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The correlative analysis between the preexponential factor (A) and the activation en-
ergy (E,) as kinetic characteristics of melting and crystallization processes of both pure
and doped (with In, Ge, Sn, ZnTe, up to 10 mol.%) cadmium telluride is carried out. A
linear dependence has been found between the preexponential factor and the activation
energy idetermined from experimental data on the temperature dependences of melt vis-
cosity, the CdTe phase crystallization rate as well as of electrical conductivity. The
identity of coefficient a in the InA = aE, + b experimental dependences obtained for all
the considered processes is interpreted as an evidence of relation between their enthalpy
and entropy.

IIpoBeZieH KOPPENAIMOHHBIA aHAJIU3 CBA3U IPEIIKCIIOHEHIINAJBLHOTO MHOMKUTEeNA (A) u
sHepruu aktuBanuu (E,) KaK KMHETHYECKUX XaPAaKTePUCTHK IIPOIECCOB IJIaBJIEHUS U KPHUC-
TAJIU3AUNA YUCTOro u Jeruposanuoro In, Ge, Sn, ZnTe (go 10 mou.%) Tennypuma KagmMus.
Veranosiena nuHeilHAS 3aBUCHUMOCTb MEXKIY 3HAUEHUAMH IIPEIIKCIOHEHIIMAIbHOTO MHOMKM-
TeJd U 9HEePruy aKTHUBALMM, IIOJYYEHHLIMM HA OCHOBAHMM AHAJIM3a TeMIIEePATYPHBLIX 3aBUCH-
MOCTeHl BA3KOCTH PAacCILIaBOB, CKopocTH Kpucramausanuu (passel CdTe n saeKTponpoBOgHOCTH
pacmiasa. MageHTHUYHOCTS, KO2(PUIIMEHTa a B IOJYUYEHHBIX 9KCIEPUMEHTAJbHBIX 3aBHCHMOC-
X lndA = aE, + b nna BceX NPUBEIEHHBIX IIPOIECCOB OOBACHAETCA CBASLIO MEMKAY IHTAJD-
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nuell U SHTPOIIMEHN MIPOIECCOB.

1. Introduction

Study of the semiconductor liquid state
is of a great fundamental interest and im-
portance for technological applications,
since the molten state is a determinative
stage in various cases of single crystal
growing. For a number of years, numerous
literature sources are appeared covering the
multistage nature of the melting process for
materials with different types of chemical
bonding (ionic, covalent, metallic) [1-5].
Diffraction experiments and temperature
dependences of thermodynamic functions
studies have revealed rapid structural
changes within a rather narrow temperature
interval in molten GeTe, SeTe, TISe, GaSe,
CdSb, KCI, HgOSCdozTe, InzTe3, etc. [6_14:].
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According to [14], the melt "structure” de-
pends on the overheating, especially in the
case of associated liquid semiconductors
with a high ionic contribution to the bind-
ing energy (II-VI, IV-VI). Therefore, the
structure-sensitive melt properties are of
significant interest.

Molten CdTe is difficult object for direct
structure investigations by diffraction
methods due to high components pressure
above the melt. Temperature dependences of
electrical conductivity, thermo-e.m.f. and
viscosity are among few possibilities to in-
vestigate the CdTe phase transitions. The
aim of this work is to summarize the avail-
able theoretical and experimental data con-
cerning CdTe melting and ecrystallization
processes in various thermodynamic condi-
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tions. The influence of slight doping with In
or Ge (2 mol. %) and Zn (up to 10 mol %)
on the solid-liquid and vice versa CdTe
phase transition parameters are taken into
account, too.

2. Analytical procedure

As a summarizing approach for various
data, the Arrhenius equation was used:

k = Ae E./RT, (1)

where A is the preexponential factor and R
is the gas constant. The units of the pre-ex-
ponential factor are identical to those of the
rate constant and will vary depending on
the reaction order.

