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1 | INTRODUCTION

The world is quickly turning into a global village because
of the expanding everyday prerequisite of energy. The
requirement for energy and its related services to fulfill
human social and economic development, government
assistance, and health is increasing. Getting back to
renewable energy to help alleviate environmental degra-
dation is a wonderful methodology, which should be fea-
sible in order to satisfy the energy demands of the future
generation. Sustainable power resources are fundamental
for the continued life because of the quick utilization of
fossil fuels on earth. One of the perfect clean energy strat-
egies is to utilize the solar cells for the purpose of conver-
ting light energy into electricity.!

Semiconductors with a bandgap in the energy range
of ~1.5 eV are perfectly considered as ideal materials for
the development of solar cell with high proficiency.'
Moreover, the successful optoelectronic devices could be
investigated with appropriate bandgap choice by focusing
on the energy range. The appropriate energy bandgap is
the direct one where the immediate transition from
valence to conduction band is possible for productive
optoelectronic applications. It is, therefore, necessary to
find new materials with the ideal properties to fulfill the
needs of the rapidly developing innovation.”

The spinel materials X,YZ,, with both X and Y are
metallic elements and Z belongs to (O, S, Se, Te) chalco-
genides family, have motivated various investigations,**
since it exhibited significant physical properties, that is,
phase transformations,” half metallicity,6 colossal
magnetoresis.tance,7 metal-to-insulator  transitions,®
thermoelectricity,” thermodynamic stability,'® charge
storage ordering,'' transparent character for longer
energy range,'? nonlinear optical susceptibility,"* and so
on, which make them promising candidates for assem-
bling optoelectronic devices and materials for various
applications, especially in magnetism, geophysics, cataly-
sis, and environmental protection."**® The thiospinels
could be utilized for various applications in the field of
defect engineering by implementing pressure in specific
manners."’

Peskov et al reported the crystal chemical characteri-
zation of d-metal sulfides/selenides/tellurides con-
taining discrete tetrahedral TX,(X = S, Se, Te) groups
with chalcogen anions.'”?® The randomly scattered
atoms in chalcogenides involve diverse crystallographic
positions that were not included initially in the sample.
Thus, they obtained an information base containing
structural information on 122 d-metal compounds with
the formula M[TX,] (where M represents metal and
y = 2 to 6). In these compounds, the mechanisms

behind the interatomic bonds were majorly resolved
with the help of AutoCN program.*

Different types of materials have been predicted for
energy harvesting applications; Muhammad et al investi-
gated different concentrations of hydrogen in the mesh of
nitrogen-doped  graphene  networks using the
pseudopotential scheme.?! In another work,** the authors
have doped different group II metals. They have also cal-
culated the magnetic moments and also reported the
optical properties of the doped systems using the random
phase approximation. Furthermore, 3D transition metals
tetraoxide superhalogen clusters incorporated single and
divacancy monolayer graphene was studied by density
functional theory (DFT).?* Thin film solar cells (TFSCs)
have been vastly investigated in recent times.”* TFSCs
show high efficiency in solar cell applications. However,
comparatively less attention has been paid to the opto-
electronic applications of spinel compounds.*

Despite important research on thiospinels, other com-
pounds like Sc,CdS, and Y,CdS, usually received less
attention and are not studied yet. Regarding these com-
pounds, there is a lack of theoretical data on the under-
study materials. First-principles calculations assist in
understanding the materials’ properties without the avail-
ability of any experimental data. This investigation was
expected to locate the fundamental physical and struc-
tural properties of Sc,CdS,; and Y,CdS,; compounds. In
this work, first-principles calculations of structural, elec-
tronic, optical, and thermoelectric properties of ternary
d-metal sulfides Sc,CdS; and Y,CdS, compounds are
investigated under the framework of DFT. Furthermore,
the work is significant due to its novelty and it delivers
new results that have appropriate features for their use in
advanced applications.

