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Summary:

Electron affinity is not determined by solving the Schrddinger
equation, but by using a wide range of various types of interactions. In
atoms, the bound between the external electron and the integrated
electric dipole moment of a neutral atom mainly contributes to electron
affinity. In diatomic molecules, electron affinity is defined mainly by the
interaction of the external electron and the integrated electric dipole
moment of the nearest ion. In a triatomic molecule, the external electron
interacts with all integrated dipole moments of the positive core.
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Introduction

At the present moment, due to the application of ion-plasma
sputtering of nano-sized strengthening layers using vacuum high-current
voltage arcs, there is a need for clarifying the role of negative ions in the
process of field-emission cathodes spattering. To manage these arcs,
one should know how negative ions are formed and how their existence
influences the plasma state of the voltage arc.

A serious consideration was paid to negative ions in the middle of
the 1950s for the first time, as a result of the beginning of outer space
development projects, when direct measurements helped to establish the
fact that there were only negative ions near the rocket vehicle surface in
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the area of the Earth’'s shadow at flight altitudes of 90-130 km (Johnson,
1956). It led to detailed studies of negative ions formation and the
identification of physical and chemical processes occurring when
negative ions exist under different conditions (Massey, 1976) and
(Grethcikhin, 2003). Experimental works have been dedicated mainly to
measuring affinity energies and to chemical reactions behavior with
formation and decomposition of negative ions (Massey, 1976).

Theoretical studies have been oriented towards the development of
the calculation methods for the energies of electron affinity to atoms and
molecules using Hartree-Fock wave functions and self-consistent
potential by solving the Schrodinger equation in consideration of the
correlation interaction between valence electrons (Massey, 1976). The
conducted theoretical studies of negative ions formation gave no positive
results as the applied model of the centrally symmetric field did not
comply with actual interactions occurring in negative ions.

Formations of negative ions and chemical reactions behavior with
participation of negative ions were studied mainly on glow discharges, i.e.
an attempt was made to simulate in some way conditions of the upper
atmosphere layers in laboratory conditions. These studies have shown a
significant role negative ions play in many cases (Massey, 1976).

Theoretical and experimental studies of the negative ions influence
in the process of artificial Earth satellites flights were performed in 1960-
70s (Grethcikhin, 2003). As a result, a strong frontal luminescence of
artificial satellites, especially in the area of the Earth’'s shadow
(Grethcikhin effect), was predicted and direct measurements were taken
on board of the long-term space station “Salyut-4” at a flight altitude of
350 km (Grethcikhin, 2003). These measurements proved the theoretical
prediction concerning the brightness of luminescence and the distribution
of luminescence intensiveness around a flight vehicle.

The role of negative ions in voltage arcs and electrical sparks under
atmospheric pressure and upon the effect of strong laser irradiation with
a formation of a double electric layer was studied by Professor L.I.
Grethcikhin  and his co-workers (Grethcikhin, Tyunina, 1967),
(Grethcikhin, Minko, 1967) and (Grethcikhin, 2008). These works show
that the temperature of flares flowing out of cathode spots is determined
by the process of the negative ions ionization and that occurring electrical
currents of the double electrical layer compensation form the voltage arc
plasma without electrical current flow.

At the present time, due to strengthening of construction materials
and a reduction of friction forces with a use of nanotechnologies, a need
for a detailed investigation of the plasma state formation arises again;
this time, the studies are to be conducted in the vacuum high-current
voltage arcs when negative ions are formed. The objective has been set
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out: to conduct a detailed investigation of the negative ions formation
process mainly in cathode flares taking into consideration the latest
achievements in the field of nanotechnologies. To achieve this objective,
it is necessary to solve the following issues:

- to consider the formation of negative ions in the process of electrons
and atoms interaction taking into account the occurrence of integrated
electric dipole moments in atoms and polarization of these moments;

- to clarify what interactions do determine the energies of electron
affinity in diatomic molecules in consideration of the occurrence of
integrated electric moments in the ions of the positive molecule core;

- to clarify what interactions do determine the energies of electron
affinity in triatomic molecules in consideration of the occurrence of
integrated electric moments in the ions of the positive core.

Let us consider the set tasks consistently.

