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consequently, the magnitude of magnetic susceptibility.

Keywords: bismuth and antimony tellurides, magnetic susceptibility, plasmon, interband transitions, electron–
plasmon interaction.

DOI: 10.21883/SC.2022.12.55145.4243

1. Introduction

Since Bi2Te3 crystals are used as thermoelectric materials,

their band structure, which is distinguished by a complex

valence band with two non-equivalent extrema [1], has

been studied extensively. A complex structure of the

conduction band was also noted in several studies [2–4]. The
arrangement of electron shells of Bi2Te3−Sb2Te3 crystals

is similar to the one of Bi2Te3. This is the reason why

their band structures are also close; the difference is that

the bandgap width changes in transition to Sb2Te3 [5],
and the heavy hole subband shifts deeper into the valence

band [6]. As the concentration of Sb2Te3 in solid solution

Bi2Te3−Sb2Te3 grows, the density of light holes also in-

creases to 8 · 1019 cm−3 [7]. This increase in density of light

holes is accompanied by a shift of the chemical potential

level deeper into the valence band [8,9]. The energy gap

between the heavy hole subband and the chemical potential

level also changes in the process. The magnitude of this

gap in p-type Bi2Te3−Sb2Te3 crystals plays an essential

role in temperature variation of certain parameters affecting

their thermoelectric efficiency and response to electric and

magnetic fields, since it specifies the intensity of thermal

transitions of carriers between the valence band extrema

and, consequently, defines the density of light mobile holes.

The considered materials feature an anomalous temperature

behavior of the Hall coefficient [1], and the density of

light holes in them was found to decrease after doping

with impurities that should presumably have an acceptor

effect [10]. Therefore, it is of some interest to investigate the

trends of variation of their electron system with composition

of the solid solution and temperature. In the present study,

this was done by examining the temperature dependences

of the magnetic susceptibility of Bi2Te3−Sb2Te3 crystals.

Note that the magnetic susceptibility is an equilibrium

thermodynamic parameter and, in contrast to, e.g., specific

electric and thermal conductivities, which are commonly

examined (alongside with the thermoelectric coefficient) in

thermoelectric materials, is independent of the intensity of

relaxation processes; however, it is determined in large

part by the density of free carriers. Thus, magnetic

susceptibility studies provide an opportunity to analyze in

more detail the changes in the electron system state of a

material induced by variations of composition of the solid

solution and temperature. In view of this, the present

study is aimed at investigating the trends of variation of

temperature dependences of the magnetic susceptibility

on the ratio of components Bi2Te3 and Sb2Te3 in solid

solution Bi2Te3−Sb2Te3 and analyzing them with account

for the temperature variation of other physical quantities

characterizing the state of the electron system of a crystal.

2. Crystals, samples, experimental
procedure

Single crystals of Bi2Te3−Sb2Te3 solid solutions contai-

ning 25, 50, 60, and 70mol% Sb2Te3 and grown by the

Czochralski method at the Baikov Institute of Metallurgy

and Materials Science were examined.
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Figure 1. a — Dependence of magnetic susceptibility χ‖ and χ⊥ on the temperature of crystals of solid solution Bi1.5Sb0.5Te3
(25mol% Sb2Te3); b — BiSbTe3 (50mol% Sb2Te3); c — Bi0.4Sb01.2Te3 (60mol% Sb2Te3); d — Bi0.6Sb1.4Te3 (70mol% Sb2Te3).
The susceptibility was measured in a field of 14 kOe.

The results of measurements of the magnetic susceptibi-

lity at temperatures ranging from 2 to 400K performed in

magnetic fields up to 30 kOe using a superconducting quan-

tum interference device (Magnetic Property Measurement

System (MPMS MultiVu) SQUID magnetometer produced

by Quantum Design) are reported in the present study. The

measurements were performed for two different orientations

of magnetic field vector H relative to C3 (H ‖ C3 and

H ⊥ C3). The value of χ‖ was determined at H ‖ C3, while

χ⊥ corresponds to the H ⊥ C3 orientation. A complete

description of samples and the experimental procedure and

equipment is provided in [11].

