
50 	 ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, № 4

S o l i d   S t a t e  P h y s i c s ,  M i n e r a l  P r o c e ss  i n g

© Sobolev V. V., Bilan N. V., Baskevych O. S., Stefanovich L. I., 2018

UDC 544.476 DOI: 10.29202/nvngu/2018-4/7

V. V. Sobolev1, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0003-1351-6674,
N. V. Bilan1, Cand. Sc. (Geol.), Assoc. Prof.,
orcid.org/0000-0002-4086-7827,
O. S. Baskevych2, Cand. Sc. (Phys.-Math.), Senior 
Research Fellow,
orcid.org/0000-0002-3227-5637,
L. I. Stefanovich3, Dr. Sc. (Phys.-Math.), Senior 
Research Fellow,
orcid.org/0000-0003-2534-8479

1 ‒ National Mining University, Dnipro, Ukraine, e-mail: 
velo1947@ukr.net
2 ‒ State Higher Educational Institution “Ukrainian State 
University of Chemical Engineering”, Dnipro, Ukraine, 
e‑mail: abaskevich@ukr.net
3 ‒ Institute of Physics for Mining Processes of the National 
Academy of Science of Ukraine, Dnipro, Ukraine, e-mail: 
listef2591@ukr.net

Electrical charges as catalysts of chemical reactions 
on a solid surface

Purpose. To determine the change dependency of the potential energy of the chemical bond of a diatomic mole-
cule on the value of the point charge and its distance to the bond using quantum mechanical calculation.

Methodology. Numerical simulation of a quantum mechanical system consisting of a point charge and a diatomic 
molecule interacting with each other.

Findings. The quantum-mechanical problem of the effect of an external Coulomb center on the chemical bond of 
diatomic molecules is solved.

Originality. A quantum mechanical model of a physical system consisting of three interacting Coulomb centers 
(there is a chemical bond between two of them) is developed. The model makes it possible to understand the dynam-
ics of the interaction of a molecule with an ion, the charge of which can be characterized by either integers or frac-
tional numbers. The change in the energy of the chemical bond in the ion field depending on the distance to the bond 
and the magnitude of the charge is established.

Practical value. The developed technique for calculating the energy of a chemical bond as a function of the mag-
nitude of the electric charge was used in the development of the method for growing single crystals of metastable dia-
mond, in calculating the limits of the chemical bond stability in metal azides, in developing the way of additional 
harmful gases formation during rock blasting and in calculating the stability of nanoscale hydrocarbon chains in coal, 
and others. The method can be used to decide on the catalyst and control the catalytic reactions.
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Introduction. The physical and chemical state of the 
surface of a solid body differs fundamentally from its in-
ternal structure by the presence of incomplete bonds, 
local energy levels, adsorbed atoms, ions, and mole-
cules, distorted and strained bonds [1]. The surface 
properties are determined by quantum effects, the pres-
ence of disorder, the nature of the defects and their dis-
tribution density, structural and energy inhomogeneity, 
fluctuations of shape, energy, and charge density, diffu-
sion processes, and so forth. The surface atomic layer 
has excess surface energy as compared to the particle 
energy inside the crystal because it is saturated with de-
fects of various origins.

Presence of dangling or incomplete bonds makes the 
arrangement of surface atoms in regular lattice sites en-
ergetically unfavorable. Atoms shift from their places, 
the lattice on the surface is reconstructed. In this case, 
the interatomic distances and the energy of the inter-
atomic bonds differ in magnitude from the analogous 
parameters characterizing the interatomic lattice bonds 
throughout the crystal. It is also known that the atomic 
structure of different crystallographic faces is different.

Knowledge of the causes of the origin and regulari-
ties of the behavior of surface physical and chemical 

processes is the key to developing new ways to control 
the properties and state of the surface [2]. Thus, the 
study of structurally inhomogeneous systems based on 
high-temperature superconductors and systems with a 
developed surface and a phase transition (P. P. Gorbik, 
A. A. Chuiko, et al., 2003), modelling the interaction 
and reactivity of biomolecules with inorganic materials 
are of great interest [3].

