redox reaction, respectively). Opposite to Laborda et al.,[12] 

one can see that in the case of kinetically controlled (in 
contrast to reversible) electrode reactions (1), 
dependencies of the normalized peak currents of the net 
ADMP voltammogram on tp−1/2 are linear and that the 
“virtual” slopes of corresponding straight lines decrease as 
the κ value diminishes. The decreased slope indicates a 
reduced influence of timing parameter (tp) on ADMP 
voltammogram, compared with a simple reversible 
electrode reaction. Moreover, the reduced values of the 
net peak currents are the result of the concentration 
gradient of the redox components in diffusion layer, i.e. 
indicate a decrease of their concentrations near the 
electrode surface as a consequence of the slow electrode 
kinetics. 
 

CONCLUSIONS 
The signals that arise from the application of alternative 
differential multi-pulse voltammetry were simulated. The 
criteria for recognition of reversible and kinetically 
controlled electrode reactions are given in Table 3. 
 Theoretical analysis indicates that ADMP 
voltammetry enables easy characterization of the electrode 
processes. The alternative differential multi-pulse 

 

Figure 6. Influence of the electron transfer coefficient on the 
net ADMP voltammograms of an irreversible electrode 
reaction (1); κ = 0.02, α = 0.1 (I), 0.3 (II), 0.5 (III), 0.7 (IV) and 
0.9 (V). All other parameters are as in Figure 1. 
 

 

Figure 7. The dependencies of the normalized forward (●) 
and reverse (▲) peak currents of the net ADMPV response 
on tp−1/2, for reversible (1) and for two values of the 
dimensionless kinetic parameter: κ = 0.3 (2) and 0.02 (3). All 
other parameters are as in Figure 1. 
 

 

Table 3. The criteria for recognition of reversible and 
kinetically controlled electrode reactions 

Reversible 
Non-reversible 

α < 0.5 α ≥ 0.5 
|Δip,r / Δip,f| = 0.79 |Δip,r / Δip,f| > 0.79 |Δip,r / Δip,f| < 0.79 

Ec ≈ E° Ec > E° Ec < E° 
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voltammogram of a simple reversible electrode reaction 
Ox(aq) + ne− ⇄ Red(aq) consists of two apparently symmetric 
peaks: forward/reduction and reverse/reoxidation. The 
peaks symmetry disappears as the electrode reaction be-
comes slower, so that reverse peak completely vanishes for 
κ < 0.05. The standard rate constant, as well as the electron 
transfer coefficients (α and β), can be estimated by the vari-
ation of pulse time in ADMPV, i.e. from the slope of linear 
dependence of the peak currents ratio on the logarithm of 
pulse time. Therefore, visual inspection of the ADMPV 
response (i.e. “the voltammogram symmetry“) enables us 
to estimate the electrochemical reversibility of the system, 
as well as the electron transfer coefficient. The advantage 
of this technique (using the SMDE) is the fact that the whole 
experiment (electro- reduction and –oxidation) is taken at 
the same mercury drop, which is especially useful if the 
product of electrode reaction is unstable. Also, during a 
single potential cycle, the electrode reaction is driven in 
both cathodic and anodic directions, further providing an 
insight into the electrochemical mechanism. 
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