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regions of chemically homogeneous nanoparticles of oxide
materials and its role in the conversion of chemisorption
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DJIeKTPOHHAs! CTPYKTypa MPUITIOBEPXHOCTHBIX 00JIacTeil HAHOYACTHI] OKCHHOTO MaTepHasa ocoboro TH-
Ia ¥ BO3MOXKHOCTh Ha 3TOH OCHOBE IOJYYCHHS CHEIM(UYECKHX BBIIPSMIIIONINX CBOMCTB KOHTAaKTa
U3YYAIOTCS TEOPETUYECKH, a 3aTEM HPOBEPSAIOTCS SKCIIEPUMEHTaIbHO. [I0CTpOSHBI MO TOBEPXHOCT-
HBIX COCTOSIHMIT THIIa TaMMa ¢ y4eToM KyJIOHOBCKOTO AalibHOAEHCTBUS. OOHApysKeHHas MCTIEpCHUs U ee
3aBHCHMOCTb OT KPUBH3HBI IIOBEPXHOCTH HAaHOYACTHI] ITO3BOJISIOT MOJIECIBHO H3Yy4YHTh YCIOBHS (HOpMHU-
POBaHMS KOHTAKTHOM Pa3HOCTH ITOTEHINAJIOB IS CIy4aeB HAaHOYACTHI] OJMHAKOBOTO pajiiyca (CHHepre-
THYecKnit 3¢ HeKT), pasHBIX PaanyCcoB (JIETHPOBAHHBIM U HEIETMPOBAHHBINA BapHAHTHI), a TAKXKe O0Hapy-
JKUTh BO3MOXKHOCTD OIHCAHUS TPYIITEI YACTHI] ITOPOIIKA U3 JAaHHOTO MaTepuaia B paMKax MoAenu AH-
nepcona. HekoTopsle ciieiCTBUS MPEATI0KEHHOI KOHLENIMN ObUIN HCCIIEOBAHbI B PAMKaX IKCIICPHMEH-
Ta MO XapakTepy BOJbTAMIIEPHBIX XapaKTEPUCTUK Iapbl KOHTAKTHPYIOIIMX YaCTHUI] MOPOLIKA C Pa3IHy-
HBIMHM KOMOMHAIIMSIMU PaJIyCOB, X OHY ITOKA3bIBAIOT HAJIMYKME CBOMCTB, XapaKTEPHBIX JUIS BBIPSIMIISIO-
IIEr0 KOHTaKTa. BBIABUraloTCs NEpCeKTHBBI AT QJIbHEHIINX SKCIIePUMEHTAIbHBIX UCIbITAHHH, BBITE-
KaIOILINX M3 NPEJUI0KEHHOH TEOPHH.

KnroueBble ci10Ba: chepudeckre OKCHIHBIE HAHOYACTUIIBI, JUCIEPCHUS SIEKTPOHHBIX 30H, JTOKATbHBIE
MOBEPXHOCTHBIE YPOBHHM, KOHTAKTHAsI Pa3HOCTH MOTEHIINAJIOB, IPE0Opa30BaHUe YHEPTHH XEeMOCOPOINHT

The electronic structure of the near-surface regions of oxide material nanoparticles of a special type and
the possibility, on this basis, to obtain specifically rectifying properties of the contact are studied theoret-
ically and then examined experimentally. Models of surface states of the Tamm type are constructed with
taking into account the Coulomb long-range action. The discovered variance and its dependence on the
curvature of the surface of nanoparticles make it possible to study modally the conditions for the forma-
tion of a contact potential difference in the cases of nanoparticles of the same radius (synergistic effect),
different radii (doped and undoped variants), as well as to discover the possibility of describing a group
of powder particles from a given material within the Anderson model. Some consequences of the pro-
posed concept have been examined within the experiment on the character of the current-voltage charac-
teristics of a pair of contacting powder particles with different combinations of radii and they show the

Vol. 24, No. 4, pp. 254-262, 2022



The variance of the electronic structure in the near-surface regions of chemically homogeneous ...

255

presence of properties characteristic for a rectifying contact. Prospects for further experimental tests aris-
ing from the accordance with the general theory are put forward.

Keywords: spherical oxide nanoparticals, variance of electronic zones, local surface levels, contact po-
tential difference, conversion of chemisorption energy.

