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Recent advances in square-wave voltammetry for analytical purposes as well as for studying elec-
trode mechanisms and kinetics are reviewed, mainly covering results published in the last decade. Ana-
lyzing only some typical analytically oriented studies, one confirms the well-known fact that the tech-
nique is attributed with superior analytical performance in the family of advance pulse voltammetric
techniques. Covering all analytical studies where square-wave voltammetry is the working technique is
hardly possible. For this reason, we decided to cover the relevant studies in square-wave voltammetry,
mainly published in the last five to seven years. The reviewed period is marked with remarkable contribu-
tions in the theory of complex electrode mechanisms, revealing that square-wave voltammetry is one of
the most powerful voltammetric techniques for both mechanistic and kinetic characterizations of elec-
trode processes. Finally, a brief consideration is given to several methodologically oriented studies, refer-
ring mainly to cyclic-square voltammetry as well as methods based on the analysis of electrode processes
by varying the amplitude of the potential modulation, which is expected to expand the scope and applica-
tion of the technique in coming years.

Keywords: square-wave voltammetry; electroanalysis; electrode mechanisms; electrochemistry;
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PEBHUJAJIEH IIPETJIE/l HA CKOPEIIHHUOT PA3BOJ
HA KBAJJPATHO-BPAHOBATA BOJTAMETPHUJA

Bo 0BOj Tpyn e JaneH peBUjalieH Mmperie/a Ha pa3BojoT Ha KBaIpaTHO-OpaHOBaTa BOJITaMETPHja BO
MOCTICTHUTE HEKOJKY TOJWHH, OCBPHYBAjKM CE HAa HEj3MHATA MPHMEHA KaKO CJICKTPOAHAIUTHYKA TEX-
HHUKa, HO M KaKO TeXHHKa 3a M3y4yBaibhe Ha CJICKTPOJHHUTE MEXaHM3MH U eleKTpojHara kunetuka. Co
aHaJM3a Ha HEKOM TOKapaKTePUCTHYHU aHAIMTHYKH OPUEHTHUPAHHU CTYIUH € MOTBPICH IMO3HATHOT (akT
JleKka oBaa TEXHHUKATa CEe OJAJHMKYBa CO CYNEPHOPHH OCOOMHH BO MOIIMPOKOTO CEMEJCTBO Ha IYJICHU
eNIEKTPOAHATIUTUYKN TeXHUKU. Tpeba a ce HANOMHH JieKa € HEBO3MOXKHO Jia ce omdaraT CUTe aHaIu-
THYKWA CTyIWH, OWAejkn HUBHUOT Opoj € orpomMeH. Ilokpaj IpyroTo, OBOj MEPHON CE€ OJUTMKYBa CO
3HAYMTEJICH Pa3BOj Ha TEOpHjaTa HA OBaa TEXHHKA 3a MPOYYyBamhe Ha CIOKCHU EIEKTPOTHH MEXaHU3MH,
IITO € TMOTBpJA JIeKa KBaJpaTHO-OpaHOBaTa BOJITAMETPHUja € €IHA OJ] HAJMOKHHTE allaTKH 33 CTYIHPArhe
Ha MCXaHHM3MHTE U KHHETHUKATa Ha €JICKTPOTHUTE peakuuu. Ha KpajoT e JajieH KpaToK OCBPT Ha HEKOJKY
Ba)KHH METOJIOJIONIKM OPHECHTHUPAHH CTYIUU KOW CE 3aCHOBAaT HA aHANIM3a Ha CJICKTPOJHATA KUHETHKA
caMoO CO TMPOMEHAa Ha aMIUIMTyJaTa Ha CSKCUIUTAIMCKUOT CHTHAJN, U CE OYCKYBa JeKa Ke T0 MPOIIHpatT
OTICETOT Ha TIPUMCHA Ha OBaa TCXHUKA.