Experimental and theoretical mineralogy, physical 
chemistry of synthesis of superhard carbon phases and 
other materials with specified physical characteristics 
are interested in studies on the nature of the significant 
difference in the surface energy of the faces of different 
crystallographic orientations of the same crystal. The 
reason for the demonstration of such a property, accord-
ing to G. I. Distler, is the electrical structure of crystals. 
Through the example of modeling the structure of com-
plexes formed as a result of the contact of the H2O mol-
ecule with atomically pure faces (111) and silicon (100), 
it was shown that the water molecule is adsorbed on the 
silicon surface exclusively dissociative with the high en-
ergy release [4]. Investigating the surface with allowance 
for the electrostatic potential in the surface layer of crys-
talline modifications of titanium dioxide V. V. Lobanov, 
V. I. Gorlov, et al. (1999) studied special aspects of mo-
lecular and dissociative water adsorption on various 
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crystal faces. They have determined the effect of impu-
rity metal ions on the adsorption properties of titanium 
oxide.

The chemical state of the surface, the type of physi-
cal action (heating, compression, stretching, shear, 
electric and magnetic field), the phase state and the 
component composition of the substance in contact 
with the surface, determine the direction of physical and 
chemical surface processes. One of the priority areas in 
the field of surface chemistry is such issues as the struc-
ture of nanodiamonds of detonation synthesis, the pos-
sibility of purposeful functionalization of clusters in or-
der to attain required properties to the particles of nano-
diamonds [5]. Detonation nanodiamonds are a very 
promising material in the field of nanobiotechnology. 
The physical and chemical properties of the surface of 
diamond nanoparticles are used to create systems for the 
delivery of drugs of a new generation. In these cases, a 
complex of physicochemical effects, the choice of a 
nanocarrier, its standardization and the method for im-
mobilization of biologically active and medicinal sub-
stances are used to impart the required properties (pro-
duction of hybrid nanomaterials) to the surface [6].

Assuming that the parameters and conditions of 
physical effects, the phase state, the component and 
chemical composition of the gas or liquid phase are 
constant, the chemical reactions pathway will be af-
fected by electric charges and the density of their distri-
bution on a solid surface. In one of their works 
M. I. Ozhovan and P. P. Poluektov (1987) determined 
the conditions for the spontaneous formation and 
growth of new phases on the surfaces of solid charged 
particles by the diffusion redistribution of material sub-
stance over the surface. They showed that for each par-
ticle size there is a certain threshold value of the density 
of charges on the surface, the excess of which leads to 
spontaneous growth of the new formations on the sur-
face. The solution of problems in the field of controlling 
the processes of phase formation is especially important 
in the production of monocrystals, including the indus-
trial synthesis of diamond.

In the 70‒90s of the last century, a number of works 
by M. I. Molotsky showed that the catalytic activity of 
the exit sites of edge dislocations on the surface is related 
to the interaction of dislocations with the electrons of 
the surface layer of atoms and can be explained by:

1) formation of a strong two-electron bond of a che-
misorbed atom with an electron localized at the disloca-
tion core;

2) decrease in the thermodynamic barrier of the for-
mation of a new phase nucleus in the field of a localized 
electron;

3) increase in the proportion of the reactive form of 
chemisorption near the dislocation core;

4) attraction of chemisorbed particles to the disloca-
tion core;

5) formation of molecular ions on dislocations;
6) formation of a crystalline nucleus of a new phase 

at a temperature of 300 K near the edge dislocation, the 
probability of which increases by more than two dozen 
orders of magnitude;

7) the size of the crystalline embryo near the disloca-
tion, which decreases by an order of magnitude in com-
parison with the ideal surface;

8) formation of a charged surface center, which leads 
to a marked increase in the rate of the heterogeneous 
process (especially at multiply charged centers);

9) the excitation of molecules moving at a transonic 
velocity by a dislocation is three orders of magnitude 
stronger than molecular collisions in a gas at the same 
velocities.