I. Introduction

The beginning of the 21st century is also marked
with a really fundamentally new contribution to
science, technology which shifts the focus of re-
searchers' attention from physical and chemical as-
pects to structural [1-5].

An example is a very curious approach of the fol-
lowing type: conversion of the energy of adsorption of
water onto nanopowders of ionic crystals (such as zir-
conium oxide) with the creation of an electric voltage
and, accordingly, current [6]. This interesting nano-
effect has been studied in many ways, including with
engineering findings [7]. Nevertheless, attempts to
analyze it theoretically (in particular, in search of op-
timal solutions) [8] encountered serious difficulties,
the analysis of which led to the motivation for revis-
ing a number of fundamental questions on the elec-
tronic structure of these oxide nanopowders and phys-
ical-chemical processes [9, 10] on their surfaces.

The choice of the object of study (zirconium
dioxide) is due to the high valence of its components
and low permittivity, which guarantees a large Made-
lung energy gradient in the surface region. The latter,
in turn, can be the reason for the narrowing of the
band gap on the surface, i.e. the reason for the chemi-
cally uniform and homogeneous varizonicity (graded
band-gap) of the ionic crystal, in contrast to the well-
known graded-gap semiconductor, where varizonicity
is caused by the concentration gradient of the addi-
tional component [10]. It is this possibility of realiz-
ing a new type of varizonicity in materials such as
zirconium dioxide and a number of related effects
that is the goal of this work.

II. Electronic structure of near-surface
regions of crystals with ionic bonding

II.1. Variation of chemically homogeneous near-
surface regions

The basic model for studying this issue can be
the Seitz-Madelung model [11, 12], which used the
concept of flat surfaces, but then it was generalized to
the cases of convex, concave and fractal surfaces in
several papers [13-15]. The most important element of
these studies was the Coulomb long-range interaction
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between the components of the ionic crystal, and it
was used for the flat surface in its analysis by Mark
and Levin [16]. The generalized Seitz-Madelung
scheme is shown [14] in Fig. 1, which demonstrates
the inversion of the energy terms "plus" - and "minus"
- the components of the crystal under congruent com-
pression up to the size of the real interatomic distance
Ry. The inversion of terms, which occurs as the com-
ponents approach each other (with preservation of the
structure), is caused by an increase in the Madelung
energy, which is completely different for the regions
inside a large bulk sample (U,), on the surface (Uj),
and in an intermediate state in the near-surface region
(Us)-
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Figure 1. Generalized Seitz-Madelung diagram shows the
inversion of the energy terms of metal and halogen at con-
gruent compression of the lattice to the natural state. Terms
"2" and "0" correspond to volume and surface (flat case)
observation points; the term between them refers to the
concave surface, and the term "1" - to the convex one (ac-
cording to the generalized Seitz-Madelung scheme, the ar-
rangement of terms in the near-surface region can be con-
trolled by its curvature).

Since (according to Seitz [11]) the Madelung
energy is related to the band gap (E,), for all positions
of the observation point, a different band gap is ob-
tained (E,(x, y, z)), where x, y, z axes are coordinates:

Egl (xayaz) = 2|(]l (xayaZ)|_I+aa (1)

where L={S, S/B, B}; I and a are the ionization and
electron affinity potentials.

Since the surface itself is considered as a crystal
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defect (Tamm [17]), there is a drop in the Madelung
potential, and this surface can be considered as an in-
finite crystal, to which the Madelung perturbation po-
tential [12] is applied (with the opposite sign), start-
ing at the point x=0 and slowly decreasing in the re-
gion x<0. This slow change in the perturbation is rad-
ically different from the 'instantaneous" Tamm
approximation [17], and therefore Tamm's ideas
about the splitting off electronic states of allowed
bands and their transformation into local states are
problematic in this case. The concept of the
displacement (on the surface) of both allowed zones
to the middle of the forbidden zone is applicable, but
as a whole. When to talk about the difference
between the action of local and nonlocal
perturbations on band structures, information can be
found in Appendices 1 and 2 in Slater's book [18].
Thus, already in the normal state of the hypothetical
lattice at (R = Ry) in the process of displacement of
the observation point along the X axis deep into the
crystal, we obtain for the dependence Eg 3, (x,y=const,
z=const) the graded-gap behavior of the electronic
spectrum. The depth of this variband (X=L) is
determined by the condition Eg,—FE(s/8e) (L,y,2)=2KpT.

