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The dependences of the Hall coefficient, electrical conductivity, magnetoresistance,
electron and hole concentration and mobility on the Bi, ,Sbh, solid solution composition in
the concentration range x = 0-0.25 at 77 and 300 K in magnetic fields 1 T and 0.05 T
were obtained. It was shown that all the dependences exhibit a distinect nonmonotonic
oscillating behavior at both temperatures and in both magnetic fields. The presence of
concentration-dependent anomalies of galvanomagnetic properties is attributed to critical
phenomena accompanying the percolation-type transition from dilute to concentrated solid
solutions and electronic phase transitions: a transition to a gapless state, the semimetal —
semiconductor transition, and indirect — direct band gap semiconductor transition.
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TanseanomarniTri BaacTusocti moxikpucramiuamx Bi, ,Sb, TBepaux posummir y mia-
na3oHi koHmeHrpaniii x = 0—0,25. E.I.Pozauosa, A.H. /Jopourenrxo, A.AJ[posdosa, O.H.Ha-
wekina, 10.B.Menvuios

Opepskano sanexHocTi Koedimienra Xosna, eleKTPONPOBigHOCTI, MarHeToomopy, KOH-
IeHTpanii Ta PyXJMUBOCTL eqeKTpoHiB i Aipox Bix ckmagy Teepmoro posummy Bi,_ Sb, y
KoHIeHTpanifinomy inTepBani x = 0-0.25 mpu temmeparypax 77 ta 300 K y marmiTHuUX
monax 1 Ta ta 0.05 Ta. ITokasano, M0 yci 3aJeKHOCTI MAalOTh YiTKO BUPaKeHUIT HEMOHO-
TOHHUM OCHMJIIOIOUNI XapakTep K NPU Pi3HUX TeMIlepaTypax, TaK i Ipy pisHUX MarHiTHUX
nonax. HadABHiCT, KOHIEHTPAIIMHMX aHOMAJIiMl raJlbBaHOMATHITHHUX BJACTUBOCTEH TOB’fA-
3yeThbCs i3 KPUTUYHUMU SBUIAMU, IO CYIPOBOMKYIOTH IMEPKOJAIINHUI mepexin i ejex-
TpouHi (hasoBi mepexonm y GesMIIAUHHUI CTaH, HaNiBMeTaJ — HATIBIPOBIAHUK, HENPAMO-
30HHUY — NOPAMO3OHHUH HANIBIPOBiIHUK.

ITonyuensr saBucumocTu Koadhduiuenra Xoia, 2JIEeKTPOIPOBOAHOCTH, MArHETOCOIIPOTHUE-
JIEHUS, KOHIIEHTPAIINN U HOABUIKHOCTH DJIEKTPOHOB M ABLIPOK OT COCTaBa TBEPAOrO PAcTBOpPa
Bi,_,Sb, B xomnmenTpamuonrom mHTepBane x = 0—0.25 mpu remmeparypax 77 um 300 K u B
MarguTHbIX moaax 1 Ta m 0.05 Ta. IToxkasano, uTO BCe 3aBUCHUMOCTH WMMEIOT OTYETIUBO
BHIPAKEHHBIH HEMOHOTOHHBII OCHWJIIMPYOIUNA XapaKTep KAk IPU PA3IUYHBIX TeMIepary-
pax, Tak W OPU Pa3IUUYHBIX MArHUTHBIX IONAX. Hajnuume KOHIEHTPAIIMOHHBIX aHOMAJWI
raJibBAHOMATHUATHBIX CBOUCTE CBASLIBAETCHA C KPUTUUYECKUMH SBICHHUAMH, COIPOBOMKIAIOIIN-
MU IEePKOJANMUOHHBIN ITepexo U JIeKTPOHHBIe (Da30BbIe IePexoabl B OecliesieBoe COCTOSHUE,
MOJIyMeTallI — IIOJYIPOBOLHUK, HEIPIMO3OHHBIM — MPIMO3OHHBIN IOJYIIPOBOLHUKA.
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1. Introduction

Bi,_Sb, solid solutions between two
semimetals — Bi and Sb — keep attracting
the interest of researchers due to new
physical effects discovered in them, which
are important not only from a purely scien-
tific point of view, but also from the point
of view of their practical use in various
fields of science and technology. Bi,_,Sb,
are among the best thermoelectric materials
operating at temperatures below 150-200 K
[1, 2]. Recently, the interest in studying the
properties of Bi,_Sb, crystals and thin
films has increased due to the observation
of the special properties characteristic of
3D-topological insulators in Bi;,_,Sb, [3-5]
and assumptions about the possibility of
using these properties to create efficient
spintronic and TE materials [3—6].

