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This study introduces an integral metric of electrocatalytic activity, which 
is based on the comparison of the area under the polarisation curve in cur-
rent density vs overpotential coordinates over a specific chosen overpotential 
range. This metric is applied to evaluate and compare several electrocatalysts, 
allowing for a more comprehensive understanding of electrocatalytic perfor-
mance. Unlike traditional metrics, which characterise electrocatalyst behav-
iour under specific conditions (e.g. a particular overpotential or current den-
sity), the proposed integral metric provides a broader evaluation over a wide 
operational range. This approach is particularly useful for electrocatalysts with 
different Tafel slopes and polarisation characteristics. The metric is shown to 
be invariant to the shape of the polarisation curve and can be applied even 
when the exact form of the analytical dependence is unknown. The application 
of this metric holds promise for both fundamental studies in electrocatalysis 
and for practical applications in selecting the most efficient electrocatalysts for 
various technological processes.
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INTRODUCTION

The problem of electrocatalysis is one of the  key 
challenges in theoretical and applied electrochem-
istry. The  concept of electrocatalysis is inherently 
related to catalysis in ‘conventional’ chemistry, 
where it is defined as ‘the modification of the rate 
of a  chemical reaction, usually an acceleration, 
by addition of a  substance not consumed during 
the reaction’ [1]. Since an electrochemical reaction 
is, by definition, a heterogeneous process occurring 
on the electrode surface, practically any electrode 
that serves as the site of electrochemical reactions 
involving adsorbed intermediates can be consid-
ered an electrocatalyst  [2]. In this sense, an elec-
trode acts as an electrocatalyst in all cases where 
the equation of the overall electrochemical process 
does not include the electrode material itself. Con-

sequently, processes such as anodic dissolution, 
metal corrosion, and electrodeposition are gener-
ally not regarded as electrocatalytic.

Electrocatalytic processes, however, include ex-
tremely important reactions for advancing energy, 
industrial, agricultural, and other critical sectors of 
human development. These include those involved 
in renewable energy and the purification of pollut-
ed water and industrial waste, such as the hydrogen 
evolution reaction (HER), oxygen evolution reac-
tion (OER), and others (e.g. urea oxidation reac-
tion (UOR), electrochemical reduction of carbon 
dioxide, alcohol oxidation, electrocatalytic pro-
cesses for wastewater treatment, fuel cell reactions, 
etc.) [3–12].

Since the essence of electrocatalysis lies in mod-
ifying the  rate of an electrochemical process, it is 
crucial to accurately characterise, compare and se-
lect electrocatalysts using appropriate metrics for 
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electrocatalytic activity. The  following parameters 
are well-known and widely applied in practice for 
characterising electrocatalytic performance:

• Exchange current density, j0 (A m–2).
•  Overpotential required to achieve a  specific 
current density (e.g. 1, 10 and 100 mA cm–2, η1; 
η10 and η100, respectively (mV)).
• Current density of the electrocatalytic process 
at a specific overpotential.
• Tafel constants (including the Tafel slope).
• Activation energy.
• Faradaic efficiency.
• Turnover frequency (TOF, s–1).
• Mass and specific activities.
The physicochemical meaning, application 

features, advantages and disadvantages of these 
and other metrics of electrocatalytic activity have 
been repeatedly discussed in the  literature  [13–
22]. Therefore, there is no need to delve into these 
details here. What should be particularly empha-
sised in the context of this work is that virtually 
all these quantitative parameters of electrocatalyt-
ic performance share a  common drawback: they 
characterise performance ‘at a given point’, i.e. at 
a  specific overpotential or current density. This 
limitation arises from the inherent feature of elec-
trochemical reaction kinetics, which significantly 
differs from that of ‘conventional’ chemical reac-
tions: the dependence of reaction rate (i.e. current 
density) on electrode potential (reaction overpo-
tential), which varies for different electrode reac-
tions [2].

