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The possibility to the superconducting state transition at temperatures close to room temperature for nanoscale
crystals of bismuth and antimony semimetals, as well as their alloys is discussed. All physical reasoning, as well as the
estimates given in the paper, are based on the classical thermodynamics laws, as well as on the quantum theory of
superconductivity (BCS theory) conclusions, which is based on the idea of electrons "pairing" (the Cooper pairs
formation) as a result of electron-phonon interaction.

It is shown that in nanocrystalline particles internal capillary compressive stresses act, the magnitude of which is
sufficient for the transformation of semimetals into metals. This transition is accompanied by a change in the energy
spectrum of electrons: "non-degenerate" semiconductors become metals in which the gas of "degenerate" electrons is
characterized by a low Fermi energy. The latter circumstance causes an increase in the density of electronic states and
enhances the electron-phonon interaction in metallized semimetals.

As the initial chemical elements from which superconducting compounds can be synthesized under pressure,
substances that allow the "collectivization" of electrons can be used. The most suitable substances for this are elements
of the fifth group of the periodic system Bi, Sb, As, graphite, etc. They are characterized by a slight overlap of the valence
and conduction zones, which leads, on the one hand, to the fact that they remain high conductors of electricity up to the
absolute zero temperature, and on the other hand, they have a significantly lower density of charge carriers compared to
metals.

In addition, a specific structural state is formed in bismuth and antimony alloys at certain concentrations, which
leads to a change in the nature of the phonon spectrum (the number of high-frequency phonons increases), which also
enhances the electron-phonon interaction.

All these changes in the energy spectrum and structural state of semimetals make it possible for nanocrystals to
transition to the superconducting state at a temperature of ~ 300 K.

Keywords: High-temperature superconductivity (HTSC), BCS theory, semimetals, capillary pressures, nano-
crystals.

Kaninspauit (JiariaciBCbKUi) TUCK 1 HAAMPOBIIHICTh HAHO-PO3MIPHUX

KPUCTATIYHUX YaCTHHOK HaIliBMETATIB
10.1. boiiko, B.B. bornanos, P.B. BoBk, b.B. I'puabsoB

Xapxiscokuti nayionanoHutl yrisepcumem imeni B.H. Kapasina, m. Ceéo600u 4, 61022, Xapxkie, Yrpaina
Inemumym cyunmunsayivinux mamepianie HAH Ykpainu, np-m Hayxi, 60, Xapxie 61072, Vkpaina

OOTroBOPIOETHCS MOXKITMBICTD MEPEXOAY B HAANPOBIAHUI CTaH 3a TeMmIeparyp, OMM3pKUX A0 KIMHAaTHHX, HAHO-
PO3MIpHHUX KPHCTAJIB HAIliIBMETAJiB BICMYTY 1 CYpMH, a TaKoX ix cruraBiB. Bei ¢i3ndHi MipKyBaHHS, a TAKOX OIHKH,
HaBeJleHI B poOOTi, 3aCHOBaHI Ha 3aKOHAaX KJIACHYHOI TEPMOJIMHAMIKH, a TaKo)X Ha BHUCHOBKAaX KBAaHTOBOI Teopil
HaanpoBigHocTi (Teopii BCS), B 0OCHOBY KO MOKJIAICHO ick0 "criaproBaHHs" eleKTPpoHIB (popMyBaHHS KyIEPOBCHKIX
nap) B pe3yJibTaTi eJIeKTpOH-(pOHOHHOT B3aeMOIil.