Taking into account even this limited list of the ex-
amples of catalytic activity of edge dislocations, a num-
ber of questions arise concerning the possibility of reac-
tions between the Coulomb center and the chemical 
bond of the molecule (the problem of the bond stability 
in the charge field), the control of chemical reactions, 
the control of their rate and pathway, and so on. In gen-
eral, the search and forecasting of answers is a task of the 
theory of chemical reactions. It should be noted that 
only the Coulomb interaction functions in the chemi-
cally reacting system. The parameter of this interaction 
is the dependence of energy on the distance between the 
reacting particles. Therefore, quantum-mechanical reg-
ularities are preferred in the modelling of the assumed 
scenario of events in a system of interacting particles [7].

Analysis of the recent research and publications. The 
idea of the dominant impact of electrical interactions in 
catalysis processes is set out in the basic concepts of the 
electron-chemical theory of catalysis, created in the first 
quarter of the 20th century by L. V. Pisarzhevsky. This 
theory began to develop actively only in the second half 
of the last century, largely due to works of F. F. Volken-
stein, S. Z. Roginsky N. N. Semenov, I. D. Sokolov, 
V. A. Roiter, N. P. Kaiser, O. V. Krylov, A. L. Buchachen
ko, K. Hauffe, L. Pauling, D. Dauden and many other 
prominent scientists.

Professor Gerhard Ertl, the Nobel Prize winner in 
Chemistry (2007), gave a detailed description for the 
development of chemical reactions on a solid surface 
[8]. Thus, he laid down the basis for modern surface 
chemistry. Ertl and colleagues showed that nitrogen is 
adsorbed on the surface of the catalyst in atomic form, 
described the kinetics of nitrogen adsorption, and ex-
plained the way of transformations. Investigating the 
process of CO molecule oxidation on platinum, regu-
larities have been established that are used in catalysts 
for purifying automotive exhaust gases [9]. The quanti-
tative evaluation of hydrogen adsorption on platinum is 
given for the first time; the limiting stage of the ammo-
nia synthesis reaction on an iron catalyst is described in 
[10]. Studies on the choice and improvement of the 
catalysts’ characteristics are developed actively [11].

Authors of a recent paper [12] have stated that they 
solved one of the long-standing mysteries of catalytic 
chemistry, connected with the choice of a chemisorp-
tion site by a molecule on the surface of a crystal. Thus, 
authors answered the question why the catalytic capac-
ity of crystallographic surfaces of the same crystal can 
differ by a factor of hundreds. This interpretation of the 
way of molecules was explained selectivity by the change 
in the energy of molecule interaction with the surface, 
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while it was noted that the potential energy of the sur-
face has a very uneven landscape. However, in [12] and 
in the works of other researchers, unfortunately, the na-
ture of a possible source of energy and the cause of its 
uneven distribution on surfaces is not discussed. One of 
the possible reasons for varying catalytic activity of dif-
ferent parts of the surface of the same crystal (for ex-
ample, tungsten [12]) may be the presence of surface 
electric charges (V. V. Sobolev, et al., Mineralogical 
Journal, 1994). Charges on the particle cause a negative 
pressure on the surface (M. I. Ozhovan and P. P. Poluek-
tov, 1987), as the potential energy of diffusing molecules 
changes in the near-surface electric field. They stated 
that since the field is modulated in accordance with the 
local curvature of the surface, the potential energy of the 
molecules is also modulated. On strongly curved sec-
tions of the surface, there are drift flows of substance, 
which may be bigger than diffusive ones. The curvature 
of the surface, the change in the potential energy of mol-
ecules, the competition between the drift and diffusion 
flows of substance, the electric field of the surface, shape 
fluctuations, and others are parameters interacting in 
the self-organization of substance and subject to the en-
ergy concept. The self-organization of substance in the 
gas-solid surface system “solves” a wide range of prob-
lems associated with controlling the rate and pathway of 
chemical reactions, “delivering” energy to reagents and 
where it is most favorable to “contribute” this energy. 
The theory of chemical reactions solves similar prob-
lems and, moreover, according to Academician of the 
Russian Academy of Sciences, A. L. Buchachenko, 
seeks ways and means of lifting the prohibition and con-
trolling chemical reactions. One of these methods uses 
the laws of quantum-mechanical and Coulomb interac-
tions.

