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There are discussed physical mechanisms of some effects related to both nano-material
granularity and existence of the strongly branched contact area separating the nano-size
grains. In the area the relaxation processes take place including electron level, i.e. sub-
stantial reconstruction of the electron subsystem and charge state in the grain boundary
area. Estimations have been carried out for a concrete nano-composite material formed by
metal and semiconductor substances with different charge volume density in the conduc-
tivity band. On the basis of the estimations and discussion, conclusion has been done on
the possibility for controlled varying the phase and structure state as well as physical
properties (magnetic, electrical, optical, etc.) of the nano-structured material by changing
the granularity and composition.
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PaccvmarpuBamoresa pusnuyecKre MeXaHH3MBl IIOABJIEHHSA HEKOTOPBIX 3(P(eKTOB, CBA3AH-
HBIX C BE€PHUCTOCTLIO HAHOMATEPHAJOB M CYIIECTBOBAHLMEM CHJIbHO PAa3BETBJEHHOU KOHTAKT-
HOI obJiacTu, pasmeidmolleli HAHOpasdMepHbIe 3ePHA, B KOTOPOM MMEIOT MECTO PeJIaKCAI[MOH-
HBIE IIPOIIECChI, B TOM YKCJE U Ha 3JIEKTPOHHOM YpPOBHE, IIPUBOAAIINE K CYIIECTBEHHBIM
epecTPOKaM 3JIEKTPOHHOM MOJACHUCTEMbI B IIOTPAHMUYHON o6JacTH 3epeH U UX 3apsag0BOro
CcOCTOAHMA. BBINOJNHEHBI KOHKPETHBIE OILeHKHU [AJA HAHOKOMIIOSBUTHOIO MaTrepuaJa, o0paso-
BAHHOI'O METAJJIMYECKMMU M IOJYIPOBOIHUKOBBIMM BeIECTBAMU C PASJIUYHON OOBeMHON
IJIOTHOCTBIO 3apAJ0B B 30HE HPOBOAMMOCTH. Ha OCHOBaHMU HIPOBEIEHHOIO OOCYKICHUA U OLe-
HOK CJeJIaH BBIBOJ O BOSMOKHOCTU KOHTPOJMUPYEMOr'0 N3MEHEHHs KakK (PasoBOro m CTPyKTYyPHOI'O
COCTOSIHHM, TaK U (PUBUUYECKUX CBONCTB (MATHUTHBIX, 2JEKTPUUYECKUX, OINTHYECKUX U IP.) HAHO-
CTPYKTYPUPOBAHHOIO MaTepHasa IIyTeM BapbUPOBAHUSA €I'0 3€PHUCTOCTH U COCTABA.

KonrakTHi penakcaniiiHi sBUmA B HAHOCTPYKTYPOBAHNX KOMIIO3UTHHX Martepiaiax.
10.1.Boitko, M.A.Boaocwk, A.B.Borociorx, M.A.Poxmanos.

Posrunapaoreca disnmuni MexaHisMyu nmoaBu JeAKKMX e(eKTiB, IIOB’A3aHUX i3 3epHUCTICTIO
HaHoMAaTepiaJiB i icHyBaHHAM CHJIBHO PO3TANy’KeHOI KOHTAKTHOI objacTi, 110 posginse Ha-
HOPO3MipHi sepHa, B AKiM MamTL Micle peaakcamiiini mpoiecu, 30KpeMa, i Ha eJIEeKTPOHHO-
My pPiBHIi, 110 OPUBOLATEL OO iCTOTHHX HepeOdyI0OB e€MeKTPOHHOI mifcucreMu y IIPUKOPIOHHIN
obusiacti 3epen i ix sapagoBoro crany. BUKOHAHO KOHKPETHI OUiHKH AJA HAHOKOMIIOSUTHOI'O
Marepiany, YTBOPEHOIO METAJEeBMMM 1 HAIIBIPOBIZHMKOBUMHN peYOBHHAMU 3 pPisHOIO
00’eMHOI0 1IiabHiCTIO 3apAxiB y 30HI mposixzmocri. Ha migcrasi nmposegenoro o06rosopeHHd i
OLIiHOK 3pOo0JIeHO BMCHOBOK IIPO MOJKJIMBICTH KOHTPOJBOBAHOI 3MiHM AK (ha30BOro i CTPYK-
TYPHOTO CTaHIiB, Tak i GisumuHmx BiactumpocTell (MArHITHHX, eJeKTPUYHHUX, ONTHUUYHUX 1 iH.)
HAHOCTPYKTYPOBAHOI'0 MaTepiaay MIIJISXOM BapiloBaHHSA HOro 3epHMUCTOCTI 1 CKaamy.
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1. Introduction

Nano-crystalline (nano-structured) mate-
rials are polycrystals with grain size from
about one to tens nanometers. These materi-
als may consist of similar grains or differ-
ent chemical composition ones. In the sec-
ond case, the material is called composite.
The main peculiarity of the material is that
contact areas which are always have special
properties occupy significant volume parts
of each grain and the material as whole.
That substantially effects on the material
properties.

