Available online at www.derpharmachemica.com

\)

. u (ma 4 "
I N 4 I
/-\\ Scholars Research Library Qi‘ 5,

N\,

l=w= -l

ISSN 0975-413X
CODEN (USA): PCHHAX

Scholars Research

«+De,
*x D

Der Pharma Chemica, 2015, 7(1):84-91
(http: //der phar machemica.convarchive.html)

Tuning structural stability and electronic properti es of MnSe nanostructures
—a DFT study

V. Nagarajan, V. Saravanakannan and R. Chandiramoutf

School of Electrical & Electronics Engineering, SASTRA University, Tirumalaisamudram, Thanjavur, India

ABSTRACT

The realistic nanostructures of pure, Cr and Te substituted MnSe nanostructures are simulated successfully using
density functional theory with B3LYP/ LanL2DZ basis set. Using calculated energy and chemical hardness,
structural stability of MnSe nanostructures are discussed. Dipole moment and point symmetry of pure, Cr and Te
substituted MnSe nanostructures are also studied. The electronic properties of MnSe nanostructures are discussed
in terms of electron affinity, ionization potential and HOMO-LUMO gap. The present work provides the information
for tailoring MnSe nanostructures with the incorporation of impurities to improve the structural stability and
electronic properties, which finds its application in spintronic devices, solar cells and electrocatalysts.
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INTRODUCTION

Transition-metal chalcogenides are represented s §M = transition metal; X=S, Te and Se) which amere
extensively investigated owing to their magnetitectrical and optical properties [1-3]. During fiyesis of
nanostructures, controlling the size and shapenattallite is a critical task in order to tailoreih properties with
enhanced performance in wide range of applicatsuth as spintronic devices [4], solar cells [5¢ctlocatalysts
[6] and biological labelling [7]. Thus, preparingisotropic chalcogenide semiconductor has its itgmme in
modern technology and science. In recent daysarelsdés concentrated on controlling the morpholo@ynetal
chalcogenide nanomaterials. Manganese selenide gMisSone of the semiconductors due to strong relect
interaction between hole/electron in sp-d bancestathich arise due to Mhions on Mﬁ* 3d electron states [8].
MnSe exhibits cubic structure and hexagonal strectith lattice constant of (a=5.469) and (a=3.63A; c=5.91
A) respectively. MnSe becomes insulator at room tatpre, which resemble NaCl type structure amb#sess
antiferromagnetic transition in the temperaturegeanf 130 K to 250 K [9-11]. MnSe shows direct gydband gap
in the range of 1.13 — 1.25 eV [12, 13]. MnSe israportant p-type semiconductor which shows variprgperties
namely superconductivity, semiconductivity and netggm [14]. Moreover, MnSe materials are used astedi
magnetic semiconductors, rechargeable batteryretbet, gas sensing, solar energy absorbers anoetaomic
devices [15-17]. Various synthesis methods are eyepl to prepare MnSe nanostructures, which inclsdagion-
phase hydrothermal route to synthesis nanorods Hajowires [19] and cube-like morphology are otséi by
synthesizing MnSe using sonochemical method [20]k BInSe semiconductor has a wide band gap wittvéhee
of 2.65 eV, which possesses excellent transpottedgctronic and magnetic properties. The insgirabehind this
work is to tailor structural stability and electiomproperties of MnSe nanostructures with substitubf Cr and Te
atoms in order to improve its electronic propertigensity functional theory is a promising methodrivestigate
the structural stability and electronic propertiédvinSe nanostructures. In the present work, thecstral stability
and the electronic properties of impurity substitlMnSe nanostrcutures are studied and reported.
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MATERIALS AND METHODS

Computational Methods

The pure, Cr and Te substituted MnSe nanostructimagbe form of nanotube and nanosheet are sucdbssf
optimized and simulated using Gaussian 09 packatje The atomic number of manganese and selenidweisty
five and thirty four respectively. In the presendriy impurities are substituted in pure MnSe nanastires and
optimized. MnSe nanostructures are optimized Bihke's three-parameter hybrid functional (B3LYR)ng with
suitable LanL2DZ basis set [22-24]. While simulgtiMnSe nanostructures, choosing the basis set iisaortant
criterion. Thus, LanL2DZ basis set is a good chdizeoptimize MnSe nanostructures with pseudo pitent
approximation [25]. Furthermore, this basis sesugable for Hf-Bi, H and Li-La elements. The dénsf states
(DOS) spectrum of MnSe nanostructures are drawm tivéé help of Gauss Sum 3.0 package [26].

RESULTS AND DISCUSSION

The present work, mainly concentrates on ionizagiotential (IP), dipole moment (DM), chemical pdatah(CP),
chemical hardness (CH), calculated energy, eleaftinity and HOMO-LUMO gap of MnSe nanostructuresd
the electronic properties of MnSe are fine-tunethwhe substitution of dopant elements such asnsiumm and
tellurium.

