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ABSTRACT

The realistic CdZnO nanostructures such as CdZnO ring, CdZnO sheet, CdZnO cube and CdZnO cage are
optimized and simulated successfully using B3LYP/LanL2DZ basis set. Sructural stability of CdZnO nanostructures
are studied in term of calculated energy, chemical hardness, chemical potential and vibrational studies. Using
HOMO-LUMO gap, ionization potential and el ectron affinity, electronic properties of CdZnO are discussed. CdZnO
nanostructures point symmetry group and dipole moment are also reported. The current work explores the details
about optimized CdZnO nanostructures which are most applicable to window material, solar cells and other
optoel ectronic devices.
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INTRODUCTION

Zinc oxide (ZnO) and Cadmium oxide (CdO) are thestrsuitable materials for window material and salelfs
buffer layers application due to their marvelowssiparency in the range of visible region [1, 2je Tesistivity of
CdO is low with band-gap value of 2.29 — 2.73 e¥ drbelongs to n-type semiconductor. In contragDzas high
resistivity with band-gap of 3.3 eV. Therefore, feganeous alloying of both materials compromise étwieen
electrical and optical properties of intermediateepZnO and CdO which is much suitable for appiicatn solar
cells buffer layers.

ZnO and CdO have much attracted in both electrandcoptoelectronic device applications [3-8]. Zrn@yp a vital
role, since due to its owing superior electricagarties and high transparency, particularly im tilim transistors
adopting best current ratios and high mobility fre trange of 18-10' and 5-100 cAiVs respectively [9-17].
Ternary cadmium zinc oxide (CdZnO) semiconductad fpotential application in high frequency optodieaic

devices and in laser diodes & light emitting diode to their band gap around 2.3 eV and 3.37 e\CfD and
ZnO respectively [18-20].

Incorporation of cadmium with ZnO prove that ituks in narrow band gap, since the band-gap vadew for
CdO in the order of 2.3 eV compared to ZnO with 8\ Resistivity of CdZnO is decreased with inciegs
cadmium concentration. Maiti et al. reported optarad structural properties of CdZnO [21]. Synthex CdZnO
can be carried out by many methods such as putssat Heposition (PLD) [22-24], thermal evaporatfi@B,26],
sol-gel method [27], r.f. sputtering [28] and MOVRPED]. The inspiration behind the work is to finge the
structural stability linked with electronic proped of CdZnO nanostructures which enhances eldctron
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conductivity leading to many electronics and optotbnics. In the present work, density functicdhabry (DFT) is
adopted to study CdZnO nanostructures [30].

MATERIALS AND METHODS

The ternary compound CdZnO nanostructures are g@dsuccessfully by NWChem package [31] combingd w
Becke’s three- parameter hybrid function methodL(B3) and LanL2DZ basis set [32-36]. Atomic nhumbér o
Cadmium, Zinc and Oxygen are forty eight, thirtydagight respectively. LanL2DZ gives precise outpith
pseudo potential approximation [37]. Structuralbdiy and electronic properties of nanostructuresn be
calculated by the method of DFT. In this presentiwiur different CdZnO nanostructures are simuwasad
optimized by NWChem package.

RESULTS AND DISCUSSION

The present work mainly concentrates on calculateetgy, ionization potential (IP), chemical potahtelectron
affinity (EA), HOMO-LUMO gap, dipole moment (DM) dnvibrational studies of CdZnO nanostructures. fthe
different possible CdZnO nanostructures such asnCdeang, CdZnO sheet, CdZnO cube and CdzZnO cage are
constructed & studied and are shown in Figure Z(ajd). CdZnO ring structure consists of two Cchagptwo Zn
atoms and two O atoms to form ring like struct@embination of each three Cd, Zn and O atoms fdBai&nO
sheet nanostructures. The remaining CdZnO cubeagel has four Cd, Zn and O atoms each to form anbdeage

like nanostructures respectively.

cd

cd

Figure. 1(a). CdZnO ring

Ccd

Cd

Cd

Figure. 1(b). CdZnO sheet
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Figure. 1(c). CdZnO cube

Cd

Figure. 1(d). CdZnO cage

Table 1. Energy, point symmetry and dipole momentfoCdZnO nanostructures

Nanostructures | Energy(Hartrees) Dlpc()llsze?;(gent Point symmetry
CdZnO ring -377.68 0.21 £
CdZnO sheet -566.55 1.8 sC
CdZnO cube -755.51 4.46 ,C
CdZnO cage -755.34 5.28 ;1 C

The calculated energy of all the four different @@Yis tabulated in Table 1. Since the stabilityoptimized
CdznO nanostructures can be described by calcukedgy. The energy of CdZnO has found to be -377.6
Hartrees. The calculated energy of CdZnO sheete @ra cage are found to be -566.55, -755.51 an8.345
Hartrees respectively. From the result the stgbiiftCdZnO nanostructures gets increased due titi@aadf more
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number of atoms in nanostructure as shown in TablBipole moment (DP) of CdZnO nanostructures dse a
reported in Table 1. DP of CdznO ring, sheet, cahd cage are 0.21, 1.8, 4.46 and 5.28 Debye régaplgct
CdznO ring and sheet has low DP value, since tbmstare tightly bounded and charges are evenlyitalistd in
these nanostructures. Point symmetry group ohelldiscussed nanostructures shows asymmetry whigithier G

or C.

