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CONCENTRATION EFFECTS ON ELECTRONIC AND SPECTROSCOPIC
PROPERTIES OF ZnCdS WURTZOIDS: A DENSITY FUNCTIONAL
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In the present work, ternary compound Zn,,Cd,S wurtzoid is investigated using density
functional theory with variable Zn and Cd contents. Electronic and spectroscopic features
of Zn.,Cd,S wurtzoid are investigated including energy gap, the density of states, bond
lengths, spectroscopic properties including IR and Raman spectra. Longitudinal optical
mode frequency of IR and Raman is compared with experimental results. Theoretical
results are in good agreement with experimental and previous results. It is found that
energy gap decreases when the concentration of Cd increases, and the longitudinal optical
mode has a red shift with increasing concentration.
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1. Introduction

ZnCdS is one of the essential Chalcogenide semiconductors belonging to group 1I-V1 in
the periodic table that has a wide energy direct optical band gap. The gap of the band is a very
significant parameter to determine the optical and electronic characteristics of semiconductors.
Because of the discrete band gaps, binary semiconducting nanocrystals were restricted in the
applications. The ternary semiconductor materials (like ZnCdS) however have adjustable band
energy [1, 2]. Latterly, the investigation of ternary nanocrystals of ZnCdS has attracted several
academics and experts. It provides the properties of direct band gap, coefficients of high
absorption in the regions of blue and UV, and performance between ZnS and CdS. For instance,
composition-tunable band gap width and size-tunable from (2.4 to 3.7) eV [1, 2] is obtained. The
structural characteristics of semiconducting materials alloy vary from the ZnS binary and CdS
nanocrystal binary compound [2, 3]. In addition to that, the CdS and ZnS of zinc blend lattice
constants are at room temperature around 5.406 and 5.835 A for the zincblende structure. The
small lattice mismatch enables Zn to be taken into the CdS lattice to form ternary alloyed quantum
dots [4, 5]. The optical band gap (Eg) for the ternary film of ZnCdS was discussed by
implementing spectra reflection in the wavelength range (325-600 nm) [6, 7]. The ternary ZnCdS
is steadier under irradiation than ZnS and has a wide variety of visible light absorption [8].

ZnCdS has characteristics between those ZnS and CdS due to ZnS offers a broader band
gap and a greater optical transmittance comparison with CdS that is considered vital in the
applications of solar cells [9-11]. It is appropriate for computer and other devices applications due
to it is well-recognized optical parameters like reflectance, refractive index, optical transmittance,
and optical band gap [10]. The quantum confinment impact on the optical characteristics of
nanocrystal materials are considerably different from the respective bulk and based on the size of
the crystallite. [12].

In this study, geometrical, electronic and spectroscopic characteristics of the
nanostructures of ZnCdS as wurtzoids is investigated using Ab initio methods dependent on
Density Functional Theory (DFT).
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2. Theory

In this work, we employed theoretical ab-intio methods to simulate the features and
nanostructures of Zn,,Cd,S wurtzoid molecule; the present approach uses all electrons density
functional theory B3LYP (Becke, three-parameters, Lee-Yang-Parr) with 3-21G basis sets. Using
B3LYP\3-21 G means the utilizing of 0.965 scale factors to correct frequencies of vibrational [13].
All calculations are made utilizing the software of Gaussian 09 [14]. In this study, the molecular-
nanoscale limited of Zn;,Cd,S as functions of concentration is investigated.

The researchers were working to form the wurtzoids molecules at nanoscale limited that
can be in wurtzite phase structure (a=b#c) of material [15] and using simulation by programs
Gaussian 09. The considered structures of wurtzoids involve the Zn;S; Cd;S; and Zn,CdsS; as
shown in the Fig. 1 at nanoscale size.
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Fig. 1. Represent the geometry of A) Cd;S; B) Zn;S; C) Zn,CdsS; wurtzoids nanotubes structure
after optimization.

3. Experimental results and discussions

3.1 Electronic characteristics

The current work an investigation for the variation of the concentration (x) of Zn,,Cd,S
Wurtzoids as a function of energy gap where it was observed that the reduction in the magnitudes
of energy gaps had been achieved if Cd concentration increases as demonstrated in figure (2). Eg
for all content of Cd was higher than Eg of bulk zZn,_,Cd,S. The levels of energy are restricted to
possible small-scale wells. Peter and Lee reported the same conduct [16]. They draw the energy
band gap vs. content of Cd for bulk and experimental Zn,_,Cd,S. This conduct is to reduce the
height of the barrier. Band gap rise is occurring when the crystal becomes narrower, so the energy
gap appears higher than the bulk [17, 18]. The variation in Eg magnitudes is in line with the
experimental outcomes in Ref. [19]. Therefore, it was noticeable that as the energy gaps at
nanoscale increasing due to quantization confinement. Therefore, the gaps of energy values for
bulk are found tuning between (3.7-2.4) eV [17, 18], and experimental thin film between (4-2.55)
eV [19]. And theoretical values of binary Zn,S; Cd;S;, and ternary Zn ,CdsS; is (3.24, 3.03, 3.2)
eV respectively.
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Fig. 2. Energy gaps of Zn;.«Cd,S as a function of the concentration of atoms Zn, Cd and S
and compare with the experimental bulk [17, 18 ], thin film [19] of ZnS and CdS wurtzoids.