Kayuynu 300poBM: KBaJpaTHO-OpaHOBa BOJTAMETPHja; EINEKTPOAHAIN3a; EJIEKTPOJHA MEXaHU3MHU;
KHHETHKA Ha €JIEKTPOIHH PEaKIHU; eICKTPOXEMH]ja
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1. INTRODUCTION

Square-wave voltammetry (abbreviated here
as SWV) is one of the most advanced electro-
chemical techniques [1-6] that, in a historical con-
text, originates from the Kalousek commutator [7]
and Barker square-wave polarography [8—10].
Though most frequently applied for analytical pur-
poses, SWV is a superior electrochemical tech-
nique for both mechanistic and electrokinetic stud-
ies of various electrode processes. Basic features of
the potential modulation, together with a simulated
voltammetric response in SWV, are depicted in
Figure 1. In SWV, the potential modulation com-
prises of a staircase potential ramp combined with
square-shaped potential pulses (Figure 1A). The
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main parameters of a potential cycle composed of
two neighboring pulses (Figure 1B) are the height
of the pulses (referred as the SW amplitude, E,)
and the SW frequency (f), defined as f = 1/7, where
7 is the duration of a potential cycle. In terms of
the duration of the single potential pulse 7, (7= 21,),
the frequency could be defined as f' = 1/(2¢,). The
potential cycle, repeated at each step of the stair-
case ramp, consists of a forward and backward (or
reverse) potential pulse, the terms being defined
relative to the direction of the staircase ramp. Ob-
viously, in the course of each potential cycle, the
electrode reaction is driven in both the anodic and
cathodic directions, thus providing an insight into
the electrode mechanism.
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Fig. 1. (A) Potential waveform, (B) one potential cycle, and (C) a typical voltammogram in square-wave voltammetry.
The response consists of a forward (anodic, %), backward (cathodic, #,) and net ( #,,) component.

The SW frequency is the critical time pa-
rameter of the voltammetric experiment. The
physical meaning of the frequency is understood as
the number of potential cycles in a unit of time.
The typical frequency range provided by commer-
cially available instruments [1, 11] is from 5 to 2000
Hz, which corresponds to the duration of a single
potential pulse #, from 0.25 to 100 ms. Besides the
frequency, the scan rate of the voltammetric ex-
periment could be defined as v = f AE, where AFE is
the step of the staircase ramp (cf. Figure 1B).

In the course of a voltammetric experiment,
the current is sampled at the end of each potential
pulse, aiming to discriminate against the charging
current [1, 5]. Accordingly, the currents associated
with forward and backward potential pulses com-
pose the forward and backward (reverse) compo-
nent of the SW voltammogram, respectively (Fig-

ure 1C). It is important to stress that both forward
and backward components are plotted versus the
potential of the staircase ramp, i.e., the mid poten-
tial of the two neighboring pulses composing one
potential cycle. Consequently, to each step poten-
tial, two current values are assigned. Subtracting
the forward and backward currents, a net compo-
nent of the SW voltammogram is obtained, which
is most frequently a bell-shaped curve that enables
precise determination of its position and height
(Figure 10).

In the present review, an attempt is made to
highlight the developments in this technique in the
last several years, addressing the most typical ana-
Iytically oriented studies, the theoretical studies
referring to complex electrode mechanisms, as
well as application of the technique for kinetic and
mechanistic purposes. Finally, a brief considera-
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tion is given to several methodologically oriented
studies of general importance that, to the best of
our knowledge, might facilitate and expand the
scope and application of the technique.