Objectives of the article. One of the advantages of a 
surface gas-solid body over a gaseous medium consists 
in the possibility of isolating distinct contacts of gas re-
actants with surface active centers, and at the same time 
evaluates physicochemical laws of interaction and redis-
tribution of energy between particles.

The development of the theory of catalysis is of great 
importance for the fundamental knowledge of modern 
chemistry, a number of important high-tech industries, 
up-to-date sectors in ecology, nanostructured materials 
science, biochemistry, photosynthesis, cosmochemistry 
and other applied research spheres.

Without pretending to the theory as a whole, we con-
fine ourselves to studying only some, in our opinion, 
missing links in the theory of electron-chemical catalysis. 
Considering the mentioned above results of some scien-
tific achievements, we will use the methods of quantum-
mechanical modeling of the chemical bond stability of a 
molecule in the field of a point Coulomb center.

The purpose of the work is to establish the depen-
dence of the change in the potential energy of the chem-
ical bond of a diatomic molecule on the value of the 
point charge and its distance to the bond using quan-
tum-mechanical calculations.

Presentation of the main research and explanation of 
scientific results. The quantum-mechanical model for 

determining the state of an electron in the field of two 
Coulomb centers is proposed as the basis for solving the 
problem of the interaction of molecular systems with 
surface structures of solids. It was suggested by G. O. Yar-
kovoy (Preprint of the Institute of  Theoretical Physics 
of the Academy of Sciences of the USSR, ИТФ-75-
54R). The adiabatic Born-Oppenheim approximation is 
used in this paper (the motion of electrons is considered 
separately from the motion of nuclei, the distances be-
tween which are assumed to be fixed).

To solve the two-center problem, a model equation 
is derived from the Schrödinger equation, the solution 
of which is obtained in analytic form. Taking account of 
boundary conditions allowed us to find the quantum 
numbers that determine the state of the valence electron 
in the field of two Coulomb centers. Naturally, the ob-
tained solution is approximate, since it represents the 
solution of the abridged Schrödinger equation and 
therefore can be considered as the zero approximation 
to the exact solution. The next logical step was to take 
into consideration the terms of the exact Schrödinger 
equation that were not used in the model equation as a 
perturbation to the zeroth-order approximation. The 
chosen approach is implemented with the Green’s func-
tion, which is a solution of the model equation with 
delta-like sources. Knowledge of Green’s function made 
it possible to determine the wave function of the basic 
state in the first approximation in an analytic form. The 
search for the following approximations in the analytical 
form is inexpedient for two reasons: the solutions are too 
lengthy and do not give a significant correction to the 
first approximation.

The quantum-mechanical problem has been tested 
in the calculations of diatomic molecules. Calculations 
showed that the model describes adequately the neutral 
and ionized hydrogen molecule. It is established that 
the application of this model to more complex mole-
cules gives unsatisfactory results, due to the fact that the 
electron cores of bound atomic electrons screen the 
Coulomb potential. Therefore, solving the Poisson 
equation (averaged over directions in space), electric 
potentials created by bound electrons are found in the 
central field approximation. The nuclear charges enter-
ing into these equations were calculated according to 
Slater’s rule. In addition, a new approach has been de-
veloped that includes the polarization of electronic 
cores during their mutual influence. At the same time 
solutions of the Poisson equation in the ellipsoidal co-
ordinate system are obtained to find the potentials cre-
ated by the valence electrons, which allows for addi-
tional screening of the nuclear potential by electrons 
providing a chemical bond in the molecule. Calcula-
tions showed that such a model allows us to calculate 
quantitatively quite complex diatomic molecules not 
only qualitatively, but also.