2 | COMPUTATIONAL DETAILS

Different physical properties of the d-metal sulfides
Sc,CdS, and Y,CdS,; have been calculated using the
state-of-the-art density functional calculations. The full
potential scheme of linearized augmented plane-wave
plus local orbitals is used as implemented in the
Wien2K computer package.”® The maximum angular
momentum value of I = 12 for the charge and potential
expansion in spherical harmonics is used. The radii of
the muffin tin spheres are 2.21, 2.25, 2.50, and 2.15 Bohr
for Sc, Y, Cd, and S, respectively. For the interstitial
region, the plane-wave cutoff value (Kmax = 8.0/RMT)
was used and 1000 k-points is used for the Brillouin
zone integrations. For the determination of structural
parameters of the materials, the generalized gradient
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approximation (GGA)?’ is used. On the other hand, the
new semi-local potential known as the “Tran and Blaha
modified Becke-Johnson” TB-mBJ*® potential is used for
the calculation of electric structure due to its better
energy bandgap prediction compared to other less com-
putational potentials.

3 | RESULTS AND DISCUSSION

3.1 | Structural properties
The ternary d-metal sulfides Sc,CdS, and Y,CdS, com-
pounds exist in cubic structure with crystallographic
parameters a = b = ¢, a = = y = 90°, and space group
Fd3m (#227). The relaxed crystal structure (left) of the
title compounds and CdS, tetrahedron (right) is shown in
Figure 1. In this structure, each Cd atom is tetrahedrally
coordinated by four sulfur atoms, while Sc/Y atom is
coordinated with six sulfur atoms. Using the experimen-
tal/estimated lattice constant through self-consistent
manner, structural relaxation of internal parameters is
performed. The basic structure parameters of the com-
pounds are determined by performing volume
optimization.

Table 1 depicts the calculated relaxed values of these
parameters for both the compounds. The lattice constant
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increased in the order of Sc — Y; it is 10.85 A for Sc,CdS,
and 11.31 A for Y,CdS, by changing the cation. It is
noticed that the lattice constant, unit cell volume, and
the bond length increase by replacing Sc with Y. This
increase is due to the fact that Sc has larger atomic size
than the Y element.

3.2 | Electronic properties

3.21 | Energy band structure

The calculated electronic band structures of Sc,CdS, and
Y,CdS, compounds are displayed in Figure 2, in the high
symmetry direction W-L-I'-X-W-K in the first Brillouin
zone. The energy range is set from —5 to 5eV and the
Fermi level is considered as reference (0 €V). Both the com-
pounds show semiconducting nature and direct bandgap
with a value of 1.886 eV for Sc,CdS, and 2.209 eV for
Y,CdS,, respectively. The increase in the bandgap is caused
by the replacement of lower atomic radius cation with the
higher one. Bond length increased (shown in Table 1) by
the cation replacement, which shows higher energy
bandgap of these compounds. Despite no experimental
value of the compounds is available in the literature, we
believe that these values are more accurate and could be
closer to the measured bandgap of the materials.

FIGURE 1 Relaxed crystal structure (left) and polyhedron (right) of Sc,CdS, compound [Colour figure can be viewed at
wileyonlinelibrary.com]

TABLE 1 The calculated lattice Compounds a=b=c e v, d

constants a, b, and ¢ (in A), bond angle

a, ﬂa and 7, bond lengths d (ln A), and SCzcdS4 10.85 90 1278.91 ZSSZ[Cd-S] 2602[SC'S]
optimize volume (in a.u®), for Sc,CdS, Y,CdS, 11.31 90 1447.46 2.596[Cd-S] 2.746[Y-S]

and Y,CdS, compounds
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TABLE 2
units of a.m.u)

The calculated effective masses of the compounds (in

Electron effect Hole effective mass

Compounds mass (m;) (my)
Sc,CdS, 0.0678*107>! 0.2339%107>!
Y,CdS, 0.0575%1073'1 0.2823*1073!

The effective mass of the compounds is also calcu-
lated from the bands structure at the I' symmetry point.
From Table 2, it is clear that the electron effective masses
are less than the hole's effective masses. Furthermore,
Y,CdS, has higher holes effective mass and lower elec-
tron effective mass compared to Sc,CdS, due to its larger
energy bandgap at the I" point.

