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Abstract: The realistic pure, tellurium, sulfur, potassiundaraesium substituted NaSe nanostructures are
simulated and optimized successfully with B3LYP/L2DZ basis set. Structural stability of NaSe aralgsed

by chemical hardness, calculated energy and chémitantial. Electronic properties of NaSe nanagtres

are evaluated by ionization potential, HOMO — LUM@p and electron affinity. The dipole moment anohipo
group of pure and impurity substituted NaSe nanosires are also reported. The present work paagstov
tailor NaSe nanostructures with substitution imiesi to enhance the structural stability and ebetr
properties for engineering applications.
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Introduction

Recent development in nanomaterial synthesis leagseparation of nanowires, nanotubes, nanorods
and nanowires for the past one decade [1-5]. Chaltdncludes S, Se or Te but not O. Chalcogenides a
recognised group of inorganic chemistry which fiitdsapplications widely in chalcogenide glassefarscells,
optical fibers and catalyst. Most of the nanomatsrieveal the properties of technological valygeeglly in
semiconductor industries. Among the semiconduatmagerials, nitrides and chalcogenides find its irtgoace.
One among the important chalcogenide materialsotius selenides (NaSe). NaSe is a colourless solid
synthesized by the reaction of selenium and saiutiosodium combined together with ammonia [6]. iSod
selenide can be used in many applications partigula paper and pulp industry for kraft procesidwed by
photographic industry to prevent developer solgjditeaching in textile industry, sulphur dyes detergents.
NaSe exhibit important physical and chemical priggr Chemically it is very stable and being untieacwith
most of the reducing agents.

The objective of the present study is to invoke dtructural stability and electronic propertiesNaiSe
nanostructures and incorporating the impuritiegribance the physical and chemical properties. Withas
objective, survey was conducted and it reveals tiohtmuch work has been carried out in sodium sdden
Density functional theory (DFT) is a promising mathto study the stability and electronic propertids
nanostructures. DFT can be utilized for fine adnesit of nanostructures and electronic propertieblate
nanostructures [7-9]. Various nanostructures ofdNa® optimized and simulated successfully anddhelts
are reported.
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Computational Methods

NWChem package is utilized to optimize NaSe nanosires successfully[10]. In simulating
nanostructures choosing the basis set is very it@pbicriterion, since the atomic number of sodiund a
selenium is eleven and thirty four respectivelyclBes three-parameter hybrid functional (B3LYP) hwit
LanL2Z basis set is utilized to optimize NaSe nammsures [11-15 ]. In the present work, differeiapant
elements are substituted in pure nanostructuremdiim selenide nanostructures and these comhbisatib
compounds have been optimized with LanL2DZ badisve&eh produce good throughput with pseudo poaknti
approximation [16].

Results and Discussion

The present work primarily focus on ionizationgytal (IP), dipole moment (DM), chemical hardness,
chemical potential, HOMO-LUMO gap, electron affin#nd calculated energy to enhance NaSe nanosgsctu
substituted with different elements namely tellaorjisulphur, potassium and caesium.

Figure.1 (a) Structure of pure 3D-NaSe Figure.1 (b) Structure of Te substituted
Nanostructures 3D- Nasmostructures

Figure.1 (c)Structure of S substituted Figure.1 (d) Structure of K substituted
3D-NaSe nanostructures 3D-NaSe nanostnees
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Table.1Energy, Point symmetry and Dipole moment of NaSesauctures

Dipole Point
Nanostructures Energy (Hartrees) moment Group
(Debye)

Pure NaSe -56.88 0.098 1 C
Te substituted NaSe -54.51 0.092 ; C
S substituted NaSe -58.62 0.1 ; C
K substituted NaSe -112.64 0.092 ; C
Cs substituted NaSe -95.79 0.074 . C

Figure 1(a) — 1(e) represents the nanostructurgsi@, Te, S, K, Cs substituted NaSe structures. Th
pure form of NaSe nanostructure consists of sbatdans with six Se atoms to form benzene like stinectTe
substituted NaSe nanostructure contains six Nasgtéour Se atoms and two Te atoms, two Te atoms are
substituted in place of Se atoms. Similarly S dtiietd NaSe nanostructure is built by six Na atofosr Se
atoms and two S atoms. K substituted NaSe nantsteus formed by four Na atoms, six Se atoms sk
atoms. Likewise, Cs substituted NaSe nanostruttasesix Se atoms, four Na atoms and two Cs atamsCt
atoms replace Na atoms.

