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The structural, electrokinetic, and energetic properties of the TiCo1-xCrxSb semiconductor obtained by doping
TiCoSb with Cr atoms introduced into the structure by substituting Co atoms in the crystallographic position 4c
were studied. It was shown that in TiCo1xCrxSb the structural defects of donor and acceptor nature are generated
simultaneously in different ratios depending on the impurity concentration. At concentrations of x> 0.02, the
conductivity of TiCo1xCrxSb has a metallic character, and the contribution of current carrier scattering mechanisms
to the value of electrical resistivity is of the same order as changes in the concentration of current carriers. It was
established that at all temperatures in the range of concentrations x = 0-0.02, the rate of generation of donors
exceeds the rate of generation of acceptors, and at concentrations x > 0.02, on the contrary, the rate of generation
of acceptors is greater than that of donors. This is indicated by the positive values of thermopower coefficient a(x, 7)

of TiCo1xCrxSh for x > 0.03.
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Introduction

The interest in semiconductor solid solutions based on
half-Heusler phases (MgAgAs-type, space group F43m
[1]) is caused by the possibility, through appropriate
doping of basic semiconductors, to smoothly change their
values of electrical conductivity o, thermopower
coefficient o and thermal conductivity x and to obtain high
values of thermoelectric factor Z (Z=a?-o/x) [2, 3]. In this
context, studies of the intermetallic semiconductor
TiCoSb heavily doped with Cr impurity (3d%4s!),
introduced into the structure by replacement of Co atoms
(3d74s?) in the crystallographic position 4c, are interesting.
Since the Cr atom contains less 3d- electrons than the Co
atom, the appearance of impurity acceptor states ¢4 in the
band gap &y was expected. In turn, by changing the
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concentration of such states, we can change the
compensation degree of the semiconductor TiCo14CrxSh
[2, 4] and the mechanism of electrical conductivity. This
makes it possible to optimize the kinetic properties of the
thermoelectric material to increase the efficiency of
converting thermal energy into electrical one [2, 3].

By comparing the results of experimental studies and
calculated electronic  structure of the TiCoSh
semiconductor, the authors [5] established the
defectiveness of its crystal structure. A model of such
structure and a mechanism of simultaneous "a priori
doping"” of TiCoSb with donor and acceptor impurities
was proposed, which now becomes heavily doped and
highly compensated [5]. The model provides the presence
of about ~1% vacancies (Va) in the crystallographic
position 4a of Ti atoms, and additional Co* atoms (~1%)
are located in the tetrahedral voids of the structure. As a
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result, the formula of the compound TiCoSb should be
written as (Tio.09Vap 01)Co(C07001)Sh. The transformation
of the crystal structure of TiCoSb is accompanied by
corresponding changes in the electronic structure of the
semiconductor. In particular, the appearance of vacancies
in position 4a gives rise to structural defects of an acceptor
nature, and acceptor states will appear in the band gap &g
(band eal). In turn, the presence of Co* atoms in
tetrahedral voids leads to the appearance of structural
defects of the donor nature and corresponding donor states
(ot band) [5].

Doping TiCoSb with Sc, V, Mo, Mn, Ni, and Cu
atoms established for individual impurity atoms the
simultaneous generation in the semiconductor in different
ratios of donor and acceptor states, as well as individual
donors or acceptors [2, 6, 7]. Thus, in
Ti1,V,CoSb and Ti;«MoxCoSb structural defects of an
acceptor nature are simultaneously generated as vacancies
in the positions of Ti and Co atoms, and the occupation of
the 4a position of Ti atoms (3d%4s?) by V (3d%4s?) or Mo
(4d°5s) atoms generates defects of a donor nature. Donor
and acceptor states appear simultaneously in the band gap
&g. In the case of doping TiCoSh with Sc atoms (3d*4s?),
only structural defects of an acceptor nature (Sc has less
3d- electrons than Ti) and impurity acceptor states appear
in TiixScxCoSb [6]. When doping TiCoSb with Ni
(3d®4s?), Cu (3d%°4sh), and Mn (3d%4s?) atoms introduced
into the structure by substitution of Co atoms in the 4c
position, generation of only donor states in the case of Ni
and Cu impurities was established. In the case of Mn
impurity in TiCo1xMn,Sh, donor and acceptor states are
generated simultaneously in different ratios which
determine the position of the Fermi level & and the
mechanisms of electrical conductivity [7].

