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PECULIARITIES OF CONCENTRATION DEPENDENCES OF THERMAL
CONDUCTIVITY IN (PbTe) (Bi;Tes)y SEMICONDUCTOR SOLID SOLUTIONS

For the semiconductor (PbTe),.. (Bi,Te;), solid solutions, the temperature (T = 250 — 670 K) and
concentration (x = 0 — 0.07) dependences of the total A and lattice A, thermal conductivities were
obtained. It was established that the dependences A(x), A,(x) and B(x) (where f is the exponent in
the A,~T # dependence) have a non-monotonic dependence on x in this range of x. While showing
a general tendency to decrease with increasing x, the three variables A, A, and f exhibit maxima
at x = 0.005, 0.015 and x = 0.03. The oscillatory character of these dependences is attributable to
the changes in thermal transfer processes and the mechanisms of phonon scattering under
transitions from the dilute to the concentrated and associated solid solutions, with the transitions
due to spatial ordering processes. The effective cross-section o, for phonon scattering by impurity
atoms was estimated on the basis of the experimental data and theoretical calculations in
accordance with the Klemens theory. The mean o value in the homogeneity region of PbTe (x = 0
— 0.05) found experimentally coincides with the theoretically calculated o, value. However, in the
region of the dilute solid solutions (x < 0.005), the o, value considerably exceeds the mean oy
value. Also long-term aging reduces A by ~ 15%.

Key words: (PbTe),(Bi,Tes); solid solutions, thermal conductivity, isotherms, concentration
anomalies, percolation, self-organization, critical phenomena.

Introduction

A conventional method for enhancing the dimensionless thermoelectric (TE) figure of merit
ZT (ZT = $*oT/A, where S is the Seebeck coefficient, o is the electrical conductivity, A is the thermal
conductivity, and 7 is the absolute temperature) of semiconductor compounds is the formation of the
solid solutions. The purpose of using solid solutions is for decreasing the Ilattice thermal
conductivity 4,, and for their subsequent doping to obtain the optimal carrier concentration [1, 2]. It
is usually assumed that in the range of solid solutions, the physical properties of materials change
monotonically and that under doping, the lattice properties and A, practically do not change.
However, in a number of solid solutions based on the semiconductor IV-VI compounds, in the
region of small impurity content (less than ~1 at.%), we revealed concentration dependent
anomalies of the mechanical, galvanomagnetic, and TE properties (see, for example, [3-7]) and
attributed their existence to critical phenomena accompanying the transition to an impurity
continuum [7,8]. Besides, in some concentrated solid solutions [9], we observed an oscillatory
character of the property—composition dependences, which we attributed to ordering processes that
occurred when the interaction between impurity atoms starts to make a significant contribution to
the free energy of the crystal. These concentration anomalies must be taken into account when
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developing more efficient TE materials and these anomalies call for further detailed studies in this
direction, as are presented here.

IV-VI compounds and solid solutions based on these compounds are among the best medium-
temperature TE materials, which at present are used extensively for energy generation [1, 2]. The
PbTe-based solid solutions in the Pb — Bi — Te system have attracted special attention for a long
time because, firstly, Bi is counted among the major donor impurities in PbTe for controlling the
electron concentration and for obtaining the maximal ZT value, and, secondly, there is available
information about a substantial A reduction under the introduction of Biin PbTe [1, 2, 10].

Bi can be introduced in PbTe in a variety of ways: one can for example introduce elementary
Bi[11, 12], or BiTe [13, 14] and Bi,Te; compounds [14-22], etc. In all cases, under the introduction
of Bi into stoichiometric p-PbTe, an inversion of the sign of the conductivity takes place at a Bi
concentration of less than 0.1 at.%. In most works the PbTe-based solid solutions along the quasi-
binary (PbTe), (BiyTe;)x section of the Pb — Bi — Te ternary system [14-22] are studied (brief
overviews of those works are given in [21,22]).

Recently, we have reported [21,22] the results of our detailed studies on the room temperature
dependences of the X-ray diffraction line width, the microhardness H, o, S, Hall coefficient Ry, and
charge carrier mobility u in the (PbTe);, (Bi,Tes;)x solid solutions on composition in the
concentration range x = 0 — 0.06, corresponding to the interval of PbTe-based solid solutions.
According to [21,22], the concentration dependences of the properties exhibit a non-monotonic
behavior that is unusual for solid solutions, indicating that qualitative changes in the defect
subsystem take place under increasing the Bi,Te; concentration. The observed peculiarities were
attributed to the transition from the dilute to the concentrated solid solutions, and then to associated
solid solutions, as well as to the pertinent ordering processes [21, 22].