3.2. Density of states

In Fig. (3 A, B, C) show the Densities of state of ternary Zn,CdsS; wurtzoid and binary (Cd7S7,
Zn7S7) wurtzoids as a function of the energy level of them after optimization geometric the density of states
is increase when a decrease of concentration. It found that the energy band gap between high and low
occupied molecular orbital (V.B and C.B) respectively of ternary wurtzoids is variation and tunable about
the experimental value of Cd;S;and Zn;S; in range (3. 25-2.99) eV.
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Fig. 3. (A) Density of state of Zn;S; wurtzoids as a function of energy levels (B ) Density of state(DOS) of Zn,CdsS; wurtzoid as a
function of energy levels (C) Density of state of Cd;S; wurtzoid as a function of energy levels.

3.3. Density of bonds

Fig. 4 illustrates that distribution of density of bonds length of Zn,CdsS; wurtzoids and
compare with experimental values of bonds. There are two types of bonds exist, i.e. Zn-S and Cd-
S [20, 21]. The strong bond length is Zn-S bonds followed by Cd-S bonds. These bonds values are
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in agreement with experimental values. The widest distribution because the calculations are like
surface calculation in which reconstruction deviates many bond from their ideal length.

The experimental values of the above bonds are (2.34 and 2.55) A respectively [20, 21]
the reason belongs to type the bonds of sp2 as well-known be short and strong on inverse sp3
bonds.
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Fig. 4. The density of bonds of Zn,CdsS; wurtzoid (Comparison with bulk experimental
wurtzite value [7, 21]).

4. Spectroscopic properties

4.1. Longitudinal optical

Fig. 5 illustrates the longitudinal optical (LO) vibrational mode of Zn,CdsS; wurtzoid as a
Cd concentration (x) function. The nanoscale impact is to decrease the frequency of the LO mode
value [22]. Additionally, due to the dangling bonds from the surface, the bare case has greater
frequencies. The impact of dangling bonds is to raise the steady force, as demonstrated in Figure 5.
The LO is identical to experimental LO mode at the ZnS boundary. The LO modes will converge
with the experimental value of CdS when increasing the concentration.

The theoretical values of wurtzoids in Fig 5 are two modes 355 and 304.61 cm™
Comparison these values with experimental ZnS and CdS LO modes (351 and 305 cm-1
respectively [7, 23]) it can be shown that the current technigue estimates are in good agreement
with experiment.

The variation of ZnS, Zn,CdsS; and CdS wurtzoids vibrational mass decrease,
respectively as a function of frequency can be seen in Figure 6. The bare molecules have a broad
decreased mass because their atoms are not connected to other atoms that substantially reduce the
reduced mass value. Ultimately, heavy atoms or heavy collection of atoms vibrate first and have
the lowest frequencies according to the equation. [24]:

1 k

v=2ﬂ' 7

Whereas:

K: is the force constant,

J: is the reduced mass.

The last mode, in this case, is the longitudinal optical mode (LO). Fig 7 demonstrates the
variation of ZnS, Zn,CdsS;, and CdS wurtzoids vibrational force constant respectively as a
frequency function. Therefore the similar results for both Fig 6 and Fig 7 are obtainable. In the two
figures, it could be observed that the vibrations are Red shifted.
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Fig. 5. Longitudinal optical (LO) Zn;x Cd,S wurtzoids as a function of Cd concentration (x). The experimental bulk LO mode
vibrational frequency of both CdS and ZnS [7, 23] as shown.
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Fig. 6. The variation of ZnS, Zn,CdsS;, CdS wurtzoid vibrational reduced mass as a function of frequency. The experimental LO
vibrational mode of both CdS and ZnS [7,23] as show.
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Fig. 7. The variation of ZnS, Zn,CdsS;, CdS wurtzoids vibrational force constant as a function
of frequency .the experimental LO vibrational mode of both CdS and zZnS [7, 23] as shown.

4.2. IR and Raman spectra

Figs. 8 (A, B, C, D, E, and F) show IR and Raman spectra for ZnS, Zn,CdsS;, and CdS
wurtzoids structure. Figure 8 (A) is observed in regions for (355.2) cm™ and Raman spectra are
very low intensity in these band. While figure (C) wurtzoid have various bands at two regions at (
278.1) cm™ and Raman spectra are observed at 359.1 cm™ very low intensity in these bands and
figure (E) wurtzoid have various bands at (305.5) cm™ and Raman spectra observe at 303.8 cm™
are very low intensity in these bands. While the experimental of LO frequencies for CdS and ZnS
is (305,351) cm™ respectively [23]. That means the theoretical value in agreement with
experimental. the results in the present work are agreement with the result of ternary compound
wurtzoids[24].
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Fig. 10. IR and Raman spectrum for wurtzoids.
(a) IR of Zn;S; Wurtzoid, (b) Raman of Zn;S; Wurtzoid, (c) IR of Zn,CdsS; Wurtzoid
(d) Raman of Zn,CdsS; Wurtzoid. Compare with the CdS experimental LO vibrational mode (e) IR of Cd;S; Wurtzoid,
(f) Raman of Cd;S; Wurtzoid.

5. Conclusions

In the current work, we have shown that the utilizing of Nano-Wurtzoid crystals could
provide an appropriate pattern of values for the vibrational and electronic characteristics of
ZnCdS-Wurtzite materials. The two ZnCdS limits of composition, for example, ZnS and CdS, are
reversed due to the presence of d orbitals in the heavier Cd atom and other structural and electronic
variances between atoms of Zn and Cd. It found that the experimental gap of the energy value of
binary bulk CdS and ZnS are nearer to the theoretical results of CdS and ZnS wurtzoids while the
gap of the energy value of ternary ZnCdS Waurtzoidis decreased when increasing the concentration
of Cd. The Longitudinal optical of Zn,,Cd,S wurtzoid has a red shift with increase concentration.
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