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ABSTRACT

The electronic properties and structural stability of Copper Aluminum Oxide and Zinc Oxide, anionic substituted
zinc oxide and cationic substituted zincoxide were studied in the form of two dimensional structure using Gaussian
09 program package with a B3LYP/LANL2DZ basis set. The HOMO-LUMO, chemical hardness of different
structures are calculated and reported. The effects of pure ZnO, Mn substituted ZnO and F substituted ZnO on
Cu,0 investigated along with HOMO-LUMO gap. The HOMO-LUMO band alignment between Cu,O and ZnO,
ZnO:Mn and ZnO: F was demonstrated and to understand how V¢ increases with anionic and cationic substitution
of ZnO on Cu,O. The result shows that the ZnO:F conduction band moves closer to the vacuum level, which exhibit
that the decreases of the conduction band offset between ZnO: F and Cu20 and hence an enhancement of theoretical
Voc. The cationic substitution of ZnO was observed that the escalation of the open circuit voltage (Voc).With the
improved Voc relatively high solar power conversion efficiency.
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INTRODUCTION

The conjugated organic molecules exhibitgood ptigmisuch as electrical, thermal, photochemicaiiliya and

high charge mobility, which as a result of theiodn range of electronic applications such as Fa#fett transistors
[1], electroluminescent devices [2] photovoltaid ghd batteries [4]. Therefore, the interestingparties of
conjugated molecules play an important role in medbgy and to understand molecular structure aacetactronic
properties to provide guidelines for the developtrahnew materials. These properties depend ordéggee of
electronic delocalization. To control the band gawne of the most important physical propertiesciwhare a
current research topic.The relationships betweetecutar structure and electronic properties camldish by
theoretical analysis of the electronic structureafijugated systems [5]. The propitious photovoltaaterial has
been demonstrated that the hetero-junction congulgetolecule n-type ZnO and P-type,Ouorm a solar cell with
the photon absorber as f£u [6,7].In this paper, we report to increase tfiigiency of Cp,O-ZnO heterojunction
using theternary conjugated structures such asWstisuted ZnO, (ZnO:Mn) and F substituted Mn (ZRQthus

increasing the open circuit voltageM8].

COMPUTATIONAL METHODS
The CyO-ZnO/ZnO: Mn/ZnO: F nano structure calculation haen performedon the theoretical account of the
density functional theory [9]. The different sttue of Cu20, ZnO, ZnO:Mn and ZnO:F are geometiycal
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optimized through Gaussian 09 package [10] emptpacke’s three-parameter hybrid functional comdbinéth
Lee-Yang-Parr correlation functional (B3LYP) methmatimized with LANL2DZ basic set [11,12]. The fdifent
optimized clusters HOMO —LUMO gap and Density aftst(DOS) spectrum of different structure calcoladi are
carried out using Gauss sum 3.0packages [13].

RESULTS AND DISCUSSION

Structural properties of Cu,O, pure and doped ZnO nanostructures

The present work focused on HOMO-LUMO gap, formagioergy and structuralstability and electronic prtips

of the Cu20, Zn0O,Zn0:Mn and ZnO:F nanostructuresnhe HOMO-LUMO gap we can observe the conduction
band offset (CBO) and valence band offset (VBO) mstudy the closer the vacuum level. Figure.Irépyesents
Cw,0 nanostructure and Figure.1 (b) represents the (mO nanostructure have eight Zn atoms, eightothsa
Figure.1(c) and Figure.1(d) denotes that four Momet are replaced for Zn atoms and four F atomseglaced for

O atoms in the pure ZnO nanostructures respectivetgr all the nanostructures the bond lengthejst las 1.7A

All the molecular geometries have been calculatéd the hybrid B3LYP function combination with LANADZ
basis sets using Gaussian 03 program.

® @ o

1(a). Cu,0

1(b).ZnO

1(c)ZnO:Mn 1(d).ZnO:

Figure.1 The optimized structures of (a) CeO, (b) ZnO, (c) ZnO:Mn, (d) ZnO:F
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Figure.2 (a) The observed energy (b) formation engy ofan optimized structure of pure and doped ZnGhanostructures

The calculated energy of optimized structures atpand doped ZnO structures is shown Figure.2. érergy
observed for pure ZnO is -1126.8 Hartrees and ZnDavid ZnO:F energies are -1279.74 and -1225 Hartree
respectively. The energy value decreases withdldfre and F substituted to Zn and O respectively.Stnactural
stability of CyO, ZnO, ZnO: Mn and ZnO: F nano structures candleutated using the formation energy from
equation 1.[14]

Eform = E (Cw,O nanostructure) —xE(Cu) — yE(O)- zE(dopant);

