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The cubic structures of zinc sulphide and ternary alloys from zinc, cadmi-
um, and sulphide atoms at the nanoscale regime have been represented by
nanostructures called tetramantane (Zn,,S;;, Zn,;_,Cd,S;; (n=1, .., 3)).
The electronic properties: HOMO, LUMO, and HOMO-LUMO gap have
been investigated. They were found as affected by cadmium concentra-
tions and converge to practical results. Infrared and Raman spectra of
ternary alloys referred to occur with shifting in maximum peak and ap-
pearing a new peak different from infrared and Raman spectra of
nanostructure for zinc sulphide due to connecting between zinc, cadmium,
and sulphide atoms. UV—Vis spectra for nanostructures have been exam-
ined; the maximum peak and the optical-edge absorption are shifted to
lower energy. In addition, the width of peaks increase with increased
quantity of cadmium atoms. From results, these nanostructures are suita-
ble to be used in optoelectronics and biosensors for biomedical applica-
tions. Density functional theory and time-dependent density functional
theory at the BSLYP level with SDD-basis functions are used. All the re-
sults are obtained by using the Gaussian 09 program.

Ky6iuni ctpykrypu cyabpiny Iluaky Ta TepHapHuUX cTomiB 3 aTomiB IluH-
Ky, Kagmiro Ta cyabhiny Ha HaHOMACIITaOHOMY PeKUMi OyJIM HpeacTaBJIeHi
HAHOCTPYKTypaMu, 3BaHUMHU TeTpamanHtanom (Zn;S;;, Zn;; ,Cd,S;; (n =1,
.ers 3)). Hocraimxeno emexTpouHi BiaactuBocti: HOMO, LUMO ta HOMO-
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LUMO urinuny. BorHum O6ynau BusABJIeHI AK HOpPYIIeHi KoHIeHTpaliero Kan-
Mif0 i 3ocepemKyIOThCA HA MPAKTUYHUX pe3yibTarax. IHGpauepBoHi Ta Pa-
MAaHOBi CHeKTPUM TepHAPHUX CTOIIB, HPO fAKi #merscs, BigOyBawThbCcsa 3i
BMiIlIEHHAM Yy MaKCHMAaJIbHOMY IIiKy Ta II0OABOI0 HOBOTO IIiKy, BigMiHHOTO
Bixm imdpauepBoHUX i PamMaHOBUX CIEKTDPiB HAHOCTPYKTYPU [Js CYJIb(iny
Huuarky uepes 3’egqHanHA Misk aromamu Iluaky, Kagwmito Ta cymnbdiny. Hoc-
JiMKEeHO CHeKTPU y BUAMMIN i yabrpadionerosiit obsacTax cmitia ana Ha-
HOCTPYKTYDP; MaKCHMaJdbHUN HIiK i Kpall ONTUYHOIO MOTJIMHAHHA 3MIiITy-
I0TbCA 0 OinbIn HM3bKOI eHeprii. Kpim Toro, mupuua mikiB 36iabInyeTbes
3i 30inbIIeHHAM KinbKocTu aToMiB Kanwmiio. 3a pesysbraTamMu Ii HAHOCTPY-
KTypu MiAXOOATH AJII BUKOPUCTAHHS B OIITOEJNEKTPOHIIi Ta OioceHcopax
I OioMeZWUYHHX 3acTOCYyBaHb. BUKOPHUCTOBYETHCA Teopisa (QyHKIIioHATY
T'YCTUHU Ta Teopisa (pyHKIioHANSy I'yCTUHHU, III0 3aJI€KUTh Bif yacy, Ha piBHI
riopugaoro B3LYP-dyuKIioHany 3 mabopom SDD-6asmcHUX (yHKIH. Bei
pe3yIbTaTH OfePKAaHO 3a JOIOMOT0I0 Iporpamu Iayccian 09.
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1. INTRODUCTION