A particularly important case for us is the appli-
cation of these procedures to a convex surface, in
which the Madelung energy is calculated here, using
the standard Madelung-Ewald Coulomb sums [19]
require a certain modification (see [14, 15]). It is
shown that the convex shape of the surface for each
plane perpendicular to the y, z axes requires a de-
crease in the countable base of the indices, £, which
reduces the contribution to the Madelung energy. As
a result, all the Seitz-Madelung curves become closer
to the middle of the band gap, which naturally turns
out to be narrower on the crystal surface than for a
flat boundary. It is clear that the opposite situation,
the concave shape of the surface, leads to the oppo-
site displacement of the curves of the Seitz-Madelung
energy terms, i.e. they are located closer to the curves
of a purely volumetric sample (Fig. 1) [12]. As a re-
sult, we get a hierarchical row of forbidden zones for
all three cases: (volume, surface and intermediate
states) (flat, convex and concave surfaces)

Esg <ESg <ESg <ES/Bg <ES/Bg <ES/Bg <EBg, ()

where the upper symbols indicate the cases of convex
and concave surfaces.
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The hierarchical series (2) for materials with
ionic bonding and low permittivity leads in some
cases to unusual results. Indeed, if we consider the
case of nanoparticles, then due to the confinement
effect the band gap increases with decreasing nano-
particle radius according to the expression

ESg =E,, +const/ R> . Whereas according to the

analysis considered in this article, while approaching
the nanoparticle surface, the band gap decreases, i.e.

dependence E'Sg (R) decreasing value with

decreasing R. In this case, the total band gap on the
surface E;g decreases with decreasing R. This leads

to results when nanoparticles with a smaller corres-
pond to a smaller band gap on the surface than for a
nanoparticle with a larger radius (this is the case
shown below).

I1.2. Surface local states of ionic crystals

Thus, establishing the variance of the near-
surface electronic structure requires a certain modifi-
cation of Tamm's research procedure [13] to reveal
new features of the surface state of an ionic crystal.
Later, Tamm’s works were followed by a large num-
ber of studies of surface electronic states: quantum
chemistry (Shockley [20]), taking into account the
presence of surface states in superconductors (A. An-
dreev [21]), a powerful method of the strength of the
combination of the Green's function with the quantum
chemistry of semiconductors (Lanno and Friedel
[22]), the use of the notion of splitting off in ionic
crystals (Mark and Levin[16]), as well as taking into
account the non-flat surface of ionic crystals (B. Ok-
sengendler, N. Turaeva [15]).

Below we will discuss the case of varibandity in
ionic crystals (Fig. 2).

If we consider the procedures of stitching [15] of
an incident plane wave of an electron from the side of
vacuum to the surface with the corresponding wave
functions of the surface from inside the crystal, then
we can distinguish three fundamentally different cas-
es (Fig. 2):

1) stitching occurs in the energy range of the
forbidden zone;

2) stitching occurs in the region of the energy of
realization of the graded-gap structure;

3) stitching occurs in the energy region above
the level of transition of the graded-gap structure to
the normal volumetric one.
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Figure 2. The graded-gap energy structure of the near-
surface zone of an ionic crystal with the graded-gap para-
meters (energy difference and depth) and a diagram of the
origin of surface local states (1, 2, 3 means the incidence of
electron waves on the surface for different energy ranges
and their derivatives when the wave functions of free space
and crystal match; within zone "1" and states different
from Tamm's states appear.

It is quite obvious that cases 1 and 3 are actually
close to the situations analyzed by Tamm, with the
slight difference that in the region of varibandity of
the band gap the inclination of the upper boundary of
the band should be taken into account, and the latter
can be easily done by the method considered by Mott
and Sneddon [23]. Case 2 is fundamentally new,
because in a part of the crystal from the surface the
electron finds itself in a wedge-shaped potential well
and has discrete electronic states in it, described by
the Airy function [24].

The standard matching of two functions (Airy
and a plane wave), as well as the derivatives of these
functions on the surface itself, leads to new results for
the energy of local states in region B. Roughly
speaking, all states in the wedge-shaped region
acquire certain broadenings depending on the level
number and special details of such indicated
broadening can be easily calculated [23, 25]. Thus,
the broadening pattern, as well as the arrangement of
the levels, reflecting the individuality of wedge-
shaped potential wells for nanoparticles of different
radii, in the case of their combination, is a system of a
certain three-dimensional lattice of potential wells,
each of which belongs to a particular nanoparticle.
This may turn out to be essential for the through
conduction.

