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Abstract.  
The accurate description of interatomic interactions is essential for understanding the structural, 
mechanical, and thermal properties of metals at the atomic scale. The Morse potential is a widely used 

empirical model due to its simple analytical form and ability to capture basic bonding charac teristics. 
However, its accuracy strongly depends on the choice of potential parameters, which are often obtained 
from experimental data or semi-empirical approaches and may not reliably represent non-ideal conditions 

such as defects, high stress, or phase transitions. In this work , we develop, optimize, and validate Morse 
potential parameters for several materials, including C, B, Ti, Al, Ni, and Fe, using reference data from DFT 
calculations. DFT simulations are performed using the open-source Quantum ESPRESSO package to 

obtain total energy data for isolated atomic pairs at various interatomic separation distances. The Morse 
potential parameters, namely the potential well depth (D), equilibrium distance (rₑ), and stiffness parameter 
(α), are determined by fitting the DFT total energy curves over a wide range of interatomic distances, 

including regions below and above the equilibrium separation up to the asymptotic limit.  The fitted 
parameters are validated by comparing the resulting Morse potential energy profiles with the corresponding 
DFT reference data. This approach ensures that the optimized parameters accurately reproduce the 

underlying ab initio energy landscape while retaining the computational efficiency of empirical potentials. 
The resulting Morse parameters are intended for use in large-scale molecular dynamics simulations, 
particularly for modeling ballistic impact and armor systems involving materials such as B ₄C, Ti-based 

alloys, and polymer–metal composites. This study provides a systematic framework for deriving DFT-
consistent Morse potential parameters, enabling more reliable atomistic simulations of metallic and 

composite materials under extreme loading conditions. 
. 
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Introduction 

Studies on the properties of metals at the atomic scale are one of the main focuses in the fields 
of materials physics and computation. Modeling interatomic interactions has long been used to 
understand the structural, mechanical, and thermal behavior of various types of metals [1]. One 
well-known potential model is the Morse potential, developed by Philip M. Morse to describe the 
binding energy in diatomic molecules, which has since been widely applied to simple metal 
systems [2-3]. This model is relatively simple but capable of representing basic bonding behavior, 
making it frequently used in molecular dynamics simulations and material property studies [4]. 
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However, the accuracy of the Morse potential is highly dependent on the parameters used, 
namely the potential well depth, equilibrium distance, and stiffness constant [5]. Many previous 
studies have used parameters obtained from experimental data or semi-empirical approaches [6]. 
These parameters are not always able to capture variations in metal electronic properties or non-
ideal conditions, such as high stress, crystal defects, or phase changes. Therefore, validation and 
optimization of Morse parameters are important to ensure that this simple model remains 
consistent with more accurate quantitative data [7]. 

In recent decades, the Density Functional Theory (DFT) method has become one of the most 
widely used ab initio approaches for studying the electronic properties and total energy of solid 
systems [8]. DFT allows for relatively efficient calculations with high accuracy in describing the 
basic structure of metals, bond energies, and mechanical properties [9]. Quantum Espresso 
software is one of the open-source DFT computing packages widely used for materials research 
[9–11]. However, the direct application of DFT to systems with a large number of atoms requires 
significant computational costs, making it difficult to use for long-term or large-scale simulations 
[13]. 

This limitation has led to the need for a hybrid strategy using DFT as a benchmark to optimize 
simple potential models such as Morse. Several previous studies have examined efforts to 
calibrate interatomic potential parameters using DFT calculation results, both in transition metals 
and simple metals [13,14]. However, studies that specifically focus on optimizing Morse potential 
parameters for specific metals with direct validation against DFT calculation results are still 
limited. This opens up opportunities for research to produce more representative potential 
parameters, while maintaining the computational efficiency that is the advantage of simple models 
[16]. 