3. Discussion of experimental results

The results of examination of the magnetic sus-

ceptibility of Bi1.5Sb0.5Te3 (25mol% Sb2Te3), BiSbTe3

(50mol% Sb2Te3), Bi0.4Sb01.2Te3 (60mol% Sb2Te3), and
Bi0.6Sb1.4Te3 (70mol% Sb2Te3) samples in the temperature
range of 2–400K are presented in Fig. 1. For improved read-

ability, the Sb2Te3 content of solid solution Bi2Te3−Sb2Te3
(in mol%) is indicated in what follows instead of the
chemical formula of the sample.
It should be noted that dependences of the magnetic

moment on the field strength were found in preliminary
studies to remain linear up to 30 kOe in all samples. This

dependence for the crystal containing 10mol% Sb2Te3 is
shown in Fig. 2 and indicates that the value of magnetic
susceptibility is independent of the magnetic field strength.
The magnetization behavior in all the other studied samples
was similar.
It can be seen from Fig. 1 that all samples feature a

diamagnetic response with its magnitude being dependent
on the orientation of H relative to axis C3, temperature, and
the Sb2Te3 content of solid solution Bi2Te3−Sb2Te3. Since

Semiconductors, 2022, Vol. 56, No. 12
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Figure 2. Dependence of magnetization M of the crystal sample

containing 10mol% Sb2Te3 on field strength H measured at a

temperature 300K.

the variations of χ‖(T ) with increasing Sb2Te3 concentration

are more pronounced, the initial analysis of experimental

data was focused on the behavior of χ‖(T ). It is fair

to say that a change in the nature of χ‖(T ) dependences

is observed in Fig. 1. To illustrate this change more

clearly, the χ‖ curve for the crystal with 25mol% Sb2Te3
was plotted in Fig. 1, d. Specifically, the χ‖(T ) curve for

the crystal containing 25mol% Sb2Te3 is
”
concave“ in the

temperature interval from 50 to 400K, but a transition to the

”
convex“ shape is observed when the Sb2Te3 concentration

increases. The shape of temperature dependences of the

first derivative of magnetic susceptibility (see Fig. 3) also

changes considerably in the process. Indeed, it follows from

Figs. 1, a and 3 that the first derivative of magnetic suscep-

tibility dχ/dT increases monotonically with temperature in

the crystal containing 25mol% Sb2Te3 and that the slope

of dependence χ(T ) increases continuously in the interval

from 100 to 400K. In the crystal containing 50mol%

Sb2Te3 (see Fig. 1, b), dχ/dt remains almost constant,

thus indicating an emerging trend toward variation of the

shape of the temperature dependence. This trend becomes

more pronounced in the crystal containing 60mol% Sb2Te3
(Fig. 1, c): its χ‖(T ) dependences reveal a reduction in

dχ/dT at T > 250K, which is evident in Fig. 3. The

crystal containing 70mol% Sb2Te3 (Fig. 1, d) features a

well-pronounced dχ/dT maximum at a temperature of

100K (see Fig. 3), which is followed by the decay of dχ/dT
to zero at T ≈ 250K, a change in the sign of the first

derivative, and the growth of diamagnetic susceptibility of

the crystal.

It should be emphasized that the shape change of

temperature dependences of the magnetic susceptibility

occurring as the Sb2Te3 content increases to 60mol% is,

as follows from Fig. 1, accompanied by the growth of

diamagnetic susceptibility at a temperature of 15K. In

view of increases in the density of light holes and the

specific electric conductivity [7], this is indicative of a
diamagnetic nature of the response. However, a certain

process, the results of which were characterized above,

induces a reverse effect at a temperature of 250K: the

diamagnetic response of a crystal becomes weaker as the

Sb2Te3 content increases (see Fig. 4). It follows from
Fig. 4 that the suppression of diamagnetism is the most

pronounced in the crystal containing 70mol% Sb2Te3. It

should also be noted that the discussed process is activated

in this crystal at low temperatures; the rate of variation of

the magnetic susceptibility reaches its maximum at 100K
and decreases smoothly at higher temperatures (see Fig. 3),
but the process continues and produces the greatest effect

at 250K. It is reasonable to assume in this context that the

process activation temperature corresponds to the maximum

of the first derivative of magnetic susceptibility. It follows
from Fig. 3 that this temperature is 275 and 100K for

crystals containing 60 and 70mol% Sb2Te3, respectively.

