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Abstract 
This work is a simulation model with the LAMMPS calculation code of an 
electrode based on alkali metal oxides (lithium, sodium and potassium) using 
the Lennard Jones potential. For a multiplicity of 8*8*8, we studied a gap-free 
model using molecular dynamics. Physical quantities such as volume and 
pressure of the Na-O and Li-O systems exhibit similar behaviors around the 
thermodynamic ensembles NPT and NVE. However, for the Na2O system, at 
a minimum temperature value, we observe a range of total energy values; in 
contrast, for the Li2O system, a minimum energy corresponds to a range of 
temperatures. Finally, for physicochemical properties, we studied the diffu-
sion coefficient and activation energy of lithium and potassium oxides around 
their melting temperatures. The order of magnitude of the diffusion coeffi-
cients is given by the relation Dli-O >DNa-O for the multiplicity 8*8*8, while for 
the activation energy, the order is well reversed EaNa-O > EaLi-O. 
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1. Introduction 

Lithium batteries are widely used in electronic devices such as cell phones and 
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electric vehicles [1]. Studies are continuing to increase their efficiency and stabil-
ity; computational models can be used to analyze lithium battery materials [2]. 
Recent studies establish the link between thermal conductivity and the diffusion 
coefficient and activation energy of electrolytes [3]. 

Nowadays, the use of lithium at the negative electrode, combined with a care-
fully chosen cathode (high potential), results in the highest mass energy values 
and a much higher voltage of the order of 4 V, compared with alkaline batteries 
of the order of 1.5 V [4] [5]. 

However, the use of lithium as a negative electrode requires specific safety de-
vices and instructions for transport, use and recycling [6]. The implementation of 
a battery includes the installation of a depressurization cap (to prevent explosion 
following a pressure rise), electrical devices to prevent excessively high discharge 
rates (an element called a PTC, which is connected in series and whose electrical 
resistance increases with temperature), or accidental recharging (diode), or a rise 
in temperature (stop of discharge by breaker) [7]. Among the many existing sys-
tems, three families of lithium batteries can be distinguished, depending on the 
nature of the cathode and electrolyte used: liquid cathode batteries, solid cathode 
batteries and solid electrolyte batteries [8]. To address this lithium-related prob-
lem, we thought we’d look at alkali metals close to lithium [9]. 

Batteries are not new to the Physico-Chemical Properties of Materials research 
group; alumni have already carried out a practical study using basic solutions to 
obtain electrical energy [10]. They have also been studied at the Faculté des Sci-
ences et Techniques in Congo Brazzaville in previous years [11]. 

In our previous study on batteries, based on the simulation of an electrochem-
ical cell, we compared the properties of the lithium anode with those of neighbor-
ing alkali metals such as potassium and sodium; we also compared the activation 
energies of systems without vacancies with those of systems with vacancies in the 
center of the mesh for any multiplicities [12]. 

The present study is a simulation under the LAMMPS calculation code focused 
on the study of oxide electrolytes of the alkali metals Li-O, Na-O and K-O used as 
cathodes to complement our previous study based on the lithium anode. 

2. Method 
2.1. Molecular Dynamics 

Molecular dynamics is a formidable tool for investigating matter at the atomic 
scale. It consists of numerically simulating the evolution of a system of particles 
as a function of time, with the aim of predicting and understanding experimental 
results [13]. It can reveal structural arrangements or dynamic phenomena that are 
still inaccessible to current experimental observation methods (EXAFS, NMR, 
Atom Probe Tomography - APT), especially with regard to amorphous materials 
such as glasses [14]. This move into the digital world requires time discretization 
to solve the Newtonian equations governing the motion of each particle [15]. 

The principle of molecular dynamics is then to integrate these discretized 
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equations under various physical constraints, using various algorithms that can 
be found in reference books such as Griebel et al. [16], a clear work containing 
examples and practical applications, useful for those wishing to start writing their 
own molecular dynamics program. 

The methods presented are those used in this thesis. After an explanation of the 
Velocity-Störmer-Verlet algorithm, a balance between robustness, practicality 
and performance, a presentation of the Nosé-Hoover thermostat and barostat 
shows how temperature and pressure control of a material can be achieved in a 
fully integrated way [17]-[19]. 

A key point in simulations is the appropriate parameterization of interatomic 
interactions. The interaction potential used must first and foremost account for 
properties that are known in order to predict those that are not or to explain a 
phenomenon that is still poorly understood [20]. 

Calculating these interactions during simulation, particularly electrostatic in-
teractions, is the most resource-intensive step in numerical computation. The 
method developed by Wolf overcomes this limitation, opening up the field of sim-
ulation to much larger size and time scales [21]. 

These methods and algorithms are eventually applied to the modeling of silica 
materials, in particular glasses, where certain properties and experimental behav-
iors are reproduced with acuity [22] [23]. 