As a  result, all the  above parameters of elec-
trocatalytic performance cannot, in principle, de-
scribe the  averaged (integral) activity of specific 
electrocatalysts. This limitation can be illustrated 
using Fig. 1, which schematically shows polarisa-
tion curves for the same electrochemical reaction 
on two different electrocatalysts, I and II.

Due to the  different Tafel slopes of these two 
reactions (a fairly typical situation), which may 
also vary along the polarisation curve (i.e. at re-
gions with different overpotentials), these two 
curves intersect at a certain point. This intersec-
tion conditionally divides the  entire polarisation 
curve into two regions: low overpotential and 
high overpotential. As a  result, when comparing 
the electrocatalytic activity of the two electrocata-
lysts across different regions of the voltammetric 
curve, one may arrive at an understandable yet 

inherently contradictory conclusion: the  electro-
catalytic activity of electrocatalyst I is higher than 
that of II in the  low-overpotential region, lower 
in the  high-overpotential region, and equal at 
the polarisation and corresponding current den-
sity matching the intersection point.

Although such a  situation is quite typical, 
in some cases, it complicates the  comparison of 
electrocatalytic activity over a  wide range of op-
erational overpotentials (or current densities). On 
the one hand, any electrocatalyst is generally de-
signed for use within a specific operational range 
of potentials (overpotentials) or current densi-
ties. On the  other hand, under real conditions, 
achieving a  uniform current distribution across 
the electrode surface, which is not equipotential, 
is challenging. Consequently, different regions of 
the electrocatalyst operate at different overpoten-
tials (within a certain range of current densities).

In electrocatalytic processes, it is generally de-
sirable to achieve the highest possible specific cur-
rent density (which inevitably leads to an increase 
in overpotential) or the  lowest possible overpo-
tential (which, for a given polarisation curve, can 
only be achieved by reducing the current density). 
This trade-off is crucial for optimising energy ef-
ficiency and reducing operational costs. The  in-
herently contradictory nature of this problem ne-
cessitates the  identification of optimal operating 
conditions, which, in turn, requires the evaluation 
of electrocatalytic activity not at a  single prede-
fined overpotential or current density but over 
a specific operational range.

Thus, for the accurate comparison and rational 
selection of an electrocatalyst, it is advisable to 
have a  clear criterion (metric) of electrocatalytic 
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Fig. 1. Schematic polarisation curves of a specific electrochemical re-
action using two different electrocatalysts, I and II
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activity within a  specified operational range of 
overpotentials (current densities). Such a  metric 
has not been described in the literature to date. This 
study is dedicated to the development and charac-
terisation of this metric.

RESULTS AND DISCUSSION

Basic mathematical model
Consider an electrochemical reaction whose ki-
netics is described by a certain function of current 
density as a function of overpotential, j(η). In this 
case, the parameter that characterises electrocata-
lytic activity over a specific range of overpotentials 
from η1 to η2 is the average current density in this 
interval, jav. According to the  well-known mathe-
matical mean value theorem*, it can be determined 
using the following equation:

2
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2 1 η
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η.

η η
avj jd� �
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Figure 2 provides a geometric interpretation of 
the quantity jav: it is equal to the height of a rectan-
gle with the width (η2, η1), that has the same area 
as the shaded region under the curve j(η) in the in-
terval [η1, η2].