At the same time, the data presented in Figs. 1, c, d and 3

suggest that the intensity of the considered process in the
crystal with 60mol% Sb2Te3 is lower (and the activa-

tion temperature is higher) than in the crystal containing

70mol% Sb2Te3. This is the reason why thermal diffusion

conceals its resonance properties, which are manifested

clearly in the temperature dependences of the magnetic
susceptibility of the crystal containing 70mol% Sb2Te3. It

is conceivable that the indicated process also affects the

crystal containing 50mol% Sb2Te3 (Fig. 1, b) and deforms

the χ(T ) curve, which differs in shape from the
”
concave“

χ(T ) curve of the crystal containing 25mol% Sb2Te3. Thus,
the indicated features of temperature dependences of the

magnetic susceptibility of Bi2Te3−Sb2Te3 crystals reveal the

influence of a process of an unknown nature. As the Sb2Te3
percentage content grows, the activation temperature of this

process decreases, while the process intensity increases.
In order to determine the nature of this process, we

examine the response of a semiconductor crystal to an
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Figure 3. Temperature dependences dχ‖/dT for crystals with 25,

50, 60, and 70mol% Sb2Te3 in the composition of solid solution

Bi2Te3−Sb2Te3 .
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Figure 4. Variation of the magnetic susceptibility of the

studied Bi2Te3−Sb2Te3 crystals with the Sb2Te3 content (mol%)
at temperatures of 15 and 250K.

external magnetic field. It is known [12,13] that net

magnetic susceptibility χ of crystals may be presented as

a sum of contributions of lattice defects χd , the ion core χG ,

and free carriers χeh:

χ = χd + χG + χeh. (1)

It was established in [13] that the χd contribution in

Bi2Te3 crystals is negligible. The χG and χeh contributions

may be comparable in magnitude. The density of free car-

riers in semiconductors normally decreases considerably at

low temperatures, and the experimental values of magnetic

susceptibility are, as was noted by Busch and Mooser [14],
then defined exclusively by χG . However, the violation of

stoichiometry and impurities with a low ionization potential

in Bi2Te3 crystals maintain the density of free carriers at

the level of ∼ 1 · 1019 cm−3 even at very low temperatures.

This precludes one from using the Busch−Mooser approach

to determine the value of χG . It follows from Fig. 1

that the magnetic susceptibility is anisotropic at T = 2K,

which is attributable to the anisotropy of effective masses

of free carriers (even if the magnetic response of the ion

core is isotropic). In view of this, it appears reasonable

to estimate the value of χG first. Let us consider the

approach to analysis of the magnetic susceptibility data

for Bi2Te3 and Sb2Te3 crystals that was used in [13].
Relying on the assumption that the magnetic susceptibility

in semiconductor crystals with a certain bond ionicity is

governed at low temperatures by the contribution of the ion

core, the authors of [13] calculated the molar susceptibility

of Bi2Te3 in accordance with the classical Langevin formula.

This approach provided a fine agreement between number Z
of electrons in Bi2Te3, Sb2Te3 molecules and their molar

susceptibility. Specifically, Bi2Te3 has Z = 322 and molar

susceptibility χmol = −322 · 10−6 cm3, which corresponds

to specific susceptibility χ = −0.4 · 10−6 cm3/g and agrees

closely with the results of experimental studies for polycrys-

tals [13].

