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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 as MXn, (M = transition metal; X=S, Te and Se) which are more 
extensively investigated owing to their magnetic, electrical and optical properties [1-3].  During synthesis of 
nanostructures, controlling the size and shape of crystallite is a critical task in order to tailor their properties with 
enhanced performance in wide range of applications such as spintronic devices [4], solar cells [5], electrocatalysts 
[6] and biological labelling [7]. Thus, preparing anisotropic chalcogenide semiconductor has its importance in 
modern technology and science. In recent days, research is concentrated on controlling the morphology of metal 
chalcogenide nanomaterials. Manganese selenide (MnSe) is one of the semiconductors due to strong electron 
interaction between hole/electron in sp-d band states which arise due to Mn2+ ions on Mn2+ 3d electron states [8]. 
MnSe exhibits cubic structure and hexagonal structure with lattice constant of (a=5.462 Ǻ) and (a=3.63 Ǻ; c=5.91 
Ǻ) respectively. MnSe becomes insulator at room temperature, which resemble NaCl type structure and it possess 
antiferromagnetic transition in the temperature range of 130 K to 250 K [9-11]. MnSe shows direct energy band gap 
in the range of 1.13 – 1.25 eV [12, 13]. MnSe is an important p-type semiconductor which shows various properties 
namely superconductivity, semiconductivity and magnetism [14]. Moreover, MnSe materials are used as dilute 
magnetic semiconductors, rechargeable battery electrodes, gas sensing, solar energy absorbers and electrochromic 
devices [15-17]. Various synthesis methods are employed to prepare MnSe nanostructures, which includes solution-
phase hydrothermal route to synthesis nanorods [18], nanowires [19] and cube-like morphology are obtained by 
synthesizing MnSe using sonochemical method [20]. Bulk MnSe semiconductor has a wide band gap with the value 
of 2.65 eV, which possesses excellent transport, optoelectronic and magnetic properties. The inspiration behind this 
work is to tailor structural stability and electronic properties of MnSe nanostructures with substitution of Cr and Te 
atoms in order to improve its electronic properties. Density functional theory is a promising method to investigate 
the structural stability and electronic properties of MnSe nanostructures. In the present work, the structural stability 
and the electronic properties of impurity substituted MnSe nanostrcutures are studied and reported. 
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MATERIALS AND METHODS 
 

Computational Methods 
The pure, Cr and Te substituted MnSe nanostructures in the form of nanotube and nanosheet are successfully 
optimized and simulated using Gaussian 09 package [21]. The atomic number of manganese and selenium is twenty 
five and thirty four respectively. In the present work, impurities are substituted in pure MnSe nanostructures and 
optimized.  MnSe nanostructures are optimized with Becke’s three-parameter hybrid functional (B3LYP) along with 
suitable LanL2DZ basis set [22-24]. While simulating MnSe nanostructures, choosing the basis set is an important 
criterion. Thus, LanL2DZ basis set is a good choice to optimize MnSe nanostructures with pseudo potential 
approximation [25]. Furthermore, this basis set is suitable for Hf-Bi, H and Li-La elements. The density of states 
(DOS) spectrum of MnSe nanostructures are drawn with the help of Gauss Sum 3.0 package [26]. 

 
RESULTS AND DISCUSSION 

 
The present work, mainly concentrates on ionization potential (IP), dipole moment (DM), chemical potential (CP), 
chemical hardness (CH), calculated energy, electron affinity and HOMO-LUMO gap of MnSe nanostructures and 
the electronic properties of MnSe are fine-tuned with the substitution of dopant elements such as chromium and 
tellurium. 
 
Figure 1 (a) – 1(c) represents pure, Cr and Te substituted MnSe nanosheet respectively. The intrinsic MnSe 
nanosheet consists of twelve Mn atoms and twelve Sn atoms to form sheet like structure. Cr substituted MnSe 
nanosheet contains twelve Se atoms, nine Mn atoms and three Mn atoms are replaced with three equivalent Cr 
atoms. Te substituted MnSe nanosheet has twelve Mn atoms, nine Se atoms and three Se atoms are replaced with 
three Te atoms. Similarly, Figure 1 (d) – Figure 1 (f) depicts pure, Cr and Te substituted MnSe nanotube 
respectively. The intrinsic MnSe nanotube consists of twelve Mn atoms and twelve Se atoms. Cr substituted MnSe 
nanotube has twelve Se atoms, nine Mn atoms and three Mn atoms are replaced with three Cr atoms to form sheet 
like structure. Te substituted MnSe nanotube has twelve Mn atoms, nine Se atoms and three Se atoms are replaced 
with three Te atoms. 
 