2. APPLICATION OF SQUARE-WAVE
VOLTAMMETRY IN ELECTROANALYSIS

Square-wave voltammetry, as one of the su-
perior members of the large family of pulse-volt-
ammetric techniques, is attributed with excellent
analytical sensitivity [1, 5, 6]. Hence, it is fre-
quently applied for the quantitative determination
of a variety of compounds such as medications,
biomolecules, environment pollutants, antioxidants,
etc. Besides the pronounced sensitivity, electroana-
lytical methods commonly require a short analysis
time, as SWV is recognized as a very fast voltam-
metric technique. Furthermore, the analytical sen-
sitivity can be enhanced by combining the tech-
nique with enrichment procedures that are well-
known in electroanalysis, such as electrolytic or
adsorptive accumulation. Accordingly, square-wave
stripping voltammetry enables ultra-trace analytical
determination down to a picomolar concentration
level [5, 6]. In the last decade, in many cases,
SWYV has emerged as a viable and cheap alterna-
tive to other more expensive and time-consuming
techniques (such as chromatography, for example)
for the determination of inorganic and biologically
important compounds. All these advantages make
SWYV a technique of choice for the quantification
of important classes of compounds, such as pro-
teins [12], vitamins [13], phenols [14-18], benzo-
quinones [19], pesticides, herbicides and fungi-
cides [20-28], alkaloids [29], terpenoids [30],
metal traces [31-46], and drugs [47, 48].

Due to the outstanding resolution of the
voltammetric response, SWV is applied for simul-
taneous determination of compounds with close
redox potentials, such as paracetamol and penicil-
lin, exemplified by the work of Svorc [49], as well
as for ascorbic acid, acetaminophen, and trypto-
phan at a graphite electrode modified with carbon
nanotubes [50]. In a recent work, Tian et al. [51]
reported on the simultaneous determination of
ascorbic acid, dopamine, and uric acid at a gold
nanoparticle-modified graphite electrode.

SWYV, in combination with screen printed
electrodes [52, 53], has been successfully exploited
for the direct determination of low molecular
weight antioxidants such as glutathione, ascorbic
and uric acids in blood samples. This method is
less sensitive to matrix interference and is superior
compared to the well-established spectrophotomet-
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ric methodology for the quantification of low mo-
lecular weight antioxidants. In addition, SWV has
been successfully applied for the detection of phe-
nols, another class of important antioxidants.
Seven phenolic compounds, i.e. the o-phenylendi-
amine, p-chlorophenol, p-aminophenol hydroqui-
none, pyrocatechol, phenol, and 3,3-5,5-tetra-
methylbenzidine were tested as cosubstrates of the
enzymatic reaction of the horseradish peroxidase
[54]; the calibration was carried out in the sub-
nanomolar range. Many polyphenols belonging to
the group of flavonols present in various plants
have been successfully determined by solid elec-
trodes [55, 56]. Various catechins, such as epigallo-
catechin gallate, epicatechin, epicatechin gallate,
gallic acid, and epigallocatechin were directly
quantified in various green teas in the submicro-
molar range at a glassy carbon electrode. The accu-
racy, sensitivity and selectivity of the latter method
were comparable to the corresponding HPLC-
based methodology. In another work, SWV was
explored for the quantification of polyphenols from
the class of flavonolignans [57]. Additionally,
SWYV has been used for the determination of
isosilybin, silybin and some of its derivatives in
adsorptive stripping mode. Moreover, it was shown
that silybin forms 1:2 complexes with Cu®** ions
capable of selectively binding to DNA molecules.
Resveratrol is another important polyphenolic an-
tioxidant present in red wine. Its detection in red
wine samples has been achieved using an adsorp-
tive stripping methodology in a concentrated per-
chloric medium [58]. The detection limit of res-
veratrol was in the ng/ml range, comparable to that
obtained by chromatographic techniques.