2. Theory and experimental

In the present work, physical mecha-
nisms of some effects related to scale-struc-
ture peculiarity (granularity) of nano-mate-
rials are discussed. This peculiarity consists
in existence of strongly branched contact
area separating the nano-size grains includ-
ing electron level. There takes place the
substantial reconstruction of the electron
subsystem in the grain boundary area that
may substantially influence on the material
structure and physical properties. The last
investigations show that the mentioned in-
fluence is really observed, and its degree of
manifestation increases with reducing the
grain size in the material. For example, in
[1] it was noticed that in the ferroelectric
inclusion of ferroelectric-dielectric nano-
composite, beginning from some grain size
there takes place the transition into "do-
main-like” state with peculiarities of dielec-
tric permittivity.

Peculiarities like these were observed in
some other works [2—4]. In [5], polymor-
phism of Ga-In nano-material was observed,
the kind of it was caused by both composi-
tion and granularity. Similar specific phe-
nomena were observed also in [6-8] and
other works [9-14].

Below we consider nano-composite mate-
rial formed by metallic and semiconductor
substances with different charge volume
densities in the conduction band, and re-
spectively, with the different Fermi ener-
gies. Such materials possess the known
property, namely, occurrence of the electri-
cal potential difference between isolated
pair of adjoining diverse grains, the fact
indicating electron migration from one to
other grain through their interface. Obvi-
ously, that is followed as well by changing
the charge state of the grains. All this may
result in substantial changes in the nano-
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material structure and properties which is
the object of our further analysis.

2.1 Changing the charge state in nano-
size grains in connection with redistribution
of electrical charge at the interface

It is well known that if two samples of
conductors, semiconductors, or their combi-
nation bring into contact, potential differ-
ence occurs between them called the Volta
potential. If the contact between the sam-
ples is perfect, i.e. the surfaces are practi-
cally at atomic spacing, the value of the
Volta potential (called in this case as inter-
nal) is determined by the following relation
[15] (v.8,p.476), [16] (v.2, p.445):

U=(EF1 —EFz)/e, (1)

where Ep; and Ep, are the Fermi energies
for 1 and 2 grains, respectively, e is elec-
tron charge. Assuming for simplicity the
grain temperature T = 0 K, for E it can be
written:

Ep = [h2/2m](3n/8m)%, (2)

where h is the Planck’s constant, m is elec-
tron mass, n [em 3] is electron volume den-
sity.

From (1) and (2), taking into account
that electron densities in the grains are n,
and n,, it follows:

U=h2/2me[(3/8n)2/3(n?/8 — n3/3)]. (3)

From (8) it is directly seen that the cause
of occurring the Volta potential is the dif-
ference between electron densities (n) in the
contacting grains. If the pair of grains is
isolated, then under establishing equilib-
rium, movement of electrons from the sub-
stance with larger n (larger Fermi level)
into the substance with the smaller n is
followed by lowering the energy of the sys-
tem, on one hand, and on another hand,
results in occurrence of the electrical poten-
tial difference U between the adjoining
grains. In this case the quantitative evalu-
ation by (3) for the most of metals and
semiconductors gives about U = (0.1 +
1.0) V. Such redistribution of the electrical
charge between grains results in excess of
electrons in the grain with the lower Fermi
level and the deficiency in another one.