If we now need to compare the electrocatalytic 
(integral) activity of two electrocatalysts (denot-
ed by Roman numerals I and II, respectively) for 
the  same reaction over the  overpotential inter-
val (η1, η2), where the  polarisation dependences 
are described by the  functions j(I)(η) and j(II)(η) 
with the upper index indicating the numbering of 
the  electrocatalyst, the  ratio of the  two integrals 
should be calculated as follows:

� �

� �

� �

� �

2

1

2

1

η

η
η

η
.
η

II

II

I
I

j d
P
P j d

�

�
�

�
	 (2)

If P(II) < P(I), then the integral electrocatalytic ac-
tivity is higher for electrocatalyst I; if P(II) > P(I), then 
the  integral electrocatalytic activity is higher for 
electrocatalyst II; finally, if P(II) = P(I), then the elec-
* Note that for real electrochemical systems, all the following conditions 
for the mean value theorem are usually met: j(η) is differentiable on (η1, 
η2); it is continuous on [η1, η2]; and it is real-valued.

trocatalysts possess the same integral activity, even 
if their polarisation dependences do not coincide.

The dimension of the quantity � � � �
2

1

η

η

ηi iP j d� �� � � �
2

1

η

η

ηi iP j d� �  is 

A  V  m–2  =  J  s–1 m–2 =  W  m–2, so this integral has 
the  dimension of electric current power per unit 
surface area of the  electrode. Thus, this quantity 
characterises the  integrated rate of conversion 
of electrical energy into other forms of energy 
(chemical, thermal, and work of gas expansion) in 
the electrocatalytic process, per unit electrode sur-
face area, within the chosen overpotential range.

It is clear that the  dependences j(η) are de-
termined either based on experimental data or 
through theoretical formulations and modelling. 
The overpotential interval (η1, η2) is chosen arbi-
trarily and is determined by the operating overpo-
tential ranges (or corresponding current densities) 
for the electrocatalysts under consideration.

It should be emphasised that the average cur-
rent density on the  overpotential range (η1, η2), 
as defined by Eq. (1), is not a  kinetic parameter 
of the  electrochemical reaction and, by itself, is 
not a  measure of electrocatalytic activity. In our 
opinion, the  value and practical significance lie 
in the  ratio of the  average current densities in 
the  overpotential range, which are calculated 
using Eq. (2) for the  two electrocatalysts being 
compared. Thus, integral electrocatalytic activity 
is a  relative quantity, not an absolute one, used 
for comparing the  efficiency of different electro-
catalysts for the same electrode process. This ap-
proach corresponds to the fundamental meaning 
of this quantity, as electrocatalysis (like any ca-
talysis) pertains to changing the rate rather than 
its absolute values. Therefore, any characteristic 

Fig. 2. Schematic geometric interpretation of the quantity jav accord-
ing to Eq. (1)
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of electrocatalytic activity should, in essence, be 
a parameter of comparison (the ratio) of the per-
formance of several electrocatalysts relative to 
each other.

Theoretical analysis for the case where 
the Butler–Volmer equation is valid
For further theoretical analysis, it is convenient to 
take the zero value of overpotential (which corre-
sponds to the equilibrium potential of the electro-
chemical reaction) as the lower bound of the inte-
gration interval in Eqs. (1) and (2): η1 = 0. Then, we 
can introduce the simplified notation for the upper 
bound of the integration interval as η2 = η.

Assume that the  rate-determining step of 
the  electrochemical process is charge transfer. To 
describe the polarisation dependences, it is appro-
priate to use Butler–Volmer-type equations [2].

It is important to note that the use of relatively 
simplified Butler–Volmer equations may initially 
appear inappropriate for electrocatalysis, as these 
equations are strictly valid for an outer-sphere 
electron transfer step, whereas electrocatalysis 
typically involves an inner-sphere mechanism and 
can be limited by adsorption or chemical steps. 
In such cases, the pre-exponential term often in-
cludes a potential-dependent surface coverage of 
certain adsorbed species, which is evidently not 
accounted for in the  Butler–Volmer equations. 
However, our objective in this study is not to pro-
vide a  detailed mechanistic description of elec-
trocatalytic reactions but rather to develop a  ki-
netic model. This implicit assumption is common 
in electrocatalysis research, where Tafel plots are 
widely used to assess electrocatalytic performance 
by determining exchange current densities and 
apparent transfer coefficients without delving into 
the reaction mechanism details. Therefore, the ap-
plication of Butler–Volmer equations for further 
analysis is justified.