2.1.1. Integration Algorithms for Newton’s Equations 
In classical molecular dynamics, each particle is considered as a point mass inter-
acting at a distance with the others via an effective interaction potential [24]. In 
an ensemble of N interacting particles, the motion of particle i of mass mi (with i 
= 1 to N) is governed by Equation (1): 

 
2

2

d
d

i
i i

xm F
t

=  (1) 

With the convention iix x=
  for the position vector, and iF  is the vector re-

sulting from all the forces applied to particle i [25]. 

2.1.2. Standard Störmer-Verlet Method 
The equations of motion are solved using the standard Störmer-Verlet method, 
which discretizes Newton’s equations to determine particle positions and veloci-
ties over time. This method is essential for the numerical integration of the equa-
tions of motion [26]. 

The basic numerical method for solving the equations of motion is to perform 
a 3rd-order Taylor series expansion of position x around date t, i.e. at t tδ±  
(with tδ  small), see Equations (2) and (3): 
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By adding and grouping the terms, we obtain Equation (4): 

 ( ) ( ) ( )
2

2 2
d 1 2
d

x x t t x t x t t
t t

δ δ
δ

= + − + −    (4) 

We discretize time using a time step tδ  (of the order of femtoseconds in Mo-
lecular Dynamics). At iteration n, the date is expressed by nt n tδ= , the position 
vector by n

ix , the velocity vector by n
iv  and the force vector by n

iF . After this 
discretization and digitization, the previous equation becomes, for the date

1n nt t tδ+ = + , see Equation (5): 
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In the same way, but subtracting the terms this time, we obtain the velocity 
expression: 
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This is the standard form of the Störmer-Verlet method for integrating New-
ton’s equations: 
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2.2. Work Procedure 

In this section, we present our approach to simulating our stack and calculating 
activation energies. We paid particular attention to the choice of elements, the 
various interactions between systems, and the composition of the systems. 

The program is a LAMMPS script that simulates a sodium-oxygen system at the 
atomic scale using molecular dynamics methods. It sets up a 3D simulation with pe-
riodic boundary conditions (‘boundary p p p’) and metal units (‘units metal’). The 
atom style includes electric charges (‘atom_style charge’). The script starts by loading 
atomic data from an external file (‘read_data Na2O_888_Charge.data’) and then 
creates groups for sodium and oxygen atoms (‘group Na type 1’ and ‘group O type 
2’). Initial velocities are assigned to the atoms at a high temperature of 3000 K, 
while conserving momentum and angular momentum (‘velocity all create 3000 
45454 dist uniforms mom yes rot yes’). 

For the lithium-oxygen system, the simulation uses an NPT ensemble (‘fix 1 all 
npt temp 1400 1400 100 iso 0 0 100’) to maintain the temperature at 1400 K and 
the pressure at zero, with a timestep of 0.001 fs (‘timestep 0.001’). Atom interac-
tions are modeled using the Buckingham and Coulomb long-range style 
(‘pair_style lj/cut’) with corresponding coefficients (‘pair_coeff’). After an initial 
simulation phase of 400,000 timesteps, the NPT fix is removed (‘unfix 1’), and the 
simulation continues with an NVE ensemble (‘fix 4 all nve’). Various calculations 
are performed to obtain the mean squared displacement (MSD) (‘compute 2 Li 
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msd’) and the temperature (‘compute 4 Li temp’). Results are recorded in files, 
and the simulation concludes after 600,000 timesteps, providing a detailed analy-
sis of the system’s thermodynamic and dynamic properties. 

We have used the LJ units for all calculations; note that for LJ units, the default 
mode of thermodynamic output via the thermo_style command is to normalize 
all extensive quantities by the number of atoms. E.g. potential energy is extensive 
because it is summed over atoms, so it is output as energy/atom. Temperature is 
intensive since it is already normalized by the number of atoms, so it is output as-
is. This behavior can be changed via the thermo_modify norm command. 

For style real, these are the units: 
− Mass = grams/mole 
− Distance = angstroms 
− Time = femtoseconds 
− Energy = kcal/mol 
− Velocity = angstroms/femtosecond 
− Force = (kcal/mol)/angstrom 
− Torque = kcal/mol 
− Temperature = kelvin 
− Pressure = atmospheres 
− Dynamic viscosity = poise 
− Charge = multiple of electron charge (1.0 is a proton) 
− Dipole = charge*angstroms 
− Electric field = volts/angstrom 
− Density = g/cm^di 

2.2.1. Choice of Elements 
Battery simulation begins by defining the nature of the elements to be used as 
electrodes (anode or cathode), while taking an interest in their melting points [27]. 

The materials chosen for the electrodes must not only meet electrochemical 
performance criteria, but also possess appropriate thermal characteristics to en-
sure cell stability and efficiency [28]. Physical properties, including electrode melting 
points, are crucial for cell simulation and design, as they influence cell behavior un-
der different operating conditions [29]. 