Formation of Negative lons in
Complex Atomic Systems

It has been established so far in the works (Grethcikhin, 2003),
(Grethcikhin, Shmermbekk, 2010) that, in complex atomic systems, a
deformation of the spherically symmetric s-states occurs as a result of
the p-s, d-s or f-s interactions of the electron shells. It leads to the
creation of the integrated electric dipole moment relating to the complex
atom center. Table 1 shows the performed calculations of the integrated
electric moment for atoms and positive ions of carbon, oxygen, titanium
and copper, taking into consideration Hund'’s rule.

Table 1 — Integrated electric moments for atoms and positive ions
of carbon, oxygen, titanium and copper
Tabnuya 1 —BcTpoeHHble aneKTpuyeckne MOMEHTbI 4151 aTOMOB
yrnepoga, Kucrnopoaa n tutaHa
Tabela 1 — Ugradeni elektri¢ni momenti atoma ugljenika, kiseonika i titana

Element Electric dipole moment, Cm x 10%
Carbon[8] | 2p'— | 2p’- 2p° — | 2p°-25° | pec=3.935/
r,=0904A | 2s* 2s? 2st -4.490 3.089
5.830 | -3.811 | 6.466 Pec’ =
1.976
Oxygen 2p' - | 2p°- | 2p°- 2p° — | peo =2.891
r.=0672A | 2s 2s° 2st 2s° 2.705
[8] 9.375 | -7.252 | 18.775 | -17.985 | peo'=2.755
2p— | 2p®- | 2p*- 2p* -
25t 2s? 2st 2s?
8.684 | -7.715 | -8.491 | 7.495
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Titanium 3d'- | 3d'- | 3d°- 3d° - | peri=4.080
r,=1992A | 4s’ 4s° 4st 4s° 4.705
[9] 5506 | -3.446 | 5.544 | -3.524 | per =2.020
pe,TiJr =
10.946
Copper 3d; — 3d, — 3d; — 3d,— 4s 3ds—4s Pe result
r,a=1.762 4s 4s 4s -12.225 9.904 Cu
20.48 - 14.926 | 3dy-— 3dyo— 4s 8.831
5 18.034 | 3dg—4s 4s -4.196 10.132
3de— | 3d;- | -5.695 | 4.864 Pe result
4s 4s cu*
-7.981 | 6.784 0;
9,39:4,6
0

According to Hund’'s rule, the arrangement of electron spins for
carbon, oxygen, and titanium is shown in Fig. 1 and for copper in Fig. 2.

For carbon and oxygen, the interaction of 2p-electrons with the 2s’
electron is taken with the sign “+” and with the 2s? electron — with the
sign “-” (Grethcikhin, 2008) and (Grethcikhin, Shmermbekk, 2010). In
oxygen, the first deepest cell of the p-orbit contains two electrons with
opposite spins. It leads to the instance when the second electron in the
third cell has the opposite-by-sign interaction of the 2p*-electrone in the
first cell with the electrons in the 2s-state. The second, the third and the
fourth electrons after releasing of the first cell take positions in
accordance with Hund's rule, i.e. with the maximum values of the
resultant spin. As for titanium, ionization leads to electron loss in the 4s
or in 3d core. Both cases are shown in Fig. 1.

Carbon Oxygen Titaniu

2o |t [t 2p |t |t 1] 4s 1Y
2s [N 25 [N d| |1

Carbon Oxygen Tit«’?\nium
ion ion lon

20 | 4] 20|t ][t ] s | Tt
2s |14 2s [ St (4]

Figure 1 — Arrangement of spins of electrons in accordance with Hund’s rule
@ueypa 1 — PacnonoxeHue CN1HOB 311eKTPOHOB B COOTBETCTBUU C NpaBunom XyHaa
Slika 1 — Raspored spina elektrona, u skladu sa pravilom Hunda
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Figure 3 — Interaction of the additional electron with the integrated electric moment of a
neutral atomic system
Queypa 3 — BaaumopgercTere AONONHUTENBHOMO 3M1EKTPOHA CO BCTPOEHHbIM AMMNONbHbLIM
ANEeKTPU4ECKUM MOMEHTOM HEeNTparbHOM aTOMHOW CUCTEMON
Slika 3 — Interakcija dodatnog elektrona sa ugradenim dipolnim elektricnim momentom
neutralnog atomskog sistema