[okazaHo, 1110 B HAHO-KPUCTAIIYHNX YaCTHHKAX JIIOTh BHYTPILIHI CTUCKAIOYi HANIPYTH KAIISIPHOTO MOXOKESHHS,
BEJIMYMHA SKHUX JOCTAaTHA JUIs IIEPETBOPEHHs HamiBMeTaniB Ha Mertanu. Lleil mepexiny cympoBOJDKYeTbCsS 3MIHOIO
SHEPreTUYHOTO CIIEKTPa EJIEKTPOHIB: «HEBUPODKEHI» HaIiBIPOBIJHUKU CTAIOTh METAJIAMH, B SIKMX I'a3 «BHPOIKECHUX)»
€JICKTPOHIB XapaKTEepPU3yETbCs HU3BKUM 3HadueHHsM eHeprii @epmi. OcraHHs oOcTaBHHA OOYMOBIIOE 30UTBIICHHS
ITUTBHOCTI €JIEKTPOHHUX CTaHIB 1 MiJICHITIOE €JIEKTPOH-(POHOHHY B3a€EMOJIII0 B METANII30BaHUX HaIliBMETaJaX.
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Sk BuXigHI XiMI4HI €IeMEHTH, 3 IKAX MO)KHA CHHTE3yBAaTH HAIIPOBiJHI CIOJYKH B yMOBax [ii THCKY, MOXKHA
BUKOPHCTOBYBaTH PEYOBHHH, IO JOMYCKAIOTh "KOJEKTHBi3aLilo" eleKTpoHiB. HaiOinpl mpuaaTHUMHU Ui IbOTO
pEUOBHHAMM € €JIEMEHTH IT'ATOi IpyIH nepioauynoi cucremu Bi, Sb, As, rpadir i iH. [{ns HUX XapakTepHUM € HE3HaYHE
MEPEKPUTTSl BAICHTHOI 30HM 1 30HM MPOBIIHOCTI, IO MPHU3BOANTH, 3 OAHOIO OOKY, IO TOTO, IO BOHM 3aJIMIIAIOTHCS
TapHUMH NPOBITHUKAMH €JIEKTPUKH a J10 a0COIIOTHOTO HYJIS TEMIIEpaTypH, a 3 iHIIOro 00Ky, MaloTh 3HAYHO MEHIITY, B
MOPIBHSIHHI 3 METaJIaMH, TYCTUHY HOCIIB 3apsiy.

Kpim Toro, B crutaBax BICMYTY 1 CypMH 3a IIEBHHX KOHIIEHTpauiid (OopMyeThCs crienu(piuHui CTPYKTYPHHUH CTaH,
10 TPHUBOAMTE O 3MIiHHM XapakTepy (OHOHHOTO CIEKTpa (30UIBIIY€EThCS KUTBKICTh BHCOKOYACTOTHUX (POHOHIB), IO
TaKOX MiJICHITIOE eJIEKTPOH-(pOHOHHY B3a€MOZIITO.

Bci 3a3nadeHi 3MiHH €HEPTeTHYHOTO CIIEKTPY 1 CTPYKTYPHOTO CTaHY HaIliBMETaliB 0OYMOBIIOIOTH MOKIHBICTh
Tepexoay HaHO-KPUCTATIB B HAATIPOBITHUN CTaH npHu TemnepaTypi = 300 K.

Kurouosi ciioBa: Bucokoremmneparypua HanmnpoBigaicts (BTHIT), Teopis BCS, HaniBMeTanm, KaniIIpHIHA THCK,
HaHO-KPHCTAJH.

KanumisipHoe (J1aniacoBCKOE) AaBICHHUE U CBEPXITPOBOIUMOCTh HAaHO-

pa3sMEPHBIX KPUCTATNINYECKNUX YaCTHULL ITOJTyMETAJIIIOB
1O.N. boiiko, B.B. borganos, P.B. BoBk, b.B. ['punés

Xapvrosckuil HayuoHanbHwill yHusepcumem umenu B.H. Kapasuna, m. Ce0600ul 4, 61022, Xapvkos, Ykpauna
Hncmumym cyunmunnayuonnvix mamepuanoe HAH Ykpaunel, np. Hayku, 60, Xapvkos 61072, Ykpauna

O6cyxmaeTcsi BO3MOXKHOCTh IIE€pexo/la B CBEPXIIPOBOASAIIEE COCTOSHHE IIPU TeMIeparypax, ONM3KuX K
KOMHATHBIM, HAHO-Pa3MEpPHBIX KPUCTA/UIOB MOJyMETaUIOB BUCMYTa M CYPbMBI, a TaKkke WX cIulaBoB. Bee ¢usmueckue
paccyXIeHus, a TAK)Ke OLIEHKH, IPUBEACHHbIE B pa00Te, OCHOBAHBI HA 3aKOHAX KIIACCHYECKOW TEPMOJMHAMHUKH, a TAKKe
Ha BBIBOJAX KBaHTOBOI Teopuu cBepxnpoBoauMocTu (teopur BCS), B ocHOBY KOTOpOIt 3anokeHa uaes "cnapuBanus'
351eKTpoHOB ((popmupoBanue KynepoBckux map) B pe3yJIbTaTe 3IeKTPOH-(OHOHHOTO B3aUMOICHCTBHS.