The solution of the problem of the interaction of 
molecular systems with surface structures is based on 
the solution of the problem of the influence of the exter-
nal Coulomb potential on the molecular bond. This po-
tential was considered as a perturbation to the model 
Schrödinger equation, and, therefore, it was possible to 
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apply Green›s function to find the analytical solution. 
The solution was obtained in an ellipsoidal coordinate 
system in which the external potential was represented 
in the form of a Neumann expansion.

Charged surface structures of condensed matter, 
cluster molecular systems, and others are often de-
scribed by linear atomic chains. In this context, the 
problem of quantization of an electron in the field of 
N‑Coulomb centers has been solved [13]. The obtained 
transformations made it possible to reduce the Schrö
dinger equations for the chain to the two-center prob-
lem. Along with this, an analytical solution of the prob-
lem of the influence of the third Coulomb Centre on the 
chain structure was obtained.

It is known that catalytic reactions on the surface of 
catalysts depend on the binding energy between the in-
volved reagents. Considering the results of experimental 
studies on the component composition of reaction 
products and the way of catalytic transformations in 
various systems, it is of some interest to calculate the 
binding energy between atoms and how it affects the for-
mation of new compounds. To evaluate the binding en-
ergy, the method of quantum mechanical calculations 
was used, which was tested earlier in [14].

The energy of a single chemical bond was calculated 
using the Schrödinger equation

E = E1 + Ee–e + ECoul + W1 + W2,
where E1 is the particle interaction energy for the solu-
tion of the two-center problem; Ee–e is the electron-
electron interaction energy; ECoul is the Coulomb ener-
gy; W1 is the perturbation that occurs when solving the 
two-center problem; W2 is the perturbation that creates 
the intercalated catalyst atom in the crystal lattice of the 
carbon phase.

The Schrodinger equation for an electron moving in 
the field of two Coulomb centers is represented in ellip-
tic coordinates
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is the wave function.

Equation (1) has a solution if the proposed potential 
U(l, m, j ) is given as the sum of the Coulomb potential 
UCoul  and the fluctuating Uf  one [13]

U(l, m, j) = UCoul (l, m, j) + Uf (l, m, j);
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where w is the frequency of base oscillations of the at-
oms.

The binding energy was calculated using expression
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where H0 is Hamiltonian of the two-center problem; 
Ψk, Λ, n is the wave function with quantum numbers k, 
L, n.

As a result of the solution of the Schrödinger equa-
tion (1) and the calculation of energy from formula (2), 
we obtain an expression for calculating the binding en-
ergy in the basic state
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The calculation of electron-electron interactions was 
carried out using the Slater determinant
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In order to account for the effect of the interstitial 
active catalyst atom, let us consider the effect of the 
Coulomb center (electric charge) on the stability of the 
chemical bond. Put the case that some perturbation acts 
on the bond
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where Z3 is a charge of a catalyst atom, 1 2
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to the first atom; R2 is the distance from the atom-cata-
lyst to the second atom – the bigger or smaller of the 
values; ( )m

pP <l  and ( )m
pQ >l  are associated Legendre 

functions of the first and second kinds.
Then, taking into account the perturbation, the en-

ergy of the chemical bond will be
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The developed method for calculating the electronic 
molecular terms with regard to the screening of nuclear 
potentials by the electron cores of bound electrons has 
been tested through the example of calculations of the 
electronic terms of CO, O2, N2, LiH, H2, Li2 and HCl 
molecules (Fig. 1).

Molecules of H2, LiH, HCl, and Li2 have two va-
lence electrons in the (1/2; 0; 0) state. The electron 

cores of atoms are absent in the hydrogen molecule, 
therefore the polarization coefficient knH = 1. The terms 
of the molecules LiH and HCl illustrate the electron 
core of lithium and chlorine, which deforms toward the 
“uncoated” hydrogen nucleus (Fig. 1). The lithium po-
larization coefficient knLi = 2.07, chlorine – knCl = 1.025.