Figure 1 (a) — 1(c) represents pure, Cr and Tetisutesl MnSe nanosheet respectively. The intrindicSe
nanosheet consists of twelve Mn atoms and twelveatéms to form sheet like structure. Cr substitutéaSe
nanosheet contains twelve Se atoms, nine Mn atordsttaee Mn atoms are replaced with three equival®n
atoms. Te substituted MnSe nanosheet has twelvatiins, nine Se atoms and three Se atoms are rephaite
three Te atoms. Similarly, Figure 1 (d) — Figure(fll depicts pure, Cr and Te substituted MnSe nar®tu
respectively. The intrinsic MnSe nanotube consi$tsvelve Mn atoms and twelve Se atoms. Cr sulistitiMnSe
nanotube has twelve Se atoms, nine Mn atoms aed ffin atoms are replaced with three Cr atoms o felreet
like structure. Te substituted MnSe nanotube hadvevMn atoms, nine Se atoms and three Se atomzplsced
with three Te atoms.

Figure 1(a). Structure of pure MnSe nanosheet

Figure 1(b). Structure of Cr substituted MnSe nanokeet

85
www.scholar sresear chlibrary.com



R. Chandiramouli et al

Der Pharma Chemica, 2015, 7 (1):84-91

Figure 1(c). Structure of Te substituted MnSe nand®et
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Table 1. Energy, point symmetry and dipole momentfoMnSe nanostructures

Nanostructures Energy (Hartrees) | Dipole moment (Deye) | Point Group
Pure MnSe nanosheet -1344.27 10.83 s C
Cr substituted MnSe nanosheget -1292.88 32.04 s C
Te substituted MnSe nanosheet -1340.55 1.57 s C
Pure MnSe Nanotube -1344.2 19.76 v C
Cr substituted MnSe nanotubé -1292.84 17.58 s C
Te substituted MnSe nanotubge -1340.49 15.79 s C

Structural stability of MnSe nanostructures candisegussed using calculated energy. The point groaljgulated
energy and dipole moment (DM) of pure, Cr and Tesituted MnSe nanostructures are tabulated ineTabThe
calculated energy of pure, Cr and Te substitutedb®nanosheet are -1344.27, -1292.88 and -1340.558eckm
respectively. In that order, the calculated enesfypure, Cr and Te substituted MnSe nanotube afi344.2, -
1292.84 and -1340.49 Hartrees. The stability of BInfnostructure is directly proportional to thecuokdted
energy. The pure MnSe nanosheet and nanotube Hhghevhlue of calculated energy, the incorporatidn o
impurities such as Cr and Te leads to decreas@enstructural stability. Even though, the strudtugtability
decreases for impurity substituted MnSe nanostrastuthe electronic properties may be improved vifte
presence of impurity. The DP of pure, Cr and Tesstiied MnSe nanosheet are 10.83, 32.04 and 1€y
respectively. Similarly, the corresponding DP of@uCr and Te substituted MnSe nanostructures &ié117.58
and 15.79 Debye. From the observations, the DPevdicreases with Te substitution in MnSe nanosHéws.
refers that the charges present inside MnSe nambgies are uniformly distributed with Te substdntcompared
with pure and Cr substituted MnSe nanostructufEise point symmetry group of pure MnSe nanotub@isd to
be Gy and for the remaining MnSe nanostructures; albtgs to G which exhibits only one symmetry operation,
identity operation E.

The electronic properties of MnSe nanostructuresheaanalyzed by lowest unoccupied molecular drfiitdMO)
and highest occupied molecular orbital (HOMO) [Z4-3The energy gap value for pure, Cr and Te stltet
MnSe nanosheet and nanotube are tabulated in Tablrom the observation of HOMO-LUMO gap, the
substitution of dopant elements influence the engap compared with intrinsic or pure MnSe nanastme. The
energy gap value for pure, Cr and Te substitute@@&Inanostructure are 3.87, 2.07 and 4.01 eV ragelctThis
infers that the conductivity of MnSe nanostructuiregeases with the substitution of Cr atoms aredltand gap
slightly increases with the substitution of Te asoim MnSe nanostructures. For narrow gap, the relesteasily
transit from the valence band to the conductiordbaming to substitution of Cr atom in pure MnSe ostructure.
Interestingly, for MnSe nanotube, the conductivitgcreases with the substitution of Cr and Te atohe
corresponding HOMO-LUMO gap values of pure, Cr dedsubstituted MnSe nanotube are found to be 3.@8,
and 3.9 eV. Thus, it is inferred that the geomedtiacture and substitution impurity plays a majae in deciding
the conductivity of MnSe nanostructure. Visualizatof HOMO-LUMO gap and the density of states spen
(DOS) for MnSe nanostructures are shown in Table 2.