HOMO-LUMO gap of CdZnO nanostructures

Electronic properties of CdZnO can be deliveredldyest unoccupied molecular orbital (LUMO) and hagh
occupied molecular orbital (HOMO) [38,39]. The anegap of optimized CdZnO nanostructures has lolwevin
the range 0.88 — 1.58 eV. These CdZnO nanostrigkirew a narrow gap semiconducting property. Dughito
narrow energy gap the electrons in HOMO level casilg move to LUMO level by applying small extermaiergy.
The localization of charge in CdZnO nanostruct@esmore in LUMO level rather than in HOMO leveliathis
visualized by density of states (DOS) spectruratesvn in Table 2.

Table 2. HOMO-LUMO Gap of CdZnO nanostructures
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lonization potential, Electron affinity, chemical potential and chemical hardness of CdZnTeanostructures
Electron affinity (EA) and lonization potential {IRre the key parameter to deliver the electromaperties of
CdzZnO nanostructures as shown in Figure 2. EA &drk mainly related to energy released due tongdoi
electron and energy required for removing the ebecfrom nanostructures respectively [40]. EA valoé CdZnO
nanostructures are observed to be low in the rah§e65 — 3.96 eV followed by IP values of 4.74.2%eV which
is highly applicable to window material and solagll€ buffer layer applications. The stability of ZuD
nanostructures can also be defined by chemicahlkeasd(CH) and chemical potential (Cl3—(IP+EA)/2 and 5 =
(IP-EA)/2 are the significant formula to predict CP and @spectively. AlImost same CP values of around @2 t
4.4 eV are observed for all the CdZnO nanostrustuveeanwhile not much difference is observed in &Hshown

in the Table 3.

Table 3. Chemical potential and Chemical hardnessf€dZnO nanostructures

Nano Chemical potential | Chemical hardness
Structures (eV) (eV)
CdzZnO ring -4.44 0.79
CdZnO sheet -4.40 0.44
CdZnO cube -4.23 0.51
CdzZnO cage -4.325 0.64
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Figure. 2. IP and EA of CdZnO nanostructures

Vibrational Studies of CdZnO nanostructures
The stability of CdZnO nanostructures can be erplaiby vibrational studies. CdZnO nanostructuresstable if
and only if the imaginary frequency do not exist][¥ibrational frequency and IR intensity of CdZndie reported
in Table 4. CdZnO ring has the vibrational frequeat433.98 and 146.51 ¢nwith IR intensity 151.13 and 12.14
km/mole respectively. CdZnO sheet has vibrationedjdency at 207.21 and 328.89 tmith corresponding IR
intensity of 37.56 and 17.58 km/mole respectiv@lye prominent IR intensity of CdZnO cube has 2448 11.02
km/mole with vibration frequency of 106.73 and 3& cmi' respectively followed by CdZnO cage vibrational
frequency noticed at 460.24 and 173.08*catong with IR intensity of 24.68 and 24.51 km/mo&spectively.
Molecular stretching mode has been observed fotha&ll optimized CdZnO nanostructures and the vibnati
spectrum are shown in Figure 3(a) — 3(d).

Table 4. Vibrational Frequency and IR Intensity ofCdZnO nanostructures

Nano Frequency IR intensity
Structures (cm™® (km/mole)
CdZnOring | 433.98 146.51 151.13 12.14
CdZnO sheef 207.2]1 328.89 37.56 17|58
CdZnOcube| 106.73 357.85 2748 11)02
CdZnO cage| 460.24 173.08 24.68 24J51
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Figure 3(a). CdZnO ring

Figure 3(b). CdZnO sheet
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Figure 3(c). CdZnO cube

Figure 3(d). CdZnO cage

CONCLUSION

In conclusion utilizing DFT method, CdZnO nanostwies are optimized and simulated precisely bygusiritable
basis set B3LYP/LanL2DZ. The stability of CdZnO nattuctures are scrutinized by calculated energgmical
potential, chemical hardness and vibration studi&sth the help of HOMO — LUMO gap, ionization pot&l and
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electron affinity electronic properties of CdZnQeadiscussed. Dipole moment and point symmetry grolp
CdznTe are also reported. The information proviitetthe report can be used to tailor proper CdZn@osauctures
with superior electronic properties which are mugcitable for solar cells buffer layers and manyoef#ctronics
devices.
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