The similarity of both crystalline and
electronic structures of Bi and Sb [7] ac-
counts for their unlimited solubility in each
other and the formation of a continuous se-
ries of solid solutions. This makes it possi-
ble to study the effect of the composition on
the crystal structure, energy spectrum, and
physical properties of solid solutions in
more detail over a wide concentration
range. In this sense, Bi,_,Sb, solid solutions
are excellent model objects for solid state
physics. Another attractive property of
Bi,_,Sb, is a high sensitivity of its proper-
ties to the effects of external factors —
temperature, magnetic field, etc., which is
of special interest from the point of view of
practical applications in thermoelectricity,
spintroniecs, quantum computers, etc. On
the other hand, such a high susceptibility
may be undesirable when it comes to ensur-
ing the resistance of a material to certain
external influences.

Although a rhombohedral structure is
preserved over the entire Bi,_,Sb, concen-
tration range, the band structure of
Bi,_,Sb, solid solutions changes in a com-
plex way (Fig. 1) [8—15]. Bi and Sb exhibit
semimetallic properties: in Bi, the electron
L,band T-band of "heavy” holes overlap,
and in Sb, there is an overlap between the
H-band of "heavy” holes and the electron
L,-band. As Sb is added to Bi, the distance
between the electron L ,-band and L, -band of
"light” holes decreases and at «x=
0.023+0.04 (different authors report differ-
ent values of x), the energy gap between
them becomes zero, i.e. a gapless state is
realized, which is followed by an inversion
of the L, and L, bands. Then, the gap be-
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Fig. 1. The energy band structure of the
Bi,_,Sb, solid solutions.

tween the L; and L, bands increases again
as x continues to increase. Simultaneously
with the increase in x, the top of the T
valence band shifts downward in energy,
the overlap of T and L, bands decreases,
and at x = 0.06+0.07, the band overlap dis-
appears and a semimetal — indirect semi-
conductor transition occurs. The band gap
of a semiconductor is determined by the dis-
tance between the T and L, bands. With
further increase in x, the T valence band
top continues to shift downward in energy,
at x = 0.08+0.09, the tops of T and L, va-
lence bands coincide, and in the range
x = 0.09+0.15 the band gap represents the
distance between the L, and L, bands, i.e.
semiconductor becomes a direct-gap one. At
x =0.15+0.17, the tops of the L, and H
bands coincide, the semiconductor becomes
indirect-gap again, and up to x ~ 0.22, the
band gap is defined by the distance between
the L, and H bands. The maximum value of
the energy gap (~ 0.025 eV) in the semicon-
ductor region is reached near x = 0.16,
after which the band gap decreases. At x ~
0.22, the tops of the H and L, bands coin-
cide, a semiconductor — semimetal transi-
tion occurs, and then at x > 0.22, Bi;_,Sb,
solid solutions become semimetallic again.

Thus, according to the energy band dia-
gram, the Bi-based semimetallic region is
much narrower (x = 0.0-0.1) than the Sb-
based semimetallic region (x = 0.22+1.0), so
all electronic phase transitions take place in
the region x = 0+0.22.

Most of the studies dealing with the
Bi,_,Sb, electronic structure and gal-
vanomagnetic properties were carried out
on single crystals [9, 11, 12, 15-24], al-
though the number of studies related to the
transport properties of cast or pressed poly-
crystalline samples is currently increasing
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[25—59] due to the increasing application of
these materials in thermoelectricity and
other fields of technology.

To date, it has been found that the con-
centration dependences of the electrical con-
ductivity o(x) and Hall coefficient Rpg(x)
are continuous curves with a minimum of
6 and a maximum of Rp in the semiconduc-
tor region [16—26]. The behavior of the con-
centration dependence of the charge carrier
mobility w(x) was differently described by
different authors. According to [12, 20, 26,
35], as x increases up to ~ 0.3, u decreases.
At the same time, the authors of [16, 21,
36] reported an increase in pu with increas-
ing x. In [11, 15], it was suggested that
interband hole scattering during transitions
between the bands of "light” and "heavy”
holes takes place reaching its maximum in
the range x = 0.09-0.16 and decreasing
with increasing temperature.