In the last decade, protein-film voltammetry
has emerged as a suitable technique for studying
the redox chemistry of various enzymes and pro-
teins [59]. Duwensee et al. [60] described a re-
markable achievement of SWYV performed on
heated microwires to detect the products of the
asymmetric convective polymerase chain reaction
performed in a tube containing a very small vol-
ume. The polymerase chain reaction is an impor-
tant tool in molecular biology, used for the detec-
tion of gene-related diseases, amongst other appli-
cations. By using a gold electrode modified with a
complementary single-stranded capture probe im-
mobilized via a thiol linker, a labeled product of
the polymerase chain reaction could be success-
fully detected. The product of polymerase chain
reaction was labeled with an osmium(VII) bipyri-
dine complex. In such an approach, significant dis-
crimination was achieved against complementary
and non-complementary targets. The method was
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reported to be very simple and fast, and superior in
many aspects over the commonly explored micro-
fluidic chips with external pumps. Another impor-
tant contribution in protein detection is the work of
Kftizkova et al. [61]. In this study, electrophoretic
and voltammetric methods were developed for the
determination of avidin, a protein responsible for
crop protection. The reaction between avidin (the
glycosylated protein) and vitamin H (biotin) was
utilized to develop a sensitive method for avidin
quantification. The authors showed that the method
was specific, while its sensitivity was comparable
to the electrophoretic methods developed for
avidin determination in transgenic plants. In an-
other work [62], the authors developed an ultra-
sensitive procedure for streptoavidin determination
(from Streptomyces avidinii) in the zeptomolar
concentration range using carbon paste electrodes.
Shu et al. developed a novel method for studying
the ribonuclease activity of the dicer protein at an
RNA-modified gold electrode [63].

Beyond methods for the quantification of
proteins, SWV has been exploited for the detection
of other important physiological organic com-
pounds [64, 65]. Arevalo et al. [66] have recently
reported on a sensitive adsorptive stripping method
to detect the steroid progesterone on a glassy car-
bon electrode. The authors of this work also paid
attention to the adsorption of progesterone on the
working electrode surface, while evaluating the
thermodynamic parameters of the adsorption
strength. The same group [67] also published a
comprehensive study of the determination of pro-
gesterone in acetonitrile at a glassy carbon elec-
trode. Electrochemical reduction of progesterone in
non-aqueous media is commonly accompanied by
the formation of stable radical anions. In another
work, Goyal et al. [68] developed a method for the
simultaneous detection of adenosine and adeno-
sine-5-triphosphate on an ITO electrode modified
with gold nanoparticles. The specific catalytic ef-
fect of gold nanoparticles was a crucial factor that
led to separating the voltammetric signals of
adenosine and adenosine-5-triphosphate; thus, their
simultaneous determination was achieved. In addi-
tion, a simple but efficient method was developed
for the quantification of yeast RNA (yRNA) on a
cetylpyridine bromide-cellulose modified ITO
electrode [69], as yRNA strongly adsorbed to the
cellulose-modified electrode while undergoing ir-
reversible oxidation. The kinetic parameters of the
electrochemical reaction of yRNA were evaluated
from the SW voltammetric response. Fast Fourier
transformed square-wave voltammetry has been
applied to detecting the amino acid levodopa, the

precursor for dopamine production in the brain [70].
With the help of this technique, L-dopamine was
detected in urine and human serum in a micromolar
concentration range using microelectrodes.

Nowadays, SWYV finds applications in envi-
ronmental analysis for trace metal monitoring [71,
72], as well as the detection of organic ecotoxic com-
pounds [73, 74]. A highly promising, switchable and
sophisticated sensor for Hg(Il) monitoring was
developed by Lai et al. [75]. The detection of or-
ganophosphorous pesticides was achieved by fol-
lowing the electrochemical activity of dichloroin-
dophenol with thiocholine, a product created by the
enzymatic reaction between acetylthiocholine and
cholinesterase [76]. An SWV method for the detec-
tion of organophosphorous pesticides has been re-
cently developed, based on inhibition of the en-
zyme cholinesterase in a biphasic system [77]. The
activity of the enzyme cholinesterase toward indo-
phenol acetate yielded indophenol, a redox active
compound that is a subject of quantitative determi-
nation with SWV.

Remarkably, SWV is an effective technique
for the analysis of some bacteria in real samples.
Carpani et al. [78] recently reported on an SWV
method to quantify the bacterial load of Esche-
richia coli and Pseudomonas aeruginosa in non-
treated water samples. A microelectrode array was
used for this purpose, while direct detection of the
investigated bacterial cultures was possible at the
epoxy glue-impregnated reticulated vitreous car-
bon electrode. The method was selective, simple
and fast, and no water sample pretreatment was
required. In addition, traces of Escherichia coli
were detected by modifying a glassy carbon elec-
trode with multi-walled carbon nanotubes [79]. The
detection of these living microbial cultures is based
on measuring the activity of oxidizable components
present in Escherichia coli; the release of these
molecules is catalyzed by the carbon nanotubes.