In our case of polycrystalline material,
the grains form no isolated pairs, but are in
short circuits. Occurring at interfaces the
charge redistribution is localized near the
grain boundaries. These processes are con-
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a) b)

c)

Fig. 1. Various kinds of nano-structured composite materials (schematic): a) nano-composite of p
and n semiconductor crystallites; b) nano-composite from metallic crystallites with the different
Fermi energies; ¢) nano-composite from metallic and semiconductor (unshaded) crystallites.

sidered from the point of view of solids
plasma (SP) movement, i.e. degenerate
plasma being gas of moving electrons and
practically motionless but oscillating posi-
tively charged ions [16]. In [16] it was
shown that solids plasma, as well as gas
plasma, is practically neutral due to tempo-
ral fluctuations of the oscillating positive
charges and shifts the movable charges so
as to provide screening the occurring
charges. If the SP electrical neutrality is
disturbed by the extraneous induced
charges, this mechanism also acts, field of
the introduced charge being also screened by
the opposite sign charges, and it decays expo-
nentially quickly. The length of screening 0 is
introduced which is defined for degenerate
plasma (i.e. for SP) as follows [16]:

32 = eEp/ 8neny, (4)

where € is dielectric constant determined by
plasma properties, character of external in-
fluence, lattice crystallography, and in gen-
eral, is a tensor; ng is density of electrons
in solids plasma determined by the number
of valence electrons n, in the atom and
atomic volume m:

ng = n,/o. (5)

At distances from the charge larger than
9, the exponential decay of the introduced
particle potential is changed by its decaying
oscillations [16]. Quantitative evaluations
by (4) and (5) result in the following. In the
case of metals, & is about several lattice
parameters (a), i.e. d =1 nm. For semicon-
ductors, 0 depends on the charge free carri-
ers density which, in turn, is set by donor
or acceptor dopant concentration. Quantita-
tively, the screening length & for semicon-
ductors is in the range from 10 to 100 nm.
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Thus, it can be thought, that electron
crossing the grain geometric boundary, re-
ally is at & distance from it. On the other
side of the boundary (i.e. in another grain)
there is the opposite charge at the same
distance 8. So, frontier distribution of the
charge, a kind of plane capacitor occurs. If
the nano-grain size L is low (L < 29), such
grains become charged oppositely. If grain
size L >> 2§, the boundaries would have
properties of a plane capacitor (Fig. 1). In
Fig. 1, different in composition nano-size
crystalline composites with various distribu-
tions of the electrical charge in the bulk of
contacting grains are shown schematically.

Let us evaluate the electrical charge den-
sity variation, i.e. densities of excess or de-
ficiency of electrons in the contact area lim-
ited by thickness about 23. In the free (non-
contacting) grain, the electrical charge
density is determined by relation (5). For
mono-valence metals, it can be assumed that
each atom in the crystal give to SP one
electron. At the contact of two grains, as a
result of transferring the part of charges
through the grain boundary, there occurs
the charge distribution which to a first ap-
proximation can be considered similar to
that in a plane capacitor ("minus”™ on the
one side and "plus” on the other side of the
boundary). So, charge surface density ¢ can
be described by equation (as for the plane
capacitor):

o = goe(U/ 25), (6)

where g, is dielectric constant, ¢ is dielec-
tric permittivity for SP, and 28 is distance
between the capacitor plates (boundary
thickness between grains). If U is assumed
as the value determined by (3), then taking
(6) into account, we can evaluate variation
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of the charge density Ap in the grain with
linear size L as follows:

Ap = £yeU/ (23L). (7

For quantitative evaluations, it is con-
veniently to use relative variation of the
electrical charge density in the grain bulk
(X =Ap/py) due to charge movement
through the grain boundary. Taking (7) into
account we obtain:

X =Ap/pg=Ap/nge =ggeUw/(20Le).  (8)

In the case of metals, at grain size of
L=10 with =10 nm, U=1V, and €= 10,
the parameter ¥ may achieve the value
= 0.5. As the y parameter characterizes
relative variation of the free electron den-
sity, it can be used to describe the vari-
ations of valence electron concentration per
an atom, i.e. ¥ = (n — ng)/ny. Here ny and n
are, respectively, the initial and changed (as
a result of electron transfer through the
grain boundary) numbers of valence elec-
trons per atom. For monovalent metals, for
example, noble metals as Au, Ag, Cu, and
alkali metals Li, Na, K: ng=1. Sub-
sequently, the obtained numerical evalu-
ation x = 0.5 for such metals indicates the
possibility of increasing the valence electron
number per atom in the grain with size
L=10 nm up to n=1.5 exceeding the lim-
iting value (n = 1.48), when the Fermi sur-
face is wholly near the Brillouin zone and
requires reconstruction of symmetry and
lattice parameter.

For semiconductors, the screening length
d achieves = 100 nm, that is caused by small
in comparison to the metals "free” electrons
density c-py =~ 1023 e/m3 (¢ is concentration
of dopant which injects the charge carriers
in the semiconductor). The noticed fact re-
sults in increasing y parameter (at U=1V
and L=038=100 nm) up to value of the
order 102. The transfer of electrons at the
contact "metal-semiconductor” may result
in increasing the electron density in the
semiconductor by orders of value. Indeed, in
this case charge carrier density achieves
P=%-Pg= 1026 e/m3.