3.2.2 | Density of states (DOS)

The total and partial densities of states (DOS) of Sc,CdS, and
Y,CdS, compounds are illustrated in Figure 3 in order to dis-
play the contribution of electronic states of Sc/Y, Cd, and S
elements. Orbital contributions (as seen from Figure 3) in
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Energy band structure calculated by mBJ of Sc,CdS, and Y,CdS, compounds [Colour figure can be viewed at

these compounds are quite similar. For both these com-
pounds close to the Fermi level in valence band maximum
toward higher energy, the p-orbital of sulfur S atom shows
predominant contribution while the d-orbitals of Sc/Y atom
shows minor contribution. Moreover, toward lower energy
in the valence band region near —7.24 eV, the sharp Cd-d
and smaller S-p orbitals appear. Instead of this, toward
higher energy in the conduction band, major contribution of
Sc/Y-d and S-p,d orbitals occurred with lesser contribution
of Cd-d orbitals in both compounds. The VB remains on the
Fermi level and CB moves away from the Fermi level in
these compounds, going from Sc to Y. From this investiga-
tion, we may conclude that the direct energy bandgaps arise
in the compounds Sc,CdS, and Y,CdS, due to S-p and Sc/Y-
d orbitals hybridization, which is further beneficial to electri-
cal transport. The major contribution of S-p states in the
entire valence band indicates the dominant ionic bonding
character with a small covalent part in these compounds.

3.3 | Optical properties

Linear optical responses of the compounds were reported in
the energy range of 0 to 15 eV as presented in Figure 4A-F.
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FIGURE 3 Density of states (Total 15
and Partial) of Sc,CdS, and Y,CdS, i
compounds calculated with mBJ-GGA
[Colour figure can be viewed at 10 —
wileyonlinelibrary.com]
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(A-F). Optical parameters of Sc,CdS, and Y,CdS, compounds in the energy range between 0 and 15 eV. The solid lines

represent Sc,CdS, while the broken lines represent Y,CdS, [Colour figure can be viewed at wileyonlinelibrary.com]
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The optical response of a material at all photon energies
can be expressed by dielectric function e(w) = &(w)
+ ig5(0).% The real part &,(w) (denoting the polarizability of
the materials) and imaginary part €, (o) comprised energy
loss of light photons by the materials for compounds. The
dielectric function for Sc,CdS, and Y,CdS, compounds is
presented in Figure 4A. The spectrum of &;(w) for Sc,CdS,
and Y,CdS, compounds starts at low frequency with values
of 5.98 and 5.01, which is termed as static dielectric func-
tion. It is clearly understandable from the figure that
bandgap and the static dielectric constant €,(0) of the com-
pounds are strongly related; that the smaller bandgap pro-
duced a larger €,(0) value, when one moves down in the
group from Sc to Y followed the Pen model. After the low-
frequency region, &;(w) increases to a maximum value of
11.13 at 3.32 eV energy for Sc,CdS, and 9.14 at 3.97 eV
energy for Y,CdS,, respectively. The main characteristic
peaks of the understudy compounds are observed in visible
to ultraviolet energy range. Beyond these peaks, &,
decreases below zero after the energy of 5.68 eV and
7.10 eV for Sc,CdS; and Y,CdS,; compounds. The com-
pounds exhibited greater energy losses beyond these values
after certain energy ranges, where they show metallic
behavior of the material. Moreover, it observed that the
peaks moved toward higher energies due to the increase in
the bandgap when Sc cation is replaced by Y. The calcu-
lated results of &,(») are also compared with the recently
reported spectra for Sc,ZnS, and Y,ZnS,® as shown in
Figure S1. The real part of dielectric function for the Cd-
based spinel compounds is slightly lower than the Zn-based
spinel compounds due to its larger energy bandgap. Overall,
the spectra of Cd-based compounds follow the pattern of
the Zn-based spinels.

The imaginary part e5(®) of Sc,CdS, and Y,CdS, com-
pounds is shown in Figure 4A. The curves for e,(w) show
that its starting point is E, = 2.10 eV for Sc,CdS, and 2.34
for Y,CdS,. Prominent peaks appeared beyond the thresh-
old points due to the interband transitions from Cd-d and
S-p states in lower energy region to Sc/Y-d states in CB for
Sc,CdS, and Y,CdS,, respectively. After the threshold
points, the spectra increase monotonically due to larger
contribution of joint density of states to €,(w). The domi-
nant two peaks appear in both these compound. The maxi-
mum absorption capabilities with the main peak of
Sc,CdS, and Y,CdS, have magnitude of 9.704 and 8.734 at
energy 5.315eV and 6.820 eV, respectively. The com-
pounds’ absorption main peaks lie in the ultraviolet region
while it shifted toward higher energy and become low in
moving from Sc to Y. Being a medium bandgap material
(Sc,CdS, and Y,CdS, compounds) showed large absorp-
tion covering the entire far visible region together with
ultraviolet region. Therefore, the stable and UV-Vis absor-
bents are promising candidates for optoelectronics

technology. The calculated results of e,(w) are also com-
pared with the recently reported spectra for Sc,ZnS, and
Y,ZnS,*® as shown in Figure S1. The imaginary parts of
Sc,CdS, and Y,CdS, are found in close agreement with
the Sc,ZnS,; and Y,ZnS,, respectively. As Sc,ZnS,; and
Y,ZnS, have shown high device absorption efficiency,*
Cd-based spinels can also show high absorption ability.