The arrangement of electron spins for a neutral copper atom is
shown in Fig. 2. In the process of copper atom ionization, it is possible to
remove an electron from the 4s or 3d state. If an electron is removed
from the 4s state and a rearrangement of other electron cores in the d-
state does not occur, then the electrons in the d-state form a closed core
and that is the reason why their internal interaction does not lead to
additional deformation of electron states and, consequently, internal
integrated electric moments do not occur. In such a condition, the
integrated electric dipole moment of a single ion of an atom equals zero.
If a significant deformation of the electron cores occurs in the 3d states
and an ion of the copper atom tends to form a state characteristic for a
nickel atom, then the conditions of electron spins shown in Figs. 2 b and
c are possible. The calculated values of the integrated electric dipole
moment in the states of Fig. 2 b and Fig. 2 ¢ are given in Table 1. Most
probable is the occurrence of the state shown in Fig. 2 a.

When an unbounded electron is caught by a neutral atom, there is no
interaction with the positive atom nucleus as the atom nucleus is completely
shielded by the electrons around the atom. Nevertheless, the electron caught
by the atom polarizes the atomic system by its field and then an interaction
occurs not with the effective nucleus charge but with the displaced cloud of all
electrons of the neutral atom occurring as a result of polarization.
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When there is an integrated electric moment, the outer unbounded
electron interacts with the electrical dipole inside the atom (Fig. 3). In
such a case, the atom can attach the electron and then can be
transformed into a negative ion. The effect of the electrical field of this
electron causes a displacement of the electron cloud of the neutral atom
relating to its center of all energy states. If an external field is formed by
the additional electron, the condition of forces equity for the valence
electron of the atom in the k-state is as follows:

Figure 3 — Interaction of the additional electron with the integrated electric moment of a
neutral atomic system
Quaypa 3 — Baanmogencrane AOMOMNHUTENBHOIO 3M1EKTPOHa CO BCTPOEHHbLIM AMMOMNbHbLIM
ANEKTPUYECKNM MOMEHTOM HEWTparibHON aTOMHON CUCTEMOW
Slika 3 — Interakcija dodatnog elektrona sa ugradenim dipolnim elektriénim momentom
neutralnog atomskog sistema

e’ Zge? Z:e?
Are,rl  dreyw?  Arey(r, +Ar)°

(1)

where ry — the rotation radius of the electron of the atom in the k-state,
Z, - the effective atom nucleus charge in the k-state for the electron

under consideration, e — the charge, ¢, - the dielectric permittivity

constant and ro — the radius of the negative ion electron moving away
from the atom center.
Hence, the displacement of the outer electron cloud of the k energy
state relating to the atom center is
3
r
Ar, ~ —¥ 2)
<270k
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The energy of the interaction of the outer electron with the integrated
electric dipole of the atom taking into account the energy input for
polarization is the electron affinity and it is as follows:

2 Ze?
Ean_ 2P S Zee {1 1 }

2 —- ®3)
Are ry T hme, |, [y +An

where p,—is the integrated electric dipole moment of the neutral atom. It

is obvious that the interaction potential (3) will bear the minimum;
otherwise, the system will not be stable. That is the reason why the
electron affinity and the negative ion radius are determined by the
minimum value of the interaction potential (3). The results of the
interaction potential calculation for the atoms of carbon, oxygen and
copper are given in Fig. 4a, while for titanium they are shown in Fig. 4 b.

The energy of electron affinity can be measured with high accuracy, i.e.
within the limits of 3%. That is why, when using the values of atom affinity to an
electron, one can obtain real values of the integrated electric dipole moments
of complex atomic systems and, at the same time, the negative ion radius.

The electron affinity for the carbon atom at the atom radius r, = 1.091

A, the valence ion electron moving away from the atom center ro = 1.095 A
and pe = 3.935-10°° Cm, calculated by equation (3) equals the experimental
value — 1.263 eV. The radius of the carbon atom is slightly bigger than the
value obtained by the quantum-mechanical method: 0.905 A (Brattsev,
1966) and 0.922 (Radtsig, Smirnov, 1980). When the atom radius equals
0.905 A, the experimental value of the electron affinity has the effect when
the electron moves away from the atom center in the negative ion 1.02 A

and in the integrated electric dipole moment p, =3.089-10~° Cm. The
interaction potential for such a case is given in Fig. 4a.