The influence of small concentrations of Bi,Te; on the PbTe thermal conductivity was studied
in [16-18]. The authors of [16,17], who investigated the concentration range of x = 0.002 — 0.0085
in the (PbTe), xBi,Te;)x system, showed that at room temperature, with increasing x, the electronic
component A. of the total thermal conductivity monotonically increases, A, decreases, and A
practically does not change. Almost similar results in terms of both the behavior of the
concentration dependences of A, A, and A4, and the values of the thermal conductivity were obtained
in [18], where a still narrower concentration range in the vicinity of PbTe (x = 0 — 0.13) was studied.
Like in [17], no concentration anomalies were observed, and all alloys, including the initial
compound PbTe, exhibited n-type conductivity.

The goal of the present work is to study the thermal conductivity of (PbTe); (BiyTes)y solid
solutions in the concentration range of x = 0 — 0.07 with the purpose of establishing whether or not
the 4 isotherms exhibit a non-monotonic behavior like the isotherms for the properties described
above.

One of the important factors, which determine the operating efficiency of TE devices, is the
device lifetime. That is why studying the influence of the material aging on its thermal conductivity
is also of interest, and is reported in the present work.

Experimental details

(PbTe);« (Bi,Tes)x cylindrical samples with a height of 5 mm and a diameter of 15 mm for the
thermal conductivity measurements were prepared by hot pressing at the temperature 7,,= 650 K and
loading P = 0.4 GPa from polycrystalline alloys, synthesized using a method described in [21,22].
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After pressing, all samples were annealed at 720 K for 200 hours. The chemical composition and
homogeneity of the samples were controlled by electron-probe microanalysis and by energy
dispersive X-ray spectroscopy using a scanning electron microscope. It was shown that the chemical
compositions of the samples corresponded to what was intended with an accuracy of not less than 5
% and the degree of the sample homogeneity was satisfactory. Besides, we investigated the pressed
samples, prepared earlier by a similar method and these samples had been subjected to aging at
room temperature for 25 years.

The thermal conductivity was measured by the dynamic calorimeter method [23] in the mode
of monotonic heating in the temperature range 170 — 670 K. There were at least three measurements
of 4 for each sample. The shift of the A(T) curves for different measurements on the same samples
(which resulted from a possible non-identical setting of a sample in the measuring cell) did not
exceed ~ 3 %. The accuracy of the A measurement was = 5 %. The electrical conductivity o was
measured using the van der Pauw method with the accuracy not worse than ~ 5%. The lattice
component A, of the total thermal conductivity 4 was isolated by the subtraction of the electronic
component A. determined using the Wiedemann - Franz law A. = LoT, where L is the Lorentz
number (L =( 7/3) (kle)* = 2.47-10"° WQK™).

Results and discussion

In Fig. 1, a, the temperature dependences of the total thermal conductivity of as-prepared
(PbTe),« (Bi,Tes)x samples with different compositions are presented. All curves have a similar
character: as the temperature increases up to ~ 450 - 500 K, A decreases, but under further increase

in temperature, A starts to increase.
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Fig.1. The temperature dependences of the total thermal conductivity A for (PbTe),. (Bi;Te;), solid
solutions. a — as-prepared samples, 1 — PbTe (x =0); 2—x = 0.0035; 3—x =0.01; 4—x = 0.025; b — as-
prepared samples (1), and samples after aging (2).

It is known that heat in semiconductors can be transferred by crystal lattice vibrations, the
electron gas, electromagnetic radiation, as well as by the bipolar diffusion of charge carriers; thus
the equation for calculating the total thermal conductivity 4 must include the lattice 4, electronic A,

photon A, and bipolar A, components [24-26]:
A=A A A+ Ay + A (1)
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Taking into account that the PbTe optical absorption coefficient « is rather high (& ~ 200 cm™
[26]), the heat transfer by electromagnetic radiation can be neglected. Indeed, the estimation of Ay,
using the formula: A,, = 16 n* oo T°/3 o, where n is the refractive index, o, is the Stefan—Boltzmann
constant, ¢ is the absorption coefficient, and T is the absolute temperature, shows that over the
entire temperature range, the contribution of A, from photons to A does not exceed ~0.5 %. The
increase in A observed at temperatures above ~ 450 K can be explained, like in PbTe, by the
appearance of a bipolar diffusion of charge carriers caused by the occurrence of the intrinsic
conductivity [26]. Below ~ 450 K, the bipolar component practically does not make any
contribution, and one can assume that A is determined mainly by 4, and Ae.

