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ELECTROLYSIS AS A TYPE OF CATALYSIS: THE SAME MECHANISM, GENERAL
LAWS AND THE SINGLE NATURE OF CATALYSIS AND ELECTROLYSIS

Abstract. Electrolysis throughout its history has not been studied for the relationship between
the nature of electrolysis and the nature of catalysis. The article makes a generalization of catalysis
and electrolysis and reveals common features for these two fundamental processes. The concept of
"electron as a catalyst" substantiates that electrolysis is a type of catalysis. The catalysts in
electrolysis are electrons. A comparison of the mechanisms of electrolysis and catalysis is made. The
mechanisms of electrolysis and catalysis are the same type of mirror-symmetric donor-acceptor
mechanisms. In these mechanisms, the transfer of electric charges is realized. Electrolysis, as a
catalytic process, has characteristics that are inherent to catalysis. These characteristics are the law
of rate of electrolysis, the TOF of electrolysis, and the TON of electrolysis. Catalysis and electrolysis
share common laws and a common genesis of laws. Faraday's law of electrolysis follows directly from
the universal law of catalysis. Confirmation of the common nature of catalysis and electrolysis has
been obtained. Electrolysis, as a type of catalysis, creates prerequisites for the creation of a general
theory of catalysis and electrolysis.

Keywords: electrolysis, Faraday's law, "electron as a catalyst” concept, oxidation degree
concept, relay donor-acceptor mechanism of catalysis and electrolysis, laws of catalysis and
electrolysis, universal law of catalysis, new paradigm of catalysis.

1. Introduction
It was shown in [1] that not only the laws of heterogeneous, homogeneous, and field catalysis,

but also Faraday's law of electrolysis directly follow from the general law of catalysis rate. This is an
unexpected result, since electrolysis does not belong to the class of catalytic reactions. Electrolysis,
in its classical version, is considered an independent physical-chemical process. The reduction of the
law of catalysis to Faraday's law of electrolysis forces a special study of electrolysis and catalysis for
common features. The reduction of the laws may be evidence that catalysis and electrolysis belong to
the same class of chemical-physical phenomena and have a common nature. This is also indicated by
the fact that the main participants in electrolysis and catalysis are fundamental particles - electrons.

2. Electrolysis as a catalytic process that is catalyzed by electrons
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The emergence of the concept of “electron as a catalyst™ in the science of catalysis [2 - 13].
allows us to consider Faraday's electrolysis as a catalytic process that is catalyzed by electrons.
Electrolysis produces simple substances from complex substances. Electrolysis can be viewed as a
symmetrical catalytic process with respect to catalytic reactions of synthesis of complex substances
from simple ones (Fig. 1).
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Fig. 1. Electrolysis as a symmetric process and a type of catalysis.

Electrolysis is considered an independent physical and chemical process. Electrolysis has not
been studied for its general characteristics and its connection with catalysis. At the same time, it is
known that Faraday studied the catalytic reaction involving platinum even before the discovery of
catalysis. In 1834, Michael Faraday published a paper on catalysis [14], which outlined the mechanism
of catalysis involving a platinum catalyst. This article was a profound study in the field of catalysis.
It outlined the first theory of catalysis. It gave the rationale for the mechanism of catalytic reaction. In
1833, Faraday discovered electrolysis and worked on the mathematical formulation of the laws of
electrolysis. During these years, both electrolysis and catalysis were subjects of Faraday's research.
The law of electrolysis was discovered almost immediately following the discovery of electrolysis.
Catalysis remains almost 200 years without a law of catalysis. Faraday's laws of electrolysis enriched
science, but Faraday's theory of catalysis as outlined in the article was not accepted by his
contemporaries. Faraday's article on catalysis (1834), for some reason, was not mentioned in
Berzellius' 1835 report [15]. Clearly, the science of catalysis has lost much from underestimating
Faraday's contribution to catalysis. The identification of common features in electrolysis and catalysis
and the unification of these two phenomena into a single class of phenomena could be a stimulus for
the development of the science of catalysis. Electrolysis as a type of catalysis and Faraday's laws of
electrolysis can contribute to the science of catalysis. The purpose of this article is to reveal the
profound connection between electrolysis and catalysis and to confirm the unified nature of
electrolysis and catalysis.