Iloxa3aHo, 4YTO B HAaHO-KPUCTAUIMUECKMX 4YAaCTHUIAX [CHCTBYIOT BHYTPEHHHME CHXKHMAIOUINE HAIPSIKCHUS
KaIIJISIPHOTO MIPOMCXOXKACHUS, BEIMUMHA KOTOPBIX TOCTAaTOYHA JJIS MPEBPAIICHUS MOIyMETAUIOB B METAJUIBI. JTOT
MepeXo] COMPOBOXKAAETCS N3MEHECHUEM SHEPTETUYECKOTO CIIEKTpa JIEKTPOHOB: «HEBBIPOXKICHHBIE)» MOIYIIPOBOIHUKI
CTaHOBSITCS METAUIAMHU, B KOTOPBIX T'a3 «BBIPOXKACHHBIX» IEKTPOHOB XapaKTEPU3yeTCsl HU3KUM 3HAY€HHEM 3HEepruu
@epmu. IlocnenHee 0OCTOSTENECTBO OOYCIIOBIMBAET YBEINYEHHE IUIOTHOCTH 3JEKTPOHHBIX COCTOSIHUM M yCHIIMBAET
JIEKTPOH-(POHOHHOE B3aMMOICHCTBHE B METAJIM3UPOBAHHBIX MOTyMeTa/lIax.

B KkauecTBe HMCXOAHBIX XHMHYECKHMX 3JIEMEHTOB, M3 KOTOPBIX MOXKHO CHHTE3HMPOBATH CBEPXIIPOBOJIIME
COCIMHEHUS B YCIIOBHSX HEHCTBUS NaBJICHHS, MOXKHO HCIIOJIb30BAaTh BEIECTBA, JOIMYyCKAroOUIHe "KOJUICKTUBH3AIUIO"
51eKTpoHOB. Hanbonee MOAXOISIMMH AJIsl 3TOTO BEUIECTBAMH SIBIISIOTCS 3JEMEHTHI MATOH TPYHIIBI MEPHOIUYECKOM
cucremsl Bi, Sb, As, rpadut u ap. [{ns HuX xapakTepHbIM SIBJISIETCSI HE3HAUMTEIBHOE MEPEKPhITHE BAJICHTHOM 30HBI U
30HBI TIPOBOAMMOCTH, YTO TPUBOIHT, C OJHOW CTOPOHBI, K TOMY, YTO OHH OCTAIOTCSl XOPOUIMMH IPOBOIHHKAMHU
3MEeKTPUYECTBA BIUIOTH JI0 aOCOIOTHOTO HYJIS TEMIIEPaTyphl, a C JPYyroi CTOPOHBI, 00Ia1al0T 3HAUUTEIBHO MEHBIIEH,
[0 CPaBHEHHWIO C MeETaJUlaMH, IUIOTHOCTBIO HOCHTENeH 3apsma. Kpome Toro, B cmjaBax BHCMyTa M CypbMBI IpH
OTIpE/ICICHHBIX KOHIEHTPAIMAX (POPMHUPYETCS CHEeUU(PUIECKOe CTPYKTYpPHOE COCTOSHHE, NMPHUBOASIIIEE K H3MECHEHUIO
xapaktepa GOHOHHOTO crieKTpa (YBEIMIMBACTCS YHCIO BHICOKOYACTOTHUX (DOHOHOB), UTO TaKXKE YCHIIUBAET AJICKTPOH-
(hoHOHHOE B3aMMO/IeiiCTBHE.

Bce yxasaHHblE M3MEHEHHs DSHEPreTMYECKOrO CIHEKTpa M CTPYKTYpHOTO COCTOSHHUS IIOJTyMETalIoB
00yCIIOBIMBAIOT BO3MOXHOCTH II€peX0/la HAaHO-KPHCTAJUIOB B CBEPXIIPOBO/IAIIIEE COCTOSTHHE MpH Temneparype ~ 300 K.

KaioueBbie cioBa: Bricokoremneparypnas cepxnpoBogumocts (BTCII), Teopus BCS, nomymerams,
KalWULIPHBIC JIaBJICHNS, HAHO-KPUCTAILIBL.