In Fig. 1 (), for comparison, the A(T) dependences for as-prepared samples and for the samples
aged for 25 years at room temperature (x = 0.006 and x = 0.0275) are presented. It is seen that both
curves have a similar character (running virtually in parallel), but after aging, the A values decrease on
average by ~ 15 %.

On the basis of the A(T) dependences for as-prepared samples, the 4 isotherms in the temperature
range 250 — 470 K were plotted (Fig. 2). It is seen that while exhibiting a general tendency to decrease
in A with increasing x, these dependences have a complex oscillatory character. At x > 0.05, 4 does not
depend on concentration x, which is explained by reaching the boundary of the solubility region for
Bi,Te; in PbTe and entering the two-phase region [21, 22].

A (W-m™K")

PbTe0 2 4 6
X (10%)

Fig.2. The isotherms of the total thermal conductivity A for (PbTe),., (Bi;Te;), solid solutions at various
temperatures 1 —250K; 2—300K; 3 —450 K.

In Fig. 3 (a), the dependence of the room-temperature lattice thermal conductivity 4, on
composition is presented. Similar to the total thermal conductivity, A, shows a general trend to
decrease under increasing Bi,Te; concentration (in Fig. 3a the monotonic component of the A,(x)
dependence is shown with a dashed line), but at the same time, three distinct maxima near x = 0.005,
0.015 and 0.03 are observed in the 4,(x) curve.

Thus, the experimental results obtained in the present work demonstrate that the Ay(x)
dependence exhibits a complex behavior, which can be treated as an overlapping of the monotonic and
oscillatory A, components. The presence of three maxima in this dependence shows that at certain
concentrations of the solid solution, phonon scattering decreases and the velocity of the propagation of
elementary excitations increases.
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Fig.3. The dependences of the lattice thermal conductivity J,, (a), and the exponent f in the temperature
dependence of A, (b), on (PbTe),.. (Bi;Te;s), solid solutions composition x.

It is known [24-26] that at temperatures above the Debye temperature ® (for PbTe ® = 130 K
[27]), the phonon mean free path is limited mainly by three-phonon interactions and by the interaction
of phonons with crystal lattice defects. In this case, in accordance with the Debye-Peierls theory of the
thermal conductivity, at temperatures near and above @, the lattice thermal conductivity decreases
inversely with temperature: A, ~ 1/T.

It was of interest to find out whether such a dependence of 4,(7) is also observed in the (PbTe); .«
(B1,Te;)x solid solutions. Assuming a power law for the temperature dependence of the A, (4, ~ T Py,
we estimated the exponent £ values for the alloys of different compositions in the temperature range
250 — 450 K, when the contribution of the bipolar diffusion is insignificant and can be neglected. In
Fig. 3(b), the f (x) dependence is shown. It is seen that f= 1 £ 0.02 only for PbTe (which is in good
agreement with the Debye - Peierls theory and experimental results obtained by other authors for PbTe
[26, 27]). However the introduction of Bi,Te; in PbTe leads to a complex oscillatory dependence £ (x)
with maxima near x = 0.005, 0.015 and 0.03. The most pronounced maxima correspond to x = 0.005
and x = 0.03. The change in the exponent £ in the (PbTe), (Bi,Te;)x solid solutions under changing x
and the extreme character of the £ (x) dependences indicate a change in the heat transfer and phonon
scattering processes at certain compositions x.

According to generally accepted concepts of the classical physicochemical analysis, the
“property vs. composition” dependences of solid solutions should represent monotonic curves. It is
assumed in the quasi-chemical approximation that the interaction energy between atoms does not
depend on the solid solution concentration. Within the framework of these views, it is logical to
suppose that with increasing impurity concentration in the range of the solid solution regime, A, will
decrease due to an increase in phonon scattering by impurity atoms [24-26]. That is why the observed
complex behavior of the 4, 4,, and f isotherms requires explanations.

According to our views [7, 8], in any solid solution, independent of the nature of particles
interactions, reaching the percolation threshold x. corresponds to the formation of an impurity
continuum and must be accompanied by critical phenomena, — anomalies in the concentration
dependences of the physical properties. It is the concentration corresponding to the percolation
threshold x, that can be considered to be a boundary separating dilute and concentrated solid solutions.