One of the advantages of SWV is also seen
in its applications for the direct detection of some
redox active compounds in complex organic ma-
trixes or food products. Recently, detection of the
antibiotic ceftiofur was achieved directly in milk
samples following the hydrolysis of ceftiofur [80].
Owing to its performance in the determination of
various polyphenolic antioxidants, useful and
cheap SW voltammetric methods have been devel-
oped for the determination of the total antioxida-
tive capacity in food products such as edible oils
[81] and beverages [82]. Alkaloids are another
class of natural compounds that have attracted con-
siderable interest due to their wide range of appli-
cations in the pharmaceutical industry. The ad-
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sorptive stripping SW voltammetric quantification
of protopine, an isoquinoline alkaloid, has been
achieved in alkaline media, following its oxidation
at a pyrolytic graphite electrode [83].

3. THEORY OF ELECTRODE MECHANISMS

In the last decade, significant contributions
to the theory of SWV have been made by the re-
search groups of Lovri¢ [84-93], Molina [94-100],
Compton [101-104], Mirceski [105-108], Gu-
laboski [109-112], and others [113-115]. Consid-
erable efforts have been made to develop the theo-
retical background for a variety of electrode mech-
anisms of a dissolved or immobilized redox cou-
ples at both macroscopic and microelectrodes, as
well as electrode processes occurring in a restricted
diffusion space. Worth mentioning are electrode
processes including multistep, consecutive electron
transfers [94, 87-89, 98, 109], and -catalytic
mechanisms [95, 96, 99, 110], due to their rele-
vance to biochemical systems. In addition, a series
of works has been dedicated to the study of elec-

trode processes in the frame of the Marcus-Hush
electron transfer kinetic model [101-104]. Several
works have been published addressing general
methodological issues in SWV, such as the role of
the scan rate [27] and the influence of the ohmic
drop effect [116, 117]. Works of merit are those
where Fourier transformed SWYV has been applied
for the estimation of electrode kinetics [115, 118]
and charge transfer kinetics across liquid/liquid
(L/L) interfaces [113, 119]. In order to illustrate how
a variable voltammetric response can be obtained
in SWV, Figure 2 depicts the evolution of theoreti-
cal SW voltammograms for a few common elec-
trode mechanisms at a macroscopic electrode [5].
The figure encompasses a quasireversible electrode
reaction of a dissolved (Figure 2A) and immobi-
lized (Figure 2B) redox couple, an electrode
mechanism of a dissolved redox couple combined
with a follow-up reversible chemical reaction, i.e.,
EC, mechanics (Figure 2C), an electrode reaction
of two reversible redox couples bridged with an
intermediary irreversible chemical reaction (E,CE,
(Figure 2D)), and a catalytic regenerative electrode
mechanism, known as EC’; (Figure 2E).
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Fig. 2. Typical theoretical SW voltammograms of: (A) quasireversible electrode reaction of a dissolved redox couple;
(B) quasireversible electrode reaction of a surface confined redox couple; (C) quasireversible electrode reaction of a
dissolved redox couple followed by a reversible homogeneous chemical reaction (EC,); (D) consecutive two-step re-
versible electrode reaction where the two electrochemical steps are linked with a homogeneous irreversible chemical
reaction (E,CE,); and (E) quasireversible electrode reaction of a dissolved redox couple followed by a regenerative,
irreversible, homogeneous chemical reaction (catalytic mechanism; EC;). Evolution of the response by varying the
electrode reaction rate constant (A and B) and rate constant of the homogeneous chemical reaction (C, D, and E). The
rate constant values are indicated on the panels. The conditions of the simulations are: f = 50 Hz, E,, = 50 mV,
AE =10 mV, n =1 (n is the number of electrons), & = 0.5 («is the electron transfer coefficient). For panel C, the

equilibrium constant is K = 10.