Thus, the evaluations above testify that
in the nano-structured composite materials
based on the metals and semiconductors, as
a result of electrical charge carrier redistri-
bution at grain boundaries, the state of
electron subsystem is changed in whole bulk
of the material. This condition may cause
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appearance of the specific effects which are
not observed in usual coarse-grain polycrys-
tals but become possible in the nano-struc-
tured materials, the fact often observed re-
cently. Below we discuss some of these ef-
fects.

3. Results and discussions

3.1 Synthesis of the new phases

The assumption about possibility of the
new phase appearance in the material under
investigation is based on existence of the
two Hume-Rothery rules which are valid for
formation of binary metal alloys with "metal-
lic" chemical bond, i.e. the bond caused by
collective interaction of the free electrons
with positively charged ion skeleton [17].

According to the first Hume-Rothery
rules, there is a relation between the struec-
ture of realized phases and the average
number of valence electrons per atom (n)
varying under the alloy formation. This re-
lation is explained on the base of the band
theory for solids [17]. In accordance with
the theory, each value n for this or that
phase corresponds the touching Fermi sur-
face with the internal boundary of the Bril-
louin zone — that is the necessary condition
for formation of the most energetically bal-
anced crystalline structure. It should be un-
derlined that this Hume-Rothery rule in its
classic form is valid for formation of the
binary solid substitutional solutions, for ex-
ample, alloys: Cu-Zn, Ag-Al, Cu-Sn and
many others. In the discussed case of the
nano-structured composite materials, ap-
pearance one or another of the phases men-
tioned above can be predicted, however, not
in the sequence characteristic to the usual
coarse-grain polycrystals. This conclusion
follows from that already in the initial
state, due to electrons redistribution, the
average number n, of free electrons in the
contacting grains does not equal to unity as
in the case of the coarse grains and may
achieve = 1.5 (see Section 2). It is evidently
that in such material during the alloy for-
mation under increasing temperature, ac-
cording to the Hume-Rothery rule, the new
phase may be realized which would not cor-
respond to the classic phase diagram charac-
teristic to usual polycrystals with the same
chemical composition.

In close connection with described above
effect, there is the possibility of changing
marginal concentrations limiting the exist-
ence of certain mono-phase composition for
any binary substitutional solution. Accord-
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ing to the abovementioned Hume-Rothery
rule, during formation of the solid solu-
tions, for each pair of chemical elements
there is a maximum n value exceeding of
which results in changing the concentration
range for existence of the specific phase.
Taking into consideration that in the nano-
structured composite polycrystal, as a result
of the valence electron redistribution in
contacting grains, the n value varies up to
= 1.5 already in initial state, appearance of
the solid solutions with marginal concentra-
tions not corresponding to the values char-
acteristic for the usual coarse-grain materi-
als can be supposed. In particular, it can be
expected that under conditions of increased
temperature, in the nano-size grains, the
alloy Ag—Fe may be realized in certain con-
centration which is never realized in the
usual polyecrystals.

Now let us discuss an effect which can
appear during phase formation in the nano-
structured composite materials in connec-
tion with changing conditions for wvalidity
of the second Hume-Rothery rule. Accord-
ing to this rule, formation of the binary
solid solution of two substances is possible
only under condition that atomic diameters
of the solvent and the diluted substance dif-
fer not more than by 15 % (so called vol-
ume factor) [17]. Usually, the largest dis-
tance between atoms in the crystal of the
substance under consideration is taken as
atomic diameter. For example, it was estab-
lished for the mentioned system Cu-Zn that
zine is diluted in copper without any phase
transition up to concentration 38 at. % Zn,
while in Cu-Cd system, Cd solubility in cop-
per in the single-phase state is limited by
1.7 at. % Cd. The volume factors expressed
in percents for mentioned systems are 4 %
and 16.5 %, respectively. Thus, the exam-
ples given testify validity of the second
Hume-Rothery rule for usual materials.
However, it is easy to make sure, that in
the case of nano-structured composite mate-
rial, the volume factor for a pair of contact-
ing substances may be changed, hence,
changed may be values of marginal concen-
trations characterizing the mutual solubil-
ity of elements under consideration. Indeed,
as it has been noticed, transfer of electrons
from one to another grain changes electron
density in the grain bulk; that is equivalent
to action of additional "pressure” AP from
the side of electron gas onto ion crystalline
lattice which is evidently proportional to
the Fermi energy variation AEp of elec-
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trons, and AP can be estimated by the order
of value using the relation AP = AEp/m.