The results of the study of the structural, kinetic, and
energy properties of the TiCo1.xCrSh semiconductor solid
solution and their comparison with calculated electronic
structure for the ordered variant, will allow to determine
the mechanisms of electrical conductivity and the optimal
conditions for the preparing of thermoelectric materials to
effectively convert thermal energy into electrical one.

I. Methods of investigation

For our investigation, the TiCo1xCr«Sh samples were
synthesized by a direct twofold arc melting of the
constituent metals under high purity Ti-gettered argon
atmosphere on a water-cooled copper bottom. For better
homogenization, the alloys were re-melted twice. The
pieces of the as-cast buttons were annealed for one month
at a temperature of 1073 K in evacuated silica tubes. Then
the ampoules were quenched in ice water. For the
characterization of the annealed samples, X-ray powder
diffractometry (diffractometer DRON-4.0, Fe Kuo
radiation) was used. The chemical compositions of the
prepared samples were examined by Scanning Electron
Microscopy (SEM) using Tescan Vega 3 LMU electron
microscope, Quantitative electron probe microanalysis
(EPMA) of the samples was carried out by using an
energy-dispersive X-ray analyzer with the pure elements
as standards. The lattice parameters of TiCo1xCrxSh
samples were calculated using the Fullprof Suite program
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[8]. For the ordered variant of the TiCo1xCrSh crystal
structure, the electronic structure was modeled by the
KKR method (Korringa-Kohn-Rostocker method) in the
approximation of the coherent potential of the CPA and
the local density of the LDA [9] using the exchange-
correlation  potential  Moruzzi-Janak-Williams  (the
licensed software AkaiKKR and SPR-KKR) [10]. To
model the energy characteristics by calculating the DOS
the Brillouin zone was divided into 1000 k-points. To
capture all semi-core states of p-elements the width of the
energy window was chosen of 22 eV. The calculation
accuracy of the Fermi level position is +4 meV.
Measurements of the temperature and concentration
dependences of the electrical resistivity p(7,x) and the
thermopower coefficient o7, x) (relative to the copper) of
TiCo1xCrSh samples were performed in the ranges:
T =80-400 K, x =0.01-0.10. To reduce an influence of a
possible p-n junction at the contact points measurements
of the voltage drop on the samples were carried out in
different current directions [2].

Il. Study of structural properties of
TiCo1xCrxSb

According to the microprobe analysis data of the
samples TiCo1xCrxSh, x =0-0.10, the concentration of
atoms on the surface of the studied samples is in
accordance with the composition of the charge. In turn, the
X-ray phase analysis of TiCo1xCrkSb samples did not
reveal traces of impurity phases, and the main phase is
indexed in the MgAgAs structure type [1]. Given that the
concentration of impurity Cr atoms is insignificant, it was
impossible to detect the fact of the ordering of the TiCos-
«CrxSb crystal structure by X-ray methods.

The calculated lattice parameter a(x) of TiCo1xCrxSh
samples, x=0-0.10 revealed a complex nature of
behavior with changes in chromium content (Fig. 1).
Thus, in the concentration range x =0-0.02, the lattice
parameter values a(x) predictably increase since the
atomic radius of Cr (re= 0.128 nm) is slightly greater than
the atomic radius of Co (rco= 0.125 nm). It is important to
understand that the occupation of vacancies (Va) by Cr
atoms in the 4a position of Ti atoms [5] can also cause an
increase in the values of the unit cell parameter a(x) of
TiCo1xCrxSh. However, the maximum observed on the
dependence a(x) of TiCoixCrSh at x~0.02 and the
subsequent decrease of a(x) values at x>0.02 is
unexpected. It appears that in TiCo1xCrkSh simultaneous
partial replacement by Cr atoms in position 4a of larger Ti
atoms (rri=0.146 nm) is also possible. In the
semiconductor solid solution TiCo1xMnySh, we observed
a similar behavior of the unit cell parameter a(x) with
increasing concentration of Mn atoms (Fig. 1, inset) [7]. It
was shown that doping of TiCoSb with Mn atoms
simultaneously generates an acceptor band ¢4 (substitution
of Co atoms by Mn) and donor band ¢p of different nature.