The susceptibility of the ion core of Bi2Te3−Sb2Te3
crystals was examined in [15]. A new method for

determination of the magnetic susceptibility of the ion

core in anisotropic materials was proposed. Specifically,

relying on the assumption of χG isotropy and taking

the known anisotropy of effective masses of free carriers

in Bi2Te3−Sb2Te3 crystals [1] into account, the authors

of [15] used the Pauli and Landau–Peierls approaches to

characterize the magnetic susceptibility of free carriers and

managed to obtain χ‖ and χ⊥ values that are consistent with

the experimentally observed magnetic susceptibility (on
condition that χG = −0.35 · 10−6 cm3/g). To conclude the

analysis of data on the magnetic susceptibility of the ion core

of Bi2Te3−Sb2Te3 crystals, we note that this susceptibility

was also estimated in [16] at χG = −0.33 · 10−6 cm3/g,

which is fairly close to the value obtained in [15]. It follows
from the presented data that the magnetic susceptibility of

the ion core of Bi2Te3−Sb2Te3 crystals is isotropic in nature

and cannot vary significantly with temperature. Therefore,

the anisotropy of magnetic susceptibility and its temperature

dependence, which are observed in Fig. 1, are attributable

to free carriers (χeh).
It is known that free-carrier contribution χeh = χP + χLP

is, in turn, divisible into paramagnetic Pauli χP and

diamagnetic Landau−Peierls χLP contributions. It was

demonstrated in [17] that the values of χeh
⊥ and χeh

‖ in

anisotropic semiconductor crystals should be calculated with

account for the anisotropy of effective carrier masses in

accordance with the following expressions:

χeh
⊥ =

31/3

π4/3
·
µ2
Bm∗

⊥n1/3

~2

(

1−
1

3

(

m2
0

m∗
⊥m∗

‖

))

, (2)

χeh
‖ =

31/3

π4/3
·
µ2
Bm∗

‖n1/3

~2

(

1−
1

3

(

m0

m∗
⊥

)2
)

. (3)

Expressions (2) and (3) feature effective susceptibility

masses of free carriers m∗
⊥ = 0.09m0, m∗

‖ = 0.22m0, which

were calculated within the six-ellipsoid Drabble−Wolfe

model [1]. Since m∗
⊥ and m∗

‖ are significantly smaller

than 0.577m0, it can be shown by direct calculations

that χeh
⊥ and χeh

‖ assume negative values. The results of

analysis of an experimental data set performed in [11] also
reinforce the conclusion that the response of free carriers in

Bi2Te3−Sb2Te3 crystals is diamagnetic in nature.

It follows from Fig. 1 that the diamagnetic susceptibility

of all samples decreases at higher temperatures. Since the

magnetic susceptibility of the ion core is independent of

temperature, it is fair to state that the observed temperature

dependence of the magnetic susceptibility is attributable to

free carriers and is induced by a reduction in the density

of light diamagnetic holes. Therefore, the influence of

the discovered process, which accelerates the reduction

of diamagnetic susceptibility within a certain temperature

interval and varies in intensity depending on the Sb2Te3
content of solid solution Bi2Te3−Sb2Te3, may also be

attributed to a reduction in the density of light holes.

Semiconductors, 2022, Vol. 56, No. 12
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Let us examine the probable causes of reduction of the

density of light diamagnetic holes in Bi2Te3−Sb2Te3 crystals.

It is known that the process of transition of carriers from

the heavy hole subband to the subband of light holes in the

considered materials intensifies at higher temperatures, thus

reducing the density of light holes [1]. This temperature

increase in the density of heavy holes at the expense of

light ones is the most probable reason behind an anomalous

enhancement of the Hall coefficient that is observed not

only in Bi2Te3−Sb2Te3 crystals, but also, e.g., in PbTe

crystals, which too have a complex structure of the valence

band [18]. Specifically, an anomalous behavior of the

Hall coefficient is observed at temperatures up to 300K

in Bi2Te3 crystals and up to 600K in Sb2Te3 crystals. The

reduction in diamagnetic susceptibility with an increase in

temperature to 400K, which is seen in Fig. 1 for all the

studied crystals, may then also be attributed to the process

of transition of holes between non-equivalent extrema of the

valence band as a result of thermal excitation of electrons

from the heavy hole subband to the chemical potential level

located in the light hole subband. Since the probability of

these transitions increases exponentially with temperature,

an accelerated reduction of the magnetic susceptibility with

increasing temperature should be observed. The χ(T )
curve of the crystal containing 25mol% Sb2Te3 agrees,