The lithium molecule is the most difficult to calcu-
late, since its interaction energy of electron cores is 
comparable with the energy of interaction of nuclear 
charges. This explains the high polarization coefficient 

2Li 1.8283.nk =
A nitrogen molecule is complex; six electrons form a 

valence bond, the first pair of which is in the state (1/2; 
0; 0), the second pair – (3/2; 0; 0); the third pair – (5/2; 
0; 0); the polarization coefficient – kn = 1.21638.

The valent bonds of the O2 and CO molecules are 
formed by two pairs of electrons in the (1/2; 0; 0) and 
(3/2; 0; 0) states. The polarization coefficients are 

2O 1.37nk =  and knO = 1.31952.

a b c

d e f

Fig. 1. Electronic terms of diatomic molecules:
a ‒ LiH; b ‒ Li2; c ‒ CO; d ‒ O2; e ‒ N2; f ‒ HCl
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The calculated values of the equilibrium internuclear 
distances (R0), the energy minima (E ) corresponding to 
them and the experimental data given in the papers of 
A. A. Radzig, E. M. Smirnov and other researchers are 
presented in Table.

It is seen from the table that the characteristics of the 
molecules obtained by the authors using the proposed 
technique have satisfactory accuracy and are quite co-
herent with the experimental data. It gives evidence of 
the correctness of the estimates of molecules parameters 
using the developed technique. This technique was used 
in solving problems to determine the stability of chemi-
cal bonds of molecules.

Fig. 2 shows the dependence of the chemical bond-
ing energy of the nitrogen molecule on the effect of 
point electric charges, which is located at a distance of 
2.5 ⋅ 10-10 m from the bond of the molecule. The electric 
field strength of a singly charged ion at a distance of 
10-9 m is ~ 1.5 ⋅ 109 V/m. As the distance to the ion de-
creases, the intensity increases. At a temperature of 0 K, 
at some (critical) distance, the chemical bond of any 
molecule breaks down. In general, the effect of the 
charge field (the Coulomb center) on the molecule leads 
to a “loosening” of the chemical bond. Obviously, as the 
distance from the molecule increases, the effect of the 
charge declines.

Fig. 3 shows the dependence of the change in the 
minimum binding energy of a diatomic nitrogen mol-
ecule under the influence of an external charge Z = +10. 
Estimation of the distance at which the chemical bond 
breaks was H = 2.73 a.u. Fig. 2 depicts a curve 3 which 
does not have a minimum of energy. It testifies to bond 
breaking at a distance of 4.7 a.u. from the charge 
Z = +8.

The scenario of the change in the binding energy of 
the N2 molecule (Fig. 2) is similar for other small mol-
ecules O2, CO2, CO, and so on. According to the results 
of calculations, the trend is held, and the change in 
binding energy to a great extent depends on both the 
sign, the magnitude of the charge, and the molecular 
distance from the charge. The thermodynamic equilib-
rium of the system is continued to apply when these re-
actions proceed.

Table
Comparative characteristics of diatomic molecules

Molecule Dissociation 
energyD, eV

Experimental data
(reference data)

Theoretical values
(obtained in this paper)

distance between
atoms R, a. u.

binding energy
Е, а. u.

distance between
atoms R, a. u.

binding energy
Е, а. u.

LiH 2.46 3.0576 -0.0906 3.0150 -0.088
Li2 1.26 5.0626 -0.0410 5.0500 -0.043
CO 11.15 2.1697 -0.4010 2.1323 -0.351
O2 6.65 2.322 -0.1896 2.3123 -0.185
N2 8.73 2.104 -0.3614 2.0680 -0.366
HCl 4.47 2.5394 -0.1645 2.4470 -0.153
H2 4.51 1.426 -0.1660 1.4021 -1.161

Fig. 2. Change in the potential binding energy E(R) of the 
N2 molecule in the field of the negative charge:
1 –   Z = +2); 2 – Z = +4); 3 – Z = +8 at a distance of 
4.7 a.u. from the charge

Fig. 3. Dependence of the minimum value of the energy of 
the interatomic bond (E) on the distance (H) of the 
diatomic nitrogen molecule to the third center with 
charge Z = +10
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If the molecule is near the charge, but not at a criti-
cal distance, the bond is “loosened” as the temperature 
rises, the interatomic distance increases, the binding en-
ergy decreases and the bond breaks. In general, the dy-
namics of the decrease in the binding energy of the mol-
ecule qualitatively repeats the result of the charge action 
with the approach of the molecule. An increase in the 
critical distance from the charge, upon reaching which 
the chemical bond of the molecule is broken, occurs 
with an increase in charge.