Therefore, we can assume that alloying of TiCoSb
with Cr atoms introduced into the structure by replacing
Co atoms is accompanied by simultaneous changes in the
crystallographic positions of Ti (4a) and Co (4c) atoms.
This leads to the simultaneous appearance in the crystal
structure of TiCo1xCrxSb in different ratios of donor and
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acceptor structural defects. It is clear that changes in the
crystal structure of TiCo1xCrSb will be reflected by
changes in the electronic structure. Thus, in the case of
substitution of Ti atoms (3d?4s?) for Cr atoms (3d%4s') in
position 4a or their occupation of vacancies (Va) in TiCo1-
«CrxSh, structural defects of the donor nature will be
generated (Cr atom contains more d-electrons than Ti). At
the same time, partial occupation of vacancies by Cr atoms
will simultaneously lead to a decrease by the same number
of acceptor states that existed in TiCoSh. As a result, two
kinds of donor states will appear in the band gap &g of the
TiCo1+CrSh semiconductor near the donor band ep:
when Ti atoms are replaced by Cr atoms (donor band ep?)
and when vacancies are occupied (donor band p®).
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Fig. 1. Variation of the lattice parameter a(x) of
TiCo1xCrySh. Inset: change of a(x) of TiCo1xMn,Sb [7].

If Co atoms (3d74s?) are replaced by Cr atoms (3d°4s?)
in the crystallographic position 4c, structural defects of an
acceptor nature will be generated in the TiCo1,CrxSb
semiconductor (Cr atom contains less d-electrons than
Co), and in the band gap &4 the acceptor band es? will
appear. As a result, the semiconductor TiCo14CrySh,
x=0-0.10, will simultaneously contain donor and
acceptor states. The ratio of ionized in the TiCo1xCriSh
donors and acceptors will determine the type of the
semiconductor’s main current carriers.

Considering the insignificant concentration of Cr
atoms in TiCo1xCrxSb and the accuracy of X-ray structural
studies, we could not unambiguously identify the nature
of structural transformations in the semiconductor.
Therefore, the given considerations regarding possible
changes in the structure of TiCo1xCrSb are of a
qualitative nature. The modeling of the electronic
structure of TiCo1.xCrySb for its ordered variant and their
comparison with the results of the study of the kinetic and
energy properties of TiCo1xCrSb should clarify the
conclusions regarding possible changes in the structure of
the semiconductor. On this basis, it will be possible to
model the crystal and electronic structure of the
TiCo1xCrxSbh semiconductor in the future, which will be
consistent with experimental data. And this will be the
basis for optimizing the kinetic properties of the
thermoelectric material by choosing alloying conditions

[2].

393

I11. Modeling of the properties of
TiCo1xCrxSb for an ordered version
of the structure

To predict the behavior of the Fermi level ¢r, the band
gap &g, and the kinetic properties of TiCo1xCr,Sh, the DOS
(density of electronic states) was calculated for the
ordered version of the crystal structure of the
semiconductor (Fig. 2). This involves only substitution of
Co atoms with Ti atoms in the 4c position.
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Fig. 2. DOS calculation for the ordered version of the
TiCo1xCr,Sb structure.
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Fig. 2 shows that in TiCoSb the Fermi level ¢r (dashed
line) is located in the band gap ¢y near the edge of the
conduction band &c, and electrons are the main current
carriers. As mentioned above, the substitution of Co atoms
for Cr atoms generates structural defects of an acceptor
nature, then at the impurity concentration x = 0.01 in the
TiCo0.99Cro01Sb semiconductor, the Fermi level g will
move away from the conduction band ec and will be
located near the middle of the band gap &y. An increase in
the concentration of impurity Cr atoms will be
accompanied by an increase in the concentration of
acceptors. At the same time, the Fermi level & will
approach, and later enter the wvalence band ey
TiCo1xCrxSh: a dielectric-metal conduction transition will
occur, which is the Anderson transition [11]. In the
experiment, such a movement of the Fermi level ¢r will
lead to a change in the sign of the thermopower coefficient
o(T,x), and the holes will become the main current
carriers. At the same time, the type of conductivity of the
TiCo1xCrSh semiconductor will also change from acti-
vation to metallic [2, 4], and the temperature dependences
of the specific electrical resistivity will not contain
activation areas. The electrical resistivity of TiCo1xCrxSh
will increase with increasing temperature. It is important
that the band gap &4 is preserved between the conduction
band &c and the valence band ¢v of TiCo1xCrySh.