For the region of small deviations from the equi-
librium (small overpotentials), the polarisation de-
pendence, as is well known, has a linear character

0 η,zFj j
RT

� 	 (3)

where j0 is the  exchange current density, z is 
the  number of electrons transferred during 
the  charge transfer stage, F is Faraday’s constant, 

R is the universal gas constant, and T is the absolute 
temperature.

Substituting Eq. (3) into Eq. (2) and integrating, 
we obtain
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Thus, in the region of small overpotentials near 
the equilibrium potential, the only and exhaustive 
criterion of electrochemical activity is the exchange 
current density: the higher it is, the greater the elec-
trochemical activity of the electrocatalyst.

For the  region of relatively high overpotentials, 
when the reverse electrochemical process can be ne-
glected, the Butler–Volmer equation simplifies to**
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where α is the transfer coefficient.
Then, the mean current density over the over-

voltage interval from 0 to η, according to Eq. (1), 
will be determined as follows:
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Substituting Eq. (6) into Eq. (2), we get
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It is clear that in the case of identical values of 
the transfer coefficients α(I) = α(II), Eq. (7) simplifies 
significantly and transforms into Eq. (4), meaning 
that the exchange current density is the sole criteri-
on that unequivocally characterises the electrocat-
alytic activity of the two compared electrocatalysts. 
However, if the transfer coefficients are not identi-
cal (indicating differences in Tafel slopes), then in 
addition to the exchange current density, the trans-
fer coefficients start to have a significant influence 

**  Obviously, the kinetic equations are here written for the case of an 
anodic reaction.
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on the  electrocatalytic activity, as emphasised by 
Bokris [23].

For the  convenience of further mathematical 
analysis of Eq. (7), let us consider cases of a sig-
nificant deviation from the equilibrium (η >> 0), 
where both in the  numerator and denominator 
of the  right-hand side of Eq.  (7), the  term 1 can 
be neglected compared to the diminishing expo-
nential. In this case, to the  first approximation, 
we get
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The right-hand side of Eq. (8) consists of two factors: 
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, reflects the  influence of changes 

in the exchange current density on electrocatalytic 
activity. It is clear that the integral electrocatalytic 
activity is directly proportional to the  exchange 
current density of the considered reaction.

The second factor on the  right-hand side of 

Eq. (8), 
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α
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 reflects the in-

fluence of changes in the transfer coefficient when 
transitioning from one electrocatalyst to anoth-
er. As seen from the  structure of this expression, 
the  nature of this influence strongly depends on 
the  applied overpotential, and this dependence is 
ambiguous. Indeed, when the  value of the  trans-
fer coefficient increases (α(II)  >  α(I)), on the  one 
hand, the exponential term in this expression will 
become greater than 1, which will promote an in-
crease in electrocatalytic activity. On the  other 

hand, at the same time, the fraction 
� �

� �
α
α

I

II  will de-

crease, which will lead to a  decrease in electro-
catalytic activity. Therefore, there are two factors 
influencing in opposite directions. To highlight 
the  nature of this dependence, values of the  fac-

tor 
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 were calculat-

ed for the cases where α(I) = 0.5 remains constant, 
and the transfer coefficient α(II) changes, becoming 
either smaller or larger compared to α(I). The cal-
culations were carried out for several values of 
the overpotential, and the results are summarised 
in Table 1.

It trivially follows that when the transfer coeffi-
cient does not change when transitioning from one 
electrocatalyst to another (α(II) = α(I)), the value of 
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 equals 1 for any over-

potential, indicating no effect on the integral elec-
trocatalytic activity.

However, if the  transfer coefficient increases 
(α(II) > α(I)), the dominant effect is due to the cor-
responding exponential term in the  expres-

sion for 
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, leading to 

an increase in the integral electrocatalytic activity. 
This enhancement becomes more pronounced as 
the overpotential increases.