Figure 1(a). Structure of pure MnSe nanosheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1(b). Structure of Cr substituted MnSe nanosheet 
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Figure 1(c). Structure of Te substituted MnSe nanosheet 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
Figure 1(d). Structure of pure MnSe nanotube 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1(e). Structure of Cr substituted MnSe nanotube 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1(f). Structure of Te substituted MnSe nanotube 
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Table 1. Energy, point symmetry and dipole moment of MnSe nanostructures 
 

Nanostructures Energy (Hartrees) Dipole moment (Debye) Point Group 
Pure MnSe nanosheet -1344.27 10.83 CS 
Cr substituted MnSe nanosheet -1292.88 32.04 CS 
Te substituted MnSe nanosheet -1340.55 1.57 CS 
Pure MnSe Nanotube -1344.2 19.76 C4V 
Cr substituted MnSe nanotube -1292.84 17.58 CS 
Te substituted MnSe nanotube -1340.49 15.79 CS 

 
Structural stability of MnSe nanostructures can be discussed using calculated energy. The point group, calculated 
energy and dipole moment (DM) of pure, Cr and Te substituted MnSe nanostructures are tabulated in Table 1. The 
calculated energy of pure, Cr and Te substituted MnSe nanosheet are -1344.27, -1292.88 and -1340.55 Hartrees 
respectively. In that order, the calculated energy of pure, Cr and Te substituted MnSe nanotube are   -1344.2, -
1292.84 and -1340.49 Hartrees. The stability of MnSe nanostructure is directly proportional to the calculated 
energy. The pure MnSe nanosheet and nanotube have high value of calculated energy, the incorporation of 
impurities such as Cr and Te leads to decrease in the structural stability. Even though, the structural stability 
decreases for impurity substituted MnSe nanostructures; the electronic properties may be improved with the 
presence of impurity. The DP of pure, Cr and Te substituted MnSe nanosheet are 10.83, 32.04 and 1.57 Debye 
respectively. Similarly, the corresponding DP of pure, Cr and Te substituted MnSe nanostructures are 19.76, 17.58 
and 15.79 Debye. From the observations, the DP value decreases with Te substitution in MnSe nanosheet. This 
refers that the charges present inside MnSe nanostructures are uniformly distributed with Te substitution compared 
with pure and Cr substituted MnSe nanostructures.  The point symmetry group of pure MnSe nanotube is found to 
be C4V and for the remaining MnSe nanostructures; all belongs to CS which exhibits only one symmetry operation, 
identity operation E. 
 
The electronic properties of MnSe nanostructures can be analyzed by lowest unoccupied molecular orbital (LUMO) 
and highest occupied molecular orbital (HOMO) [27-30]. The energy gap value for pure, Cr and Te substituted 
MnSe nanosheet and nanotube are tabulated in Table 2. From the observation of HOMO-LUMO gap, the 
substitution of dopant elements influence the energy gap compared with intrinsic or pure MnSe nanostructure. The 
energy gap value for pure, Cr and Te substituted MnSe nanostructure are 3.87, 2.07 and 4.01 eV respectively. This 
infers that the conductivity of MnSe nanostructures increases with the substitution of Cr atoms and the band gap 
slightly increases with the substitution of Te atoms in MnSe nanostructures. For narrow gap, the electrons easily 
transit from the valence band to the conduction band owing to substitution of Cr atom in pure MnSe nanostructure. 
Interestingly, for MnSe nanotube, the conductivity decreases with the substitution of Cr and Te atoms. The 
corresponding HOMO-LUMO gap values of pure, Cr and Te substituted MnSe nanotube are found to be 3.65, 7.49 
and 3.9 eV. Thus, it is inferred that the geometric structure and substitution impurity plays a major role in deciding 
the conductivity of MnSe nanostructure.  Visualization of HOMO-LUMO gap and the density of states spectrum 
(DOS) for MnSe nanostructures are shown in Table 2.  
 