It should be noted that in practically all
mentioned works, the alloys studied signifi-
cantly differed in composition. Only in
[45—-53], did we investigate in detail the de-
pendences of transport characteristics of
Bi,_,Sb, polycrystals with x < 0.12 on the
Sb concentration. In the isotherms of prop-
erties, we discovered anomalous regions
near compositions x = 0.01, 0.03, and 0.06.
We attributed the presence of these concen-
tration — dependent anomalies to critical
phenomena accompanying the percolation-
type transition from dilute to concentrated
solid solutions, the transition to a gapless
state, and the semimetal-indirect gap semi-
conductor transition, respectively. In [54],
in the room temperature o(x) and Rg(x) de-
pendences, we found another anomaly near
x = 0.08 and attributed it to the manifesta-
tion of another electronic phase transition
associated with the transition from an indi-
rect gap to a direct gap semiconductor. It
should be pointed out, however, that the
compositions of Bi;_,Sb, polycrystals stud-
ied in [45-54] and preparation technologies
(e.g. cast or pressed samples, different an-
nealing times) differed, which complicates the
comparison of the results. Besides, the con-
centration, temperature and magnetic field
dependences of magnetoresistance, electron
and hole mobility components in a wide range
of compositions have not been studied using
samples obtained under identical conditions.

The purpose of this work was to detect
the presence of the electronic phase transi-
tions in Bi;_Sb, polycrystals in the compo-
sition range x = 0+0.25 through their mani-
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festation in the concentration dependences of
galvanomagnetic properties at different tem-
peratures and in different magnetic fields.

It follows from the results obtained in
this work that for the Bi;_,Sb, solid solu-
tions in the concentration range x = 0+0.25,
a non-monotonic behavior of the concentra-
tion dependences of galvanomagnetic prop-
erties occurs both at 300 K and 77 K, both
in a weak and in a strong magnetic field.

2. Experimental

Measurements of galvanomagenitc proper-
ties were carried out on parallelepiped-shaped
polycrystalline samples, 10x8x2 mm3 in size,
cut from ingots obtained by the method de-
scribed in detail in [54]. All 30 studied sam-
ples of various compositions (x = 0-0.25)
were prepared in the same technological
cycle in order to ensure the identical condi-
tions of preparation. Ry, o, and magnetore-
sistance Ap/p (where p is the resistivity)
were measured by the standard de method
at 8300 K and 77 K, in magnetic fields of
induction B of 0.05 T and 1.0 T. Due to the
high charge carrier mobility u, charac-
teristic of Bi,_Sb, crystals, the critical
magnetic field By, which separates the weak
and strong magnetic field regions, is suffi-
ciently small. In connection with this, for
the correct interpretation of the results of
galvanomagnetic measurements of Bi,_,Sb,
solid solutions, it is necessary to know the
value of Bg. According to [55, 56], in which
the By values were determined for Bi;_Sb,
alloys in the studied concentration range x =
0-0.25, the magnetic field of 0.05 T can be
considered weak and the magnetic field of
1.0 T strong. The measurement error for o,
Ry and Ap/p did not exceed 5 %.

The electron n and hole p concentrations
and electron u, and hole u, mobilities were
calculated using the equations that take into
account the presence of two types of charge
carriers — electrons and holes [57, 58]:

_ pui - npi (1)
e(pu, + ny,)?’
G = e(pu, + nik,), Ap/p = w,p,B

H

If we assume that the concentration of
electrons n is equal to the concentration of
holes p, and the mobilities of electrons and
holes are different, which is typical for Bi
and Bi;_,Sb, solid solutions [67-62], then
Ry, o and Ap/p values can be determined
from the equations:
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Fig. 2 The dependences of the Hall coefficient Ry (1), magnetoresistence Ap/p (2), hole mobility M,
(3), electron mobility u, (4), electrical conductivity o (5) on composition of the Bi, ,Sb, solid
solutions at 300 K (a) and 80 K (b). Solid lines are guides to the eye.

_ 1 HpT Uy (2)
en w,+u,’
G =en(i, + ), Ap/p = u,u,B

H

Using equations (2) and the results of
measurements of o, Ry and Ap/p, the values
of n=p, u, and W, were calculated for two

different values of B.
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3. Results and discussions

In Fig. 2, a,b, the dependences o(x),
Ry(x), Ap/p(x), wu,(x), up(x) dependences
measured in this work at 300 K (a) and
77 K (b) are shown. A negative sign of Ry
indicates that all samples exhibited an elec-
tronic conductivity. This can be explained
by the fact that the electron mobility u,
exceeds almost three times the hole mobility
My [16, 18, 59, 60], and the sign of Ry for
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Bi and Bi;_,Sb, solid solutions is determined
by u, value (Eq. 2).