This study aims to optimize and validate Morse potential parameters for specific metals by utilizing 
DFT calculation results through Quantum Espresso. To obtain Morse potential parameters 

(𝐷𝑒 , 𝛼, 𝑟𝑒) for specific metals, DFT simulation results for these metals will be fitted to a two-atom 
metal system at a specific distance. The fitting refers to the total separation energy data for a 
number of separation distances r against the Morse potential model. By fitting the total energy 
data of several separation distance data points below the equilibrium distance and several 
separation distance data points above the equilibrium distance up to the asymptotic distance, we 
will obtain three Morse potential parameters for this metal. In this way, the research is expected 
to produce potential parameters that are not only more accurate and consistent with quantum 
theory, but can also be applied in large-scale material simulations with lower computational costs. 
The contribution of this research lies in providing theoretically validated Morse parameter data, 
which can be used as a basis for developing material simulations for engineering applications and 
further research [17]. 

Theoretical Background 

In this study, a DFT-consistent description of interatomic interactions is required to capture the 
physical behavior of the system. The Morse potential is an effective model for describing 
anharmonic interatomic interactions in diatomic systems. The parameter values of this potential 
are determined using first-principles calculations based on DFT calculation. Quantum 
ESPRESSO Code is used to initiate the total energy as a function of interatomic distance, which 
will be fitted to the Morse Potential in order to obtain parameters that have physical meaning. 
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Morse Potential and Parameters  

The Morse potential, introduced by Philip M. Morse in 1929, was originally developed to describe 
the vibrational energy of diatomic molecules [18]. Due to its mathematical simplicity and low 
computational cost, it has been widely applied to metallic systems [19]. For cubic metals, 
parameterization based on experimental lattice energy, lattice constants, and compressibility has 
shown good agreement with elastic properties [20]. In molecular dynamics simulations, Morse-
type two-body potentials remain attractive for metal–nonmetal and metal–impurity systems 
because of their computational efficiency in force evaluation [19]. 

Although the Morse potential was initially designed for covalent bonding in non-metallic systems 
[18], its two-body formulation inherently neglects bond-angle dependence and many-body effects. 
As a result, more complex covalent structures are typically modeled using many-body potentials 
such as Tersoff, Stillinger–Weber, or REBO. Nevertheless, recent parameterizations based on 
dispersion-corrected density functional theory have demonstrated that the Morse potential can 
successfully describe metal–surface interactions, such as Ni or Ag on graphene and silicene, 
reproducing binding energies and equilibrium bond lengths [21]. These studies indicate that, 
despite its simplicity, the Morse potential can capture essential features of both covalent and 
metallic bonding in selected model systems. 

The determination of Morse potential parameters 𝑫𝒆, 𝜶, and 𝒓𝒆is commonly based on 
experimental data reported in the literature or on quantum-mechanical simulations, including 
density functional theory (DFT) calculations performed using Quantum ESPRESSO. A classical 
approach for metallic systems was introduced by Girifalco and Weizer (1959), in which Morse 
parameters are derived from macroscopic experimental properties such as sublimation energy, 
lattice constant, and bulk modulus [20]. For face-centered cubic (FCC) and body-centered cubic 
(BCC) metals, fitting the Morse equation of state to experimental data has been shown to yield 
good agreement with elastic constants and lattice energies [20]. 

More recent studies have demonstrated that Morse parameters can also be extracted from first-
principles calculations. In particular, dispersion-corrected DFT (DFT-D) has been successfully 
applied to metal–graphene and metal–silicene systems, producing Morse parameters that 
reproduce binding energies, equilibrium bond lengths, and vibrational frequencies of adsorbed 
metal atoms [21]. Other theoretical approaches, such as Extended X-ray Absorption Fine 
Structure (EXAFS) analysis, have also been proposed for evaluating Morse parameters from 
thermal disorder effects using sublimation energy and crystal compressibility data. Overall, Morse 
potential parameters may be obtained from macroscopic experimental measurements, existing 
parameterizations in the literature, or fitting procedures applied to DFT-derived potential energy 
surfaces [22]. Equation (1) is a general form of Morse potential: 

𝑉(𝑟)=𝐸0+𝐷𝑒(1-𝑒-𝛼(𝑟-𝑟𝑒))
2
     (1) 

with the following definitions: 
V(r) : potential energy as a function of interatomic distance r, 
 𝐸0 : minimum energy of the system, 
 𝐷𝑒 : dissociation energy (depth of the potential well), 
𝑟𝑒 : equilibrium interatomic distance, 