Thus, during numerical experiments, a tendency has 
been established to reduce the energy of interatomic in-
teractions in the presence of ions as a function of the 
magnitude of the ion charge and the distance between 
the molecule and the ion. The distance from the ion at 
which the bond breaks up, increases with increasing ion 
charge and charge distribution density on the surface or 
with increasing temperature, all other conditions being 
equal. For H2 molecules, the bond breakdown occurs at 
larger distances from the charge than in N2.

The features of the change in the stability state of the 
CO chemical bond in the field of the Coulomb center 
located on the surface of the solid carbon phase are il-
lustrated in Fig. 4. A diatomic CO molecule with a stable 
chemical bond entering the zone of influence of the 
electric charge – the metal ion is shown in Fig.  4, a. 
Fig. 4, b shows that the chemical bond is “loosening” in 

the field of the ion charges. The bond at a certain (criti-
cal) distance breaks, Fig. 4, c, and Fig. 4, d shows the 
formation stage of the metal oxide and the incorpora-
tion of the carbon atom into the surface layer of the 
crystal lattice of the carbon phase. The C–C bond de-
velops into more advantageous than the hybrid Me–C 
bond (Me – the metal atom). The Me–O compound 
can leave the surface of the solid phase or “fixate” on it. 
In the latter case, the proposed mechanism for the ori-
gin of a new phase on the surface is the mechanism for 
the formation of syngenetic inclusions in minerals.

A number of new physical effects have been estab-
lished as a result of studies on phase and structural 
transformations of some carbonate minerals, rocks, 
coals and anthracites under heating and simultaneous 
action of a weak electric field [13, 14]. It should be noted 
that these effects do not exert under the influence of just 
one of any factors.

Conclusions. In a physicochemical system that is in a 
state of thermodynamic equilibrium the initiation and 
development of a chemical reaction can be stimulated 
by the action of a point electric charge on a chemical 
bond, without changing the thermodynamically equi-
librium state of the system.

The preference of a particular crystallographic plane 
by the molecule is due to such parameters as the value of 
the point electric charges and the density of their distri-

Fig. 4. A possible scenario for the dynamics of an elementary chemical event occurring on the surface of a solid phase in 
front of a point Coulomb center (a metal ion)
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bution in accordance with the curvature of the surface, 
which (with other equal conditions) is sufficient to break 
the chemical bonds of the molecule with maximum 
probability.

The long-distance effect of a solid surface on the 
state of the bond stability of every single molecule, the 
initiation of surface chemical reactions, adsorption pro-
cesses, and the formation of nuclei of new phases may 
be due not only to Coulomb interactions, but also to 
certain regularities of quantum action at a distance.

The represented elementary act of involution of the 
state of chemical bond stability of a diatomic molecule in 
the field of influence of a point charge is the result of 
solving the problem of three Coulomb centers. It is 
shown that the decrease in the energy of the interatomic 
bond occurs as the molecule approaches the charge. The 
breaking of the bond of any molecule always occurs (for 
all other equal conditions) at the same distance from the 
charge. The critical distances for molecules with the 
highest energy of interatomic bonds are the smallest.

Critical distances for molecules with the lowest 
binding energy are characterized by maximum values. 
Under the condition of additional temperature effect, 
for example, up to 300 K, when the molecule approach-
es the point charge the bond breaking occurs at distanc-
es several times exceeding the critical temperature, 
which are characteristic for temperature 0 K. The tem-
perature, pressure and electric field strength stimulates 
the onset of phase transformations under the lower val-
ues than under the action only pressure and tempera-
ture. In practical work, catalytic reactions are used in 
many physicochemical processes, for instance, in the 
high-energy physical processes of the formation of new 
elements [15], the formation of plasma at super deep 
penetration of microparticles into metals [16], in the 
underground coal gasification [17], in waste water treat-
ment [18], etc.