EA, eV EA, eV

04 1 0.02 L

0 | N 1 N 0 " N

0 115 20 25rA 20 50 60 70rA

0.4 | 5 0.02 |

0.8 | 0.04 |

1.2 0.06 L

1.6 | 2) 0.08 | b)

Figure 4 — Potential of interaction of the valence electron in the negative ion for: a) atom
of carbon 1, atom of oxygen 2 and atom of copper 3; b) atom of titanium
@ueypa 4 — NoTeHuman B3aMMOAENCTBUSI BANTEHTHOTO 3f1EKTPOHA B OTPULIATENBHOM MOHE a)
Ans atoma yrmepoaa 1, ans atoma kucnopoaa 2 n ans atoma megm 3; 6) ana atoma tutaHa
Slika 4 — Potencijal interakcije valentnog elektrona u negativnhom jonu a) za atome
uglienika 1, za atome kiseonika 2 i za atome bakra 3; b) za atome titanijuma
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For the atom of oxygen with the value of the integrated electric
dipole moment pe o = 2.891-10°%° Cm, the atom radius = 0.7073 A and the
negative ion radius r, = 1.04 A, the affinity energy equals -1.4611 eV,
which corresponds to the measured experimental value. The radius of
the oxygen atom in the reference book (Radtsig, Smirnov, 1980) equals
0.655 A, in the reference book (Brattsev, 1966) 0.672 A, and in the
reference book (Physical values: Reference Book, 1991) 0.74 A. For the

radius r, =0.672 A, the experimental value of the electron affinity has an

effect at r, =1.01 A and the electric dipole moment p, =2.755-10"*°

Cm. The interaction potential of the valence electron of the negative ion
of oxygen is shown in Fig. 4a.

The calculated value of the electric dipole moment for the copper
atom is p. = 8.83:10°° Cm. When the atom radius equals 1.551 A, the
minimum of the potential curve corresponds to the experimental affinity
value 1.23 eV if the electron moves away from the atom center — 2.01 A,
When the copper atom radius equals 1.762 A (Radtsig, Smirnov, 1980),
the experimental electron affinity value has an effect when the electron
moves away from the atom center, 2.017 A with the integrated electric

dipole moment p, =10.132-10"* Cm.

For titanium p, =4.08-10™ eV and r, =1.811A on the basis of

equation (3), we obtain EA = 0.079 eV at r, = 5.37 A. Taking into
consideration the fact that the calculation of the integrated dipole moment
is not accurate enough, it is known that when measuring the value of the
dipole moment one obtains the experimental value of electron affinity

equal to the experimental value, at r, =1.992 A (Radtsig, Smirnov,

1980), r, =5.55 A and p, =4.702-10" Cm. The interaction potential

for the negative ion of titanium is given in Fig. 4b.

Therefore, the electron affinity energy for atoms is determined by the
interaction of the outer electron with the integrated electrical moment of a
complex atomic system as well as by the columbic interaction of the
valence electrons of negative ions and electrons of the neutral atom of all
energy states. Integrated electric dipole moments for one force center
are calculated by the quantum-mechanical method using actual values of
the electrons radiuses of the atomic system in different energy states,
and then affinity energy is determined using classic electrodynamics.
This is sufficient for a practical use of the obtained electron affinity
values.
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Electron Affinity of Diatomic Molecules

Electric dipole moments in diatomic molecules are oriented opposite
to each other, as shown in Fig. 5. Bound energy in diatomic molecules is
determined by the following interaction types: covalent, ionic, induced,
electron-dipole and dipole-dipole (Grethcikhin, 2008).

<
<

& »
< >

Figure 5 — General diagram of the valence electron interaction with the diatomic molecule
in the negative ion
Queypa 5 — ObLasn cxema B3avMOAENCTBUS BaneHTHOro 31eKTPOHa € ABYXaTOMHOM
MOMEKyron B oTpuLaTesisHoOM NoHe
Slika 5 — Opsta Sema interakcije valentnog elektrona sa dvoatomskim molekulama
u negativnhom jonu

Particular values of all bound types for the molecules of carbon,
oxygen, copper and titanium are given in Table 2. The internuclear
distance was considered as a variational parameter and was determined
based on a condition when the dissociation energy and the ionization
energy of the diatomic molecule correspond to the test data. The
internuclear distances obtained in such a way exceed the values
obtained on the basis of the vibration spectrums of diatomic molecules
relating to the common center of gravity”.