MnSe nanostructures exhibit semiconducting behaviour with wide band gap. Besides, more energy is required to 
move the electrons from the valence band to the conduction band. From the observation of DOS spectrum, the 
localization of charges is observed to be more in LUMO level than in HOMO level. Due to the influence of 
impurity, the density of charges in both LUMO and HOMO levels gets modified. Thus, the electronic properties of 
MnSe nanostructures can be tailored with the impurity substitution of Cr and Te atoms. 
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Table 2. HOMO –LUMO gap and density of states of MnSe nanostructures 
 

Nanostructures 
 

HOMO – LUMO Visualization 
  

 
Eg (eV) 

 
HOMO, LUMO and DOS Spectrum 

Pure MnSe 
nanosheet 

 

3.87 

 

Cr substituted 
MnSe 

nanosheet 

 

2.07 

 

Te substituted 
MnSe 

nanosheet 

 

4.01 
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3.1. Ionization potential, electron affinity, chemical potential and chemical hardness of MnSe nanostructures 
The electronic properties of MnSe nanostructure can also be discussed with ionization potential (IP) and electron 
affinity (EA) [31, 32]. Figure 2 depicts the IP and EA of MnSe nanostructures. The amount of energy required for 
removing the electron from MnSe nanostructure is called as IP and the change in energy due to addition of electrons 
in MnSe nanostructure is known as EA. Different trends are observed for both IP and EA as shown in Figure 2.  

Pure MnSe 
nanotube 

 

3.65 

 

Cr substituted 
MnSe nanotube 

 

7.49 

 

Te substituted 
MnSe nanotube 

 

3.9 
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Figure 2. IP and EA of MnSe nanostructures 

 
Electron affinity plays a vital role on both chemical sensors and plasma physics. The EA value of pure, Cr and Te 
substituted MnSe nanosheet are 3.23, 3.66 and 3.02 eV respectively. The corresponding EA values of pure, Cr and 
Te substituted MnSe nanotube are 2.35, 0.3 and 2.68 eV.  
 

Table 3. Chemical potential and chemical hardness of MnSe nanostructures 
 

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

 
The structural stability of MnSe nanostructures can also be discussed in terms of chemical harness and chemical 
potential [33-36]. Chemical potential and chemical hardness can be calculated using the equation µ = − (IP+EA)/2 
and η = (IP−EA)/2 respectively as shown in Table 3. The effect of CP and CH can also be revealed by effective 
fragment potential model. In some cases, the CH can also be represented by electronegativity, which is one of the 
important factors in semiconductor physics. Almost same CP values in the range of -4.05 to -5.17 eV are observed 
for MnSe nanostructures.  Moreover, only small variations in chemical hardness are found for MnSe nanostructures.  
In particular, Cr substituted nanotubes have high value of CH, which is 3.75 eV. In contrast, Cr substituted MnSe 
nanosheet shows a low value of CH as 1.04 eV. This clearly confirms that the geometry of MnSe nanostructure 
plays an important role in CH.  Thus, the structural stability of MnSe nanostructure mainly depends on the 
substitution of Cr atoms, which is one of the prominent foreign atoms in MnSe nanostructures. 

 
CONCLUSION 

 
The realistic structures of pure, Cr and Te substituted MnSe nanostructures are successfully simulated using 
B3LYP/LanL2DZ basis set. The structural stability of MnSe nanostructures are studied using calculated energy, 
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chemical potential and chemical hardness. Dipole moment and point symmetry group of pure, Cr and Te substituted 
MnSe nanostructures are also reported. Using ionization potential, electron affinity, DOS and HOMO-LUMO gap, 
the electronic properties of MnSe nanostructures are discussed. From the results of the present work, MnSe 
nanostructures can be tailored by substituting Cr and Te atoms as dopant elements. Furthermore, structural stability 
and electronic properties of both nanotube and nanosheet form of MnSe nanostructure can be fine-tuned, which find 
its potential application in spintronic devices, solar cells and electrocatalysts. 
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