III. Contact potential difference
nanopowders (nanoparticles)

between

The fact that ionic nanoparticles have a graded-
gap near-surface structure and a special kind of elec-
tronic surface states makes certain adjustments to the
physics of creating a contact potential difference be-
tween two nanopowders [26, 27]. Let us single out
non-trivial and interesting cases.

III.1. The case of non-alloyed and defect-free
nanoparticles of the same radius

In such a combination, we must discuss the
scheme shown in Fig. 3.

Figure 3. Scheme of the contact between two nanopar-
ticles (of equal radius), and possible description of charge
transfer and pinning of a pair of electrons in the framework
of an irreversible autocatalytic reaction (x+y—2y) in a
highly polarizable nonlinear medium.

Both nanoparticles have the same Fermi level
F1=F2 and the absence of a contact potential differ-
ence in this system is obvious (V=F,—F,=0). Howev-
er, in conditions of significant non-equilibrium of a
system with strong polarization properties, somewhat
non-standard arguments can be presented.

Let us denote the electron in the left nanoparticle
by x, and in the right nanoparticle by y. As a result of
fluctuation, the electron x passes to the right, pairing
with y, and this is energetically favorable in a strong-
ly polarizing medium. This is really real and energet-
ically favorable, since the polarization energy is pro-
portional to the square of the charge (the stabilization
of the system is characterized by the energy |AE)|
~22-2=2), and it is by this value that the right state is
energetically more favorable than the initial symme-
tric state. Such energetics can be described as an irre-
versible autocatalytic chemical reaction x+y—2y.

Let us analyze the stability of a system with such
reactions. The affinity of such a reaction is deter-
mined by the expression A~In((xy)/y*); and the speed
of this irreversible reaction is v~xy. Then the product
of the increments of affinity and the rate of reactions
during fluctuations will be 346v, hence the index of
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instability of the reaction is 706=646v<0 [28]. Thus,
the conclusion is as follows: under the conditions for
the implementation of electron pairing during the
transition of left electrons to the right (autocatalysis),
non-equilibrium (the advantage of pairing) and an in-
crease in the polarizability of the medium with each
transition, we obtain a classical synergistic effect [28]
— spontaneous separation of negative and positive
charges, which stops when the balance of flows is
carried out: from left to the right under the influence
of autocatalytic non-equilibrium chemistry, and from
right to the left of electrical origin. Estimates show
that the value of V. is the more, the greater the benefit
in polarization due to bound charges. The latter is
precisely characteristic for graded-gap nanoparticles
with a graded-gap structure of the near-surface re-
gions.

II1.2 The case of doped nanoparticles of various
radii (R#R;)

Consider two ionic nanoparticles doped with the
same deep level donor. From the standard equation of
electro-neutrality [26], we obtain an expression for
the Fermi level of such particles: F=—-E;/2+k,TIn®,
where @ is a combination of nanoparticle parameters
that are insignificant for us. Obviously, in the case of
identical donors, the contact potential difference is
Z€ro (VC:Fl—FZZ—(Edl—Edz)/ZZO)).

This is a clear standard result for any macro
semiconductor object. If we now turn to nanopar-
ticles, then we are faced with a new and very interest-
ing situation. Let us use for the analysis the most se-
rious theory of deep levels in semiconductors by L.
Keldysh [29] (Fig. 4).

Figure 4. Formation of a contact potential difference in the
system of two contacting nanoparticles (of different radii)
when they are doped with the same donor element: the me-
chanism is due to the different contribution to the total
wave function of a deep level.

©Academy of Sciences of Republic of Uzbekistan, 2022

In this approach to the theory of deep levels,
Keldysh used a deep analogy with such an object as a
hydrogen atom, taking into account vacuum fluctua-
tions. The role of the vacuum in the semiconductor
was played by the states of the valence and conduc-
tion bands, and the role of the hydrogen atom was
played by the ligating impurity itself. The Dirac equa-
tion was used, which actually must be used to detect
vacuum fluctuations, which means that the wave
function of the deep level was considered as a super-
position of the wave function of the "hydrogen atom"
itself and the wave functions of both nearest allowed
bands (valence and conductivity). L. Keldysh [29]
obtained the depth of the deep donor impurity as a
nonlinear function of the band gap (£,):

E, =;Eg [1-2me* 1 E&n* ], 3)
where m and e are the mass and charge of the elec-
tron, § is the dielectric constant.

