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ABSTRACT

The realistic structures of pure, Cr and Se subtd Mo$ nanostructures are optimized and simulated sufakgs
with B3LYP/ LanL2DZ basis set. The stability of Mo&nostructures are discussed in terms of calcdl&ieergy.
The point symmetry and dipole moment of both pur@ impurity substituted Mg@Shanostructures are also
reported. The electronic properties of Manostructures are discussed by HOMO — LUMO giggtien affinity
and ionization potential. The results of the preésemwrk will give insights to tailor MgSnanostructures by
substitution impurities and defect structure whitthances the electronic properties and structutabitity of MoS
nanostructures that find its key application in phoatalysis, photovoltaic cells and dry lubricatio
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INTRODUCTION

Molybdenum disulfide (Mog is an inorganic compound which is classified undetal dichalcogenide . Due to its
robustness and low frictional properties Maan be used as solid lubricant. The molybdenumrmsitare perfectly
sandwiched between sulfur atoms to form layeregcsire of molybdenum disulfide and its propertiesembles
graphite. Graphene is one of the of two dimensignaterial which find its potential importance ingameering
applications, but nanosheet form of transition meisulfides (TFDs) consists of only few layer, Bugs tungsten
disulfide (WS) and MoS. Compared to graphite, M@® a promising material to enhance high energyaciy
TFDs are widely used in hydro desulfurization oggtd, photo catalysis, photovoltaic cells, dry loation and in
lithium batteries due to their optical, electronied catalytic properties. The transition-metal dichgenide MoS
semiconductor has attracted many researchers duts tuptical, electronic and catalytic propertigs3]. The
indirect band gap of MgSsemiconductor is 1.29 eV, the band gap of MisSuitable for optoelectronic, electronic
and photovoltaic applications. The mono layer Ma&nostructure has been reported recently [4] snproperties
are investigated both experimentally [5-7] and th&oally [8, 9]. Moreover, recently mono layer iylotlenum
disulfide has been used as tunneling barrier otica¢TFET and as conductive channel in low-poweldf effect
transistor [10]. The main goal behind this worktds optimize and enhance the optoelectronic progerénd
structural stability of Mogby substituting proper impurities such as chromiamd selenium. Density functional
theory (DFT) is well-organized method to fine-tulectronic properties and structural stability cd$4[11-13]. In
the present work the structural stability and etadt properties of MoSnanostructures are studied and reported.

MATERIALS AND METHODS

The hexagonal nanostructures of M@8e completely simulated and optimized succegsfiding Gaussian 09W
package [14]. In this work DFT method is utilizeitwBecke’s three-parameter hybrid functional ilmtnation
with Lee-Yang-Parr correlation functional (B3LYPJhe choice of basis set plays an important rolepitimization
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of MoS, nanostructures. Since LanL2DZ is applicable to &j-IlH and Hf-Bi elements, in the present work
LanL2DZ basis set is used to optimize Ma%nostructures [15-18]. Gauss Sum 3.0 package ifl9ked to
calculate density of states (DOS) spectrum and HGM@MO gap of Mo$ nanostructures.

RESULTS AND DISCUSSION

The present work mainly focus on ionization potntiP), dipole moment (DM), electron affinity (EAHOMO —
LUMO gap, and calculated energy of Mo$anostructures with substituted impurity such la®mium, selenium
and defect structured Mg®anostructure. Fig. 1. (a) — Fig. 1. (c) represenire Mo$ — 12, pure Mogs— 21 and
pure MoS — 27 nanostructures respectively. The pure MeS2 nanostructure has four Mo atoms and eight S
atoms, pure MoS— 21 contains seven Mo atoms and fourteen S atomispure Mog— 27 consists of nine Mo
atoms and eighteen S atoms to form hexagonal tigtstecture with trigonal prismatic coordinationogeetry. Fig.

1. (d) and Fig. 1. (e) represents Cr and Se sub=sditMoS — 12 nanostructures respectively. The defect stred
MoS, — 12 nanostructure is shown in Fig. 1. (f). Crstitbted Mo$ — 12 nanostructure consists of three Mo atoms,
eight S atoms and one Mo atom is replaced with@natom. Se substituted M@S 12 nanostructure has four Mo
atoms, six S atoms and two S atoms are replacddtwit Se atoms. Defect structured MeS12 nanostructure
contains three Mo atoms, six S atoms and threeneées are created on regular arrangement of at@culated
energy is one of the most important key factorfintd structural stability of Mognanostructures. Table 1 contains
point group, dipole moment and calculated energio§, nanostructures. The calculated energy of pure MoS
12, 21 and 27 has the value of -346.07, -605.95-@@.24 Hartrees respectively. It shows that tabikty of
MoS; nanostructures increases with increase in numteioms. Similarly, the stability of Cr substitutbthS, — 12
nanostructure slightly increases with Cr substiuti In contrast stability of defect structured MoS 12
nanostructure decreases with the presence of defedbS, — 12 nanostructure. There is no much variation in
energy for Se substituted M@S 12 nanostructure, it has almost same value o pMpS. The distribution of
charges in Mog nanostructures is inferred from dipole moment (DR)e DP of Mo$% nanostructures slightly
diverge with increasing number of atoms and alsdCiosubstituted MoSnanostructure. The DP seems to decrease
when Se is substituted in MgBanostructure. This decrease in DP arises duled¢trenic configuration of Se atom.
The DP value of pure M@S- 12, 21and 27 are found to be 19, 27.23 and 35d&8/e respectively. It is inferred
that the charge distribution is not uniform in thelloS nanostructures. Cr and Se substituted MeS12
nanostructures has the corresponding DP value &428nd 15.38 Debye respectively. The DP value edéat
structured Mo$— 12 nanostructure is 13.53 Debye. For Mo&nostructures, only;6r Cs point symmetry is found
for all pure and impurities substituted MoSanostructures. Joint symmetry has one symmetry operation which
is identity operation (E) whereas Cs point symmaéasg the identity operation (E) and a mirror plaperation §).