𝛼 : constant related to bond stiffness. 
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Density Functional Theory 

Density Functional Theory (DFT) is an ab initio approach for evaluating the electronic properties 
of materials based on the electron density formalism [23, 24]. Its theoretical foundation is provided 
by the Hohenberg–Kohn theorems and the Kohn–Sham formulation, in which a many-electron 
system is mapped onto an equivalent system of non-interacting electrons moving in an effective 
potential [24]. Within this framework, the total energy of the system is expressed as a functional 
of the electron density, 

𝐸[𝑛(𝐫)] = 𝑇𝑠[𝑛] + ∫ 𝑉ext(𝐫) 𝑛(𝐫) 𝑑𝐫 +
1

2
∫

𝑛(𝐫)𝑛(𝐫′)

∣𝐫−𝐫′∣
 𝑑𝐫𝑑𝐫′ + 𝐸xc[𝑛],   (2) 

 

where 𝑇𝑠[𝑛]is the kinetic energy of non-interacting electrons, 𝑉extis the external potential, and 
𝐸xcdenotes the exchange–correlation functional.  

A key advantage of DFT is its ability to predict structural and energetic properties without the use 
of empirical parameters, thereby providing a first-principles basis for determining binding energies 
and interatomic forces. Limitations of DFT primarily arise from the choice of exchange–correlation 
functional and the computational cost associated with large-scale systems. Nevertheless, DFT 
calculations provide a systematic and transferable reference dataset that is often more 
comprehensive than experimentally available data [25]. Consequently, DFT-derived energies and 
forces are widely employed as optimization targets for simplified interatomic potentials, including 
the Morse potential, enabling reliable validation and parameter optimization within atomistic 
modeling frameworks. 

In the present study, the focus is not on the theoretical development of DFT itself. Instead, DFT 
is employed as a reliable first-principles tool to generate total energy data of atomic systems. 
Specifically, DFT calculations are used to compute the total energy of a metal dimer as a function 
of interatomic separation, from which the separation energy curve is obtained. These DFT-derived 
energy–distance data serve as the reference dataset for fitting the Morse potential parameters. 
In this context, DFT provides a consistent ab initio energy landscape that enables the 
determination and validation of physically meaningful Morse potential parameters. 

Quantum ESPRESSO 

Quantum ESPRESSO represents a widely adopted computational platform for density functional 
theory (DFT) calculations in solid-state materials studies. The package consists of a free and 
open-source collection of codes dedicated to electronic structure calculations and materials 
modeling within the DFT framework, employing plane-wave basis sets together with norm-
conserving, ultrasoft, and projector augmented-wave (PAW) pseudopotentials [24]. Its modular 
design and advanced parallelization capabilities support efficient simulations of large and complex 
material systems. Continuous development by an international research community under the 
GNU General Public License has contributed to its broad acceptance in computational materials 
science. First-principles evaluation of quantities such as total energy, crystal lattice parameters, 
and elastic constants using Quantum ESPRESSO provides essential reference data for Morse 
potential parameter optimization. 
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DFT-Based Optimization of Morse Potential Parameters 

A variety of optimization methodologies have been proposed for determining Morse potential 
parameters using DFT-derived reference data. A classical approach is the Girifalco–Weizer 
method, which exploits crystalline symmetry in parameter estimation. Within this framework, the 
equilibrium distance reis obtained from DFT-optimized lattice constants, while the potential well 

depth Dis calibrated to reproduce DFT cohesive or lattice energies. The stiffness parameter αis 
subsequently determined using bulk modulus values calculated from DFT [19]. This combined 
adjustment of lattice constant, bulk modulus, and sublimation energy enables a consistent 
reproduction of the structural and elastic properties of metallic systems [19]. 

An alternative approach involves direct numerical fitting of interatomic energy–distance 
relationships obtained from DFT calculations. In this procedure, a series of DFT simulations is 
performed at different interatomic separations to construct a reference potential energy curve, 
which is then fitted using the Morse functional form. The initial parameter set is refined through 
numerical optimization techniques that minimize the deviation between the Morse potential and 
the DFT energy profile over selected configurations. Through this fitting process, Morse potential 
parameters can be systematically aligned with ab initio reference data. The effectiveness of this 
strategy has been demonstrated in dispersion-corrected DFT (DFT-D) studies, such as the work 
of Galashev et al., which reported accurate reproduction of binding energies and vibrational 
characteristics using optimized Morse parameters [21]. 