3. Symmetry in the mechanisms of catalysis and electrolysis
A common feature in catalytic reactions and in electrolysis is the change in the charge state

(oxidation degree) of the reaction participants under the action of the fundamental catalyst (electron).
We took this common feature as the basis for developing models of catalysis and electrolysis
mechanisms [16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28].



A simplified scheme of a catalytic reaction can be represented as follows:

A+B——AY +BY — 5 AB
A simplified electrolysis scheme can be represented as:

AB——> A +BY — 5 A+B
Fig. 2 shows schematics of heterogeneous catalysis and electrolysis mechanisms for
comparison. Catalysis and electrolysis are symmetric processes in which mirror symmetry can be
seen.
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Fig. 2. Mirror symmetry in the mechanisms of heterogeneous catalysis and electrolysis.
In the scheme of catalysis: A°, B® - reagents; A - reagent A in changed charge state; B® - reagent B in
changed charge state; AB - reaction product; k; - initial oxidation degree of initiator; k» - final oxidation degree
of initiator; e - electrons.
In the diagram of electrolysis: AB - initial substance; A® - product A in the changed charge state; B® -
product B in the changed charge state; A°, B° - products of electrolysis; e - electrons.

Mirror symmetry in the mechanisms of heterogeneous catalysis and electrolysis manifests
itself as follows. The donor function of electron transfer in catalysis corresponds to the acceptor
function in electrolysis. For catalysis, the fundamental interaction stage precedes the chemical stage.
For electrolysis, the fundamental interaction stage is realized after chemical dissociation. Electron
transfer in catalysis leads to the formation of electrically charged particles from neutral ones. The
transfer of electrons in electrolysis leads to the formation of neutral particles from electrically charged
particles. Neutral particles A° and B are the starting substances in catalysis. Neutral particles A° and
B in electrolysis are the end products. The directions of electron transfer in the diagrams of catalysis
and electrolysis mechanisms are also mirror-symmetric.

4. The relay donor-acceptor mechanism of electrolysis
By analogy with the mechanism of catalysis [16, 17, 18], the elementary process of electrolysis

can be represented by a scheme of the relay donor-acceptor mechanism. The scheme of the elementary
electrolysis process mechanism is shown in Fig. 3.
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Fig. 3. Two equivalent diagrams of the relay donor-acceptor mechanism of electrolysis. AB -
initial substance; A© - product A in altered charge state; B® - product B in altered charge state; A°, B -
electrolysis products; A®- product A in initial charge state; B - product B in initial charge state; A®-
product A in final charge state; B - product B in the final charge state; qs, initial degree of oxidation of
products; gz, final degree of oxidation of products; e - electrons; Q; - electric charge; | - electric current; Mei
- number of electrons participating in the elementary stage of electrolysis.

Fig. 4 shows schemes of relay donor-acceptor mechanisms of heterogeneous catalysis and
electrolysis. The catalysis mechanism involves the transfer of electrons between reagents. The initiator
in catalysis acts as an intermediary in the relay transfer of electrons between reagents. In the
mechanism of electrolysis, electrons are transferred between the products of chemical dissociation A®
) and B™. The initiator (current source) in electrolysis mediates the transfer of electrons between the
products of chemical dissociation A® and B®
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Fig. 4. Mirror symmetry and T-symmetry in relay donor-acceptor mechanisms of
heterogeneous catalysis and electrolysis.



In the scheme of heterogeneous catalysis: H’- hydrogen atom in initial charge state; N°- nitrogen
atom in initial charge state; H*- hydrogen atom in final charge state; N* nitrogen atom in final charge state;
ki- initial oxidation degree of the active initiator site; k»- final oxidation degree of the active initiator site; e- -
electrons; NHs - reaction product.

In the scheme of electrolysis: AB - initial substance; A® - product A in the changed charge state;
B™ - product B in the changed charge state; A°, B® - electrolysis products; Qi - electric charge; | - electric
current; Mei - number of electrons involved in the elementary stage of electrolysis.