" The distance between atom nucleuses is determined by the interaction potential value and
the distance between the electron clouds in the molecule - by the position of the interaction
potential minimum.
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Table 2 — Value of the atoms bound energies in diatomic molecules and the ionization
potential of diatomic molecules
Tabnuya 2 — BennyvHa aHeprui cBsian aToMoB B ByXaTOMHbIX MOMeKynax v noteHuman
MNOHM3aLMN ABYXaTOMHBIX MOSEKy
Tabela 2 — Vrednost energije veza atoma u dvoatomskim molekulima | potencijal
jonizacije dvojatomskih molekula

Mole | Values of the various bound energies, eV re A | AQle 6, le effs
CU|e Ecov. Eion Einduc Ee-d Ed»d Eresu eV
ed It

0O, -4.45 - - 0.06 | 0.20 - 1.60 | 3.86-10 | 12.0 | 1.51
0.744 | 0.194 0 8 5.12 0 3 8 6

C; -5.44 | -0.86 - 0.01 | 0.11 - 157 [ 1.020° | 1129 | 1.49
0.026 2 3 6.20 0 7

Tip - - - 0.55 | 0.38 - 3.27 | 3.8:10° | 6.30 | 3.61
0.918 | 0.069 | 1.151 5 3 1.20 6 0

Cuz - - - 0.67 | 0.38 - 2.96 | 4.3.10° | 7.40 | 3.60
1.236 | 0.083 | 1.787 4 1 2.05 1 6

It follows from the composition of diatomic molecules (Fig. 5) that
they can attach two electrons and become a double negative ion. The
affinity energy for a single negative ion equals:

2e 2e eA Ze*| 1 1
EAL,p ~_ pe,l2 + pe,z2 + Q + k _
C Amegr  Amegry  dmegr, TAme, | n+r, 41, +Arn
(4)
r3
where Ar, :e—fz and it determines the displacement of the valence

k*1
electron cloud in the molecule; Z,f - the effective molecule charge in the k-

state; re — the effective molecule radius; r, - the distance to the center of
the nearest atom determined by the position of the interaction potential
minimum; r, - the distance to the molecule center, r, - the additional

n

distance to the following atom, equal to r,; p.; and p., — the

corresponding integrated electric dipole moments of ions of the interacting
atoms; and AQ - the induced charge occurring as a result of the valence
electrons interchange in covalent atoms bound in the diatomic molecule.
The sum of potential (4) considers the energy input for polarization
of the valence electron cloud of the diatomic molecule and for the
polarization of the electron cloud of the positive core atoms. The electron
cloud of the positive core atoms is shielded by the common electron
cloud of the molecule. That is why, when an electron penetrates to the
distance shorter than a single ionization molecule radius, the energy
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input for the polarization of the molecule core ions is considered. When
the core polarization is taken into account, then the energies of the
electron-dipole interaction bounds are not sufficient to penetrate deeper
than the radius of the single ionization molecule ion.

In particular, the theoretical calculation of the electron affinity value
as per (4) for the carbon molecule at the effective radius of interacting
atoms of 0.905 A (Radtsig, Smirnov, 1980) and at the electric dipole
moment of a single atom ion of the molecule positive

core p,; =1.976 -10"*° Cm amounts to the experimental value of —3.39 eV

(Physical Values: Reference Book, 1991) at the distance of moving away
from the nearest atom 0.7643 A, at which the electron approaches the
atom center in the diatomic molecule under the effect of electron-dipole
interaction, and the distance to the atom center amounts to 1.4975 A, i.e.
it is equal to the average effective radius of the molecule.

As for the oxygen molecule, the electron affinity amounts to 0.44 eV
(Physical Values: Reference Book, 1991).