On the  other hand, if the  transfer coefficient 
decreases (α(II) < α(I)) when moving from one elec-
trocatalyst to another, a  decrease in the  integral 
electrocatalytic activity is observed (again, due to 
the exponential term, which in this case takes val-
ues less than 1). This decrease becomes more pro-
nounced as the overpotential increases. However, 
in this case, at a significant reduction of the trans-
fer coefficient for very low overpotentials, there 
may be a situation where the  integral electrocat-
alytic activity even slightly increases (as seen in 

Table 1, the value of 
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equals 1.053 at η  =  0.1 V and α(II) =  0.1). This is 
the result of the exponential term approaching uni-
ty, and the dominant effect on the final result comes 

from the fraction 
� �

� �
α
α

I

II .

Thus, the  results of the  numerical modelling 
generally confirm the  trend that has been repeat-
edly pointed out in the  literature  [9, 13, 19, 20]: 
the  electrocatalytic activity (in this case, integral) 
increases with the  transfer coefficient, i.e. with 
the decrease in the corresponding Tafel slope, and 
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this enhancement becomes more pronounced as 
the overpotential increases. However, this regular-
ity is not unambiguous, and, as seen from the re-
sults of the calculations, there can be an opposite 
situation for small overpotentials.

Use of the developed model for evaluating 
the electrocatalytic activity of nickel anodically 
treated in a deep eutectic solvent
As a specific example of applying the proposed cri-
terion for integral electrocatalytic activity, let us 
consider the case of the electrocatalytic behaviour 
of a  nickel electrode anodically treated in a  deep 
eutectic solvent concerning the  hydrogen evolu-
tion reaction in an alkaline medium  [24]. In this 

context, it should be noted that, as is well known, 
the electrocatalytic activity of metals and alloys can 
be significantly enhanced by anodic treatment in 
various aqueous and non-aqueous solutions  [25–
28]. Among these, systems based on representatives 
of the  new generation of low-temperature ionic 
liquids, the so-called deep eutectic solvents, seem 
particularly promising. Their use in various elec-
trochemical processes and technologies is being 
intensively studied in recent years due to a number 
of technological, ecological and economic advan-
tages [29–34].

Figure 3 shows linear voltammograms charac-
terising the  electrocatalytic activity of the  nickel 
surface before and after anodic treatment in reline, 

Fig. 3. Cathodic polarisation curves (a) and the corresponding Tafel transforms (b) in Tafel equation coordinates for the HER in a 1 M NaOH solution 
at 298 K on a nickel electrode, both untreated and anodically treated in reline at different potentials (potentiostatic treatment duration of 2.5 h at 
298 K) (data reproduced from Ref. [24] under the Creative Commons Attribution License (CC BY))
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a  typical representative of deep eutectic solvents, 
which is an eutectic mixture of choline chloride 
and urea [24]. It should be noted that the method-
ology for conducting these experimental studies 
was described in detailed elsewhere [24].

The obtained voltammograms in Fig.  3 reflect 
the kinetics of the hydrogen evolution reaction in 
an aqueous solution of 1 M NaOH on the studied 
electrocatalytic materials at a temperature of 298 K. 
Also, in Fig. 3, the corresponding Tafel transforms 
are shown, plotted in the coordinates of the Tafel 
equation (overpotential of hydrogen evolution, η, 
vs decimal logarithm of the cathodic current den-
sity, log j). As seen, the experimental data linearise 
excellently in Tafel coordinates (R2 ≥ 0.9999), which 
indicates that the Butler–Volmer equation is valid 
and allows for the calculation of the corresponding 
Tafel slopes and exchange current densities (Ta-
ble 2).