In the mechanisms of heterogeneous catalysis and electrolysis (Fig. 4) mirror symmetry is
clearly expressed. We can speak of P-invariance of the relay donor-acceptor mechanisms of
heterogeneous catalysis and electrolysis. In the sequence of catalysis and electrolysis stages,
symmetry with respect to the direction of the processes is also pronounced. It is possible to speak
about T-invariance of the relay donor-acceptor mechanisms of heterogeneous catalysis and
electrolysis. Thus, the profound connection between the phenomena of electrolysis and catalysis is
vividly manifested in the mirror-symmetric mechanisms of electrolysis and catalysis.

The symmetry in the mechanisms of catalysis and electrolysis indicates that there should be a
single mathematical model for these two symmetric processes. Both symmetrical processes can be
represented by one general equation. In particular, this applies to the laws of catalysis and the law of
electrolysis. Based on the symmetry of the mechanisms of catalysis and electrolysis, the laws of
catalysis and electrolysis can be represented by one general mathematical equation. Below is such a
general mathematical equation for catalysis and electrolysis.

5. The concept of intermediate states instead of the concept of intermediate

compounds
The appearance of the "electron as a catalyst" concept [2 - 13] and the assignment of fields to

catalysts [29 - 43] force a radical revision of the generally accepted mechanism of catalysis. The
generally accepted mechanism of catalysis is based on the formation of intermediate compounds of
the catalyst with the reactants. The concept of intermediate compounds is not suitable for explaining
the mechanism of field catalysis and the mechanism of catalysis by electrons. Instead of the concept
of intermediate compounds, the concept of intermediate states has been proposed [16 - 28]. This is
due to the special character of the interaction of the fundamental catalyst (electron) and the electric
field with chemical substances. The electron as a catalyst does not form a new chemical substance in
interaction with the reaction participants. It changes their charge state. The electric field also does not
form a new chemical substance when interacting with the reaction participants. It leads to the
appearance of charge-conjugate reaction participants. Instead of a catalytic cycle involving
intermediate chemical compounds, catalytic charge-conjugate state cycles are implemented in the
relay donor-acceptor mechanisms of catalysis and electrolysis. These cycles occur at the stage of the
fundamental interaction of the participants in catalysis and electrolysis. In catalysis, the charge state
cycle precedes the chemical reaction of modified reactants. In electrolysis, the cycle of charge states
is realized after the stage of chemical dissociation. Intermediate states for reagents A and B in the
catalytic reaction are their states in the modified oxidation degree A® and B (Fig. 2, Fig. 4).
Intermediate states for products of electrolysis A and B are also their states in the changed degree of
oxidation A and B@? (Fig. 2, Fig. 3, Fig. 4).



6. Catalytic equations for electrolysis

To clarify the deep connection between the phenomena of electrolysis and catalysis, let us

present Faraday's law in a modified form:
| ot _¢€e M, 1)
Feq, Fegq

where: ng - quantity of substance (mol) in electrolysis; F - Faraday's constant; e - charge of electron;
Me - number of electrons transferred to the product during electrolysis; | - value of electric current; g -
oxidation degree of the product in the initial substance; t - time.

Since electrons are the main active factor and the main participant in electrolysis, the charge
of the electron e and the number of electrons M. are introduced into the equation of the electrolysis
law. As a result, Faraday's law of electrolysis (1) is presented in two equivalent forms. Faraday's law
of electrolysis, presented in "electronic™ form, allows us to reveal its connection with the laws of
catalysis.

To reveal the connection between the law of electrolysis and the laws of catalysis, let us
obtain from Faraday's law additional equations that characterize electrolysis as a catalytic process.
To do this, we will use the characteristics accepted in catalysis (catalysis rate, TOF and TON). Let
us apply these characteristics to electrolysis. For electrolysis, such catalytic equations are the rate
law vF of electrolysis, TOFr, and TONF for electrolysis.