EA, eV 2

0
05 A
10 A
15 A
20 7
25 1
3.0 W

Figure 6 — Potential of the electron and molecule interaction: 1 - carbon,
2 —oxygen and 3 - titanium
Queypa 6 — NoTeHuMan B3aumMogencTBms 3reKTpoHa ¢ Monekynon: 1 yrnepoaa;
2 — kucriopoga u 3 — TuTaHa
Slika 6 — Potencijal interakcije elektrona sa molekulom: 1. ugljenika; 2. kiseonika i 3. titanijuma

The electric dipole moment for the oxygen atom ion equals 2.755-10
3 Cm (Grethcikhin, Shmermbekk, 2010). When the effective radius of the
oxygen molecule amounts to 1.615 A and the distance of the electron
moving away from the nearest atom is 0.964 A, a complete overlapping
of the theoretically calculated electron affinity with the experimentally
measured value is observed.

In the diatomic titanium molecule, the effective radius is r, =3.283 A
and the positive ion of the atom upon the electron absence in the 3d-state has
the integrated electric dipole moment p, =2.02-10"° Cm (Table 1). The
distance between the atoms in the molecule is 3.4635 A, the effective radius
of the diatomic titanium molecule is 3.283 A, and the induced relative charge

457

Gretchikhin, 1., et al, Negative ions of atoms and diatomic and triatomic molecules, pp. 447-464



VOJIJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2016., Vol 64, No 2

isAQ /e =0.0232. In such conditions, the interaction of the electron with the
molecule has positive energy and that is why it cannot be captured by the
titanium molecule, i.e. the diatomic titanium molecule will not have electron
affinity. If the electron detachment in the process of the titanium atom
ionization occurs not from the state 3d, but from the state 4s, the dipole
electric moment of the titanium atom ion will amount to p, =10.946-10"%
Cm, and the affinity energy will equal EA = 2.115 eV.

In the diatomic copper molecule, the positive ion of the molecule
core does not have any electric dipole moment. Therefore, the electron
affinity of the diatomic copper molecule equals zero.

The potential of the interaction of the electron with the neutral
diatomic molecules of carbon, oxygen and titanium is given in Fig. 6.

Through the example of the diatomic molecules of carbon, oxygen
and titanium, it is demonstrated that the electron affinity in diatomic
molecules is mainly determined by the interaction of the outer valence
electron of the negative ion with the integrated electric dipole moments of
complex atoms, with induced negative charge between interacting atoms
and with the electron cloud of the neutral atom and its core.

Electron Affinity of Triatomic Molecules

A triatomic molecule is formed as a result of an atom interaction with
a diatomic molecule. During this process, the common electron shell forms
all the three valence electrons of complex atoms. That is the reason why
the positive core of the triatomic molecule contains single positive ions of
the initial atoms. The integrated electric dipole moments of the single ions
are arranged so as to maximally increase the energy of the atom bound
with the diatomic molecule. The arrangement of the atom relating to the
diatomic molecule in the triatomic molecule is given in Fig. 7.

Figure 7 — General diagram of the negative ion of the unbounded triatomic molecule
durypa 7 — O6Las cxema OTpULATENBHOIO MOHA CBOOOAHON TPEXaTOMHOWM MOSEKy bl
Slika 7 — OpSta Sema negativnog jona slobodnog troatomskog molekula
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At the same time, the distance between the atoms is a few times
bigger than the equilibrium distance between the atoms in the diatomic
molecule due to the attraction of the nearest atom and the repulsion of
the distant atom in the diatomic molecule. The nearest atom in the
diatomic molecule is considered as the central one.

Moving away of the atoms from the central atom is nearly the same
and is indicated in Fig. 7 by r.. Other distances are connected with the
distance re in the following way: the distances BD =r, = 2r, sin(a/ 2);
AD=BC=r, =r,4125-cosa; AC=r, =r,sin(a/2).

The calculation of dissociation energies in consideration of the
data from Table 2 and the input data for the atoms given in (Physical
Values: Reference Book, 1991) is accomplished by the methods
described in (Grethcikhin, 2008) and demonstrated in Table 3.