In accordance with these views, the anomalous growth in A, in the concentration range x =
0.0035 - 0.005 can be attributed to critical phenomena accompanying a transition of a percolation type
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taking place in the impurity subsystem of the crystal when the impurity concentration reaches the
percolation threshold [28,29]. At small impurity concentrations, when the distance between impurity
atoms is large and the deformational fields of nearest neighbor impurity atoms do not overlap,
impurity atoms make an additive contribution to the lattice thermal resistivity (1/4,), either increasing
1/2, or decreasing A,. As the impurity concentration increases, the overlapping of the elastic fields of
neighboring atoms starts to become important and produces a partial compensation of the impurity-
imposed elastic stresses, thereby causing the oscillatory behavior observed at very low values of x. On
reaching the percolation threshold, an «infinite cluster» (chain of interacting impurity atoms) is
formed, thereby penetrating the entire crystal. Under further increase in x, the density of the «infinite
cluster» increases over a sufficiently narrow concentration interval, and after that one can assume the
formation of an impurity continuum. A percolation transition is similar to a type II (second order)
phase transition, which is accompanied by critical phenomena [28, 29]. The increase in A, is
associated with the compensation of stresses which take on a collective character, thereby facilitating
the propagation of phonons, and reducing phonon scattering. After the process of elastic stress
compensation spreads over the entire crystal volume, this entire crystal volume becomes filled with
“impurity liquid”. Further introduction of impurity atoms leads to new lattice distortions, and,
consequently, to a decrease in the 4, value. Taking into account the abrupt increase in A, near x = 0.0035,
the possibility of impurity atom ordering on reaching the percolation threshold should not be excluded.

After the transition from the dilute to concentrated solid solution occurs (near x = 0.0035), when
all the impurity atoms become connected, self-organization processes become possible. The observed
increase in A, in the concentration ranges x = 0.0125 — 0.015 and x = 0.025 — 0.03 suggests that such
self-organization processes take place, and with the highest probability they are caused by a possible
short-range ordering, i.e. by the formation of groups of atoms (clusters) in a macroscopically
homogeneous solution as a result of the interactions of atoms not only with their nearest neighbors but
also with those in the next neighbor coordination range. Apart from the short-range order of a general
type, which is present in any solid solution and is associated with the difference in the interaction
energies of different atoms, there can exist a short-range ordering connected with the manifestation of
a chemical interaction in the solid solution. The introduction of a dopant in the form of a stable
chemical compound (in our case the Bi,Te; compound) with the crystal structure differing from the
matrix structure (in our case PbTe) stimulates the formation of regions with short-range ordering
(complexes) and chemical bonds corresponding to the composition of that compound. In [30] on the
basis of the analysis of experimental data on the concentration dependences of the various physical
properties and the results of theoretical calculations using appropriate phenomenological methods for
modeling cluster components, it was shown that in solid solutions formed by stable compounds, the
chemical interaction between impurity and matrix atoms leads to the formation of neutral chemical
complexes and microheterogeneous structures within the solid solution. Physico-chemical properties
of a solution also depend on the type of neutral associates that are formed in the solid solution.

The oscillatory character of the A, 4, and S dependences that is observed in this work may
indicate a change in the type of clusters formed under changing solid solution composition, i.e. a
change in atomic configurations corresponding to minima of the potential energy.

If the concentration of complexes is so high that percolation channels linking complexes and
penetrating the entire crystal are formed and if the crystal structure of complexes differs from the
matrix structure, then in the percolation theory approximation one can suggest the existence of another
percolation threshold x;.
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The anomalous increase in A, in the vicinity of x = 0.03, as well as earlier observed peculiarities
in the isotherms of other properties near the indicated composition [21,22] (an increase in the electrical
conductivity and charge carrier mobility, the constancy of the X-ray line width B for as-made samples
and a sharp decrease in B after long-term aging, etc.), all allow us to suggest that the observed effects
are connected with the formation of percolation channels linking not separate impurity atoms, but
rather associates of the impurity atoms (i.e. molecules or clusters of molecules) are in this case
reaching the percolation threshold x,. With the highest probability, the composition of such associates
corresponds to the composition of the precipitated phase that reaches the solubility limit (Bi,Te; or the
ternary PbBi,Te, compound). The decrease in B at x = 0.03 almost down to the B value for the initial
PbTe after long-term aging, indicates a high degree of local ordering and suggests that after the
formation of the infinite cluster, short-range ordering (the formation of molecular complexes) is
accompanied by long-range ordering of the molecular complexes within the solid solution [21,22].