Figure 1(a). Structure of pure MoS— 12 nanostructure
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Figure 1(b). Structure of pure MoS - 21 nanostructure

Figure 1(c). Structure of pure MoS— 27 nanostructure
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Figure 1(d). Structure of Cr substituted MoS — 12 nanostructure
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Figure 1(e). Structure of Se substituted MoS- 12 nanostructure

Figure 1(f). Defect structured Mo$ - 12 nanostructure
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Table 1. Energy, point symmetry and dipole momentfohexagonal Mo$S nanostructures

Nanostructures Energy (Hartrees) Dlp(()lljeert;ﬁ;é?ent Point Group
Pure Mo — 12 -346.07 19 £
Pure Mo - 21 -605.95 27.23 £
Pure Mog — 27 -779.24 35.68 £
Cr substituted MoS- 12 -364.93 23.94 £
Se substituted M@S- 12 -344.41 15.38 C
Defect structured MagS 12 -259.68 13.53 C

3.1. Density of states spectrum and HOMO-LUMO gapfaMoS, nanostructures

The electronic properties of Mg®anostructures can be described in terms of higheaipied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LOM[20-25]. The energy gap value for pure MeSl2, 21
and 27 is 3.88, 3.35 and 3.42 eV respectively. Deipg upon the geometry of the structure, the laplincreases
or decreases for MgSanostructures. When the energy gap increaseadslto decrease in conductivity of MoS
nanostructures. Interestingly, for Cr and Se stilistl MoS — 12 nanostructures, the energy gap further iseeto
4.18 and 4.78 eV respectively. The resistivity ad$nanostructures gets increased due to substitirtiparities.

In this work theoretical band gap value of Mafnostructures is observed in the range of 3.388 eV, but the
experimental direct band gap value is reported. 38 &V and indirect band gap value as 2.03 eV.ifibease in
the band gap in MagShanostructure arises due to the surface passivatiect of Mo and S atoms during bonding.
The defect structured Mg®anostructure has the energy gap value of 6.4%re\reation of vacancy at particular
site in MoS nanostructure further increases the band gap.ohclasion the electronic properties of MoS
nanostructures can be fine-tuned with increasirgrtbmber of atoms, substitution of proper impusitand by
creation of defect. The tuning of band gap in MtEads to many application such as photo catalpsistovoltaic
cells, and in lithium batteries. Table 2 shows a&lmation of energy gap and density of states (D&&ctrum.
HOMO — LUMO visualization clearly reveals that thiectron cloud is on occupied orbital (green cofor) all
possible pure and impurity substituted Ma%nostructures. This refers the occupancy of mlecin occupied
orbitals. In contrast the electron cloud is moreiitual orbital (red color) for defect structur&tbS, nanostructure
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due to wide band gap. The DOS spectrum shows nmeakspin virtual orbitals than occupied orbitalse3é peak
maximum arises due to the overlapping of Mo elestrarbitals with S orbitals. This infers the lozakion of
charges in the virtual orbital [26-29].

Table 2. HOMO-LUMO gap and density of states of Mognanostructures

Nano HOMO - LUMO Visualization
structures Eq (eV) HOMO, LUMO and DOS Spectrum
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Fig. 2. IP and EA of Mo$S nanostructures
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3.2. lonization potential, electron affinity of MoS nanostructures

The electronic properties of all the possible panel impurity substituted MgShanostructures can be described
through electron affinity (EA) and ionization potiah (IP) [30, 31]. Figure 2 implies the graphicapresentation of
EA and IP of Mo$ nanostructures. The energy required to ejectreledtom MoS nanostructures are known as
IP. EA is energy released due to adding of eleciindvioS, nanostructures. Almost same trends are observil in
which ranges in the order of 6.69 to 7.59 eV exdéeptefect structured Mg$hanostructure which has the value of
8.32 eV. IP value for pure M@S- 12, 21 and 27 nanostructures are 7.33, 7.1%&%eV respectively. For Cr and
Se substituted MgShanostructures, the corresponding IP value is &r#57.59 eV respectively. It is inferred that
the IP value of Mognanostructures get decreases due to increasernbenof atoms and also with Cr substitution.
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In these Mo$ nanostructures, small amount of energy is enoagfermove electron. In the case of Se substituted
and defect structured Mg®anostructures the value of IP is high. Electrfimity plays a vital role in chemical
sensors and in plasma physics. Almost the samd tsesbserved in EA for MgShanostructures. The EA value for
pure and impurity substituted Mg®&anostructure has the value in the range of 2.8184 eV except for defect
structured Mognanostructures which has the value of 1.85 eVy®miall amount of energy is released from MoS
nanostructures due to addition of electron in appate site.

CONCLUSION

Using DFT, pure, Cr and Se substituted and defezf,Mhanostructures are optimized and simulated suftdlyss
with B3LYP /LanL2DZ basis set. The structural shiépiof MoS, nanostructures are discussed using calculated
energy. Point symmetry group and dipole momentld¥laS, nanostructures are reported. With the help of HOMO
— LUMO gap, electron affinity and ionization potiahtelectronic properties of all realistic MpB8anostructures are
studied. The present work reveals that the strat&mability and electronic properties can be epokdnin Mo$
nanostructures by properly tailoring with substttaotof Cr and Se impurities. The influence of défiecMoS; is

also discussed. Moreover, the electronic propediesstructural stability of MgShanostructures can be enhanced
with proper substitution or creating the defecthia structure that find its potential importance photo catalysis,
photovoltaic cells and dry lubrication.
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