Maced. J. Chem. Chem. Eng. 33 (1), 1-12 (2014)



6 V. Mirceski, R. Gulaboski

Lovri¢ et al. [87, 89] analyzed a two-step
quasireversible consecutive electron transfer mecha-
nism, as well as an EE mechanism [88], where both
the initial reactant and the intermediary are stabi-
lized with complexation reactions. Molina et al.
developed the theory for an EE mechanism, consist-
ing of two electrochemically reversible steps for a
micro-disc electrode geometry [97] and for a
spherical electrode [94]. A special case of the EE
mechanism, where an overall transfer of three elec-
trons is assumed, i.e., the first one-electron transfer
step is followed by the second two-electron trans-
fer step, has been also studied [91], which is im-
portant for processes at bismuth and antimony film
electrodes used in modern anodic stripping volt-
ammetry [108]. Gulaboski studied two specific
surface mechanisms, designated ECE [109], where
the two quasireversible electron transfer steps are
linked with a kinetically controlled irreversible
first order chemical reaction, and a catalytic EEC’
system [110], where the second electron transfer
step is coupled with a follow-up first order regen-
erative chemical reaction.

Molina et al. developed a theory for a series
of catalytic mechanisms [95, 96, 99], including the
EC’ catalytic reaction scheme at a disc electrode,
spherical microelectrode, and a simple surface cat-
alytic mechanism, similar to the previous work of
Mirceski and Gulaboski [120]. In addition to the
theory of catalytic mechanisms, Mirceski et al.
[105] performed a comparative analysis of the elec-
trocatalytic mechanisms of the first and second
kind at a planar electrode, considering quasire-
versible electrode reactions.

A few contributions to the theory of cathodic
stripping processes of insoluble salts have been
also published [107, 121]. In these specific mecha-
nisms, one assumes the formation of an insoluble
salt between the electrode materials, e.g. a mercury
electrode, and an electroinactive reacting ligand
present in the electrolyte solution. In this context,
the contribution to the theory of anodic stripping
processes at bismuth-film electrodes also has to be
mentioned [108, 122], which, from the modeling
point of view, follows the previous theory for ca-
thodic stripping processes of insoluble slats.

Lovri¢ conducted particularly interesting
theoretical work in which SWV was applied for the
first time to analyze surface active, but redox inac-
tive, species [93]. This work is particularly signifi-
cant in contrast to the generally accepted implica-
tion that SWYV effectively discriminates against the
capacitive current. While the latter is generally
true, one must also look for the appearance of a
tensammetric response under SWV conditions, in
particular when complicated adsorption electrode
mechanisms are considered.

In a separate group of studies, SWV was ap-
plied for mechanistic and electrokinetic purposes,
invoking existing theoretical models [111, 112,
118, 119, 123-126]. A typical example is the work
of Fernandez et al. [127], who applied the method
of quasireversible maximum and split SW peaks
for complete thermodynamic and kinetic charac-
terization of the surface reaction of flavonoid rutin,
immobilized on the surface of a glassy carbon elec-
trode. Molina et al. [128] developed an important
methodology for the determination of the partition
constant of 1-naphthol between water and uni-
lamellar phospholipid vesicles, based on the elec-
trochemical response of the redox compound at
macroscopic platinum and glassy carbon elec-
trodes. Compton et al. studied the oxidation of ni-
trite anions at a variety of electrodes, addressing
the mechanism and kinetics of the electrode reac-
tion. They demonstrated the importance of knowl-
edge regarding the electrode mechanism and kinet-
ics for the optimization and development of ad-
vanced electroanalytical methodologies for quanti-
tative determination [129].