MnSe nanostructures exhibit semiconducting behawath wide band gap. Besides, more energy is requio
move the electrons from the valence band to thelwction band. From the observation of DOS spectrilm,
localization of charges is observed to be more MO level than in HOMO level. Due to the influenoé
impurity, the density of charges in both LUMO an®MO levels gets modified. Thus, the electronic rtips of
MnSe nanostructures can be tailored with the intpsabstitution of Cr and Te atoms.
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Table 2. HOMO -LUMO gap and density of states of MBe nanostructures

Nanostructures HOMO - LUMO Visualization
Eq (eV) HOMO, LUMO and DOS Spectrum
7 -
— DOS spectrum
— Occupied orbitals
6l — Virtual orbitals ||
Pure MnSe
3.87
nanosheet
8 ;
— Alpha DOS spectrum
— Beta DOS spectrum
TE — Total DOS spectrum (scaled by 0.5) 4
— Alpha Occupied orbitals
~— Alpha Virtual orbitals
6 Beta Occupied Orbitals H
— Beta Virtual Orbitals
Cr substituted
MnSe 2.07
nanosheet
Energy (eV)
7
— DOS spectrum
— Occupied orbitals
6l —  Virtual orbitals
5k
Al
Te substituted 3L
MnSe 4.01
nanosheet >

Energy (eV)
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T
— DOS spectrum

— Occupied orbitals
— Virtual orbitals  H

Pure MnSe

nanotube 365

Y 10 11w

-10 -5 10
Energy (eV)

10

I
—— Alpha DOS spectrum
—— Beta DOS spectrum
— Total DOS spectrum (scaled by 0 5)
—— Alpha Occupied orbitals
8 —  Alpha Virtual orbitals
Beta Occupied Orbitals
— Beta Virtual Orbitals

Cr substituted

MnSe nanotube 7.49

i T

-10 -5 0 5 10
Energy (eV)

T
— DOS spectrum

— Occupied orbitals
7L — Virtual orbitals |4

Te substituted

MnSe nanotube 3.9

11 T 1 1 RN

-10 -5 o} 5 10
Energy (eV)

3.1. lonization potential, electron affinity, chem¢al potential and chemical hardness of MnSe nanostctures
The electronic properties of MnSe nanostructure alan be discussed with ionization potential (IR) @lectron
affinity (EA) [31, 32]. Figure 2 depicts the IP ai@\ of MnSe nanostructures. The amount of energyired for
removing the electron from MnSe nanostructure iledas IP and the change in energy due to additi@ectrons
in MnSe nanostructure is known as EA. Differenhtig are observed for both IP and EA as shown iargig.
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Figure 2. IP and EA of MnSe nanostructures

Electron affinity plays a vital role on both chemlicensors and plasma physics. The EA value of, fiirand Te
substituted MnSe nanosheet are 3.23, 3.66 ande3/Q2spectively. The corresponding EA values okep@r and
Te substituted MnSe nanotube are 2.35, 0.3 andeX/68

Table 3. Chemical potential and chemical hardness dMnSe nanostructures

Nanostructures Chemical potential (V)| Chemical hadness (eV)
Pure MnSe nanosheet -5.17 1.94
Cr substituted MnSe nanosheet -4.7 1.04
Te substituted MnSe nanoshget -5.03 2.01
Pure MnSe nanotube -4.16 1.83
Cr substituted MnSe nanotubg -4.05 3.75
Te substituted MnSe nanotubg -4.63 1.95

The structural stability of MnSe nanostructures atso be discussed in terms of chemical harnesschachical
potential [33-36]. Chemical potential and chemicaidness can be calculated using the equatien- (IP+EA)/2
andn = (IP-EA)/2 respectively as shown in Table 3. The effect ofa@ié CH can also be revealed by effective
fragment potential model. In some cases, the CHatsm be represented by electronegativity, whichnis of the
important factors in semiconductor physics. Almestie CP values in the range of -4.05 to -5.17 e\bhserved
for MnSe nanostructures. Moreover, only smallatwns in chemical hardness are found for MnSe stamctures.

In particular, Cr substituted nanotubes have higluer of CH, which is 3.75 eV. In contrast, Cr sitbstd MnSe
nanosheet shows a low value of CH as 1.04 eV. @leiarly confirms that the geometry of MnSe nanadtme
plays an important role in CH. Thus, the strudtstability of MnSe nanostructure mainly depends tha
substitution of Cr atoms, which is one of the pnoemit foreign atoms in MnSe nanostructures.

CONCLUSION

The realistic structures of pure, Cr and Te sulgstit MnSe nanostructures are successfully simulasdg
B3LYP/LanL2DZ basis set. The structural stabilifyMnSe nanostructures are studied using calculatesigy,
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chemical potential and chemical hardness. Dipolenard and point symmetry group of pure, Cr and Tesstuted
MnSe nanostructures are also reported. Using itaiz@otential, electron affinity, DOS and HOMO-LUWMgap,
the electronic properties of MnSe nanostructures discussed. From the results of the present wdmnkSe
nanostructures can be tailored by substitutingr@r Be atoms as dopant elements. Furthermore, gtaldtability
and electronic properties of both nanotube and stag®t form of MnSe nanostructure can be fine-tundith find
its potential application in spintronic deviceslas@ells and electrocatalysts.
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