Previous studies have reported extensive fitting and validation of Morse potential parameters 
against both DFT and experimental datasets. Galashev et al. (2019) derived Morse parameters 
for interactions between metal atoms (Ni, Ag, and Li) and graphene or silicene substrates using 
dispersion-corrected DFT calculations, achieving good agreement in binding energies, 
equilibrium atomic distances, and vibrational frequencies [21]. Poletaev et al. (2017) applied the 
Morse potential to face-centered cubic (FCC) metals while explicitly accounting for interatomic 
interactions up to the fifth coordination shell [26]. Although their study focused on elemental 
metals, the proposed methodology provides a relevant reference for materials such as Fe, 
including austenitic phases and higher-order elastic properties. 

In molecular dynamics (MD) simulations, Morse and modified Morse potentials are widely used 
to model metals and complex materials [27]. Their validity is commonly assessed by comparing 
elastic constants, melting temperatures, and defect formation energies with results from DFT 
calculations and experimental data. Recent developments, including density functional theory 
with van der Waals corrections (DFT+vdW) and delta-machine-learning-assisted fitting strategies, 
have further improved the consistency of interatomic potential parameters with high-level DFT 
energy surfaces [25–27]. Nevertheless, studies explicitly reporting Morse parameterization for 
heavy transition metals (e.g., W and V) or electropositive p-block elements (e.g., Ti) remain 
limited, as embedded-atom method (EAM) and modified embedded-atom method (MEAM) 
potentials are more commonly employed for these systems. 

The lattice constant is a fundamental parameter that defines the unit cell dimensions of crystalline 
materials [31]. It corresponds to the characteristic spacing between lattice points along 

crystallographic directions, such as the cubic lattice parameter 𝒂in cubic crystal systems. The 
lattice constant directly determines the unit cell volume and atomic packing density, and even 
small deviations in its value can lead to significant changes in material properties, including elastic 
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moduli, binding energies, and electronic band structures. Consequently, convergence of lattice 
constants is commonly used as a primary validation criterion in DFT-based materials modeling to 
ensure consistency between optimized structures and experimental reference data [31]. 

Within DFT, lattice constants are evaluated through total energy minimization with respect to 
variations in the unit cell geometry. Structural optimization procedures, such as variable-cell 
relaxation (vc-relax), allow simultaneous optimization of lattice parameters and cell shape until 
the macroscopic stress tensor is minimized. Alternatively, total energies 𝑬(𝑽)may be calculated 
for a series of unit cell volumes, followed by equation-of-state fitting to determine the equilibrium 
volume 𝑽𝟎corresponding to the minimum energy. The resulting lattice parameters are sensitive 

to the choice of exchange–correlation (XC) functional employed in the DFT calculations [28]. 

Materials and Methods 

Studied Elements 

The selected elements are representative of materials commonly employed in high-strength 
structural components, protective systems, and metal–ceramic composites. Transition metals 
such as Fe, Ni, Ti, and W form the basis of steel and alloy systems used in armor and high-load 
applications, while non-metallic elements such as B and C are key constituents of ultra-hard 
ceramic materials, including boron carbide and carbon-based coatings. Silicon and oxygen are 
included to represent semiconductor and oxide bonding environments frequently encountered at 
material interfaces. Together, these elements provide a physically meaningful test set for 
evaluating the transferability of Morse potential parameters across metallic, covalent, and mixed 
bonding regimes. 

 
Computational and Fitting Procedure 

First-principles calculations were performed using the Quantum ESPRESSO package within the 
density functional theory (DFT) framework. The Perdew–Burke–Ernzerhof (PBE) exchange–
correlation functional was employed, along with norm-conserving pseudopotentials from the 
Quantum ESPRESSO library. Initial atomic configurations for bulk structures were based on 
literature lattice parameters, followed by full DFT structural relaxation. 