From Fig. a,b it can be seen that both at
77 K and at 300 K, as x increases up to 0.1,
a tendency is observed to decrease in ¢ and

to increase in Ry, Ap/p, W, and My also
exhibit a tendency to increase with increas-
ing x, although not so pronounced. It can
also be seen that all the dependences both at
300 K and at 77 K and both at B=1 T and
B =0.05 T have a distinct oscillating char-
acter. The positions of the extrema and
their number are mostly the same for dif-
ferent kinetic coefficients and for both
300 K and 77 K. Meanwhile, as noted
above, according to different authors, it
was previously believed that the o(x), u(x)
and Rp(x) dependences are continuous
curves. However, contrary to the results re-
ported by other authors we observed oscilla-
tions in the concentration dependences of the
properties, whose the presence we attribute to
the manifestation of critical phenomena ac-
companying the electronic phase transitions
in Bi;_,Sb, solid solutions [45—54].

Let us consider the obtained concentra-
tion dependences of kinetic coefficients in
more detail. The introduction of the first
portions of Sb in Bi (to x ~ 0.005) leads to
an increase in Ry and a decrease in o,

Ap/p, Wy and pu, both at 77 and 300 K. The
decrease in charge carrier mobility under
the introduction of an impurity is typical
for solid solutions, since foreign atoms are
centers of local distortions in the crystal
lattice and centers of electron and hole scat-
tering. This also manifests through a de-
crease in magnetoresistance, since Ap/p ~ uy,
U, (BEq. 2). The increase in Ry in the indi-
cated composition range is usually associ-
ated with a decrease in the concentration of
charge carriers as a result of a decrease in
the overlap of T and L bands.

Under further increase in the Sb concen-
tration, in the range x = 0.005-0.015,
anomalies are observed in the isotherms of
the galvanomagnetic properties (Fig. 1, 2),
such as a sharp decrease in Ry and an in-
crease in G, Ap/p, Wp- and u,. We observed
such anomalies in the o(x), Rg(x) and
(Ap/p)(x) dependences in Bi;_,Sb, solid solu-
tions subjected to other heat treatments
[45, 46, 50] and interpreted them as the
manifestation of critical phenomena accom-
panying the percolation-type [63, 64] phase
transition from dilute to concentrated solid
solutions. It was assumed that there is a
critical concentration (percolation thresh-

492

old) at which a continuous chain of inter-
connected impurity atoms, the so-called "in-
finite cluster”, is formed. A gradual in-
crease in the density of the cluster with
increasing impurity concentration (in this
case — Sb) is accompanied by the appearance
of anomalous regions in the concentration de-
pendences of various physical properties.

A further increase in Sb concentration to
x ~ 0.1 leads to the appearance of new peaks
in the o(x), Ryg(x), (Ap/p)(x) dependences at
300 K and 77 K (Fig. 2 a,b), which we at-
tribute to i) transition to a gapless state (x
= 0.02-0.03), ii) semimetal — indirect-gap
semiconductor transition (x = 0.05-0.06)
and iii) indirect-gap — direct-gap semicon-
ductor transition (x = 0.08-0.09). These
results are in good agreement with the re-
sults that we obtained earlier [45, 46, 50,
54] for alloys in the concentration range
x < 0.1, in which we measured the o(x),
Rp(x) and (Ap/p)(x) dependences for
Bi,_,Sb, solid solutions obtained using a dif-
ferent heat treatment. In the present work,
we additionally investigated the u, and u,
dependences on the composition x. It is seen
that similar concentration anomalies are
also observed in the u,(x) and Mp(x) depend-
ences, which is another convincing confir-
mation of the existence of critical phenom-
ena accompanying the above mentioned elec-
tronic phase transitions to a gapless state,
the semimetal — indirect gap semiconduc-
tor, and the indirect gap — a direct gap
semiconductor transitions.

It is seen from Fig. 2 that apart from the
peak associated with the indirect gap — a
direct gap semiconductor transition (x =
0.08-0.09), when the T-band top coincides
with the L. -band top (Fig. 1), another two
maxima are observed both at 300 K and at
80 K (Fig. 2 a,b). The maxima positions cor-
respond to x = 0.125 and x = 0.18 at 300 K,
and to x = 0.1 and x = 0.16 at 77 K.