The structural stability of NaSe nanostructures loa analysed using calculated energy. The catxllat
energy, dipole moment (DM) and point group of b# above mentioned NaSe nanostructures are tathuhate
Table 1. The calculated energy of pure NaSe is8&6lartrees. When two Te atoms is substituted iBeNa
nanostructures instead of two Se atoms, calcuktedgy changes to -54.51 Hartrees which is lownen fhure
NaSe nanostructure. The stability of Te substititeBe nanostructure decreases with Te substitufibe.
calculated energy of S substituted NaSe, K substittlaSe and Cs substituted NaSe nanostructureSg&aée,
-112.64 and -95.79 Hartrees respectively. The tatled energy of these nanostructures is high cosaparthe
pure form of NaSe. The stability increases withghbstitution of S, K and Cs atoms. The dipole mutnoé all
NaSe nanostructures are found to be almost of safue and ranges from 0.074 to 0.1 Debye. The lalrev
of DM infers that the atoms are perfectly packed afistribution of charges is uniform inside the
nanostructures. All the structures of NaSe havatgpbup of G which refers high asymmetry in the structure.

HOMO-LUMO gap and density of states of NaSe nanostictures

The electronic properties of NaSe nanostructuraseaanalysed by highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LOM[17,18 ]. Almost all the nanostructures has same
energy gap in the range of 0.62 — 0.64 eV as shawrable 2. Table 2 visualizes the HOMO-LUMO and
density of states (DOS) spectrum in NaSe nanostrest The energy gap value is not much affected by
substitution impurities. The nanostructure of NaBews a semiconducting behaviour with narrow gag@nE
applying a low energy will excite the electron fr&(f®OMO level to LUMO level. The localization of clumas is
seen more in the LUMO level than in HOMO level fr@®S spectrum. This implies that a minimum energy
can move the electrons from HOMO to LUMO level. Eatensity of charges is seen in different energy
interval of LUMO level. This refers to the localiean of charges in the LUMO level. The substitutioh
impurities in NaSe structures completely modifiee tlensity of charges in energy interval. The sieoat
properties can be fine-tuned with the substitubmpurities in NaSe nanostructures.
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Table. 2HOMO-LUMO Gap of NaSe nanostructures

Nano HOMO — LUMO Visualization (=
structures T B (eV) HOMO, LUMO and DOS Spectrum

Pure NaSe 0.62 .
0
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substituted 0.64 A
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-10 -5 0 5 10
Energy (eV)
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0
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0
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lonization potential, Electron affinity, chemical potential and chemical hardness of NaSe nanostructes

The electronic properties of NaSe nanostructuegsaiso be studied by lonization potential (IP) and
Electron affinity (EA) [19]. Figure 2 shows the #idd EA of NaSe nanostructures. The IP and EA rafiges
5.1 eV to 5.5 eV for different structures of NaSesubstituted NaSe requires more energy to rentowe t
electron from the structure, in contrast, Cs stlistii NaSe requires less energy to remove therehefitom
the nanostructure. Since caesium atom has moreeatuohielectrons than sodium, the removal of elecfrom
this structure is easierThe energy released due to the addition of elesttonthe NaSe nanostructures are
referred as EA. EA of NaSe nanostructures valuegedrom 4.46 — 4.86 eV. Among all the impurity
substituted NaSe nanostructures there is no mutdtioa in EA is noticed.

The structural stability of NaSe nanostructures aso be explored in terms chemical potential (CP)
and chemical hardness (CH) [20]. The significantiaa for CH and CP ig = (IP-EA)/2 andu = — (IP+EA)/2
respectively. Almost same trends are observed iwi@lPthe value ranging from 4.78 — 5.18 eV. HoweH
does not show much difference in the value, ihithe order of 0.3 eV. Table 3. represents CH aAdfiNaSe
nanostructures.
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Figure 2.IP and EA of NaSe Nanostructures
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Table.3Chemical potential and chemical hardness of Na&estauctures

Nano Chemical potential Chemical hardness
structures (eV) (eV)
Pure NaSe 51 0.31

Te substituted

NaSe -4.97 0.32
S substituted

NaSe -5.18 0.32
K substituted

NaSe -5.07 0.31
Cs substituted

NaSe -4.78 0.32

CP and CH are highly related to ionization potérdiad electron affinity. When the hardness of the
material is high, HOMO — LUMO gap is also relatiwéligh. The model of effective fragment potentiaFpP)
is used to explore the effect of CP and CH [21, ZR also denotes the electronegativity which pkaystal
role in semiconductor physics.

Conclusion

Using DFT, pure and impurity substituted NaSe s&mectures are successfully optimized with
B3LYP/LanL2DZ basis set. The structural stabilifyNaSe nanostructures are analysed by chemicahiaite
calculated energy and chemical hardness. The etectproperties of NaSe nanostructures are disduisse
terms of ionization potential, electron affinity OMO-LUMO gap and density of states spectrum. Tipoldi
moment and point symmetry of different structuréfNaSe are also reported. The present work provides
insight for tailoring NaSe nanostructures to enkeatiee structural stability and electronic propertigith
substitution impurities which finds its potentiaiportance in engineering applications.
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