DOS calculation for the ordered version of the
TiCo1xCrSb structure allows modeling the behavior of
the kinetic properties of the semiconductor, in particular,
pl,T) and a(x,7) (Fig. 3). Modeling the behavior of the
thermopower coefficient a(x,7), as expected, shows
positive values at all temperatures for concentrations of
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TiCo1xCrSh, x > 0.01, and the maximum values of a(x, 7)
are reached at x = 0.08. Since the value of the specific
electrical resistivity is inversely proportional to the density
of states at the Fermi level, the 1/DOS(sr) dependence
allows us to predict the behavior of the electrical
resistivity of the TiCo1xCrSb semiconductor (Fig. 3b).

We can see that the dependence 1/DOS(er) passes
through a maximum at the concentration of Cr atoms,
x~=0.01, and then rapidly decreases and reaches quasi-
saturation at x> 0.07. This behavior of 1/DOS(eg) is
understandable, because the growth of the dependence in
the section x = 0-0.01 is associated with the crossing of
the Fermi level & of the middle of the band gap &g, which
will cause the smallest values of DOS(er) and the
maximum values of p(x,7) TiCo14CrkSb. When the
concentration of the Cr impurity increases, x > 0.01, the
Fermi level er will move in the direction of the valence
band ev. This will lead to an increase in both the
concentration of holes and the density of states at the
Fermi level of TiCo1<CrySh. Experimental studies of the
properties of TiCo1xCrSb will show the degree of
correctness of the modeling results.

IV. Study of kinetic and energetic
properties of TiCo01-xCrxSb

The change in values with temperature of the specific
electrical resistivity p and the the thermopower coefficient
o. of TiCo1xCrkSh, x =0-0.10, is shown in Fig. 4. For
TiCo1xCrxSh samples at compositions x = 0 and x = 0.01,
we can see activation parts at high temperatures on the
dependences In(p(1/7T,x)) and a(1/T,x). This is evidence of
the location of the Fermi level ¢ in the band gap &g. Since
at all temperatures the sign of the thermopower coefficient
of TiCo1xCrxSh samples at x = 0 and x = 0.01 is negative,
the main carriers of electric current are electrons. At the
same time, the Fermi level ¢ is close to the conduction
band &c. Therefore, TiCo1xCrSb samples with
compositions x=0 and x=0.01 are doped and
compensated  semiconductors of the electronic
conductivity type [4]. Their temperature dependence of
the resistivity In(p(1/7,x)) (Fig. 4) can be described by the
well-known expression (1) [4]:
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where the first term describes the activation of current
carriers ¢1”(x) from the Fermi level & into the conduction
band &c, and the second term describes the jump
conduction &3°(x) with energies close to the Fermi level .
For semiconductors TiCo1xCrxSh with compositions x = 0
and x = 0.01, the thermopower coefficient a(1/7,x) (Fig. 4)
changes with temperature according to expression (2)
[11]:

a="2(L_y11) )

e \kpT

where y depends on the scattering mechanisms. Based on
formula (2), the values of the activation energies £:%(x) and
£3*(x) were calculated. The authors of [2] showed that in
heavily doped and compensated semiconductors, the
values of the activation energies &1%(x) are proportional to
the amplitude of the large-scale fluctuation of the
continuous energy bands. The amplitude of the band
modulation is proportional to the compensation degree of
the semiconductor [4].