The behavior of the kinetic properties of
Bi;,_,Sb, solid solutions in the concentration
range x = 0.09-0.25 can be expected to be
non-monotonic if we take into account the
Bi,_,Sb, band structure (Fig. 1). The indi-
cated composition range includes the direct-
gap (x = 0.09-0.16) and indirect-gap (x =
0.16-0.22) semiconductor regions, as well
as the semimetallic region (x > 0.22). It
should be noted that the character of the
dependences of the kinetic coefficients on
the composition in the region x = 0.09-0.25
depends on a number of factors. These fac-
tors include 1) a contribution to the kinetic
coefficients of the T-band with heavy holes
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even when the transition at x = 0.08-0.09
has already occurred, 2) a change in the
band gap width within the semiconductor
region (initial growth and subsequent de-
crease after x = 0.16-0.17), which should
lead to a change in charge carrier concen-
tration, 8) a change in the contribution to
the kinetic coefficients of the H-band with
heavy holes as the H-band top goes down in
energy, 4) an indirect gap semiconductor —
semimetal transition at x ~ 0.22 and a
change in the contribution of light and
heavy H-band holes to the conductivity.
These factors can influence different kinetic
coefficients in different ways. These fea-
tures of the Bi;_,Sb, band structure compli-
cate the analysis of changes in kinetic coef-
ficients with increasing x.

Based on the Bi;,_,Sb, band diagram (Fig. 1),
it can be assumed that the extrema in these
curves in the composition region near x =
0.16 appear when the tops of "heavy” H
and "Light” L, valence bands coincide, when
the maximum value of the energy gap in
the semiconductor region is reached and a
transition from direct gap to indirect gap
semiconductor occurs, with the redistribu-
tion of charge carriers from the L, of the
valence band to the H-band. The shift in the
positions of the maxima/minima points
with a change in temperature can be ex-
plained by a temperature dependence of
Bi,_,Sb, energy spectrum parameters. The
composition corresponding to the direct-gap
— indirect-gap semiconductor transition at
300 K shifts to the region of larger x.

The origin of a sharp decrease (especially
at 77 K) in Ry, Ap/p, My, and u, in the
vicinity of x = 0.1, when the transition to
the region of direct-gap semiconductors has
already occurred at x = 0.08-0.09, is not
entirely clear, although some explanations
can be suggested. It is known that the band
of "light” holes is characterized by a large
nonparabolicity and this leads to the strong
dependence of the band parameters on ex-
ternal factors — temperature, magnetic
field, composition, sample preparation tech-
nology, etec. One should also take into ac-
count possible interband scattering proc-
esses, which are the most intense in the
concentration range x = 0.09-0.16 [11, 15],
i.e. in the direct-gap semiconductor region.
This is a possible explanation of the sharp
change in the Hall coefficient and other pa-
rameters at x = 0.1, occurring after moving
into the direct-gap semiconductor region.
However, for an unambiguous explanation,
additional theoretical and experimental
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studies are necessary that would take into
account the contribution of the T-band with
heavy holes to the conductivity, contribu-
tion of interband scattering processes and
other factors.

The positions of the extrema for differ-
ent kinetic coefficients may be shifted rela-
tive to one another due to possible differ-
ences in the behavior of concentration de-
pendences for those coefficients. However,
for almost all of the studied coefficients,
the positions of the maxima/minima points
almost coincided. This was another confir-
mation of the existence of phase transi-
tions, especially taking into account that
such properties as electrical conductivity,
Hall coefficient, and magnetoresistance
were measured independently of each other.

It is of interest to clarify the question of
whether the concentration anomalies of ki-
netic coefficients in a strong magnetic field,
when uB >> 1, will be observed. It is known
that in a weak magnetic field the charge
carrier cyclotron radius significantly ex-
ceeds the electron or hole mean free path,
the Lorentz force slightly changes the move-
ment of charge carriers and galvanomag-
netic properties are mainly determined by
the type of scattering processes. In strong
magnetic fields (uB >> 1), vice versa, the
charge carrier motion is completely control-
led by the Lorentz force, and the gal-
vanomagnetic properties depend mainly on
the specific features of the electron energy
spectrum [57, 58]. The type of scattering is
determined mainly by the lattice subsystem
of the crystal, while the electronic spectrum
is determined by the electronic subsystem.
But, of course, both subsystems are closely
interrelated.