Introduction
It has now been reliably established that low-
dimensional crystalline particles, the size of which is
characterized by an interval of values R~10-100nm (hano

crystals), possess physical properties that are
fundamentally different from the properties of their bulk
analogues.

The main reasons for the uniqueness of nano-crystals
properties include the following:

1) change in the structural and electronic states in the
surface layer of a nano-crystal;

2) coincidence of the size of the crystalline particle R
with the size of the characteristic parameter that determines
the physical property of the material (the mean free path of
phonons or electrons |, the coherence length &, the de
Broglie wavelength of quantum particles 1);

3) significant contribution of surface energy to the total
energy balance of the crystal [1-4].

An important factor directly related to an increase in the
contribution of surface energy is the effect of internal
(capillary) pressure in low-dimensional crystals. The
magnitude of this pressure and, accordingly, the
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effectiveness of its action increase with decreasing crystal
size and in the above-mentioned size range R for metals
reaches the value P~107-108Pa [5]. Such pressure for some
materials can significantly change the nature and the main
parameters of their electronic energy spectrum, which in
turn can cause a change in their electrical properties, in
particular, cause the transition of low-dimensional crystals
to the superconducting state [6].

This work is devoted to discussing the possibility of
realizing such a mechanism of superconductivity using the
example of nanocrystals of the fifth group of the periodic
system elements (semimetals).

The entire physical backgrounds, as well as the
estimates given in this paper, are based on the laws of
classical thermodynamics, as well as on the conclusions of
the superconductivity quantum theory (BCS theory [7]),
which is based on the idea of electrons "pairing" (the
appearance of Cooper pairs) as a result of electron-phonon
interaction.

Note that in recent years, superconductivity has been
actively studied in other low-dimensional objects (in
atomic complexes) that differ from nanocrystals: clusters,
films, interfaces, etc. [8-11]. In these objects, usually
containing only a few tens of atoms, a special (shell)
structure of the energy spectrum of electrons is found,
which, ultimately, determines the specific
superconductivity of these formations. The physical nature
of such a mechanism of superconductivity differs from the
mechanism discussed in this paper and is associated with
the effect of the so-called “dimensional” quantization
(topological superconductivity) [11].

2. The nature of capillary pressure and its value in the
case of nano-sized crystals

For the first time, the term “capillary pressure” and the
formula describing the magnitude of this pressure (Laplace
formula) appeared in [12] when describing the
thermodynamic equilibrium at the boundary of two phases
separated by a curved (non-flat) surface. Obviously, the
displacement of the curved boundary between two
different phases is accompanied by a change in the free
energy of the system. This is due to a change in the surface
area of the interface, which is characterized by a certain
value of the unit surface energy. Therefore, the presence of
a curved boundary between two different phases
determines the action of a certain force and,
correspondingly, internal pressure on the surface
separating the phases. This pressure is the pressure
difference acting on the interface from the side of
coexisting phases

AP:P1—P2. (1)

Under equilibrium conditions, the pressure is
compensated by the surface tension of the interface. In
order to find a quantitative relationship between the
magnitude of this pressure and surface tension at the phase
boundary, Laplace examined the fulfillment of the
necessary conditions for establishing thermodynamic
equilibrium in the system. As already indicated, this state
does not imply equality of pressure on the part of both
phases and is established provided that the total volume of
the phases is changeless, the temperature on both sides of
the interface is the same, and the chemical potentials of the
phases are equal. Under these conditions, the AP value is
determined from the requirement of minimum of
thermodynamic potential of the system @ written with
account of boundary energy

O=P1V1-P,Vo+yS. 2

Here V1 and V- — the volumes of neighboring phases, S —
interface area between phases, y — the unit surface energy
at the phase boundary (surface tension). A necessary
condition for a minimum of @ is the vanish of its total
differential d®=0 at T1=T» and V1+V,=const. (T1 and T2 —
phase temperatures). From this condition it follows that

P1—Po=y(dSAV). 3

If we now take into account that at any point on the
curved interphase boundary surface the equality is fairly

dS/dv=1/Ry+1/Ry, 4)

were R; and R, — are the main radii of curvature, then
relation (3) can be written in form:

AP=y (1/R1+ 1/Ry). (5)

This ratio is called the Laplace formula, which
describes the magnitude of the internal pressure acting on
a curved interface. In the particular case of a spherical
surface, when R1= Rz =R,

AP =2y/R. (6)

Formula (6) is fully applicable and its feasibility is
confirmed by numerous experimental data in the case of a
curved liquid-gas interface. A simple example of this kind
of boundary is a drop of water in equilibrium with its own
saturated steam. This particular case was considered in
[12]. The rationale for the applicability of the Laplace
formula in the case of a different nature of the interface
between two phases, in particular, the solid-gas boundary,
is described in [5]. In this work, it was shown that the
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Laplace formula written in the form (6) is also valid for the
solid crystalline phase, starting with the size R;=10nm, i.e.,
for crystals whose size is characterized by R>R.. For ultra
low dimensional objects whose size R<R. should use a
different (generalized) Laplace formula [5]. Note that in
some special cases of atomic clusters (clusters, monatomic
filaments, etc.) the capillary pressure generally ceases to
act, since the very concept of a crystal disappears.

Let us quantify the capillary pressure in the case of
nano-crystals, i.e., bulk crystalline particles of arbitrary
shape with a characteristic size 10<R<100nm. As applied
to metals and metal alloys, the typical value of the constant
v in order of magnitude is =1Jm?. Accordingly, the desired
value of the internal capillary pressure, compressing the
crystalline particle of the specified size range, is
characterized by the value ~108-107Pa. Such pressure can
change the energy spectrum of the electronic subsystem in
some materials and, thus, cause a significant change in
their electrical properties. Such materials, in our opinion,
are elements of the fifth group of the periodic system
(semimetals) [13]. In particular, under the influence of
capillary pressure of the indicated magnitude, transition to
the superconducting state can be realized in nano-crystals
of semimetals [6].

The discussion of the possibility of display of this effect
in the case of nano-sized crystals of semimetals, as well as
their solid solutions, is discussed in the next section of this

paper.

3. Change in the energy spectrum of the electronic
subsystem of nanoscale crystalline particles of
semimetals under the action of capillary pressure

The following substances belong to the fifth group of
the periodic system of elements: Bi, Sb, As etc. [13]. For
concreteness, we consider in more detail two elements:

Energy
Energy

bismuth (Bi) and antimony (Sb). Under ordinary
conditions (at atmospheric pressure and room
temperature), the atoms of these substances are
characterized by the electronic configuration S?P?, and the
crystalline phase being formed, by its electrical properties,
occupies an intermediate position between metals and
semiconductors. That is why these substances are called
semimetals. They are characterized by a slight overlap of
the valence and conduction zones (see Fig. 1, b). These
leads, on the one hand, to the fact that semimetals are good
conductors of electricity, and on the other hand, they are
characterized by a much lower density of charge carriers
(electrons or holes) in comparison with ordinary metals.
So, in bismuth (Bi) the electron density (N / V) at room
temperature is = 102 m3, and in antimony (Sb) = 10%* m=.
In addition, the electrical conductivity of these materials,
unlike ordinary metals, increases with increasing
temperature. These features of the electrical properties of
semimetals make them similar to the so-called "non-
degenerate [14].
pressure (external or internal),
“metallized” due to a change in the overlap of energy zones
and a corresponding change in the nature of filling of
energy levels with charge carriers. In this case, the process
of “collectivization” of valence electrons is realized with
their subsequent “degeneration” — their energy spectrum is
described by the Fermi — Dirac quantum statistics [14]. As
a result of such a change, semimetals in the structure of the
energy spectrum of the electronic subsystem become

However, under

semimetals can be

semiconductors"

similar to ordinary metals. However, their electrical
properties differ significantly from the electrical properties
of classical metals. In particular, metals formed from
semimetals are characterized by a relatively low Fermi
energy (Er) and by increased density of energy states
directly near the Fermi level. From the BCS theory of

Energy

Fig. 1. Occupied states (shaded areas) in various zone energy structures: a) insulator, b) semimetal, c) metal.
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superconductivity point of view, it is jast this kind of the
energy spectrum structure of the electronic subsystem that
can cause the transition of a substance to the
superconducting state. We will state the main ideas and
considerations in this regard, as well as make some
quantitative estimates confirming the validity of such a
conclusion.