Table 3 — Values energy of bounds of the various interaction types between the atom and
the diatomic molecule
Tabnuuya 3 — 3HAaYEHWSA: IHEPIUI CBA3M pa3HbIX TUMOB B3aMMOAENCTBUN MeXay aTOMOM
1 OBYXaTOMHOW MOMEKYIoWn
Tabela 3 — Vrednost: energije veza razli€itog tipa interakcije medu atomom i
dvoatomskim molekulom

Parameters Chemical reactions
C+0C; 0+0:; Ti + Tiy Cu+Cu;
re, A 1.570 1.552 3.276 2.961
Ecov, €V -2.668 -0.856 -.918 1.553
Eion., €V -0.862 -0.129 -0.066 -0.080
Einduced., €V -0.281 -0.176 -0.583 -0.832
Ecq eV -0.102 -0.066 0.488 0.544
Eg-q., €V -0.080 -0.055 0.280 0.279
Eresut, €V -4.00 -1.04 -0.98 -1.64
Aq /e 0.0101 0.00986 0.0387 0.0411
Pe, C:m 10% 1.976 2.755 10.95 9.39
6, eVv 12.69 12.52 8.76 10.51
Fet, A 2.086 2.169 4.025 3.885

The triatomic molecule catches the electron to its outer orbit. The
energy of the triatomic molecule affinity is determined by the interaction
with the integrated dipole moments of all the three ions of the positive
core and by its polarization. The distance of the caught electron from the
molecule center does not exceed its effective radius. The electron affinity
energy with the positive core of the triatomic molecule is mainly
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determined by the interaction of the valence the electron has with the
integrated electric dipole moment of the nearest ion. The distance at
which the electron approaches the nearest ion of the atomic core does
not exceed the radius of the triple ion of the molecule. According to Fig.
7, the resultant bound energy of the valence electron of the triatomic
molecule negative ion equals

EA =-E, +E,+E;+E, - E, + E;, (5)
2
where El:iz;EZ: eAQ ;Eazﬁ;
Are,r Arey(r+r,/2) dre,(r +1,)
2ep. cos| T ¢
_2cos(z—a)ep, - 2 )

Yo Azey(r+r)? T Azey(r+r)?

* 2 3
E6 _ z Zke 1 _ 1 " Ark — . 2 -
 Ars, \r+r,/2 r+r,/2+Ar, 2Z,(r+r,/2)

When the triatomic molecule becomes the double-negative ion, the
bound energy of the second electron weakens and can be determined by
the equation

eZ
EA, =EA +———, ©)
Arre,3r,

Particular calculations by equations (5) in consideration of the input
data from Table 2 and Table 3 are given in Table 4. The appearance of
the potential of the electron interaction with various triatomic molecules is
given in Fig. 8.

Table 4 — Input data and the interaction energy of the electron affinity of various triatomic
molecules
Tabnuya 4 — icxoaHble AaHHble U 9Heprus B3anmMoAencTBust CPOACTBA K ANEKTPOHY
pasHbIX TPEXaTOMHbIX MOSEKYI
Tabela 4 — Inicijalni podaci i energija interakcije

Parameters Negative ions
C,; (N Ti,

le, A 1.523 1.552 3.276
la, A 0.905 0.672 3.610
ro, A 1.497 1.516 1.992
Fefr, A 2.086 2.169 4.025
ro, A 0.838 0.857 1.992
EA, eV 2.500 2.100 3.383
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Figure 8 — Potential of the electron interaction with the triatomic molecule:
1 carbon, 2 oxygenand 3 titanium
@ueypa 8 — NoTeHunan B3aumMoaenCcTBUSA SMEKTPOHAa C TPEXaTOMHON MOSEKYNON:
1 - yrnepopa; 2 — kucnopoga n 3 — TuTaHa
Slika 8 — Potencijal interakcije elektrona sa troatomskim molekulom:
1. ugljenika, 2. kiseonika i 3. titanijuma

It appears that the greatest value of the electron affinity is found in
the triatomic molecules in the unbounded state.

Conclusions

As a result of the studies performed, the following was established:

1. In the process of the negative ion formation, one is to consider the
outer electron interaction with the integrated electric dipole moments of
separate atoms, the induced negative cloud in the contact area as well
as with the valence electron of the initial neutral particle. For such
interactions, it is not correct to perform quantum-mechanical calculations
with a use of the Schrédinger equation.

2. In the process of the determination of the electron affinity to the
atom, one is to consider the electron interactions with the integrated
electric dipole moment of the neutral atom and the repulsion force of the
neutral atom valence electrons and negative ions in accordance with
Coulomb’s law.