Analysis of the obtained data indicates the am-
biguous nature of the conclusions drawn from ap-
plying various ‘point’ criteria of electrocatalytic 
activity. Specifically, when considering the regions 
corresponding to relatively high overpotentials 
(here, the  value of η100, i.e. the  overpotential at 
a current density of 100 mA cm–2, can be used here 
as a  criterion for electrocatalytic activity towards 
the HER), it turns out that nickel treatment in a DES 
at potentials of 0.5 and 1.0 V leads to a decrease in 
electrocatalytic activity (an increase in overpoten-
tial), while the use of a treatment potential of 1.7 V, 
on the contrary, results in a significant increase in 
the  electrocatalytic activity (a noticeable decrease 
in overpotential). These effects are likely related to 
the complex influence of the anodic treatment po-

tential of nickel in reline on the surface morphol-
ogy, and consequently on the activity and concen
tration of catalytic sites on the surface.

However, anodic treatment of nickel in a  DES 
results in an increase in Tafel slopes (compared to 
the untreated surface). As a consequence of the dif-
ferent slopes, the Tafel lines intersect, and the ex-
change current densities, determined by extrapo-
lating the Tafel curves to zero overpotential, show 
an increase after anodic treatment in reline com-
pared to the original untreated nickel surface.

Thus, ‘point’ characteristics of electrocatalytic 
behaviour give different, sometimes diametrically 
opposed, pictures for different regions of the  po-
larisation curve (regions of a  relatively high po-
larisation and regions of a  low polarisation near 
the equilibrium potential). Therefore, in this case, 
it is necessary and appropriate to use an integral 
characteristic of electrocatalytic activity that en-
compasses data about the catalytic performance of 
the electrode not at a specific overpotential value, 
but over a  sufficiently wide range of values. Such 

an integral characteristic 
2

1

η

η

ηP jd� �  was calculated 

by numerically integrating the  experimental data 
using the trapezoidal rule over the η interval from 
0 to 0.288 V (Table 2).

If the  electrocatalytic activity of the  untreated 
DES nickel surface is taken as a reference point for 
comparison (arbitrary unit), the  effect of anodic 
treatment of Ni on the integral electrocatalytic ac-
tivity can be calculated according to Eq. (2).

From the  obtained results (Table 3), it is evi-
dent that the  anodic potentiometric treatment of 

Ta b l e  2 .  Electrochemical parameters of untreated and anodically treated nickel at different anodic potentials in reline for the cathodic 
hydrogen evolution reaction in 1 M NaOH at 298 K

Potential of anodic 
treatment of Ni in 

reline, V

Constants in the Tafel equation* 
η = a + blog j Calculated exchange 

current density, 
j0

 , A cm–2
η100 , V

0.288

0

ηP jd� �  , A V cm–2

a, V b, V dec–1

–
(non-treated)

0.478 0.126 1.61 × 10–4 0.350 1.691 × 10–3

0.5 0.576 0.171 4.28 × 10–4 0.404 1.578 × 10–3

1.0 0.573 0.165 3.37 × 10–4 0.407 1.301 × 10–3

1.7 0.522 0.290 1.59 × 10–2 0.232 1.761 × 10–2

* For simplicity in the analysis, the cathodic overpotential of the hydrogen evolution reaction, Tafel constants, and cathodic current density are conditionally 

indicated with ‘plus’ signs, contrary to the commonly used traditional notation.
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nickel in reline at the lowest of the studied poten-
tials (0.5  V) leads to a  slight decrease in integral 
electrocatalytic activity (93% of the  activity of 
the untreated material), treatment at 1.0 V results 
in a noticeable decrease in activity (77%), while at 
the highest potential used (1.7 V), the integral elec-
trocatalytic activity increases more than tenfold 
(1041% compared to the untreated nickel surface). 
Interestingly, this dependence somewhat corre-
lates with the changes in the other ‘point’ metrics 
of electrocatalytic activity (primarily, j0 and η100). 
However, unlike them, the  metric proposed in 
this work characterises the behaviour of the elec-
trocatalyst not under certain specific conditions 
of its operation but over a  sufficiently wide range 
of operational overpotentials (and corresponding 
current densities), which is its unique feature and 
advantage.