Fig. 3 shows the Ry and Ap/p depend-
ences at 300 K, both in a weak (B = 0.05 T)
and in a strong (B = 1.0 T) magnetic fields.
It can be seen that in the concentration
range x < 0.1, all the dependences in both
the weak and strong magnetic fields exhibit
a similar oscillating behavior and that the
positions of maxima/minima coincide. This
indicates that the band structure also deter-
mines the character of scattering of charge
carriers, and therefore the concentration
anomalies of properties look identical. How-
ever, in the concentration range x = 0.1—
0.25, the behavior of the dependences dif-
fers: although the oscillations are observed
in both cases, but the positions of maxima
and minima do not coincide. This is similar
to what is observed in this concentration
range under decreasing temperature. Thus
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Fig. 8. The dependences of the Hall coefficient Ry and magnetoresistence Ap/p on the composition of
Bi,_,Sb, solid solutions at 300 K (I — B =0.05T; 2 — B =1 T). Solid lines are guides to the eye.

the effect of increasing magnetic field on
the concentration dependences is similar to
that of decreasing temperature.

The small number of studied composi-
tions in the range x = 0.16+0.25 makes it
impossible to identify the indirect-gap semi-
conductor — semimetal transition.

It follows from the data obtained that
the oscillatory behavior of the Ry and Ap/p
dependences on the composition of Bi;_,Sb,
solid solutions measured in a strong mag-
netic field (B =1 T), is not associated with
the magnitude of the magnetic field, but is
caused by other factors.

Thus, it was shown that the existence of
the anomalies in the behavior of gal-
vanomagnetic properties of Bi;_,Sb, solid
solutions as a function of Sb concentration
does not depend on either temperature or
magnetic field. The non-monotonic charac-
ter of the dependences of the galvanomag-
netic properties on the composition is at-
tributed to the occurrence of concentration-
induced phase transitions from dilute to
concentrated solid solutions, as well as
phase transitions associated with qualitative
changes in the Bi;_,Sb, energy spectrum
under increasing Sb concentration.

4. Conclusions

A detailed study of the concentration de-
pendences of the Hall coefficient, electrical
conductivity, magnetoresistance, hole and
electron mobilities of the Bi;_Sb, polycrys-
talline samples (x = 0-0.25) at 77 and
300 K and in magnetic fields 0.05 and
1.0 T was carried out. Based on the results
obtained in this work, the following conclu-
sions have been made.

It was established that in the concentra-
tion range x = 0—-0.25, the dependences of
the galvanomagnetic properties on the com-
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position of the solid solution exhibit a non-
monotonic oscillating behavior. The anoma-
lous behavior of the concentration depend-
ences of electrical conductivity, Hall coeffi-
cient, magnetoresistance, electron and hole
mobility was observed in the vicinity of
compositions x = 0.01, 0.03, 0.07, 0.08,
0.1, and 0.16.

The oscillations in the dependences of ki-
netic coefficients were observed both at
77 K and 300 K, and in magnetic fields of
0.05 T and 1.0 T, which indicates the stabil-
ity of this phenomenon with respect to the
temperature and magnetic field in the studied
temperature and magnetic field ranges.

The behavior of the dependences of gal-
vanomagnetic properties on the composition
is preserved both in weak to strong mag-
netic fields (up to 1 T).

Attribute the non-monotonic character of
the dependences of the kinetic charac-
teristics of Bi;_,Sb, solid solutions on Sb
concentration to a percolation-type transi-
tion in the region of very low impurity con-
centrations, to changes in the band struc-
ture under changing composition (redistri-
bution of charge carriers over different
energy bands (L, T, H) and consequently,
changes in the relative contribution to con-
ductivity of charge carriers from different
energy bands, large nonparabolicity of the
band of light holes, interband scattering) and
to qualitative changes in the Bi;_Sb, energy
spectrum at certain critical compositions (the
transition to a gapless state, manifestation of
the gapless state, semimetal — semiconductor
transition, indirect band — direct band semi-
conductor transition).

Assume that the maxima and minima in
the concentration dependences of the prop-
erties near x = 0.1 and 0.16 appear because
at these concentrations the tops of the T-
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and H-bands coincide with the tops of the
LS bands.

The experimental results obtained in this
work are interesting not only for the phys-
ics of electronic phase transitions and 3D
Dirac semimetals but also from the point of
view of potential applications of these mate-
rials in thermoelectric, spintronic and mag-
netoelectronic devices.
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