To parameterize the Morse potential, total energies (or more precisely the separation energy) and 
interatomic forces were computed for isolated diatomic systems via self-consistent field (SCF) 
calculations, with interatomic distances systematically varied around the equilibrium value. The 
resulting energy–distance curves served as reference data for fitting the Morse potential 
parameters. Forces were obtained directly using the built-in stress tensor calculation in Quantum 
ESPRESSO (activated via the tprnfor option). The DFT-derived data were tabulated with columns 
for interatomic distance (in Å), total energy (in eV), and force (in eV/Å). 

Parameter optimization was achieved through nonlinear least-squares regression to minimize 
deviations between the ab initio energies and the Morse potential function [Eq. (1)]. The goodness 

of fit was quantified using the coefficient of determination (𝑹𝟐). The optimized Morse parameters 
were further validated by comparison with available experimental or literature values, ensuring a 
physically reasonable description of interatomic bonding. 
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Validation of the fitted potentials was performed in LAMMPS via isotropic structural relaxation 
using the conjugate-gradient algorithm. Key outputs included total energy (indicating system 
stability), cohesive energy per atom (reflecting bond strength), relaxed lattice parameters (for 
comparison with reference data), and system pressure (monitored to confirm convergence to 
equilibrium). These results were compiled in tables listing lattice parameters, total energy, 
cohesive energy, and pressure. Figure 1 shows the flowchart of fitting procedure of potential 

parameters based on the separation energy. 

 

Figure 1. Fitting procedure  

Fitting is very easy and can be done with a Python program that has tools for fitting data. 
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Dimer Separation Energy from DFT Calculations 

The separation energy of a dimer is evaluated using first-principles total energy calculations within 
the framework of Density Functional Theory (DFT). In this approach, the total energy of a two-

atom system is computed as a function of the interatomic distance 𝑟, allowing direct assessment 
of the bonding interaction between the atoms. 

For a given atomic species, three total energies are required: (i) the total energy of the dimer 
system 𝐸dimer(𝑟) at a specific interatomic separation, (ii) the total energy of a single isolated atom 

𝐸atom, and (iii) the reference energy corresponding to two non-interacting atoms. The dimer 
separation energy 𝐸sep(𝑟)is defined as 

 

𝐸sep(𝑟) = 𝐸dimer(𝑟) − 2𝐸atom.     (3) 

 

A negative value of 𝐸sepindicates an energetically favorable bonded state, while values 

approaching zero correspond to the dissociation limit where the atoms become non-interacting. 

By varying the interatomic distance 𝑟over a sufficiently wide range, a complete energy–distance 
curve is obtained, from which the equilibrium bond length, binding energy, and curvature of the 
potential energy well can be determined. 
This DFT-derived separation energy curve serves as the reference dataset for fitting the Morse 
potential parameters, ensuring that the empirical potential accurately reproduces the fundamental 
features of the ab initio interatomic interaction, including bond strength and equilibrium separation. 

Results and Discussion  

Total energy and distance profiles for eight elements which is Fe, Ti, Al, W, C, B, Si, O, and Ni 
are obtained from Density Functional Theory (DFT) calculations using Quantum ESPRESSO. 
These data are subsequently fitted using the Morse potential formulation, yielding three 

fundamental parameters: the potential well depth (De), stiffness constant (α), and equilibrium 
distance (re). The resulting parameter sets reflect element-specific bonding characteristics related 
to interatomic bond strength and structural stability. 
 
1. Iron (Fe) 
The nearest-neighbor distance provides an important reference for selecting physically 
meaningful interatomic separation ranges in DFT simulations. For body-centered cubic (BCC) 
iron, the nearest-neighbor distance obtained from the DFT-optimized lattice constant is 
approximately 2.53 Å. This value is used only as an initial guideline for constructing the Fe–Fe 
separation distances in the dimer calculations and should not be confused with the equilibrium 
bond distance of the Morse potential. 
Table S1 (see Tables in the supplementary material) presents the separation energy of the Fe 

dimer obtained from DFT calculations using the Quantum ESPRESSO package, evaluated 
according to Eq. (3). The DFT energy–distance data were fitted to the Morse potential function, 