The calculated refractive index n(w) is displayed in
Figure 4B. The solid lines represent Sc,CdS, while the
broken lines represent Y,CdS,. Interestingly, n(w) follows
the same behavior as e,(»). This similar trend of both
spectra is supported by the established theory.® The
static value n(0) of refractive index was found to be 2.44
for Sc,CdS, and 2.24 for Y,CdS,, following the same
behavior as €;(0). The highest peaks of refractive index n
(®)max appear with having values of 3.407, 3.096 at energy
3.36 eV, 4.04 eV for Sc,CdS; and Y,CdS, compounds
respectively, which are in the ultraviolent region of the
electromagnetic spectrum. It is clearly observed that the
small bandgap compounds have high refractive index.
These results show that n(0) and n(w),.x decrease by
replacing Sc with Y, which means it follows the same
trend as €,(0) while opposes the trend present in energy
gap of these compounds. Beyond prominent characteris-
tics peaks, refractive index decreases by increasing the
photon energy due to small joint density of states partici-
pating in the interband transitions.

Extinction coefficients K(w) describe the absorption
capability of the material when an incident light pass
through it. The value of K(w) (shown in Figure 4B) starts
at the bandgaps of the compounds, then abruptly
increases and reaches its maximum peak values with the
minor peak appearing on higher energy side of the spec-
tra of both the compounds. The maximum reported
values of extinction coefficients K(w)max are 2.044 and
1.941 at energy 5.46 eV and 6.87 eV for Sc,CdS, and
Y,CdS,; compounds, respectively. The Sc,CdS, shows
higher value of extinction coefficient, which means it
absorbs more light as compared to Y,CdS, compound.
Moreover, the maximum peaks move toward the higher
energies, whereas clear multi-peaks with shoulders
appear in both compounds, as well as by replacement of
the cations from Sc to Y. This is due to the increase in the
energy bandgap of the compounds in going from Sc to Y.

The frequency-dependent reflectivity R(w) results are
shown in Figure 4C. The static frequency limit of reflec-
tivity R(0) for Sc,CdS, is 17% and for Y,CdS, is 14%,
respectively, which follows the same behavior as &;(),
and these compounds exhibited maximum reflectivity
values of 39% (Sc,CdS,) and 38% (Y,CdS,) in the energy
range from 2.5 to 15 eV. Beyond maximum peaks, &;(w)
goes below zero to reveal the metallic character after the
energy 5.68 and 7.10eV for Sc,CdS; and Y,CdS,
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compounds. Based on the reflectivity spectra, these com-
pounds can be used effectively as reflectors in the UV
region. Furthermore, it is clear from the spectra of R(w)
that the static values decrease by changing the cation
from Sc to Y. It is due to the fact that the bandgaps of
compounds are increased, which also broadens the high
reflectivity range of the compounds. From the plot, we
can see that Sc,CdS, is comparatively a better reflector.

The optical conductivity s(w) of Sc,CdS, and Y,CdS,
compounds is shown in Figure 4D. The optical conductiv-
ity o(w) starts at the bandgap value of the compounds.
o(w) increases slowly with smaller peaks for both the
compounds and then reaches gradually to a maximum
value, the maximum values 6(®)max are 6985.19 Q' cm™
and 7845.69 Q' cm™ for Sc,CdS, and Y,CdS, com-
pounds at energy 5.38eV and 6.87 eV, respectively.
Y,CdS, compound possesses higher o(w) than Sc,CdS,.
After reaching maximum values, it starts decreasing with
multiple minor peaks in the high energy range. Com-
pounds show prominent optical conductivity in the UV
region, and consequently these systems can be functional
for the high-frequency devices operating in this range.