Nanostructures have quantum confinement effect and size-
dependent properties; therefore, the electrical, optical, thermoelec-
tric and magnetic properties of materials modify by using
nanostructures [1]. The II-VI nanostructures signify interesting at-
tention of experimental and computational study, which can be used
in wide applications in different fields such as industrial and bio-
medical. Nanostructures represent the bridge between molecular
and bulk material. Some nanostructures exhibit remarkable stability
than others maybe because of geometric configurations or electronic
state [2]. Zinc sulphide and cadmium sulphide crystallize in two
forms cubic (zinc blende) and hexagonal (wurtzite) at room temper-
ature, ZnS and CdS have high band gaps and important materials in
many applications such as solar energy conversion, optical mass
memories, infrared windows, light-emitting diodes (LEDs), nonline-
ar optical devices, sensors, lasers, and photocatalysis due to its var-
ied range of promising structures and morphologies, stability and
their potential application in a new generation of optoelectronics
devises [3, 4]. The formation of ternary alloys Zn,;_,Cd,S;;, of vary-
ing concentrations of zinc and cadmium atoms, offers the possibil-
ity of obtaining a material having the ability to regulate physical
properties. Ternary alloys from Zn, Cd, and S atoms are reflected as
a favourable material in the construction of photodetector, biomedi-
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cal labels, solar cells, and optically controlled switches [5].

The cubic structure of ZnS at the nanoscale regime was repre-
sented by Zn;;S;; nanostructures. To get ternary alloy Zn,,_,Cd,S;;,
zinc atoms were replaced by cadmium atoms for (n=1-3). This
work aims to investigate the HOMO and LUMO levels, IR spectra,
Raman spectra, and UV—Vis spectra for these nanostructures by us-
ing the Gaussian 09 program, density functional theory, and time-
dependent density functional theory at the BSLYP level with SDD-
basis function.

2. METHODS

Cubic (zinc blende) and hexagonal (wurtzite) structures at the na-
noscale regime can be represented by nanostructures called diamon-
doids and wurtzoids, respectively [6—10]. Clusters and nanostruc-
tures from ZnS, ZnSe, CdS, and CdSe have been reported previously
by others [11]. In the present work, ZnS cubic diamondoid was used
to represent ZnS nanocrystals. Tetramantane Zn;;S,; was used as a
representative of this diamondoid due to its appropriate base size
and gave results converged to experimental measurements. Figure 1
shows tetramantane Zn,;S;; after geometric optimization.

Ternary alloys of Zn, Cd and S atoms with compositions
Zn,;_,Cd,S;; (n=1-3) including Zn,,CdS;;, Zny,Cd,S;;, and Zng,Cd;S;;
are shown in Fig. 1 after geometric optimization. After getting the
preferred configurations by optimized nanostructures, the IR spec-

ZngCd,S,,

Fig. 1. Tetramantane Zn,;S,; and ternary alloys of Zn,,CdS,;,, Zn,;Cd,S,,
and Zn,,Cd;Sg after optimization.
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tra, Raman spectra, and UV-Vis spectra investigated and compared
with experimental measurements. All calculations have been per-
formed by using DFT/TDDFT at the B3LYP level with the SDD-
basis function by Gaussian 09 program [12].

3. RESULTS AND DISCUSSIONS
3.1. Energy Gap

Nanostructures have size and shape-dependent properties. In this
work, Zn,;S;; and ternary alloys Zn,;_,Cd,S;; have a size of a few
nanometres; therefore, confinement effect is prevailing and leads to
change in the density of the states and separation in the energy lev-
els [1, 13]. The relation between the energy gap, HOMO, and LUMO
levels as a function of increasing the number of cadmium atoms are
shown in Fig. 2. Zn,;S;; has energy gap of 3.597374 eV in high
agreement with experimental value of 3.6 eV [14]. When the con-
centrations of cadmium atoms increased, the HOMO levels in-
creased, and the LUMO levels decreased, as shown in Fig. 2. There-
fore, the LUMO-HOMO gap condensed and become of 3.088244 eV
for ZngCd;S,;, as shown in Table 1. From Figure 3, the high occu-

;1: —— . N ==HOMO
2 —B-LUMO
% (1)_ . . . . L . =¢=Band gap
g 1 0.5 [ 1.5 2 2.5 3
:;n =21 Number of Cd atoms
g =3 —n - —n

-7 2

Fig. 2. Variations of the energy gap with Cd atom.

TABLE 1. The HOMO and LUMO levels and bandgap.

Nanostructures HOMO, eV LUMO, eV Bandgap, eV
Zn,;;S;; -6.8029 -3.20553 3.597374
Zn,,CdS;; -6.72698 -3.39356 3.333421
ZnyCd,S;; -6.59528 -3.40526 3.190016

ZngCd,;S,,; -6.54874 -3.4605 3.088244
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LUMOZn,,S,,

HOMO-Zn;Cd,S,,

LUMO-ZnsCd,S,,

Fig. 3. HOMO and LUMO levels for nanostructures.

pied molecular orbital (HOMO) is affected and concerned by cadmi-
um atoms. The capability to control the value of the energy gap by
changing the composition of ternary alloys is performed in different
applications such as optoelectronic devices and biosensors [15].