yielding optimized parameters of 𝐷𝑒 = 3.3061eV, 𝛼 = 2.1687Å−1, and 𝑟𝑒 = 1.8662Å. The high 

coefficient of determination (𝑅2 = 0.999997) indicates an excellent agreement between the Morse 
potential and the DFT reference data. The resulting fitted energy curve is shown in Figure 2. 
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2. Titanium (Ti) 
Titanium (Ti) has a nearest-neighbor distance of approximately 2.90 Å, obtained from the DFT-
optimized crystal structure and used as a reference for selecting the interatomic separation range 
in the dimer calculations. Table S2 presents the separation energy of the Ti dimer obtained from 

Density Functional Theory (DFT) calculations using the Quantum ESPRESSO package, 
evaluated according to Eq. (3). Fitting the DFT energy–distance data to the Morse potential yields 

optimized parameters of 𝐷𝑒 = 16.9443 eV, 𝛼 = 1.2202Å−1, and 𝑟𝑒 = 2.0516 Å. The high coefficient 

of determination (𝑅2 = 0.999901) indicates excellent agreement between the Morse potential and 
the DFT reference data. Compared to Fe, titanium exhibits a significantly larger potential well 
depth, reflecting stronger effective bonding in the Ti–Ti dimer. The equilibrium distance 𝑟𝑒is also 
larger, consistent with the larger atomic size of Ti. The relatively smaller stiffness parameter 

𝛼indicates a broader potential well, corresponding to increased bond flexibility. These features 
are consistent with the partially directional bonding character of transition metals with mixed 
metallic and covalent contributions. 
 
3. Aluminium (Al) 
For face-centered cubic (FCC) aluminum, the nearest-neighbor distance derived from the DFT-
optimized lattice constant is approximately 2.86 Å. This value is used only as an initial guideline 
for constructing the Al–Al dimer separation range and should not be directly identified with the 
equilibrium distance of the Morse potential. Table S3 presents the separation energy of the Al 

dimer obtained from Density Functional Theory (DFT) calculations using the Quantum 
ESPRESSO package, evaluated according to Eq. (3). Fitting the DFT energy–distance data to 

the Morse potential yields parameters of 𝐷𝑒 = 15.4098 eV, 𝛼 = 0.56Å−1, and 𝑟𝑒 = 2.75Å. The 

coefficient of determination for the fit is 𝑅2 = 0.987, indicating good agreement between the Morse 
potential and the DFT reference data. Compared to transition metals such as Fe and Ti, aluminum 
exhibits a broader and shallower effective potential well, as reflected by the smaller stiffness 

parameter 𝛼. This behavior is consistent with the relatively lower elastic modulus and higher 
ductility of aluminum. The equilibrium distance 𝑟𝑒is close to the bulk nearest-neighbor distance, 
reflecting the predominantly metallic and weakly directional bonding character of Al. 
 

4. Tungsten (W) 
The nearest-neighbor distance serves as a reference for selecting physically meaningful 
interatomic separations in the DFT simulations. For body-centered cubic (BCC) tungsten, the 
nearest-neighbor distance derived from the DFT-optimized lattice constant is approximately 2.74 
Å. This value is used only as a guideline for constructing the W–W dimer separation range and 
should not be directly associated with the equilibrium distance of the Morse potential. 
Table S4 presents the separation energy of the W dimer obtained from Density Functional Theory 

(DFT) calculations using the Quantum ESPRESSO package, evaluated according to Eq. (3). 
Fitting the DFT energy–distance data to the Morse potential yields optimized parameters of 𝐷𝑒 =
10.6879 eV, 𝛼 = 1.7456Å−1, and 𝑟𝑒 = 2.0184Å. The coefficient of determination of the fit is 𝑅2 =
0.999, indicating excellent agreement between the Morse potential and the DFT reference data. 
Compared to lighter metals, tungsten exhibits a relatively deep and narrow effective potential well, 
as reflected by the large stiffness parameter 𝛼. This behavior indicates strong resistance to bond 
stretching and is qualitatively consistent with the known mechanical rigidity and high thermal 
stability of tungsten. While the fitted Morse parameters are derived from dimer calculations, they 
capture key trends associated with the strong bonding character of W. 
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5. Nickel (Ni) 
For Ni structure, NN distant is obtained as 2.65 Å. Table S9 is the separation energy for Si from 

DFT Quantum Espresso simulation, that can be computed using Eq.(3). From data fitting we 
found that the potential parameter for Ni are  De = 3.0471 eV, 𝛼 = 1.9651 Å-1 and 𝑟𝑒 = 1.9855 Å. 
The regression coefficient of fitting for this Ni is R2 = 0.999999. 
 