The last decade has been also marked by
important contributions of SWV in studying the
charge transfer processes across L/L interfaces
[100, 115, 119, 130-142], related to thin organic
films and three-phase electrodes. The theoretical
modeling relevant to film electrodes prompted the
consideration of electrode processes in a restricted
diffusion space [106], including the analysis of ion
transfer kinetics across an L/L interface, as well as
complex catalytic mechanisms in a thin film. As
previously mentioned, FT-SWV has also been ap-
plied to estimate the kinetics of ion transfer across
an L/L interface in thin film electrodes [119, 131].
Again, the feature of the quasireversible maximum
was exploited, which was originally predicted for
thin-film quasireversible electrode processes [143].
Molina et al. [100] studied, both theoretically and
experimentally, the ion transfer processes at elec-
trodes with two polarizable liquid interfaces, em-
phasizing the advantages of this system compared to
conventional systems with a single liquid interface.

4. NEW METHODOLOGICAL CONCEPTS
AND PERSPECTIVES

Several methodologically oriented contribu-
tions have recently appeared that are highly prom-
ising to expand the scope and application of SWV
for mechanistic and electrokinetic studies [144—
146]. So far, the SW frequency, which is the main
parameter controlling the scan rate and the typical
time of an SW voltammetric experiment, is the
main tool in both mechanistic and electrokinetic
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studies. An exception is the work published by one
of us almost two decades ago [147], referring to
surface electrode processes where the kinetics were
estimated based on the split-net SW peak under
large SW amplitudes. The idea of further exploring
the advantages of applying the SW amplitude as an
alternative tool for electrokinetic analysis was re-
cently developed [144, 145]. In the method, termed
“amplitude-based quasirevesible maximum” [144],
kinetic measurements are based on the analysis of
the net SW peak current as a function of the vary-
ing amplitude, whereas in previous studies [145],
the concept of potential-corrected SW voltammo-
grams was introduced, which enables kinetic anal-
ysis by inspecting the peak potential separation of
the forward and backward SW components as a
function of the SW amplitude. In both methods, the
kinetic analysis is conducted at a constant SW fre-
quency, i.e. at a constant scan rate, which is par-
ticularly remarkable for any voltammetric method-
ology and seems to be a unique ability of SWV. Let
us note that we are currently working on a new meth-
odology to extract kinetic information from a single
SW voltammogram by analyzing the current varia-
tion in the course of the entire duration of SW pulses.

Works of merit are also those where SWV is
applied in the fashion of cyclic voltammetry, i.e.,
cyclic square-wave voltammetry (CSWV) [146].
This includes the work of Molina [94], as well as a
series of studies in which SWV was applied in re-
verse mode [84—86, 148]. The basis of this highly
promising technique is found in the previous works
of Chen and Xinsheng [149]. Similar to the spec-
troscopic techniques, a typical CSW voltammetric
pattern can be considered as a fingerprint of the
studied experimental system.

In summary, SWV remains a superior elec-
trochemical technique for analytical, mechanistic,
and electrokinetic applications. While the first is
fully confirmed, the wide application of the tech-
nique in analyzing the mechanism and kinetics of
electrode processes remains a challenge. Yet, our
hopes remain that the recent exhaustive develop-
ment of the theory justifies expectations that stair-
case cyclic voltammetry could be soon be replaced
by square-wave voltammetry in the investigation
of electrode mechanisms. We hope that these novel
methodological concepts might widen and facili-
tate the application of the technique for mechanis-
tic and electrokinetic studies. Potential-corrected
SWYV avoids peculiar voltammetric features, in
particular when the technique is applied to study
surface confined electrode processes; hence, po-
tential-corrected SWV is expected to provide more
direct insight into the mechanistic aspects of elec-
trode reactions. Cyclic square-wave voltammetry is
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particularly promising [146]. So, there is a neces-
sity to analyze a variety of electrode mechanisms
in order to establish diagnostic criteria under the
conditions of cyclic square-wave voltammetry.
Finally, methods for electrode kinetic measure-
ments at a constant scan rate deserve further atten-
tion as they can provide kinetic information using a
new and unique approach [144, 145].
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