The absorption coefficient a(w) is important in
describing the intensity of the light in the medium and
optical density. Figure 4E depicts the absorption coeffi-
cient spectra of Sc,CdS, and Y,CdS, compounds. It starts
at the critical point and then increases above these com-
pounds with characteristic optical structures originated
due to the electronic transitions with high joint density of
states. The maximum values of a(w)max for Sc,CdS, and
Y,CdS, compounds are 17571 x10*cm™ and
148.52 x 10* cm™" at energy 12.1 eV and 13 eV, respec-
tively. Sc,CdS, compound possesses higher a(w) than
Y,CdS,. It shows that the absorption strength is
decreased by replacing Sc with Y for the compounds.

The effective numbers of electrons (per unit cell) that
take part in both inter and intra-band transitions contrib-
uting to the valence band can be studied by sum rules. It is
obvious from Figure 4F that electrons start to contribute
significantly in interband transitions at around 3.50 eV
and 4.07 eV for Sc,CdS, and Y,CdS,. Beyond these values,
N.gr increases for higher energies, and it becomes higher
for Y,CdS, beyond 7 eV compared to Sc,CdS,, which is
also seen in the dielectric function spectra. The continuous
increase of effective electrons with the increase of energy
up to 15 eV indicates that interband transitions contribute
significantly to these compounds.

3.4 | Thermoelectric properties

In order to have promising thermoelectric properties in a
material, it is important to have a large value of Seebeck
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coefficient (S) and electrical conductivity, while
extremely low thermal conductivity. Here, we have
important thermoelectric parameters at the temperature
interval 300 K < T < 800 K.

It is noticed from Figure 5 that the Seebeck coefficient
shows a decreasing trend with temperature for Sc,CdS,
and Y,CdS, compounds. The Seebeck coefficient for both
the compounds starts from the high positive values
249.5 pV/K for Sc,CdS, and 237.92 uV/K for Y,CdS,
compounds at about 300 K. It should be noted that the
Seebeck coefficient is affected by temperature, that is,
when temperature increases, a significant decrease of
(S) is observed with a value of 234.7uV/K and
219.14 pV/K for Sc,CdS; and Y,CdS; compounds at
around 800 K. Sc,CdS, and Y,CdS, compounds exhibit p-
type conduction behavior due to its positive values over
the whole temperature range. Furthermore, Sc,CdS,
compound possesses a high value of Seebeck coefficient
than Y,CdS, over the whole temperature range.

We have reported the electrical conductivity of
Sc,CdS,; and Y,CdS; compounds, which is shown in
Figure 6. The figure depicts that the electrical conductiv-
ity values increased monotonously from its minimum
value with the increasing temperature. The increasing
value of electrical conductivity clearly shows the semi-
conducting nature of these. The lowest values reported
for Sc,CdS; and Y,CdS; compounds are 1.971 X 10"
(1/Qms) and 2.500 x 10'® (1/Qms) at a temperature of
about 300 K, while the highest values reported for
Sc,CdS, and Y,CdS, compounds are 8.575 x 10'®
(1/Qms) and 9.448 x 10"® (1/Qms), respectively, at a tem-
perature of about 800 K. Furthermore, Y,CdS, compound

y T : T ' T v T .
300 400 500 600 700 800
Temperature (K)

FIGURE 5 Variation in Seebeck coefficient with respect to

temperature for Sc,CdS, and Y,CdS, compounds [Colour figure can
be viewed at wileyonlinelibrary.com]
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possesses the greatest value of electrical conductivity than
Sc,CdS, over the whole temperature range.

The electronic thermal conductivity for Sc,CdS,; and
Y,CdS, compounds is plotted in Figure 7A. The thermal
conductivity monotonically increases with temperature
over the entire temperature range. At 300 K, it starts to
increase gradually with values of 0.480 x 10 and
0.565 x 10'* W/mKs and finally reaches its higher values
of 4.857 x 10" and 4.640 x 10"* W/mKs at about 800 K
for Sc,CdS, and Y,CdS,; compounds. Wiedemann-Franz
law is obeyed in these compounds for variations in con-
ductivities. Moreover, Y,CdS, compound possesses a high

1.00E+019 -

8.00E+018 =

6.00E+018

4.00E+018

Electrical conductivity (1/Qms)

2.00E+018

0.00E+000

v T v T v T v T v
300 400 500 600 700 800
Temperature (K)

FIGURE 6 Variation in electrical conductivity with respect to

temperature for Sc,CdS, and Y,CdS, compounds [Colour figure can
be viewed at wileyonlinelibrary.com]
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FIGURE 7
compounds [Colour figure can be viewed at wileyonlinelibrary.com]

T T T T T T T
300 400 500 600 700 800

value of thermal conductivity than Sc,CdS, till 650 K; fur-
thermore, both the compounds share the value of
3.658 W/mKs of thermal conductivity at a temperature of
700 K while at the end of the temperature of about 800 K
Y,CdS, lag behind Sc,CdS,, which is clearly observed in
the plots.