to a certain extent, with this prediction. However, the

above-discussed specifics of temperature dependences of

the magnetic susceptibility of crystals containing 50, 60, and

70mol% Sb2Te3 suggest that a certain process accelerates

the reduction of the density of light diamagnetic holes

within a specific temperature interval. This influence, which

becomes more pronounced within a specific temperature

interval, is complementary to the process of direct thermal

transition of holes and differs from it in having a resonance

nature.

In establishing the nature of this process, we place an

emphasis on the fact that the transition of holes is induced

by the transfer of electrons from the heavy hole subband

to the chemical potential level located in the light hole

subband. Energy 1E of this transition in Bi2Te3 varies

within the range from 20 to 30meV. Specifically, it was

proposed in [19] that the obtained experimental data may

be interpreted under the assumed presence of an additional

subband with a higher effective mass and low mobility

located in the valence band of Bi2Te3 crystals 20meV below

the upper subband, which defines the thermal width of

the bandgap. The presence of a heavy hole subband in

Sb2Te3 was discussed in [6] in analysis of dependences

of the thermal emf on the specific electric conductivity.

It turned out that the results of experiments could be

interpreted correctly only with the assumed contribution

from a heavy hole subband located 230meV below the

light hole subband at 300K. Since Bi2Te3−Sb2Te3 have

a similar crystal structure, it is reasonable to expect that

their energy band structure is also similar [1]. Therefore,

all the studied crystals should have a heavy hole subband,

and energy gap 1E increases from 20meV in Bi2Te3 to

∼ 230meV in Sb2Te3.

The variation of 1E affect probability V of electron

transfer, which decreases with increasing 1E and grows

with temperature as V ≈ e−
1E
kT . In order to gain an insight

into the nature of the process accelerating the reduction of

density of light diamagnetic holes and thus affecting the

temperature dependences of magnetic susceptibility, one

needs to examine different ways to raise the probability of

the indicated transition. For example, it can be increased at

a certain temperature by electromagnetic radiation quanta

with an energy of 1E (in the absorption layer only). In bulk

samples that are not subjected to external electromagnetic

irradiation, the acceleration of transition of holes is likely

attributable to a certain elementary excitation of a crystal

with an energy comparable to 1E . It is known that

solids support various elementary excitations of electron

and ion subsystems. Notably, plasmons belong to this

class of excitations, which also includes phonons, interband

transitions, excitons, etc. The data provided below explain

why we should focus exactly on this type of excitation of

the electron system in the studied materials.

A plasmon is a quantum of longitudinal oscillations of

the charge density of free carriers relative to the ion core.

Free carrier plasma is found in metals, semimetals, and

semiconductors [20]. The current rapid progress in plas-

monics [21,22], the development of hardware components

for plasmonic integrated circuits [23], and studies of the

behavior of plasmons in low-dimensional systems [24,25]
make the research into surface and bulk plasmons highly

topical. In contrast to metals with plasmon energies Ep

exceeding 10 eV, semiconductors feature plasmons with

Ep values that may be comparable to the energy of

thermal oscillations of the ion core, and plasmons in

these materials may be excited thermally [26]. Thus,

it is conceivable that plasma also affects the physical

properties of the studied crystals. This influence should

be most pronounced when the plasmon energy approaches

the bandgap width, which characterizes the covalent bond-

breaking energy. The electron–plasmon interaction should

be enhanced in this case, since its intensity is maximized

when the plasmon energy becomes equal to the interband

transition energy [27]. It was demonstrated in a number of

studies that both plasmons and phonons may be involved in

generation and recombination of electron–hole pairs under

these conditions [28,29]. Therefore, a fraction of thermal

energy will be concentrated in plasma oscillations of free

carriers relative to the ion core (i.e., plasmons), and a part

of this energy may be spent on generation of electron–hole
pairs. Thus, plasmon–phonon polaritons are a potential

influencing factor that induces changes in the shape of

temperature dependences of the magnetic susceptibility in

Fig. 1 that are indicative of the influence of a certain process.