The pressure AP, in turn, may result in
changing the marginal concentrations char-
acterizing the mutual solubility of contact-
ing substances. Indeed, relative variation of
lattice parameter caused by changing the
pressure of electron gas can be evaluated by
the relation: Aa/a = 1/3(AP/K), where K is
compression modulus. As AEy = x3/2E, (see
determination of ) parameter and Eq. (2)),
for evaluation of the lattice parameter vari-
ation we can use expression:

Aa/a =~ VayEp/ oK. (9)

At the reasonable values of constants:
Ep=5 eV, ®=310"22 m3, K =10l n/m?
and y = 0.5 we have: Aa/a = 0.1. This evalu-
ation indicates that in the nano-structured
composite materials, as a result of electron
redistribution, the lattice parameter vari-
ation up to = 10 % of initial value may take
place in the contacting grains; that, in turn
may change marginal concentrations charac-
terizing the mutual solubility of substances
during the solid solution formation.

Thus, phase diagrams describing forma-
tion of the binary solutions for the usual
coarse-grain materials would be substan-
tially changed for the nano-structured com-
posite materials of the same composition.
That is connected with variations of both
the average number of electrons per atom
and the lattice parameter in such material.

3.2 Changing the magnetic properties of
transition metals in the nano-structured
composite materials

It is known that a number of transition
group materials are characterized by par-
tially occupied 3d-band of electron energy
spectrum. It is the fact that causes substan-
tial magnetization of such metals due to
possibility of occurring the electrons with
parallel spin orientations under external
magnetic field (ferromagnetism) [18]. Typi-
cal example of such metals is nickel (Ni).
Calculations show that for complete occupa-
tion of 3d-band in nickel there is deficiency
= 0.54 of electron charge per atom. Conse-
quently, it can be assumed that partial or
complete occupation of 8d-band in nickel
would be accompanied by decreasing the
magnetic susceptibility of the metal up to
disappearing the ferromagnetism. Such ef-
fect was observed indeed under studying the
magnetization of (Ni—Cu) solid solution with
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copper concentration = 60 at. % . Copper, as
it is known, is characterized by completely
occupied 3d-band and only partially occu-
pied 4s-band (one electron per atom). Hence,
under formation of solid solution (Ni—Cu),
there takes place nickel 3d-band occupation
at the expense of electrons from copper 4s-
band; that causes practically whole disap-
pearance of ferromagnetic magnetization in
the alloy.

In the case under consideration for the
nano-structured material, occupation of
nickel 3d-band by deficiency electrons may
be realized under formation of the Volta
potential at the interface of different grains
(see Section 2). Naturally, there is a good
reason to believe that in materials contain-
ing ferromagnetic and usual mono-valence
metals (n =1) as contacting components,
even without mutual dissolution, the mag-
netic susceptibility may significantly de-
creases.

Besides the abovementioned ferromag-
netic materials, also so-called low-magnetic
substances belong to transition metals.
These are characterized by magnetic suscep-
tibility y <<1, in contrast to ferromagnetic
with y >> 1. Examples of such metals are
palladium (Pd) and platinum (Pt). Palladium
is paramagnetic with the positive magnetic
susceptibility: y > 0. Such specific magneti-
zation of palladium is related to the fact
that it has incompletely occupied 4d-band in
contrast to 3d-band for ferromagnetic met-
als. This is followed by significant decreas-
ing "free” energy states density in compari-
son with ferromagnetic; the fact causes sub-
stantial lowering the magnetic
susceptibility. Evidently, if palladium is one
of the components in the nano-structured
composite material, complete occupation of
its 4d-band by electrons from neighboring
grain would be accompanied by even larger
decrease of its magnetic susceptibility.

Another low-magnetic metal from the
transition group is platinum (Pt). This
metal is diamagnetic with negative mag-
netic susceptibility: y < 0. This is caused by
the fact that even though platinum, as
other transition metals, has partially occu-
pied d-shell (5d-band), its paramagnetism is
diamagnetism of "free” electrons (the Pauli
diamagnetism [17, 19]). In this connection,
it can be assumed that in Pt nano-size grain
contacting with the metal with less Fermi
energy, as a result of reducing the "free”
electron density under formation of the
Volta potential, the effect of lowering the
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diamagnetic susceptibility down to param-
agnetism, i.e. changing the sign of magnetic
susceptibility may be realized.