Now it is quite obvious that for various nanopar-
ticles in which R,#R,, and therefore E, 1 #E,, we get:
En#Ep. Thus, under the conditions of applicability of
formula (3), we obtain V=—1/2(E;—E»)#0.

IV. The mechanisms of transformation of the
energy of physical-chemical chemisorption
of water into electricity and Anderson's
model

The above considerations about the graded gap
of ionic nanoparticles and a number of consequences
from this allow us to put forward a hypothesis about
the nature of the mechanisms — the resulting stage of
the entire problem. At present, a number of theoreti-
cal ideas have been put forward on the ways of con-
verting adsorption energy into electrical energy [30,
31, 7, 9]. It was understood, that systems with low
dimensions (nano) are of particular interest [32] and
we can understand why this is so. The fact is that in
such objects, a special relationship between the sur-
face and the volume is carried out and they become
interdependent, which provides new properties (2D-
3D). An essential point is the choice of material,
where this relationship is most clearly manifested,
apparently, it is extremely important for metal oxides
[33, 34].

Let us consider the adsorption of a neutral water
molecule on the surface of two types of nanoparticles,
with large and small radii, which correspond to large
and small forbidden gaps on the surface of nanopar-
ticles (Fig. 5).
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Figure 5. Diagram for the adsorption process of a water
molecule on the surface of ionic nanoparticles of different
radii.

HOMO level of the adsorbate falling into the
forbidden zone (large nanoparticle) and into the re-
gion above the level of the bottom of the conduction
band (small nanoparticle), as a result of which, in the
second case, electron delocalization over the surface
states of contacting nanoparticles of small radii is
possible.

Let the highest occupied molecular orbital
(HOMO) of a water molecule have energy falling in-
to the band gap of a large nanoparticle [35]. Obvious-
ly, in the absence of a resonating level in a nanopar-
ticle, the electronic transition from a water molecule
to a nanoparticle does not occur. In contrast, for a na-
noparticle with a small radius, the bottom of the
wedge-shaped potential well drops below the HOMO
level, resulting in an electronic transition to the al-
lowed states of the nanoparticle surface. Thus, all
wedge-shaped wells whose bottom is below the HO-
MO levels can receive electrons from water mole-
cules. Now it is obvious that this situation, taking into
account the random spread of the radius of nanopar-
ticles, can be likened to the Anderson model [24, 36],
each potential box of which corresponds to its wedge-
shaped potential well (Fig. 6).

According to Anderson's model [36, 37], for a
certain width of the allowed band formed from the
states of identical boxes, divided by the spread of the
random energy of the wells, situations of either delo-
calized, localized, or joint combining variants occur.
Each of these variants has its own conduction me-
chanism [38] for the surface states of the entire group
of powders. In the same scheme of reasoning, it is
possible to formulate and answer another very impor-
tant question: can the adsorption of a water molecule
stimulate its decay? The answer is as follows: if the
electronic states of the HOMO of a water molecule

Figure 6. Schematic diagram of the electronic spectrum of
contacting nanoparticles of the same size (top figure), and
different random radii (bottom figure): for the lower chain
of random wells the Anderson model is a suitable method
for analysis.

belong to the category of bonding orbitals, then the
transition of an electron to a nanoparticle weakens the
strength of the water molecule; but if the HOMO
states belong to the antibonding class, then the indi-
cated transition strengthens the water molecules
[38,39]. These models can be verified experimentally.

V. Experimental test for the concept of
variance and its results

Among the various consequences of the pro-
posed concept, we undertook a comparison of the
conclusions of Section III with the experiment on the
character of the current-voltage characteristics of a
pair of contacting powder particles with different
combinations of radii.

V.1. Experimental devices and materials

The samples under study were contacts of two
nanopowder compacts in the form of tablets of the
composition ZrO,-3 mol% Y,0O; with similar particle
size: 7.5 nm (heat treatment at 400°C for 2h, sample
“400—400”) and different particle size: 7.5-9 nm
(heat treatment 400°C for 2h and 500°C for 2h cor-
respondingly, sample “400-500") (Fig. 7).