Is should be noted in this context that Bi2Te3−Sb2Te3
crystals are distinct in having comparable values of plasmon

energy Ep and energy gap 1E between non-equivalent

extrema of the valence band. The plasmon energy is

then not much higher than the energy of thermal oscil-

lations. Specifically, the minimum values of the plasmon

1∗ Semiconductors, 2022, Vol. 56, No. 12
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energy in Bi2Te3−Sb2Te3 crystals are ∼ 25−30meV [30].
Therefore, collective plasma oscillations of free carriers in

the considered materials may emerge under the influence

of thermal lattice oscillations. The presence of thermal

plasmons with energies close to 1E may affect the state of

the electron system and induce the above-described features

of temperature dependences of the magnetic susceptibility.

Let us examine the experimental data validating this

hypothesis. First off, it should explain the above-discussed

relation between the temperature corresponding to the

maximum of intensity of the process inducing changes

in the shape of temperature dependences of the mag-

netic susceptibility in Fig. 1 and the percentage content

of antimony telluride. It is instructive in this context

to examine the variation of the plasmon energy with

temperature and composition of the Bi2Te3−Sb2Te3 solid

solution. Specifically, the plasmon energy increases with

decreasing temperature in all Bi2Te3−Sb2Te3 crystals due

to an increase in the density of light holes, which is induced

by a reduction in the intensity of transition of electrons

from the heavy hole subband to the chemical potential

level. Since this intensity is weak at low temperatures,

the density of light holes and the plasmon energy are

higher than the corresponding values at high temperatures.

For example, the plasmon energy in p-type Bi2Te3 varies

from 40meV at 300K to 50meV at 78K [30]. Figure 4

from [31], which presents the temperature dependences

of reflectance spectra of the crystal containing 60mol%

Sb2Te3, reveals an increase in the frequency of the plasma

reflection minimum (and consequently, the plasmon energy)
at lower temperatures. The plasmon energy in this crystal

increases by ∼ 20meV as the temperature decreases from

290 to 79K. It is also important to note that energy 1E
of the electron transition from the heavy hole subband

to the chemical potential level, which is located in the

light hole subband, decreases at lower temperatures, since

the chemical potential level shifts deeper into the valence

band. Figure 2 from [31] also reveals a reduction in the

frequency of the diffuse reflectance maximum in the spectral

region of 2000 cm−1 at higher temperatures. This indicates

that the chemical potential level in the crystal containing

60mol% Sb2Te3 shifts to the top of the valence band

at higher temperatures, thus inducing an increase in 1E .
The repositioning of the chemical potential level and the

associated variation of 1E are shown in Fig. 5. The shift

of the chemical potential level to the top of the valence

band at higher temperatures is accompanied by a reduction

in Fermi energy EF. In accordance with Burstein−Moss

relation Eg term = Eg + 2EF, this leads to a reduction in

optical bandgap width Eg opt .

Thus, energies Ep and 1E in Bi2Te3−Sb2Te3 crystals are

not only similar in magnitude, but also have contrary trends

of temperature variation: as temperature decreases, Ep

increases, while 1E goes down. This creates opportunities

for their convergence at a certain temperature that depends

on the ratio of Bi2Te3 and Sb2Te3 in a crystal.

For example, at T = 300K, Ep = 30meV in Bi2Te3
(higher than 1E = 20meV), while Ep = 125meV in

Eg opt
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Figure 5. Band structure of the crystal containing 60mol%

Sb2Te3 and optical band gap values at different temperatures

determined based on the results of optical studies in the infrared

range [31].
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Figure 6. Dependences of plasmon energy Ep and energy 1E of

carrier transition between non-equivalent extrema of the valence

band in Bi2Te3−Sb2Te3 crystals at temperatures of 80 and 300K.