From the concentration dependence of A, in the range x = 0 — 0.0035, i.e. in the region of
PbTe-based dilute solid solutions, the effective phonon cross-section o, of scattering by Bi impurity
atoms was estimated using the loffe formula [31]:

Po =1+@.ﬁ.l_ (2)
2, N, d

where A, and A4, are, respectively, the lattice thermal conductivity of the crystal without impurities
and with impurities, Ny and N are, respectively, the total number of all atoms and the number of
impurity atoms per unit volume, d is the distance between impurity atoms, /, is the phonon mean free
path, which enters into the equation for the lattice thermal conductivity A, of the undoped crystal:

A, =(1/3)-1,-C,-V, 3)

where C, is the heat capacity per unit volume, and ¥, is the mean phonon group velocity, and @ is a
dimensionless coefficient which enters into the equation 6, = @ d *. From equation (2) one can easily
determine @ and o,.

However, there arises a problem, insofar as it is the phonon group velocity V, that appears in
equation (3), and not the sound phase velocity V},. The latter can be experimentally measured relatively
easily, but the difference between the two velocities V, and V), can be rather significant. For example,
the calculation [33] performed for PbTe shows that V, = V,/3. Theoretical calculations of phonon
group velocity V, with frequency — and branch-dependent analysis have been performed in some other
works too, for example in [34, 35], where the authors used first-principles-based anharmonic lattice
dynamics simulations. The group velocity was averaged for transverse and longitudinal acoustic
branches to be a function of frequency. There obtained very low values of the group velocity for the
long-wave transverse acoustic phonons along the [100] direction. That is why, if when calculating @
one uses the mean sound phase velocity, an error will be introduced, and to correct the result one
should multiply the value of @ thus obtained by o = V/V,, [36].

Since at present an accurate experimental value of the group velocity for PbTe is unknown,
when calculating @ we used a value of the mean sound phase velocity instead of V,, which, in turn,
was calculated as V, = (V; + 2 V)/3 = (3000+2 2430)/3 = 2620 m/s, where V; and V; are the
longitudinal and transverse components of the sound velocity of PbTe, respectively [26].

It should be also noted that numerical values of oy and @ that are obtained in this way depend
significantly on the particular range of Bi concentrations for which these values have been determined,
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because in general the A, - composition dependences are not linear. It follows from the above
discussion that any comparison of the calculated values of @ with the literature data is possible only
when the same concentration ranges are considered and the same values of the phonon group
velocities are used for the pertinent calculations.

Substituting values of Ay, 4,, N, Ny, as well as C, [25]-and V, into equation (2), we obtain that
for the concentration range x = 0 — 0.05, @ = 4.9 and o= 4.9 d * at 300 K (Table 1). These values
correspond to a drop in A, over the entire homogeneity range (x = 0 — 0.05). If we consider the interval
x=0-0.0035, i.e. the region of the initial drop in 4,, we will obtain a considerably higher value @ =
13 and o, = 13 d *, which indicates a drastic increase in phonon scattering when the early introduction
of the first portions of impurity atoms occurs. Such an increase can be explained by the fact that the
introduction of the first portions of the impurity atoms leads to a sharp growth in the configuration
entropy, denoting the probability of the impurity atoms being delocalized increases relative to their
basic structural positions, specifically, allowing the impurity atoms to enter the interstices of the
crystal lattice. The first portions of the impurity are introduced into the PbTe host material not as a
neutral Bi,Te; compound, but rather as separate Bi and Te atoms, which, with a high probability,
occupy interstices in the PbTe crystal lattice.

According to the Klemens theory [37, 38], point defect scattering may be considered to be the
combined effect of scattering due to the mass difference AM/M, the change in the force constants at
the defect site AG/G, and the strain field caused by the dilation or contraction of the lattice around a
defect resulting from the difference in the effective size of the host atom (ion) and the substituting
defect AR/R. According to Klemens [37, 38], the total scattering cross-section can be expressed as

Vo' [(AMY _(AG b ARY
o, = ] el B ey “)
ar-vi |\ M G J5 ' R

where o is the frequency (we assume that w is the Debye frequency: o= wp= kGp/h), V, is the

follows:

phonon group velocity, M is the molar mass, G is the elastic modulus, y is the Griineisen constant, R is
the ionic radius, and ¥, is the volume per atom. Assuming Op = 130 K [27], y =2 [35], b = 14.2 [35],
Vo= (V1+2Vy/3=2620 m/s [28], we obtain og =5.9 &, i.e. ®=5.9 (Table 1).