For non-metallic elements such as carbon (C) and boron (B), the obtained well depths of De=5.786 
eV for C, and 2.9223 eV for B, together with short equilibrium distances of re =1.3015 Å for C and 
1.65551 Å for B, indicate strong covalent bonding. Also, α = 2.1407 Å-1 for C and α = 1.595 Å-1 for 
B. The comparatively lower well depths relative to heavy metals suggest that overall cohesion in 
these systems is predominantly governed by orbital hybridization rather than metallic bonding 
contributions. 

Silicon (Si) and oxygen (O) display consistent bonding trends. Silicon exhibits intermediate 

bonding strength with De =3.5403 eV, α = 1.2809 Å⁻¹ for and re = 2.2057 Å, characteristic of 
semiconducting materials with partial covalent character. Oxygen shows a higher potential depth 

of De = 7.1494 eV, α = 2.5806 Å⁻¹ and a shorter equilibrium distance of re = 1.2157 Å, indicative 
of strong polar covalent bonding.  

Figure 2 is a plotting of the Morse potential parameters for the 9 elements studied. 

 

Figure 2. Morse Potential Graph of 9 Elements. 
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Conclusions 

In this study, Morse potential parameters (𝑫𝒆, 𝜶, and 𝒓𝒆) were extracted for eight elements, 
namely Fe, Ti, Al, W, C, B, Si, O, and Ni, through fitting of dimer separation energy profiles 
obtained from Density Functional Theory (DFT) calculations performed using the Quantum 
ESPRESSO package. The resulting parameters show a high level of consistency with the ab initio 

reference data, as indicated by coefficients of determination (𝑹𝟐) close to unity for all investigated 
elements. These results demonstrate that the Morse potential provides a reliable representation 
of DFT-derived interatomic energy–distance relationships at the dimer level for both transition 
metals and selected non-metallic elements. The Morse potential parameters in this study are: 

 

Fe:  D = 1.9303 eV, α = 1.6082 Å⁻¹, r_e = 2.4185 Å 
Ti:  D = 2.354 eV, α = 1.475 Å⁻¹, r_e = 2.735 Å 

Al:  D = 1.164 eV, α = 1.164 Å⁻¹, r_e = 2.833 Å 
W:  D = 4.428 eV, α = 1.822 Å⁻¹, r_e = 2.540 Å 
Ni:  D = 3.0471 eV, α = 1.9651 Å⁻¹, r_e = 1.9855 Å 
O:  D = 7.1494 eV, α = 2.5806 Å⁻¹, r_e = 1.2157 Å 
Si:  D = 3.5403 eV, α = 1.2809 Å⁻¹, r_e = 2.2057 Å 

B:  D = 2.9223 eV, α = 1.595 Å⁻¹, r_e = 1.6555 Å 
C:  D = 5.786 eV, α = 2.1407 Å⁻¹, r_e = 1.3015 Å 

Systematic trends in the fitted parameters are observed across the studied elements. Heavier 
transition metals such as W and Ti exhibit larger effective potential depths and stiffness 
parameters, reflecting stronger resistance to bond deformation, while elements such as Al and Si 
display broader and more compliant effective bonding characteristics. Although the present 
parameterization is based on dimer-level DFT data and has not yet been fully validated in large-
scale molecular dynamics simulations, the obtained Morse parameters provide a physically 
consistent and transferable starting point for subsequent MD studies. Future work will focus on 
validating these parameters through simulations of bulk properties, defect energetics, and 
thermomechanical behavior in metallic and composite systems. 
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