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In recent years, much attention has been given to II–
VI group chalcogenide materials, mainly due to their
wide range of applications as solid state devices both
in scientific and technological fields [1]. These mate-
rials have come under increased scrutiny because of
their wide use in cost reduction of devices for pho-
tovoltaic applications [2]. The research on renewable
energies includes the photovoltaic conversion of solar
energy and important investigations of novel materials
and structures. In particular Selenium alloys are used
in X-ray imaging and photonics [3]. ZnSe is one of the
most promising materials for use in white LEDs and
blue laser diodes [4].

The scattering of photons with the defects, impuri-
ties, and dislocations in the crystals influences the ther-
mal transport properties i.e., thermal conductivity, ther-
mal diffusivity and specific heat. Attempts have been
made from time to time to investigate the thermal trans-
port properties of loose granular materials, insulating
building material, composites, plastics [5], and chalco-
genide glasses [6] using transient methods. Neverthe-
less, very little effort has been made to understand the
heat energy dissipation through polycrystalline materi-
als [7].

Thermal conductivity investigations yield useful in-
formation on several properties of the material. Stud-
ies of the variation of thermal conductivity and ther-
mal diffusivity of Se-Zn at different Zn concentrations
provides a deep knowledge of thermal energy trans-
fer through random process (conduction and diffusion).
Thus it can be used as a tool in the study of imper-
fections, dislocations, and voids, as the carrier mean
free path is mainly affected by the lattice defects [8].
In the present work, an investigation has been under-
taken to study the variation of effective thermal con-
ductivity (λe) and effective thermal diffusivity (χe) of
the Znx Se100−x (x = 0, 10, 20, 30, 40, and 50) system
using the transient plane source (TPS) technique.

High purity (99.99%) selenium granules and fine Zn
dust in appropriate atomic percentage were weighed
and simply mixed by grinding with the help of a mortar
and pestle for about 10 hrs at room temperature. The
alloys were prepared through a simple solid state reac-
tion. Solid solutions can be formed between two or more
components provided that their atomic radii, electronic
structures, and crystal structures are similar [9]. In Se-
Zn systems these conditions are fulfilled and therefore
solid solutions are formed. In the present study a bi-

nary solid solution of Zn and Se has been prepared in
the powder form. Then pellets of thickness 2 mm and
diameter 12 mm were prepared by compaction. The
pellets were made at a constant pressure of 433 MPa.
The surfaces of these pellets were smooth so as to en-
sure good thermal contact between the samples and the
heating elements as the TPS sensor is sandwiched be-
tween the two pellets of sample material in the sample
holder as shown in Fig. 1. The change in the voltage was
recorded with a digital voltmeter, which was connected
to a personal computer.

The power output to the sample was adjusted accord-
ing to the nature of the sample material and was, in most
cases, in the range 6 × 10−6− 16 × 10−6 W/m2. The
measurements reported in this paper were performed
with a TPS element. It was made of a 10 µm-thick
nickel foil (having a resistance of about 3.26 � and
a temperature coefficient of resistance (TCR) around
(4.6 × 10−3 k−1) with an insulating layer made of
50 µm-thick kapton, on each side of the metal pattern.
Analysis of the data obtained through these measure-
ments was done in a way that was outlined by Gustafs-
son [10]. In experiments with insulating layers of such
thickness, it is necessary to ignore the voltage recorded
during the first few seconds because of the influence of
the insulating layers. However, owing to the size of the
heated area of the TPS element, the characteristic time
of the experiment is so long that it is possible to ignore
a few seconds of recorded potential difference values
and still obtain very good results.

An important aspect of the design of any TPS element
is that the pattern should be such that the largest part
of the “hot” area should be covered by the electrically
conducting pattern. This is due to the fact that there is in-
sulation between the different parts of the pattern. This
becomes more important because insulating layers are
covering the conduction pattern and also the surface(s)
of the sample. It should be noted that the temperature
difference across the insulating layer could, after a short
initial transient, be considered constant.

Simultaneous measurements of effective thermal
conductivity and effective thermal diffusivity of pel-
lets of the Znx Se100−x (x = 0, 10, 20, 30, 40, and 50)
systems compacted under a load of 433 MPa, were car-
ried out at room temperature using the TPS technique.
Variations of effective thermal conductivity and effec-
tive thermal diffusivity with the composition (x) of Zn
have been plotted in Figs 2 and 3.

0022–2461 C© 2005 Springer Science + Business Media, Inc. 523



Figure 1 Sample holder diagram with TPS sensor.

Figure 2 Thermal conductivity with Zn atomic weight percentage.

Figure 3 Thermal diffusivity with Zn atomic weight percentage.

The results indicate that both the values of λe and
χe increase slightly upto 10 atomic weight percent of
Zinc and then remain constant from x = 10 to 20. It is
interesting to note that for Zn concentration from x =
20 to x = 50, a rapid increase both in λe and χe has
been observed. This behavior of λe and χe with zinc
percentage can be explained by different types of bond
formation in this system for different Zn concentrations
in the solid solutions of Se-Zn.

Zn is a metal and Se is a semiconductor (specific
resistivity ≈2 × 1011µ�-cm) and therefore at small
Zn concentration the thermal behavior of the system
is similar to that of pure Se. But on increasing the Zn
concentration, the behavior of the system changes and
both λe and χe start increasing.

The increase in λe and χe may be described in terms
of the formation of different bonds between Zinc and
Selenium at different concentrations. Both λe and χe
increase slightly at 10 atomic weight percent of Zn be-
cause of the metallic nature of Zn.

Se, which in its stable state consists of gray trigo-
nal, metal-like crystals, has “infinite” spiral chains of
atoms. Although there are fairly strong single bonds be-
tween adjacent atoms in each chain, there is evidently
weak interaction of a metallic nature between the neigh-
boring atoms of different chains. When Zn is added in
lower concentration (x = 10 to 20) probably the Zn is
fully absorbed in Se8 rings and these show effectively
no change in their structure over the Se. This in turn
gives no change in λe and χe in the concentration range
of Zinc from x = 10 to 20. As soon as the concentra-
tion of Zn is increased in the solid solution of Se-Zn
beyond x = 20, λe and χe starts increasing rapidly. In
the presence of a growing concentration of Zn in Se, the
two electrons of the outermost shell of Zn are given to
Se, which has a two-electron vacancy in its outermost
unfilled shell, thus forming Iono-covalent bonds of Se-
Zn. It has been observed that the single bond between
Se-atoms in an infinite spiral chain of Se is changed
to a double bond (iono-covalent bond) of Zn with Se.
This in turn increases the polar nature of the sample
and hence the dissociation energy. Iono-covalent bonds
formed in such a fashion provide longer chain lengths
and hence higher thermal conductivity with the addition
of Zn to Se.

Thus the enhancement in the effective thermal con-
ductivity and effective thermal diffusivity with increas-
ing concentration of Zinc in Selenium is suggestive of
the fact that a change from covalent bonding to iono-
covalent bonding takes place.
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