Based on formulas (1) and (2), the depth of the Fermi
level e was calculated and the change in the degree of
compensation of the semiconductor TiCo1xCrSh was
estimated by calculating the values of &%X). In the
semiconductor TiCoSb, the depth of the Fermi level &f
relative to the conduction band &c (negative values of the
thermopower coefficient) is &=100.6 meV, and the
amplitude of the bands reaches ¢%=214.1 meV. The
obtained results of activation energy values for TiCoSb
coincide with literature data [2, 5].

Doping TiCoSb with the smallest concentration of Cr
atoms in the experiment, x =0.01, rapidly brought the
Fermi level ¢ closer to the conduction band ec by a
distance of &= 7.3 meV. This behavior of the Fermi level
in TiCoo,99Cro01Sbh is possible either under the condition
of a rapid increase in the concentration of donor states or
a rapid decrease in the band gap &y due to the redistribution
of electronic states. We can assume that in
TiCoo99Cro01Sh these phenomena occur simultaneously.
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Fig. 3. Calculation of the behavior of the thermopower coefficient a(x, 7) (a) and 1/DOS(er) (b) for the ordered
variant of the TiCo1.xCrxSb structure: 1 — 7=80 K; 2 — T=160; 3 — T=250 K; 4 — T=380 K.
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Fig. 4. Temperature dependences of the electrical resistivity p (1) and the thermopower coefficient a (2)
Of TiCOl-xCrbe.

Likewise, the amplitude of the fluctuation of the
continuous energy bands of TiCoogCro01Sh decreased
rapidly to the value ¢:*= 14.1 meV, indicating a decrease
in the compensation degree, and the semiconductor
becomes weakly compensated when the concentration of
donor states far exceeds that of acceptor states.

As mentioned above, in TiCo1.xCr,Sb this is possible
in cases of partial replacement of Ti atoms (3d%4s?) by Cr
atoms (3d°4s') in position 4a or occupation of vacancies
(\Va) by Cr atoms. Considering that at concentrations of
TiCo1xCrSh, x =0-0.01, the lattice parameter a(x)
increases (Fig. 1), we can assume that vacancies (Va) in
position 4a are occupied by Cr atoms, which
simultaneously generates donor states and decreases by
the same number of acceptor states (sa! band) that existed
in TiCoSb [5]. Let us recall that in the case of substitution
of Ti atoms with Cr atoms in position 4a in the
semiconductor TiCo1xCr«Sbh, donor states will also be
generated, but in this case, the lattice parameter a(x)
should decrease (re=0.128 nm and rr=0.146 nm).
Therefore, the option of Cr atoms occupying vacancies
(Va) in position 4a at concentrations x = 0-0.01 looks
more convincing.
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At concentrations x>0.02 at all investigated
temperatures, the activation parts disappear on the
dependences In(p(1/Tx)) of TiCo1xCrSb, and the
resistivity values p(7.x) tend to increase, which is
characteristic of the metallic type of conductivity (Fig. 4).
This can happen either if the Fermi level ¢ leaves the band
gap & and is located in the continuous energy bands, or
the band gap itself ¢y disappears when the continuous
energy bands are overlapped due to the redistribution of
electronic states. When TiCoSb is alloyed with Mn atoms
by replacing Co atoms on the dependences In(p(1/7,x))
TiCo1xMnySh, x =0-0.10, activation areas occurred at
high temperatures and all concentrations. This expe-
rimental result indicated the location of the Fermi level &f
in the band gap &g of the semiconductor TiCo1xMnySb [7].