Thus, the magnetic properties of the
nano-structured composite materials may
substantially differ from the properties of
some usual coarse-grain material. Recently,
the works are published where not only
magnetic, electrical, but also elastic and
plastic properties were observed to be
changed.

3.3. Changing the electrical properties of
the nano-structure composites

Let us discuss changing the electrical re-
sistivity of such material in comparison
with the usual coarse-grain polycrystals. It
is known that electrical resistance of transi-
tion group metals (Ni, Pd, Pt, etc.) exceeds
substantially the values for the noble ones
(Cu, Au, Ag, etc.) [17, 19]. It is thought
that the increased resistance of transition
group metals is related with additional scat-
tering s-electrons in incompletely occupied
d-band. Hence, as occupation of d-states
may take place in the nano-structured com-
posite material, there can be expected de-
creasing the resistivity of such material in
comparison with the coarse-grain material
of the same chemical composition.

Besides the electrical resistance, an im-
portant parameter characterizing electrical
properties is the value and sign of the Hall
constant (R). Considering this parameter is
the most important under discussion of elec-
trical properties for composites containing
semiconductors. For electrons, the Hall con-
stant is negative, therefore, for most of
metals R <0, and, as R ~ 1/p, by absolute
value it is significantly less than R for
semiconductors. It should be noticed, how-
ever, that for some metals due to specific
structure of the electron subsystem, the
Hall constant is positive (R > 0). Examples
of such metals are Sn, Be, W, etc. More-
over, under formation of the binary solid
solution based on metals with different
signs of the Hall constant, there takes place
changing the both value and sign of R de-
pending on the solution concentration. An
example illustrating such situation is meas-
urements of the Hall constant in Cu—-Sn sys-
tem in the concentration range from 0 to
30 at. % Sn [4]. In this specific case the R
value is changed from "minus” =5 to "plus”
= 8. Obviously, in the system under consid-
eration there occurs gradual transition from
the state with predominantly electron con-
ductivity as for pure copper, to the state
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with predominantly p-type conductivity
(B-phase of Cu-Sn alloy).

In the nano-structured composite mate-
rial discussed in our paper, as we already
noticed, in the nano-size grains there may
take place changing electron concentration
up to the wvalue characterized by the pa-
rameter x = 0.5, i.e. to =50 % of initial
concentration py. As R ~ 1/p, it is naturally
to expect that in such material also the Hall
constant may change like that occurs under
formation of Cu-S8n solid solution.

In the case of the nano-structure compos-
ite materials with semiconductors, changing
the concentration of charge carriers under
occurring the Volta potential may results
not only to changing the Hall constant abso-
lute value but also its sign, because in this
case the sign of the electrical charge main
carriers may change.

Thus, electrical properties of the nano-
structured composite materials as well may
substantially differ from the electrical prop-
erties of the usual coarse-grain composites
of the same chemical composition, that was
observed, for example in [18] where modern
nano-composites NiC, GaSe, and other were
studied.

3.4 Changing the optical properties

Possible changing the optical properties
of the nano-structured composite materials
consisting of metals and semiconductors is
based on the following physical reasons. As
it is known, optical properties of metals
(ability to reflect and to absorb visible
light) is determined by the character of
electrons energy spectrum [17]. In the case
under consideration, due to occurring the
Volta potential at the interface of different
grains, in whole bulk of the grain the aver-
age number of valence electrons per atom
may change to the value n > 1.5 (see Section 2).
Naturally, so substantial changing the
quantity of electrons is accompanied by
changing the energy spectrum of the elec-
tron subsystem and, subsequently, the both
light reflection and absorption spectra
would change for such material.

Similar effect would appear also in the
nano-structured composite materials based
on semiconductors.

Indeed, as it was already noticed, as a
result of the Volta potential occurrence, in
the grain bulk the charge carrier density in
semiconductor may be raised by a factor of
several hundred or thousands. On the other
hand, it is known that frequency of plas-
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mons responsible for the absorption of light
waves in semiconductors is proportional to
square root of the charge carrier density
(v ~ p1/2). Subsequently, it can be expected
that in such material as a result of p chang-
ing, the optical properties may also substan-
tially change.

4. Conclusions

On the basis of quantitative evaluations
and the discussion, general conclusion can
be following. Varying the main parameters
of the nano-structured material (grain size
and composition) it is possible to change
controllably phase and structure states as
well as many physical properties of such
material.
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