Table 1
Phonon scattering cross-sections oy and the multiplying dimensionless factors @
for (PbTe),., (Bi;Te;), alloys
Concentration range, 0, (107" m?) D
* Experiment Theory Experiment Theory
0—0.0035 135 61.4 13 5.9
0-0.05 51 61.4 4.9 5.9

It is seen from Table 1 that the maximum scattering of phonons occurs in the range of the
smallest impurity concentrations, i.e. in the region of the most dilute solid solutions, when the crystal
has the broadest variety of defects, which is stimulated by a sharp growth in configurational entropy
under the introduction of the first range of impurity concentration in the crystal. It is also seen from
Table 1 that the results of the theoretical calculations are in good agreement with the experimental data
if we consider the concentration range (x= 0 — 0.05) corresponding to the entire homogeneity
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region and ignore the regions of x where the anomalous behavior occurs (the dashed line in Fig. 3a).
This fact can be explained rather easily if we take into consideration that the calculation according to
the formula (4) assumes an ordinary cation or anion substitution [37, 38] and does not take into
account the existence of defects other than substitutional defects, as, for example, interstitial species.

Conclusions

1. In the isotherms of the lattice thermal conductivity A, for (PbTe),« (Bi>Te3)y solid solutions
(x = 0 — 0.07), with 4, exhibiting a general tendency to decrease with increasing x (monotonic
component in the A,(x) dependence), three maxima are revealed near x = 0.005, 0.015 and 0.03. The
existence of the first maximum at x = 0.005 is attributed to the critical phenomena accompanying a
percolation type transition to an impurity continuum when the crystal lattice perturbation becomes
delocalized. This transition is accompanied by both a partial compensation of stresses in the crystal
lattice and an increase in the velocity of phonon propagation. The second maximum at x = 0.015 is
attributed to the formation of an intermediate structure with short-range ordering, and the third
maximum is identified with the formation of percolation channels through the neutral chemical
complexes, which are formed in the solid solution at the stage preceding the precipitation of the
second phase inclusions where the precipitation starts after reaching the solubility limit. In the latter
case, the reaching of the percolation threshold is accompanied by ordering processes, whose presence
is supported by our earlier observations [21], specifically a sharp decrease in the X-ray line width
almost down to the X-ray line width value in PbTe observed near x = 0.03 after long-term aging. It is
also shown in the present study that long-term aging of the (PbTe);, (Bi,Te;), solid solutions leads to
an insignificant decrease in 4.

The study of the temperature dependences of the thermal conductivity showed that there are
three maxima in the dependence of the exponent £(x) in the A(7) dependences, corresponding to the
same values of the composition x of the solid solution. The changes of f with x also indicates that
there are qualitative changes in the processes of the heat transfer taking place in the phonon scattering
mechanisms when changing the solid solution compositions.

2. The phonon effective scattering cross-section o for Bi impurity atoms was estimated on the
basis of the experimental data using the loffe formula and on the basis of the theoretical calculations
using the Klemens theory. It is found that the mean o value over the large range of compositions for
the PbTe homogeneity region (x = 0 — 0.05) determined experimentally using the monotonic
component of the A,(x) dependence (o = 4.9 d %) yields good agreement with the results of the
theoretical calculations. However, in the region of the very dilute solid solutions (x = 0 — 0.0035), the
abrupt increase in the o, value (o,= 13 d %) is here connected with the increasing assortment of possible
structural defects and the rapidly increasing configuration entropy.

3. The observation of the concentration anomalies provides additional support for the idea of
the existence of a percolation type transition in any solid solution in the range of very small impurity
concentrations and indicates the non-monotonic behavior of the isotherms of specific properties within
the more concentrated solid solutions region. The results obtained here suggest that when interpreting
and predicting the expected properties (e.g. thermal conductivity) of solid solutions and doped
semiconductors, it is necessary to take into account the existence of concentration anomalies
connected with the interaction of impurity atoms among themselves within the matrix as well as with
the matrix atoms.
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