The answer to the question about the location of the
Fermi level er in TiCo1xCrkSh for x > 0.02 is given by the
analysis of the behavior of the thermopower coefficient
o(T,x), which rapidly decreases, for example, at 7= 300 K
from oy=002=-10 uV/ K to ox=005=0.04 pV/K and
ox=01= 1.1 uV/K (Fig. 4). Thus, in the concentration range
0.02 <x < 0.05, the values of the thermopower coefficient
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Fig. 5. Change in electrical resistivity p(x,T) (&) and thermopower coefficient a(x,T) (b) of TiCo1xCrSh:
1-T=80K;2-T=160 K; 3-T=250 K; 4 — T=380 K.

o(T,x) of TiCo1xCrSb are negative, and at concentrations
0.05 < x — positive. This behavior a(Tx) is fundamentally
consistent with the results of modeling the electronic
structure for the ordered structure (Fig. 2). On the other
hand, a slight increase in impurity concentration is
sufficient for the transition of the Fermi level er from the
conduction band &c to the valence band ev. This could
indicate a rapid decrease in the band gap & of the
TiCo1xCrxSh semiconductor.

The behavior p(x,7) and a(x,7) of TiCo1«CrSh at
different temperatures is interesting (Fig. 5). The analysis
of the concentration dependences p(x,7) and af(x,7) of
TiCo1xCrSh complements the obtained results and
conclusions. Dopping by the smallest concentration of the
Cr impurity in the experiment leads to a rapid decrease in
the electrical resistivity, for example, at T = 80 K from the
value p=0=14170 pQ'm to p=001=139.3 uQ'm. A
decrease in the electrical resistivity p(x,7) at
concentrations x = 0-0.01 indicates a rapid increase in the
electron concentration. This result correlates with the
nature of the change in the Fermi level & position which
in TiCo.g9Cro01Sb approached the conduction band level
ec. We can also assume a rapid decrease in the width of
the band gap g5 of the semiconductor. The obtained
experimental results of the change in specific electrical
resistance p(x,T) correspond to the results of calculations
for an ordered version of the crystal structure of the
semiconductor (Fig. 2).

At concentrations x > 0.01, when the Fermi level ¢r is
located in the continuous energy band and the
conductivity has a metallic character, we do not, however,
observe a monotonous change of the p(x,T) and a(x,T)
values. Thus, at concentrations x=0.01-0.02, the
electrical resistivity p(x,T) increases. If the Fermi level ¢¢
is in the band gap &g of TiCoo.9sCroo2Sh, then the change
in the values of the resistivity would be associated
exclusively with a decrease in the concentration of
electrons (negative values of a(x,T)). The reason for such
a decrease would be the generation of acceptors that
capture electrons. However, the insert in Fig. 5a shows
that in the semiconductor TiCoo.98Croo2Sb, the values of
resistivity p(x, T) are higher, the higher the temperature. It
is in this order that the dependences of electrical resistivity
p(x,T) are located for x>0.02. This behavior of the
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electrical resistivity p(x,T) is characteristic of metals when
the increase in resistivity is caused by the action of current
carrier scattering mechanisms. Therefore, we cannot
attribute the growth of the electrical resistivity of
TiCo14CrxSh at concentrations x = 0.01-0.02 only to a
decrease in the concentration of electrons, and the changes
due to the scattering of current carriers in TiCo1xCrxSb are
of the same order as the changes which are associated with
a change in the concentration of current carriers.

At concentration x=0.02 at all investigated
temperatures, an extremum appears in the p(x,7)
dependence of TiCo1xCrkSh. The appearance of an
extremum on the p(x,T) dependence in a semiconductor of
the electronic conductivity type is the result of a change in
the ratio of ionized donor and acceptor states in favor of
acceptors. Indeed, at concentrations of Cr impurity atoms,
x>0.03, the sign of a(x,7) for TiCo1xCr«Sb becomes
positive (Fig. 5b, inset). This is possible, as mentioned
above, only when Cr atoms occupy the 4c position of Co
atoms. However, this should lead to an increase in the
lattice parameter a(x) of TiCo1.xCrxSh. In the experiment,
we observe a monotonous decrease.

We can assume that in the TiCo1xCrSh
semiconductor, both the substitution of Co atoms for Cr
atoms in position 4c, which generates acceptor states, and
the occupation of crystallographic position 4a by Cr
atoms, which generates donor states, occur simultaneously
at different rates. The given experimental results do not
allow us to obtain numerical values of the rate of
generation of acceptor and donor states, which can be done
only by comparing the results of experimental
measurements of structural and kinetic properties with
modeling of these properties for different cases of
arrangement of atoms in the unit cell. However, these
results are beyond the scope of this paper.