Analysis for the case of complicated 
electrochemical kinetics
In real-life situations, the Butler–Volmer equation 
does not always strictly describe experimentally 
obtained polarisation dependences. There may be 
several reasons and explanations for this. Specifi-
cally, the electrochemical kinetics may be compli-
cated by transport (diffusion) limitations (mixed 
kinetics), various adsorption stages, the  presence 
of several consecutive charge transfer steps, etc. All 

of this can lead to changes in the Tafel slope 
η

log j
�

�
 

with the  change in overpotential (nonlinear de-
pendences in the Tafel equation coordinates) or to 
the appearance of breakpoints in the polarisation 

curve (formation of regions with different Tafel 
slopes). As a  result, situations may arise where, 
when transitioning from one electrocatalyst to 
another, crossing points are formed on the  cor-
responding polarisation curves (as shown in 
Fig. 1).

Moreover, an important factor is the conditions 
for recording the  polarisation dependence, par-
ticularly the potential scan rate. At high scan rates, 
the obtained curves may become complicated due 
to non-stationary diffusion. At slow scan rates, this 
risk is eliminated, but in the results of sufficiently 
prolonged polarisation curve registration, the sur-
face state of the electrode may evolve during the re-
cording process, which will also affect the obtained 
results.

In all cases of complicated kinetics, there are 
no limitations when using the general formula (2), 
that is, integrating the  experimental polarisation 
dependence for evaluating the integral electrocata-
lytic activity. The only condition here is the neces-
sity of obtaining experimental data under identical 
conditions.

CONCLUSIONS

In this work, for the first time, an integral metric 
of electrocatalytic activity was proposed based on 
the comparison of the area under the polarisation 
curve in current density vs overpotential coordi-
nates over a  specific chosen overpotential range 
for several evaluated electrocatalysts. Unlike pre-
viously proposed metrics of electrocatalytic acti-
vity, which characterise the behaviour of the elec-
trocatalyst under specific operational conditions 
(e.g. a  particular overpotential or current densi-
ty), the integral electrocatalytic activity allows for 
the evaluation and comparison of the electrocata-
lytic performance over a sufficiently wide opera-
tional range, which is the key feature and advan-
tage of this metric.

The integral electrocatalytic activity metric is an 
effective and accurate tool for comparing the  ac-
tivity of electrocatalysts characterised by different 
Tafel slopes in polarisation dependences. Moreo-
ver, the  proposed integral metric is invariant to 
the shape of the polarisation dependence j vs η, and 
it can be successfully applied even when the exact 
form of the  corresponding analytical dependence 
is unknown.

Ta b l e  3 .  Integral electrocatalytic activity of untreated and anodi-
cally treated nickel at different anodic potentials in reline for the HER 
in 1 M NaOH at 298 K. Integration was performed over the overpo-
tential range from 0 to 0.288 V

Potential of anodic treatment of 
Ni in reline, V

� �

� �

� �

� �

2

1

2

1

η

η

η

η

η

η

II

II

I
I

j d
P
P j d

�
�

�
–  (non-treated) 1

0.5 0.93

1.0 0.77

1.7 10.41



253 ISSN 0235-7216   eISSN 2424-4538	 V. S. Protsenko and D. O. Makhota / Chemija. 36, 245–254 (2025)

Hopefully, the  use of this integral metric of 
electrocatalytic activity can be valuable not only 
for addressing fundamental theoretical problems 
in electrocatalysis but also for solving practical 
tasks related to comparing and selecting the most 
efficient electrocatalyst for specific technological 
processes. Future research could explore the appli-
cation of this metric to a wider range of electrocata-
lysts and in diverse conditions, potentially enhanc-
ing its robustness and applicability in various fields.
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