The VF rate law for electrolysis has the form:

| eeM,
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TOFk for electrolysis has the form:

M
TOF; = ! =—2
eeq, teq,
TONF for electrolysis has the form:
M
ToN, =1t M.
eeq; Q,

The resulting electrolysis equations, which we will call "catalytic electrolysis equations”
(Fig. 5), are obtained. These equations are presented in two equivalent views. A peculiarity of the
catalytic equations of electrolysis is that the parameters in them are quantities that refer to the
electron. These are the charge of the electron (), the number of electrons (M), and Faraday's
constant (F).
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Fig. 5. Catalytic equations for electrolysis.

Catalytic equations for electrolysis are presented as a functional relationship of quantities.
These quantities are the characteristics of the electrolysis participants. The participants of electrolysis
are electrons, anode and cathode of current source (initiator), products A and B of electrolysis (Fig.
6). Parameters in catalytic equations of electrolysis are characteristics of participants. From the
mechanism of electrolysis (Fig. 2, Fig. 3) it follows that the characteristics of initiator are the value of
electric current | or the number of electrons Me. The characteristics of catalyst-electron are the
fundamental constants (e, F). Characteristics of electrolysis products are their oxidation degrees in the
initial substance and in the final stage (z1, z2, q1, Q2).
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Fig. 6. From the characteristics of the electrolysis participants to the catalytic equations of
electrolysis.




Faraday's law, the law of the rate of electrolysis, the TOF of electrolysis, and the TON of
electrolysis follow directly from the mechanism of electrolysis (Fig. 7).
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Fig. 7. Origin of the law of electrolysis and catalytic equations of electrolysis from the relay
donor-acceptor mechanism of electrolysis.

7. General laws and equations for catalysis and electrolysis

The laws of catalysis are derived and generalized in [1, 16 - 28]. The above are catalytic
equations for electrolysis. It is of interest to find out what connection exists between the laws of
catalysis and the catalytic equations of electrolysis. The concept of "electron as a catalyst” gives the
role of the catalyst to the electron. Therefore, we will present the generalized laws and equations of
catalysis using the electron charge (e) and the number of electrons (Me).

The generalized equation for the amount of product of catalysis reactions using the
characteristics related to the electron has the form [1, 18]:

e.i‘,Mei
i=1

Fem, °|q1 _q2|

where: nca is the amount of matter (mol); F is Faraday's constant; e is the electron charge; Me; is the
number of electrons (protons) transferred to the reactant in an elementary reaction of catalysis; m is the
number of elementary reactions; q: is the oxidation degree of the reactant in the initial product; g is the
oxidation degree of the reactant in the final product; m; is the number of reactant atoms in the final product
molecule.

From the general equation for the amount of the reaction product of catalysis follow the
equations of heterogeneous, homogeneous, field catalysis, and Faraday's law of electrolysis [1, 18]

(Fig. 8).
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Fig. 8. Origin of Faraday's law of electrolysis and equations of heterogeneous, homogeneous,
field catalysis from the generalized law of catalysis.

An important indirect evidence of the unified nature of catalysis and electrolysis is the
inclusion of Faraday's constant in the laws of catalysis (Fig. 8). This fundamental constant is a
physicochemical constant. It is a linking constant between physical and chemical quantities: the
electron charge and Avogadro's number. It is known that the Faraday constant enters not only into the
formula of Faraday's law of electrolysis, but also into the Nernst equation and the Goldmann equation.
Now Faraday's constant has designated itself in catalysis. Moreover, the fundamental status of
Faraday's constant indicates the fundamental status of both catalysis and electrolysis.

The generalized equation of the general law of catalysis rate has the form 1, 18]:
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From the general law of the rate of catalysis follow the rate laws of heterogeneous,
homogeneous, field catalysis and the rate law of electrolysis (Fig. 9).
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Fig. 9. Origin of the electrolysis rate law and rate laws for heterogeneous, homogeneous, and
field catalysis from the generalized catalysis rate law.



The generalized equation of TOF catalysis has the form [1, 18, 23]:

m
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From the generalized equation of TOF catalysis follow TOF heterogeneous, homogeneous,
field catalysis and the equation for TOFr electrolysis (Fig. 10).
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The generalized equation of TON catalysis has the form [1, 18, 23]:
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From the generalized equation of TON catalysis follow TON heterogeneous, homogeneous,
field catalysis and the equation for TONF electrolysis (Fig. 11).
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Thus, the profound connection between the phenomena of electrolysis and catalysis manifests
itself both in mirror-symmetric mechanisms and in the unified laws of catalysis and electrolysis.