Sb2Te3 (lower than 1E = 230meV). Therefore, plasmon

energy Ep becomes equal to transition energy 1E at

T = 300K in a crystal with a certain ratio of Bi2Te3
and Sb2Te3. It follows from Fig. 6, which presents the

dependences of Ep and 1E on the Sb2Te3 content of

solid solution Bi2Te3−Sb2Te3 and the temperature, that

the convergence of Ep and 1E should be observed at

T = 300K in solutions containing ∼ 10−15mol% Sb2Te3
and at T = 80K in crystals with 70−80mol% Sb2Te3. In

Semiconductors, 2022, Vol. 56, No. 12
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view of this, the plasmon and transition energies should

become equal at intermediate temperatures (80−300K) in

compositions with 10−80mol% Sb2Te3.

The following should be noted regarding the resonance

nature of the effect, which is seen most clearly in the

dependence of magnetic susceptibility χ‖ of the crystal with

70mol% Sb2Te3 in Fig. 1, d. The transition of electrons

from the heavy hole subband to the light hole subband

is specific in that it reduces the density of light carriers,

which specify the plasma frequency and, consequently, the

plasmon energy, instead of enhancing it (as in the case

of thermal impurity ionization or the transition to intrinsic

conductivity). A strong plasmon–electron coupling emerges

as a result. Indeed, the process of generation is dominant

when the plasmon energy exceeds the transition energy.

Plasmons then transfer electrons into the light hole subband,

and the density of light holes, which specifies the frequency

of plasma oscillations, and, consequently, Ep decrease as

a result. The plasmon energy becomes even closer to

transition energy 1E . At the same time, owing to filling

of the hole pocket with electrons, transition energy 1E
increases, since the chemical potential level shifts to the top

of the valence band. Thus, 1E also becomes closer to the

plasmon energy. Therefore, plasmon and transition energies

approach each other, inducing a resonance enhancement of

their interaction.

A similar effect is observed in the opposite case when

the plasmon energy is lower than the transition energy and

the process of recombination of electrons from the light

hole subband to the heavy hole subband via an additional

channel related to plasmon excitation is dominant. Since

the plasmon energy is close to the transition energy, the

probability of plasmon recombination is high. The density

of light holes grows as a result, thus inducing an increase

in the plasmon energy, which becomes closer to transition

energy 1E . In contrast, the value of 1E decreases, since

the chemical potential level shifts deeper into the valence

band. Therefore, the convergence of the plasmon energy

and the energy of carrier transition between extrema of the

valence band in Bi2Te3−Sb2Te3 crystals is a self-regulating

resonance process.

4. Conclusion

We note in conclusion that a significant contribution

of free carriers to the net magnetic susceptibility of

Bi2Te3−Sb2Te3 crystals makes it possible to probe the

state of their electron system by examining the χ(T )
dependences. The specific valence band structure of

the studied materials enables the convergence of plasmon

energy Ep and energy 1E of electron transition from the

heavy hole subband to the chemical potential level, thus

intensifying the el ectron–plasmon interaction and inducing

a strong coupling between electrons and plasmons. This sets

the electron–plasmon interaction in Bi2Te3−Sb2Te3 crystals

apart from the corresponding interaction in, e.g., bismuth

doped with an acceptor tin impurity [32]. The convergence

of the plasmon energy and the energy of transition from the

valence band to the conduction band in bismuth doped with

tin induces an increase in the density of free carriers and the

plasmon energy, and the energies in electron and plasmon

spectra diverge as a result.

The presence of a strong electron–plasmon coupling in

Bi2Te3−Sb2Te3 crystals, which is induced by the conver-

gence of resonance frequencies in electron and plasmon

spectra, enables the emergence of an electron system state

that was predicted theoretically in [33] and is referred to as

a
”
plasmaron“ (a bound state of a plasmon and an electron).
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