In general, the results of the studies are no different 
fundamentally from Professor Ertl’s results, despite the 
fact that various theoretical approaches and experimen-
tal methods were used to solve the problems. However, 
in our opinion, the quantum-mechanical approach is 
still more promising, since it considers the presence of 
surface charges – energy sources, the surface effect on 
the reaction behavior, reveals the physics of the mecha-
nism of charge interaction with chemical bonds and 
their most important role in catalytic reactions.
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Мета. Встановити залежність зміни потенційної 
енергії хімічного зв’язку двоатомних молекули від 
величини точкового заряду та його відстані до зв’язку 
з використанням квантово-механічних розрахунків.

Методика. Чисельне моделювання квантово-
механічної системи, що складається зі взаємодію-
чих між собою точкового заряду й молекули, яка 
складається із двох атомів.

Результати. Вирішено квантово-механічну зада-
чу про вплив зовнішнього кулонівського центру на 
хімічний зв’язок двоатомних молекул.

Наукова новизна. Розроблена квантово-механіч-
на модель фізичної системи, що складається зі вза-
ємодіючих трьох кулонівських центрів, між двома з 
яких діє хімічний зв’язок. Модель дозволяє зрозу-
міти динаміку взаємодії молекули з іоном, заряд 
якого може характеризуватися як цілими, так і дро-
бовими числами. Встановлена тенденція зміни 
енергії хімічного зв’язку в полі іона в залежності від 
відстані до зв’язку й величини заряду.

Практична значимість. Розроблена методика 
розрахунку енергії хімічного зв’язку в залежності 
від величини електричного заряду використана при 
розробці способу вирощування монокристалів ме-
тастабільного алмазу, у розрахунках меж стійкості 
хімічного зв’язку в азидах металів, у розробці меха-
нізму утворення додаткових шкідливих газів під час 
руйнування гірських порід вибухом і при розрахун-

ку стійкості нанорозмірних вуглеводневих лан-
цюжків у кам’яному вугіллі та ін. Метод може бути 
використаний під час вибору каталізатора та управ-
лінні каталітичними реакціями.

Ключові слова: каталіз, електрон, заряд, моделю-
вання, квантова механіка, хімічний зв’язок
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Цель. Установить зависимость изменения по-
тенциальной энергии химической связи двухатом-
ной молекулы от величины точечного заряда и его 
расстояния до связи с использованием квантово-
механических расчетов.

Методика. Численное моделирование кванто-
во-механической системы, состоящей из взаимо-
действующих между собой точечного заряда и мо-
лекулы, состоящей из двух атомов.

Результаты. Решена квантово-механическая за-
дача о влиянии внешнего кулоновского центра на 
химическую связь двухатомных молекул.

Научная новизна. Разработана квантово-меха-
ническая модель физической системы, состоящей 
из взаимодействующих трех кулоновских центров, 
между двумя из которых действует химическая 
связь. Модель позволяет понять динамику взаимо-
действия молекулы с ионом, заряд которого может 
характеризоваться как целыми, так и дробными 
числами. Установлена тенденция изменения энер-
гии химической связи в поле иона в зависимости от 
расстояния до связи и величины заряда.

Практическая значимость. Разработанная методи-
ка расчета энергии химической связи в зависимости 
от величины электрического заряда использована 
при разработке способа выращивания монокристал-
лов метастабильного алмаза, в расчетах пределов 
устойчивости химической связи в азидах металлов, в 
разработке механизма образования дополнительных 
вредных газов при разрушении горных пород взры-
вом и при расчете устойчивости наноразмерных 
углеводородных цепочек в каменных углях и др. Ме-
тод может быть использован при выборе катализато-
ра и управлении каталитическими реакциями.

Ключевые слова: катализ, электрон, заряд, моде-
лирование, квантовая механика, химическая связь
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