3.2. IR Spectra

Figure 4 shows the IR spectra for ternary alloys nanostructures.
Zn,;;S;; has maximum peaks at 8346 cm™ corresponding to zinc and
sulphide stretching, its agreement with experimental [16]. After
replaced zinc atoms by cadmium atoms, clear appear new peak for
IR spectrum at 382.3 cm ™ of Zn,Cd,S;; and 381.2 cm™ of ZnyCd,S,,
because of presenting vibrations from Cd-S—Zn bonds, which in-
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Fig. 4. IR spectra for nanostructures.
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Fig. 5. Raman spectra for ternary-alloys’ nanostructures.

creased with increased cadmium atoms.

3.3. Raman Spectra

The composition and symmetry of nanostructures are the main fac-
tors to constitute the Raman spectra for ternary alloys, as shown in
Fig. 5.

Raman shift changed with compositions [17]. Zn;;S;; has a maxi-
mum peak at frequency 256 cm ', which moves left to the experi-
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TABLE 2. Maximum peaks for the Raman spectrum.

Nanostructures Maximum peak, cm™!
Zn;Syy 256
71,,CdS,, 253
7n,Cd,S,, 255.8
7n,Cd,S,, 243.7
45000 ~ —Zn11S11
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g / . —ZnllCd289
g 30000 . —_7nllCdass
£ 25000
£ 20000 —M
2
i% 15000 -
10000
5000 -
0

T T T T T T 1
0 100 200 300 400 500 600 700
Excitation energy, nm

Fig. 6. UV—Vis spectra for nanostructures.

mental longitudinal optical mode (LO mode) value of 250 cm™ [18].
The quantum confinement effect was produced, shifting in the fre-
quency of 6 cm™.

Changing the zinc atoms by cadmium atoms caused shifting and
widening in maximum peak, also new peaks have appeared, this in-
dicating construct the ternary alloys from zinc, sulphide, and cad-
mium atoms as shown in Table 2.

3.4. UV—YVisible Spectra

Electrons can jump from high occupied molecular orbital (HOMO) to
lower unoccupied molecular orbital (LUMO) by stimulating energy
from ultraviolet and visible light. At the nanoscale regime, the con-
finement effect and surface to volume ratio produced increasing in
the energy level separation and widening in the energy gap com-
pared with bulk. Therefore, the ternary alloy nanostructure has op-
toelectronic properties dependent on size, shape or phase, and com-
position.

Figure 6 shows the UV-Vis spectra of the ternary alloys
nanostructures. As seen from Figure 6, the UV—Vis spectrum for
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TABLE 3. Maximum peaks for the UV—Vis spectra.

Nanostructures UV-Vis (A,.,), nm
Zn,; Sy, 295.2
Zn,,CdS, 301
ZnyCd,Sy; 315
ZngCd,;S;; 316.8

Zn,;;S;; has a maximum peak at 295.2 nm (4.2 eV), which is corre-
sponding to the ZnS experimental value of 3.6 eV [14, 19], the re-
placement of zinc atoms by cadmium atoms caused decreasing in
energy levels.

Thus, the maximum peaks shifted to lower energy as shown in
Table 3. Also from Fig. 6, the optical edge absorption shift to lower
energy and the width of peaks increased with increased cadmium
atoms.

4. CONCLUSIONS

Representing the cubic structure by tetramantane molecule for zinc
sulphide and ternary alloys constitute from zinc, cadmium, and sul-
phide Zn;;Cd,S;; (n=1-3) gave results with good agreement with
practical measurement. Increasing the concentrations of cadmium
atoms produced contracted in LUMO-HOMO gap, and it became of
3.088244 eV for Zn,;;Cd;S;. IR and Raman spectra for Zn,,;Cd,S;;
(n =1-3) referred to appear new peaks different from Zn,;S;;. This
indicated to construct the ternary alloys from zinc, cadmium, and
sulphide atoms. The maximum peaks and the optical absorption
edge for UV-Vis spectra of Zn,;_,Cd,S;; (n = 1-3) shift to lower en-
ergy with increased concentrations of cadmium atoms. Regulating
the value of maximum peaks and the optical absorption edge by
varying the composition of alloy attends in several applications
such as optoelectronic devices and biosensors.
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