Conclusions

According to the performed study of the structural,
electrokinetic, and energy properties of the TiCo1.xCrxSh
semiconductor obtained by doping TiCoSh with Cr atoms
introduced into the structure by replacing Co atoms in the
4c crystallographic position, it was shown that in
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TiCo1xCrySh the structural defects of donor and acceptor
nature are generated simultaneously. At concentrations
x >0.02, the conductivity of TiCo1xCrSb has a metallic
character, and the contribution of current carrier scattering
mechanisms to the value of electrical resistivity is of the
same order as changes in the concentration of current
carriers. It was established that at all temperatures in the
concentration range x = 0-0.02, the rate of generation of
donors exceeds the rate of generation of acceptors, and at
concentrations x >0.02, on the contrary, the rate of
generation of acceptors is greater than that of donors. This
is indicated by the positive values of thermopower
coefficient a(x,7) of TiCoixCrSb at x>0.03. To
understand the mechanism of structural and energy
transformations in TiCo1xCrSh, it is necessary to
simulate these properties for different cases of atom
arrangement in the unit cell.
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BIuiuB cHIILHOTO JieryBaHHS iHTepMeTaiuHoro Hanisnposiganka TiCoSb
aromamu Cr Ha CTPYKTYPHi, KiHEeTHYHi Ta eHepreTU4Hi BJaCTHBOCTI
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JIoCTiPKEHO CTPYKTYPHI, CNeKTPOKIHETHYHI Ta eHepreTHuHi BiactuBocti HamiBrposimauka TiCo1xCrkSb,
oTpumaHoro JeryBaHsM T1iCOSb aromamu Cr, yBemeHHMH y CIPYKTypy LUIIXOM 3aMillleHHS Y
kpucranorpadiuHii mo3uuii 4¢ aromis Co. ITokazaHo, o y TiCo1-xCrkSb oaHOYacHO y pi3HHX CHIBBiJHOIICHHSX
3aJIe)KHO BiJl KOHIIGHTPALT JOMIIIKH TeHePYIOThCS CTPYKTYPHI Ae(EeKTH JOHOPHOI Ta aKLENTOPHOI mpupoay. 3a
konuentpanii x > 0.02 nposignicts TiCo1xCrSh HOCHTH MeTamiuHmii XxapakTep, a BHECOK Bia il MeXaHi3MiB
pO3CiroBaHHsI HOCI{B CTPyMy y 3HA4EHHS EJIEKTPOOIIOpY € OJHOTO HOPSAKY 31 3MiHaMH KOHIEHTpamii HOCiiB
cTpyMy. BeraHoBieHo, 110 3a BCix Temmeparyp Ha AumtHIi koHueHtparii x = 0-0.02 mBHIKICTh TeHepyBaHHI
JIOHOPIB TepeBakac MIBUAKICTh TEHEPYBAaHHS aKIENTOpiB, a 3a KoHIeHTpanid x >0.02 HaBmaky, MBHAKICTH
reHEepyBaHHs aKUENTopiB € Oinblioto, HiX MoHOpiB. Ha e BKa3ywoTh H0AaTHI 3HaueHHs TepMmo-epc a(x,T)
TiCo1«CrSb 3a x>0.03. JIng po3yMmMiHHS MeXaHi3My CTPYKTYPHHX Ta EHEPreTHYHHX IEepEeTBOPEHb Y
TiCo1xCrkSb HeoOXisHO TPOBECTH MOJENIOBAHHIM IIMX BJIACTUBOCTEN 3a PI3HMX BapiaHTIB MPOCTOPOBOrO
PO3MIILICHHS aTOMIB Y By3J1aX KOMipKH.

KonrodoBi ci1oBa: HamiBIpOBITHNK, €JIEKTPONPOBIIHICTE, Koe(ilieHT TepMo-epc, piBeHb Depmi.
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