In this case, the chemical technology of co-
precipitation with the use of physical effects was used
(see details in [45]). The dependence of the current
on the voltage at the contact (VAC) was obtained in a
linear sweep mode (from —6V to +6V) on the R-20
device ("Elinns") in a moisture saturation mode at
86%. The saturation time for the samples at each hu-
midity level was at least 2 hours (until the adsorption
equilibrium was established in the working volume-
salt-sample system) with an accuracy of 5%.

©Academy of Sciences of Republic of Uzbekistan, 2022
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Figure 7. The scheme of the experiment, where 1 — anode,
2 — cathode, 3, 4 — contact pads; 5 — a tablet of a powder
with a smaller particle size, 6 — a tablet of a powder with a
large particle size, 7 — a hydration layer.

V.2. Experiments on the contact of different sized
nanoparticles

Figure 8 shows the current versus voltage de-
pendence obtained at an atmospheric humidity of
85%. It can be seen that the dependence of the current
on the voltage for the contact of systems with the
same particle size (curve 400—400) has a linear cha-
racter on a given scale, while a similar dependence
for the contact of systems with different sizes of
nanoparticles (curve 400-500) has a pronounced "di-
ode" character in the voltage range (—-5V++2V). The
forward branch of the semiconductor junction with
the used arrangement of the electrodes is in the third
octant, the reverse branch is in the first one (Fig. 8).

anon (+) KatoA (-)
0,0002 <
1 iDirect i 400-500
0,0001 - branch
;.
=) dir
<
=l 400 - 400
-0,0001 Uhius i
] i Reversible
{ branch
-0,0002 S H
Yairi |
4 RS 4
-0,0003 T T T T T T T T T T T T T
-6 -4 -2 0 2 4 6

UVl

Figure 8. V-I curves of contacts of chemically identical
samples (ZrO,—3 mol% Y,03) with identical size of par-
ticles (curve 400—400) and samples with different size of
particles (curve 400—-500) at humidity (85%).

©Academy of Sciences of Republic of Uzbekistan, 2022

The linear nature of the heterojunction between
compacts with the same particle size (400—400) indi-
cates a relatively low current (up to 20 pA) through
the contact (400—400) at the specified humidity. The
contact of compacts of different-sized particles at the
same humidity exhibits an order of magnitude higher
(up to 250 pA) current. The working range of the ob-
tained heterojunction is from about 5 V in the for-
ward branch to 2 V in the reverse one. After exceed-
ing these values, the loss of its straightening proper-
ties occurs. The curve (400-500) is offset from zero
to negative values. It can be assumed that the pres-
ence of a bias voltage of —2V is due to the polariza-
tion of the media near the contact or electrodes [40].

VI. Conclusion

An analysis of the contacts of two nanopowders
revealed several possibilities for the appearance of a
contact potential difference between them and the
mechanism of the formation of a contact potential
difference in nanoparticles of different radii, but li-
gated with the same impurity.

For the generalized Seitz-Madelung model, ap-
plied successively to the near-surface regions of io-
nic-bonded nanoparticles, it is shown that the graded-
gap state in the forbidden band can be realized in the
case of chemical homogeneity.

With a random set of nanoparticles with differ-
ent radii, it is possible to simulate their collective
properties basing on the Anderson model with all the
richness of its consequences (in this case, each poten-
tial pit of the Anderson model corresponds to a
wedge-shaped pit of the nanoparticle surface). Elec-
tronic transitions from HOMO of water molecules to
wedge-shaped potential pits of nanoparticles can ei-
ther destabilize water molecules, or strengthen them
(depending on the binding or loosening character of
HOMO, respectively).

The electronic structure of the local states of the
surface of nanoparticles with different radii demon-
strates possible surface states depending on the ener-
gy range of their electrons: within the energy gap and
above the energy of the end of the graded-gap. The
properties of these local conduction bands close to
the upper boundary of the graded-gap have new
properties that are not inherent to the Tamm states
[41].

Studying the features of the adsorption of a neu-
tral water molecule on nanoparticles of different ra-
dii, new situation was revealed, when the HOMO le-
vels locate higher than the band gap, which leads to
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an electronic transition from the molecule water into
a nanoparticle.