Lattice thermal conductivity (LTC) is an important
thermoelectric parameter that signifies the contribution
of phonon toward heat flow. Due to the limitation of
BoltzTraP computational code, we have calculated LTC
of Sc,CdS, and Y,CdS, compounds through Slack equa-
tion*' and depicted in Figure 7B.

K — Q%thc{tSM
L= 72n23Tt

1)

where y is the Griineisen parameter, A is y reliant coefficient
(~3.1 % 107° for K; in W/mKs), M is the average atomic
mass (in amu), V is the volume of the primitive unit cell
(in a.u®), n is the total number of atoms per unit cell, T is
temperature (in K), 6p is Debye temperature (in K),*
and ¢ is the relaxation time. The values of 6p (412.7 for
Sc,CdS, and 355.6 K for Y,CdS,) and y (2.35 for both the
compounds) are calculated through Quasi-harmonic
Debye approximation.®* The values of 6, and y at 0 GPa
pressure and 0K temperature, calculated through this
model, are similar to those computed from elastic con-
stants.>* Figure 8 shows that the LTC for both the com-
pounds decreases with increase in temperature. Similar
behavior is also reported in other semiconductor
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Variation in thermal conductivity of (A) electrons (B) lattice, with respect to temperature for Sc,CdS, and Y,CdS,
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materials.>>>° In the present calculation, the LTC values
of Sc,CdS, and Y,CdS, vary from 7.3x10™ and 6.1x
10" W/mKs at 300K to 2.2 x 10** and 1.8 X 10"* W/mKs.

It is important to know the efficiency of the materials
for thermal energy conversion. The figure of merit
(ZT) characterizes the materials’ efficiency to heat con-
version. Therefore, it is calculated and presented in
Figure 8. It is observed that Y,CdS, has higher figure of
merit compared to Sc,CdS, throughout the temperature
range (300-800 K). It is due to its lower LTC compared to
Sc,CdS,. It starts below 0.1 at room temperature and
enhances with the increase in temperature and reaches
its maximum value (about 0.5) at 800 K.

Figure 9 shows the heat capacity (Cy) of the com-
pounds in temperature range of 300 to 800 K. At 300 K, it
started to gradually increase with values of 0.959 and
1.545 J/mol K and finally reaches its maximum values of
4.679 and 7.852 J/mol K at about 800 K for Sc,CdS, and
Y,CdS, compounds. Overall, the trend of variation of Cv
is similar to thermal and electrical conductivities
(Figures 6 and 7A). The escalation of Cy in the studied
temperature range shows that it obeys Dulong-Petit and
T? law in the low and high temperature range, respec-
tively. Furthermore, Y,CdS, compound possesses the
greatest value of heat capacity than Sc,CdS; over the
whole temperature range.

4 | CONCLUSIONS

First-principles calculations of structural, electronic, opti-
cal, and thermoelectric properties of ternary d-metal

temperature for Sc,CdS, and Y,CdS, compounds [Colour figure can
be viewed at wileyonlinelibrary.com|

sulfides Sc,CdS, and Y,CdS, compounds were investigated
by using FP-LAPW+lo method. Geometrical optimization
was carried out using the GGA. Both compounds show
semiconducting nature and direct bandgap with a value of
1.886 eV for Sc,CdS, and 2.209 eV for Y,CdS,, respec-
tively. The compounds are found optically active in the
visible and UV regions. Comparatively, Sc,CdS, shows bet-
ter optical response in the visible region than Y,CdsS,. The
thermoelectric properties were also studied in the temper-
ature range between 300 and 800 K. Y,CdS, compound
has the highest electrical conductivity at high temperature.
Both the compounds Sc,CdS, and Y,CdS, are P-type ther-
moelectric materials with ZT of about 0.5. Appropriate
direct energy gap and figure of merit indicate the possible
applications of these compounds for energy conversion
devices.
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