The pressure P, under which the conversion of any solid
crystalline  substance  (dielectric,
semimetal) into metal can be realized, is described by the
following relation [6]:

semiconductor,

P=0,1 (h®/mr?)(N/V). (7)

Here h — Planck's constant, m — electron mass, (N/V) —the
density of electrons to be transferred from the "non-
degenerate" state to the "degenerate" inherent in all
classical metals [14]. For a multi-electron atom, r is the
orbit radius of the electron farthest from the nucleus.
Specifically for atoms Bi r=1,8:10""m, and for atoms Sb
r=1,6-10"" m. Substituting in the formula (7) the
numerical values of the constants h and m, as well as the
values of r and (N/V), we have, respectively, for Bi and
Sb: P~ 10°Pa and P = 107 Pa. This estimate indicates that
the internal capillary pressure acting on semimetal nano-
crystals is sufficient for these objects to “metallize” and to
realize specific changes in the structure of the electron
energy spectrum.

As already indicated, a very important factor that
distinguishes "metallized"
metals is the relatively small value of the Fermi energy. If

semimetals from ordinary

for most ordinary metals that conduct electricity well (Cu,
Au, Al, etc.), the Fermi energy is characterized by an
interval of values (5—10)eV, then in the case of
semimetals with artificially “collectivized” electrons, the
average Fermi energy is =1072¢V, i.e. more than two
orders of magnitude less. This circumstance is the basis for
the validity of the assertion that in the objects under
discussion the electron pairing constant A, which is the
determining parameter in the BCS quantum theory of
superconductivity, is characterized by A>> 1. Indeed, it
follows from the theory

A=Un, ®)

were U is the potential characterizing the electron-phonon
interaction, causing the "pairing" of electrons, ns" is the
density of states in a narrow energy range AE directly near
the Fermi level. It is easy to verify that ny"~1/EF and,
therefore, the pairing constant A in the case of nano-sized
semimetal crystals, subject to capillary pressure, can
increase by more than two orders of magnitude compared

with the pairing constant characteristic of ordinary
classical metals.

Because the experiment shows that for ordinary metal
superconductors A <0.3, then in the case of nano-sized
crystalline particles of semimetals this parameter can reach
= 102. Such a significant increase in the pairing constant in
the case of nano-sized crystals can lead to their transition
to the superconducting state. This transformation can be
realized at a critical transition temperature T. that
significantly exceeds the transition temperature to this state
of ordinary metal superconductors T~ (1—-40) K.

Indeed, according to the theory, for charge carriers
characterized by a pairing constant A>>1, critical
temperature T, is described by the following relation:

Tc=0,2126, €

were O is the characteristic temperature (Debye
temperature), determined by the maximum frequency v, of
the vibration of atoms (phonons): © = (hvn)/k (k is the
Boltzmann constant). Since the Debye temperature © for
Bi is =10 K , and for Sb = 2-10? K, then the expected
critical temperature of the transition to the superconducting
state of the discussed nano-scale particles of semimetals
can reach values T = (2:10>-4-10%) K (see (9)), i.e. close
enough to room temperature (= 23° C).

We also note that such an important parameter of
superconductivity as the coherence length § which is
interpreted as the size of the “pairing” (Cooper) electron
pairs, in the case of nano-crystals
§~2R=~2:10’nm, which does not
theoretical concepts.

We emphasize that the maximum value of the critical
temperature T. observed to date is ~250 K for compound
LaH;o under external pressure P ~ 170 GPa [15]. In the case
under discussion, a sufficiently high transition temperature

is limited to
contradict the

should be observed in the absence of external pressure
under the action of internal capillary pressure, the value of
which = 10® Pa is more than three orders of magnitude less
than the above external pressure. This circumstance greatly
simplifies the use of the described superconducting
materials for technical purposes.