As an experimental test of the theoretical con-
cept, we chose the study of the volt-ampere depen-
dence of two doped (with Yttrium impurity) powder
particles with unequal radii, which showed the pres-
ence of properties characteristic for a rectifying con-
tact, in accordance with the general theory. It should
be noted that the formation of a contact potential dif-
ference in the case of complete mirror symmetry of
two nanopowders does not contradict the Curie-
Prigogine principle, since the situations considered go
beyond the region of weak nonequilibrium [28].

The choice of the electronic concept of “bands”,
as the basis for the theoretical analysis of the new
phenomenon of homovarizonicity, made it possible to
widen the class of effects and expand the area of their
implementation beyond the limits of such a standard
object as zirconium dioxide. This would have been
hardly possible using the “bond” proton approach,
which is not free from contradictions in the field of
implementation of charge carrier tunneling processes
[43].

As a prospect of the obtained results, the follow-
ing should be noted. If the analyzed ionic crystal be-
longs to the class of superionics, then for the region
above the critical temperature of the superionic tran-
sition all conclusions remain valid, however, with the
correction that all terms of the Coulomb sums must
be multiplied by the factor (1+A*/(R* (x,y,z) )), where
A/R is the ratio of the distance between the nearest
equivalent half-empty position to the distance from
the origin of coordinates to a light mobile ion moving
along new split positions.

The discovered nonlinearity of current-voltage
characteristics can later become an experimental test
for the found theoretical dependence, which consists
in the symbatism of the contact potential difference
and the difference in the size of nanoparticles.

The obtained experimental and theoretical data
allow us to reliably predict the use of these results to
develop a new field of nanoelectronics based on un-
usual molecular processes in chemically homogene-
ous homovarizonic systems of nanoparticles.
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Maxcyc Typmarda OKCHI HaHO3appayajJapuHHHI CHPTIa
SAKUH COXAJIAPUHUHI 3JIEKTPOH TY3WJIMIIM Ba LIy acocla
KOHTAKTHHHT ¥3MIa XOC TEKHUCIALl XYCYCHATIAPUHH OJIHII
MMKOHUSITH Ha3apuil KUXATJaH YpPraHWsNTH, KEMMH 3ca
Taxpubaga TEKIMPWIANTH. TamMM  THIWAATW  CUPT
XONaTIapuHUHT Moneiuiapu KyJoHHMHr y30K Macodaiu
y3apo TabCUpUHHM XHcoOra oJraH Xojja Ty3WIraH.
AHWKJIaHTaH JHCHepcHs Ba YHUHT HaHO3appayasiap
I03aCHHUHT STPWIMTHra OOFNUKIATA OUp XM PajiyCiH
(cunepretuk 3¢ ¢dexT), Typiau paanycinn (JIerHpiaHraH Ba
JeTupiaHMaraH BapHaHTJIap) HaHO3appajlap XoJaTiiapH
Y4yH KOHTaKT NOTEHUOHAUIap (apKUHU MAKIUIAHTHPHII
MIAPTIAPHHA  MOJCIUIAINTHPHUINTa  HMKOH  Oepany,
OIYHUHTACK, AHAEPCOH MOJENH Joupacuaa OepuiraH
MaTepHangaH KWIMHTaH KyKyH 3appajapd TypyXUHH
TacBUpJAall WMKOHHATHHH Kamd Kwium. — Taxmmg
STWIAETTaH KOHUENIUSHUHT 0ab3u OKMOATIIapu Taxpuoda
JIoupacua TYpiau XWil paauyc OMpHKMaapura sra Oyiran
OMp Ky(PT KOHTAKTJIN KYKYH 3appajJapUHUAHT BOJIBT-aMIIep
XapaKTePUCTUKATIAPUHUHT Tabuatu Oyilnva ypraHwian Ba

yllap ~ TEKHCJIOBYM  KOHTaKITa XOC  XyCycHSTIap
MaBKyJTUTUHA KypcaTIH. Taxmud STHIAETTaH
HasapusgaH Kenmud  UYuKaguraH KeHuHrn  Taxpuoda

CHHOBJIapH Y4yH HUCTHKOOJIap WIATrapy CypHIISIITH.

Kamur cy3nap: chepuk okcupi HaHo3appayanapH, >JIEKTPOHIAp
30HAIAPUHUHT  JUCIEPCUSICH, Maxaluid CcUpT Japaxkanapu,
KOHTaKT HOTeHUMauiap (apku, KUMECOPOLUS SHEPrUACHHU
y3rapTupuul.