The well-known universality of the Ar-
rhenius equation which describes different
activation processes stimulates the perma-
nent interest in research of correlations be-
tween parameters of this equation for wide
range of physicochemical processes. The in-
terrelation between the activation energy
(E) and the pre-exponential factor (4) ac-
cording to the expression

InA=aE +b 2

referred to as the compensation effect has
been reported for heterogeneous catalysis,
polarization and oxidation processes, diffu-
sion and self-diffusion in solids, liquid flu-
idity, for electrical conduction processes in
various systems, etc. [15—-22].

3. Resultls and discussion

The peculiarities of CdTe nucleation and
crystallization processes during the cooling
of CdTe and related (CdTe—Ge; In; ZnTe)
melts from 1400 K were studied by dynamic
viscosity monitoring in [23, 24]. Besides,
the crystallization rate (V,) of CdTe melts
and CdTe phase in the CdTe-Ge (In, Sn)
systems at the dopant concentrations up to
10 mol.% was evaluated by differential
thermal analysis (DTA) in [25]. In addition,
results of electrical conductivity o(T) meas-
urements in CdTe both doped with In, Ge,
Sn [23] and undoped [26, 27] as well as in
Cd,_Zn,Te melts [28] were considered to
check their correspondence to the Arrhenius
equation. It was estimated that the dynamic
viscosity temperature dependence of the
melts under cooling can be described by the
Arrhenius equation

n= nOeXp_Ea,visc./RT’ 3)
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Fig. 1. Correlation between Arrhenius equa-
tion parameters (preexponential factor 1, and
viscous fluid activation energy E, ..) for
CdTe based melts: CdTe-Te (1), CdTe-Cd (2),
CdTe + 2 mol.% Ge (3), CdTe + 2 mol.% In
(4), CdTe+ 2 mol.% ZnTe (5), CdTe +
10 mol.% ZnTe (6) [23, 24].

where m, is preexponential factor; E, ..,
the viscous fluid activation energy. The pa-
rameters ng and E, ;.. in this equation for
the CdTe melts with different deviation
from stoichiometry, CdTe + 2 mol.% Ge
(In) melts and CdTe + 4 (or 10) mol.% ZnTe
show an interrelation (Fig. 1) which is de-
scribed by the equation

Inn, = -8.56 - 10-2E, + 1.60. n

The linearity of the relation between the
parameters of the melt viscosity tempera-
ture dependence suggests that increase in
the process activation energy which is con-
nected with vacancy formation for a viscous
flow particle replacement is connected with
preexponential factor decrease. A similar
correlations between the logarithm of preex-
ponential factor V,, and activation energy
E, ; in equations describing the temperature
dependences of crystallization rate for CdTe
and CdTe + 1-10 mol.% (In, Sn, Ge) melts
was obtained from [25] (Fig. 2). The pa-
rameters of these equations for undoped
and doped CdTe melts show a linear depend-
ence with the angular coefficient very close
to that obtained in Eq. (4):

InV, o = —(8.58 + 0.18) - 102E,  + (5
+(-6.15 + 1.00).

The obtained empirical dependences con-
firmed a general conclusion of a theoretical
analysis in [16] about the close relation be-
tween the preexponential factor and the activa-
tion energy E,; of nucleation process in the
condensed phase according to the equation
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Fig. 2. Correlation between Arrhenius equation parameters for temperature dependences of CdTe
crystallization rate in CdTe based melts (preexponential factor and activation energy of the melt

crystallization process) [25].

Vs =V 0eXp(-AG*/ RT), (6)

where the V,, characterizes the frequency
of molecule transfer from an initial phase

to new one; AG* is the potential barrier
which prohibits the formation of critical
size nucleus.

The reason for the proximity of angular
coefficient values in Eqgs. (4) and (5) which
describe processes different in their essence
in the melt being cooled within the same
temperature range can be due to proportion-
ality between their energy and entropy pa-
rameters. In both cases (vacancy formation
for a viscous flow and critical nucleus for-
mation processes), more energy-intensive
processes are characterized by smaller en-
tropy changes, which indicates the presence
aggregations of atoms in the liquid more
complex than binary ones. Thus, the ob-
served entropy reduction accompanied with
the energy barrier increase during forma-
tion of a more complex new phase can be
treated as an evidence for the compensation
effect in this specific system, namely, in
the tetrahedral semiconductor melt.