It should be borne in mind that in addition to the
“metallization” effect, a very important factor necessary
for the transition to the superconducting state of
semimetals is the formation of a special phonon spectrum,
characterized by the presence of high-frequency phonons.
We show that this condition can be realized, if we use not
pure semimetals as a starting material but their solid
solutions (alloys). The following paragraph of this paper is
devoted to the discussion of this possibility.
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4. Formation of additional high-frequency phonons in
solid solutions Bi1—xSbx

Atoms Bi and Sb are characterized by a very small
difference in atomic radii (= 7,5 %) and therefore form a
continuous series of solid solutions. This is evidenced by
the phase diagram, which has the form of a cigar [16].
Studies of BiiSbx alloys with a variation in the x
parameter indicate that at certain values of this parameter,
an abrupt change in the electrical conductivity, heat
capacity, thermal conductivity, etc. is observed [17, 18].
The close correlation of changes in these properties with
the variation of the x parameter indicates that in these
alloys, a sufficiently strong electron-phonon interaction is
realized. The reason for this is the specific mechanism of
the crystal structure formation of the discussed solid
solutions, due to the display of the so-called percolation
effect [17, 19].

This effect is as follows. The Bi and Sb elements under
normal conditions during crystallization form a
crystallographic lattice of the type a-As (A7) (R372/m
space group). Atoms in this type of lattice are arranged in
two parallel planes so that each atom of one plane has three
nearest neighbors belonging to another plane. As a result
of this specific spatial arrangement of atoms, the crystal
lattice is close in its properties to a usual face-centered
“pseudo-cubic” lattice. This type of crystal lattice remains
the same when forming solid solutions Bi;_«Sbx. However,
as shown by the results of an x-ray study, in these
compounds, when the value of the parameter x varies,
processes of additional self-organization of heterogenous
atoms with respect to the crystal lattice of base matrix
atoms take place (percolation effect) [19]. Upon reaching a
certain value of the parameter x =X. (X — percolation
threshold) at the initial stage of a solid solution forming
process, low-dimensional structural elements (clusters) are
formed from impurity atoms, characterized by short-range
order. As the concentration of heterogenous atoms
increases, the process of “crystallization” of clusters
occurs, that is, the formation of a '"superstructure"
characterized by long-range order is occurs.

Naturally, these specific changes in the crystal structure
of the compounds Bi;_Sbx must be accompanied by a
change in the phonon spectrum with amplification of the
high-frequency mode. This is indirectly evidenced by the
results of the thermal properties study of the described
alloys (heat capacity, thermal conductivity), as well as
electrical conductivity [17, 18].

Therefore, there is every reason to believe that the
appearance of an ordered "superstructure" in the crystal
lattice of semimetal alloys should contribute to the
enhancement of the electron-phonon interaction, which
ultimately determines superconductivity. Note that the
effect of percolation in full occurs after reaching the

threshold value of the parameter x., which is = 0,25 (Bi is
the base element) and = 0,6 (Sb is the base element).

Conclusions

Based on the analysis carried out in this work, as well
as the quantitative estimates made, we can draw the
following conclusions.

1. Nano-sized (10— 100 nm) crystalline particles of
semimetals can spontaneously transform into a
"metallized" state under the influence of internal capillary
pressure.

2. The energy spectrum of electrons formed under the
capillary pressure in these objects is characterized by the
appearance of a "gas" of "degenerate" electrons obeying
the Fermi — Dirac quantum statistics. In this case, however,
the Fermi energy of the electrons energy spectrum in the
crystals under discussion is characterized by the value of
~ 0,03 eV, which is two orders of magnitude less than the
average Fermi energy of electrons in classical metals.

3. The small Fermi energy in the “metallized”
nanocrystalline semimetal particles causes an increase in
the pairing constant A to a value of = 102 i.e., these objects
are characterized by strong electron-phonon interaction.
Accordingly, an increase in the pairing constant should be
accompanied by an increase in the critical temperature of
the transition of the described substances to the
superconducting state to a value T~ 300 K.

4. In solid solutions of semimetals, when certain
concentration values (percolation threshold) are exceeded,
a "superlattice" of heterogenous atoms is formed. The
specific structural state of the crystals being formed in this
case causes a change in the nature of the phonon spectrum
(an additional number of high-frequency phonons
appears). This fact causes an increase in the Debye
temperature O, and also contributes to an increase in the
potential of the electron-phonon interaction. Both of these
factors should lead to an increase in the critical temperature
T, of the discussed crystals transition to the
superconducting state.

5. Thus, summing up the overall result, it can be argued
that nano-sized crystalline particles of semimetals, as well
as their alloys, can be superconductors with a critical
transition temperature approaching room temperature
(=23 °C).
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