3. The electron affinity to the diatomic molecule is determined by the
electron interaction with two integrated electric dipole moments of the
atomic ion, the induced negative cloud at the border of atoms
segregation in the molecule as well as by the columbic interaction of the
valence electrons of the negative ion and the neutral molecule.
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4. In the process of the electron capturing by the triatomic molecule,
affinity energy is determined by the electron interaction with the
integrated electric dipole moments of all the three ions forming the
positive core of the molecule as well as by the columbic interaction of the
outer electron with the electron cloud of the triatomic molecule and the
induced charges.
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OTPUUATEJNBbHbBIE NOHblI ATOMOB, ABYXATOMHbIX
N TPEXATOMHbIX MOJIEKYII

JTeoHud W. Tpeunxuu?®, Bukmopusi M. KOMapOBCKaﬂ6

? Bernopycckas rocyaapcTeeHHast akagemust ceaau, r. MUHCK,
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Pecny6nuka Benapycs,

OBNACTb: maTepuansl, HQHOTEXHONOMUSI, CTPYKTypa U CBOWCTBA
oTpulaTenbHbIX MOHOB

B CTATbW: opurmHansHas Hay4Has ctaTbs

A3bIK CTATbW: aHrnuinckmn

Kpamkoe codepxxaHue:

Cpodcmeo K anekmpoHy He ornpedenssiemcs nymeMm peweHuUs
ypasHeHus LLipeduHeepa, a onpedensemcsi 605bWOol COBOKYMHOCMbIO
pasHbiX murioe e3aumodelicmeuli. B amomax OCHOBHOU e6Knad e
CcpPoOCMEBO K 371IEKMPOHY 8HOCUM C8513b MEXOY 8HEUWHUM 3/1EKMPOHOM
U  8CMPOEHHbIM  OUMONbHLIM  3MIEKMPUYECKUM  MOMEHIMOM
HelimpasibHo20 amoma. B dsyxamoMHbIX MosieKynax 3SHepauro
cpodcmea  npeumywiecmgeHHo  onpedensem  g3aumodelicmsue
B8HELWHE20 3/IEKMPOHA CO 8CMPOEHHbLIM OUMOSIbHBLIM 31IEKMPUYECKUM
MomeHmom briuxalweao UoHa. B mpexamomMHOU MosieKyne eHewHul
3/1eKMpPoH 83aumodelicmeyem co 8CeMU 8CMPOEHHbLIMU OUMONbHLIMU
MOMeHMaMu MosI0KUMEIbHO20 0CMosa.

KntoueBble crnoBa: OumosibHbIU MOMEHM, ompuuyamersbHbIU UOH,
amom, 08yxamomHasi MosieKyna, mpexamomHasi MosieKyna.

NEGATIVNI JONI ATOMA, DVOATOMSKIH | TROATOMSKIH
MOLEKULA

Leonid I. Grecihin®, Vktorija M. KomarovskajaID
@ Beloruska drzavna akademija saobracéaja i veza, Minsk, Republika Belorusija
b Beloruski nacionalni tehnicki univerzitet, Minsk, Republika Belorusija

OBLAST: materijali, nanotehnologije, struktura i karakteristike negativnih jona
VRSTA CLANKA: originalni nauéni élanak
JEZIK CLANKA: engleski

Sazetak:

Afinitet prema elektronu ne odreduje se putem redenja Sredinge-
rove jednacine, nego uz pomoc¢ velikih skupova razliéitih tipova kova-
lentnih veza.
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Najveci doprinos za afinitet prema elektronima imaju veze izmedu
spoljasnjih elektrona i ugradenih dipolnih elektri¢cnih momenata neutral-
nog atoma.

U dvoatomskim molekulima energija afiniteta se primarno
odreduje interakcijom spoljaSnjeg elektrona sa ugradenim dipolnim
elektricnim momentom najblizeg jona.

U troatomskom molekulu spoljasnji elektron stupa u kovalentnu
vezu sa svim ugradenim dipolnim momentima valentnih ljuski atoma.

Klju€ne reci: dipolni momenat, negativni jon, atom, dvoatomski mole-
kul, troatomski molekul.
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