8. The unified nature of catalysis and electrolysis.
The unified nature of catalysis and electrolysis is confirmed by the following:

1. The catalyst in both catalysis and electrolysis is the electron.

2. In catalysis and electrolysis, single-type symmetric mechanisms of catalysis are realized
(Fig. 12).

3. The common feature in the mechanisms of catalysis and electrolysis is the transfer of electric
charges by electrons and the change in the reactivity of the process participants. 4.

4. Electrolysis and catalysis have the same laws and the same genesis of the laws.

5. The laws of heterogeneous, homogeneous, field catalysis and Faraday's law of electrolysis
are derived from one universal law of catalysis (Fig. 13).

6. Additional evidence of the unified nature of catalysis and electrolysis is the inclusion of
Faraday's constant in the laws of catalysis and electrolysis.
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Fig. 12. In catalysis and in electrolysis, the same symmetrical mechanisms are implemented.



Fig. 13 shows the origin of the laws of heterogeneous, homogeneous, field catalysis from one
universal law of catalysis. The laws and equations of electrolysis also derive from one universal law
of catalysis.
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Fig. 13: The laws and equations of catalysis and electrolysis derive from one universal law of
catalysis.

Thus, the unified nature of heterogeneous, homogeneous, field catalysis and electrolysis is
confirmed. The laws and equations of heterogeneous, homogeneous, and field catalysis derive from
one universal law of catalysis. From the same universal law of catalysis come Faraday's law of
electrolysis, the law of the rate of electrolysis, and the equations of electrolysis.

9. Conclusion
The general laws and unified mechanism of catalysis and electrolysis allow us to consider

electrolysis as a type of catalysis. It turns out that catalysis is a more widespread chemical-physical
phenomenon than usually thought. Processes in which the reactivity of participants is changed under
the action of electrons or protons should be classified as catalytic processes. The change in the
reactivity of substances in catalytic reactions and in electrolysis occurs at the stage of the fundamental
interaction of the process participants. The change in the reactivity of substances occurs under the
action of fundamental particles - electrons and protons. These elementary particles are universal and



fundamental catalysts. This applies both to catalytic processes of the formation of complex substances
from simple ones and to catalytic processes of the formation of simple substances from complex ones.

More than 200 years have passed since the first catalytic reactions were discovered. However,
catalysis has no general theory explaining the catalytic action of substances. There are many
indications that catalysis is fundamental. However, it has no fundamental laws of catalysis. About 190
years have passed since the discovery of electrolysis and its laws. All this time, electrolysis has not
been considered a type of catalysis. Attributing electrolysis and its laws to catalysis opens up new
possibilities for the science of catalysis. In this respect, electrolysis, as a type of catalysis, becomes a
good basis for the creation of a general theory of catalysis and electrolysis. The future unified theory
of catalysis must unite not only different kinds of catalysis, but also include electrolysis and its laws.

10. Conclusions
1. Electrolysis is a type of catalysis.

2. Electrolysis, as a catalytic process, has characteristics that are relevant to catalysis. These
characteristics are the law of rate of electrolysis, the TOF of electrolysis, and the TON of electrolysis.

3. The common nature of catalysis and electrolysis is confirmed by their similar mechanisms
and the common genesis of the laws from one universal law of catalysis.

4. In both electrolysis and catalysis, a relay donor-acceptor mechanism is realized. The
mechanism of electrolysis and the mechanism of catalysis are two mirror-symmetric mechanisms.

5. In mirror-symmetric donor-acceptor mechanisms of electrolysis and catalysis the transfer
of electric charges is realized. This leads to a change in the reactivity of the reactants.

6. The relay donor-acceptor mechanism model is an ununiversal model of catalysis and
electrolysis mechanisms.

7. Faraday's law of electrolysis, the equations of electrolysis, and the laws of heterogeneous,
homogeneous, and field catalysis derive from one universal law of catalysis.

8. The catalytic equations of electrolysis are a good basis for a general theory of catalysis and
electrolysis.
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