Eform = E (ZnO nanostructure) — XE(Zn) — yE(O)- zE(dopat)  --------------- Q)

where E (CpO nanostructure), E (ZnO nanostructure) represtiggotal energy of GO and ZnO respectively.
E(Cu), E(Zn), E(O) is representing the correspogdinergy of isolated Cu, Zn, O and E(dopant) reprssthe

dopant atom namely Mn and F. Moreover X, y andmesent the to the Cu or Zn, O and dopant atopectisely.
The formation energy of Cu20, ZnO, ZnO:Mn and Zn@dnostructures are -44.43eV, -60.10eV, -68.46a¥/-an
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36.14eV respectively. From the observation theildyabf anionic substitution ZnOhas low comparedpure and
cationic substitution.

Electronic properties of CwO, pure and doped ZnO nanostructures

The electronic properties of @b and ZnO, ZnO: Mn and ZnO: F nanostructures debateerms of Highest
Occupied Molecular Orbital (HOMO) and Lowest Unogi&d Molecular Orbital (LUMO) [15]. Figure.3 showse

range of Density of States (DOS) values providsght to density of charge along the Fermi levéhe HOMO-

LUMO gap varies arbitrarily because of overlappiofg3d orbits of Copper and Oxygen 2d orbits for,Qu
Similarly for ZnO structures, the gap varies witkedapping of 3d orbits of Zinc and 2d orbits ofy@en.

The energy gap value for g and pure ZnO is 1.18eV and 0.43 respectivelypebding upon the geometry of the
structure, the band gap increases or decreasdsped with F or Mn to ZnO nanostructures respelstiv&’hen the
energy gap increases, it leads to decrease in ctimidyy of ZnO nanostructures. For F substitutedOzZn
nanostructures, the energy gap further increase8.58eV and the energy gap decreases to 0.43e\Mfor
substituted ZnO nanostructures. The resistivity &nO nanostructures increased due to substitugbn
fluorineatoms. Finally the electronic propertiesZofO nanostructures can be fine-tuned by increasiaghumber of
atoms, substitution of proper impurities and by ¢heation of a defect. The tuning of the band iga@u20 and
ZnO leads to many applications like photo catalysi®tovoltaic cells and in lithium batteries eft5]
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Fig. 3 The Density of state diagram for optimizedtructures of (a) Cu20, (b) ZnO, (c) ZnO:Mn (d) ZnOF
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Figure.4 shows HOMO- LUMO visualization clearly eges that the electron cloud is an occupied orlgtaen
color) and in contrast the electron cloud is margiitual orbit (red color) for defect structurednostructure due to
band gap.

4(c) 4(d)

Fig. 4 HOMO-LUMO visualization band gap diagram of optimized structures of (a) GO, (b) ZnO, (c) ZnO:Mn (d) ZnO:F

The band alignments of @D-ZnO, CyO-ZnO:Mn and CpO-ZnO:F heterojunctions are schematically drawn as
Figure.5. From that, we can see the conductiord ldfsets (CBOs) for GO-ZnO, CyO-ZnO:Mn and CpO-
ZnO:F are 1.5eV,1.09eV and 0.04eV respectively. Yaknce band offsets (VBOs) are determined to.Bée&)/

for Cu,O-ZnO and 0.3eV for GO-ZnO:Mn. Interestingly, we can observe that tH&OS for CyO-ZnO:F is
obtained within the G® band gap region. The 1.14eV difference movestimeluction band of ZnO: F closer to
the vacuum level compared to ZnO; we assumed thatlanged in conduction band edge is responsiblthéo
enhancement of open circuit voltage,d\8].
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Fig.5. Schematic of the flat-band diagrams at thedterojuction for the Cu,0-ZnO, Cu,0-ZnO:Mn and Cu,0-ZnO:F
CONCLUSION

Using DFT, pure cupric oxide, pure zinc oxide arehganese substituted zinc oxide, fluorine substitainc oxide
nanostructures are optimized with B3LYP/LanL2DZiba®t and simulated successfully. The structtediility of
all nanostructures is discussed using formatiomggnand it was compared with observed energy. Wiehhelp of
HOMO-LUMO gap, the influence of substituted of namactures is discussed.£4ZnO: X (X=F or Mn)
heterojunction solar cell was simulated with HOMOMNO energy levels. The effect of g+Fluorine substituted
ZnOheterojuction conduction band offset is closerthie vacuum level compare to other heterojuctioona
structures. We suspect that this change in comubiand edge is responsible for the enhancemeXtdh this
study, the quantum chemical investigation of thengetries and electronic properties of cupric oxiac oxide,
manganese substituted zinc oxide and fluorine guted zinc oxide nanostructure of these materald tostudy
the possibility to suggest these materials forrsod#l application.
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