The compensation effect is confirmed
also by the parameters of electrical conduc-
tivity temperature dependence o(7T) for the
CdTe-related melts investigated in various
thermodynamic and kinetic conditions by
different experimental methods [23, 26—-28].
The correlation between the activation en-
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Fig. 3. Correlation between Arrhenius equa-
tion parameters (pre-exponential factor o
and electroconductivity activation energy
E, ) of the CdTe based melts: CdTe — heat-
ing (1) [283]; CdTe + 2 mol% In — heating (2)
[23]; CdTe + 2 mol% Ge — heating (3) [23];
CdTe + 6 mol% Ge — heating (4) [23]; CdTe
+ 2 mol% Sn — heating (5) [23]; CdTe +
6 mol% Sn — heating (6) [28]; CdTe — heat-
ing (7) [26]; CdTe — cooling (8) [26]; CdTe
— heating (9) [2]; CdTe — heating (10) [2];
Cdjg55ZNg pasT€ — heating (11); [27];
Cdg goZng ggTe — heating (12) [27].

ergy E,, and preexponential factor o, can
be described satisfactory as

lgog = 8.48 - 1072E,  + 2.10. (7
Fig. 3 demonstrates a good agreement be-
tween the obtained angular coefficient and

ones derived from Eqs. 4 and 5. It is to note
that Fig. 3 combined the data obtained both
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during the melt heating and cooling (point 7
and 8, respectively, obtained in the same ex-
periment [26]). However, elimination of point
8 does not change the angular coefficient.
Thus, it must be concluded about universality
of the compensation effect during both trans-
formations of the condensed phases.

4. Conclusions

Eight CdTe-based systems were considered
for possibility of the compensating effect in
various physical-chemical characteristics of
CdTe phase transitions between condensed
phases. It has been shown that logarithm of the
preexponential factor in the Arrhenius equa-
tions of the viscosity, crystallization rate and
electrical conductivity temperature dependences
for the pure and doped (Indium, Stannum, Ger-
manium, Zine, Stibium) molten CdTe has de-
pends linearly on the process activation energy.
From the obtained mathematical expressions,
close values of angular coefficient are esti-
mated. The data are interpreted as an evidence
of presence more complex than binary structure
units in the CdTe melts with high interatomic
binding energy. The increase of cluster disso-
ciation activation energy is accompanied by
small changes of the system entropy.
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Kopeasania mixk mapamerpamMu piBHAHB Appeniyca, AKi
XapaKTepUu3yIOTh IPOIleCH IIJIABJIeHHA Ta KpHUCTaJdi3amil
Cd(Zn)Te

JI.I1.IlJep6ax, O.B.Konax

ITpoBeneno kKopendAniiiHuit aHamis3 3B’A3KY MilK INepeJeKCHOHEHIIITHUM MHOKHUKOM (A)
Ta eHeprielo axkTuBanii (E,) AK KiHeTWYHNMX XapaKTepUCTUK MpPOIeCciB NIaBJIeHHA Ta KpHUC-
Tanisanii sk uucroro, Tak i serosanoro In,Ge, Sn, ZnTe (mo 10 moa.%) Kaxmiili Tenypunmy.
BceranoBiieno JgiHiMHY BajeXHicTh MiK 3HAUYEHHSMHU [IePemeKCIIOHEHI[IMHOro MHOKHHKA Ta
e”eprii akTuBamii, oTPUMAHMMMN HA OCHOBi aHAJidy TeMIEpaTypHHUX 3aJeKHOCTEH B’sa3KOCTL
posmnasiB, mBuakocti kpucramisamii ¢asm CdTe Ta enexrtpomnposigmocTi posmaaBy. To-
TOHICTh Koe(imieHTa @ B OTPMMAHNX eKCIePHMEeHTANbHUX 3aJexHoCcTaX InA = aE, + b ana
BCiX 8raflaHMX IIPOIIECIiB MOSCHIOETHLCS 3B SIBKOM Mi’K €HTAJIBIIIEI0 TA €HTPOIIICIO IIPOoIeciB.
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