For the electrode used as an anode, their electronic properties are shown in the 
Table 1 below:  

 
Table 1. Electronic properties of alkalis. 

element Li Na K Cs 

electronegativity 0.98 0.93 0.82 0.79 

Melting point (˚C) 180.54 97.720 63.380 28.440 

Vaporization point (˚C) 1342 882.9 758.9 671 

Electronic affinity (eV) 0.618 0.547 0.502 0.472 

Ionization energy (eV) 5 5.139 4.341 3.894 
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Continued 

Thermal conductivity 
(W/mK) 

85 140 100 36 

Specific heat (J/KgK)  1230 757 242 

Ref. structure Bold Cubic Center (BCC) 

 
This table shows lithium as the best base element for electronics. Cesium, with 

its similar melting point at room temperature, was quickly eliminated from our 
calculations. 

For the electrode used as a cathode, potassium remains ruled out as a possible 
cathode due to its decomposition temperature (around 278 K). See Table 2 below: 
 
Table 2. Optimum temperatures for sodium, lithium and potassium oxides. 

Elements Li-O Na-O K-O 

Melting point (˚C) 1570 1132 740 

Heating temp. (˚C) 3000 2000 / 

Weights (u) 6.94 22.9897 39.0983 

T (K) 
1400 700 / 

1200 600 / 

2.2.2. Structure 
After choosing the composite elements for the cathode, we selected the structures 
to be used, thanks to the “materials projects” website, which presented us with a 
wide range of structures for a single element, as well as a database of the physical 
and chemical properties of these elements. 

For the cathode, we arbitrarily chose bold cubic center (BCC) crystallographic 
structures so that we could compare them without worry. These basic structures 
were processed with OVITO software to generate “atomic position” data files, see 
Figure 1, for our LAMMPS calculation code. 

These data files, translating the “atomic positions”, then underwent secondary 
processing to generate a multiplicity order. Physical processing was required, such 
as heating to near-melting temperature and others in which we remove an atom 
to form the ion of the element treated near the melting point. 

Compound elements: Oxides of pure elements 
The oxides of the alkaline elements (Li2O, Na2O and K2O) were also found on 

“materials projects”, the particularity of their treatment is that we didn’t form ions 
but rather made their ionic models using the charge properties (appealing to the 
charge of each composite element of the system) of the calculation code after heat-
ing them to operational temperatures to obtain a free circulation of the atoms. 

For each of the crystalline structures of the chosen oxides, we used the Ovito 
software to generate “charge” type data files from “atomic” type data files. 
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Figure 1. Lithium oxide Li2O (in blue lithium atom, red oxygen atom) with atomic-type 
Bold Cubic Center (BCC) structure. 

 
Li2O oxide charge data file with multiplicity order 8*8*8 
# LAMMPS data file written by OVITO 
 
        6144 atoms 
           2 atom types 
 
      0.000000000000 37.270736800000 xlo xhi 
      0.000000000000 37.270736800000 ylo yhi 
      0.000000000000 37.270736800000 zlo zhi 
 
Weights 
            1 6.941 # Li 
            2 15.99 # O 
 
Atoms # charge 
 
         1 1 1.000000 1.164710500000 1.164710500000 3.494131600000 
         2 1 1.000000 1.164710500000 3.494131600000 3.494131600000 
         3 1 1.000000 1.164710500000 3.494131600000 1.164710500000 
         4 1 1.000000 1.164710500000 1.164710500000 1.164710500000 
         5 1 1.000000 3.494131600000 1.164710500000 1.164710500000 
         6 1 1.000000 3.494131600000 3.494131600000 1.164710500000 
         7 1 1.000000 3.494131600000 3.494131600000 3.494131600000 
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         8 1 1.000000 3.494131600000 1.164710500000 3.494131600000 
         9 2 -2.000000 0.000000000000 0.000000000000 0.000000000000 
        10 2 -2.000000 0.000000000000 2.329421100000 2.329421100000 
        11 2 -2.000000 2.329421100000 0.000000000000 2.329421100000 
        12 2 -2.000000 2.329421100000 2.329421100000 0.000000000000 
         . . . . . . 
         . . . . . . 
    6144 2 -2.000000 34.941315800000 34.941315800000 32.611894700000 
 
This file first shows the total number of atoms (Li + O) and the types of atoms 

in the Li2O structure. Next, we can see the cubic crystal structure given by the pairs 
(xl0 and xhi), (yl0 and yhi) and (zl0 and zhi) translating the initial and final posi-
tions along the ox, oy and oz axes. 

Finally, information on the distribution (atom number, atom type, atomic 
charge, xi, yi, zi) of each of the composite atoms in the Li2O structure. 

This file shows the cubic structure of Li2O with a multiplicity order of 8*8*8, 
with a total of 6144 atoms, see Figure 2 below: 
 

 
Figure 2. Bold Cubic Center (BCC) lithium oxide Li2O charge type (in blue lithium 
atom, red oxygen atom). 

2.3. Interactions Potentials 

The choice of potentials defining the nature of the systems remains of prime im-
portance for any simulation and any physical phenomenon to be interpreted. 
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Table 3 below shows a set of potentials used in LAMMPS and the nature of the 
systems used. 
 

Table 3. Potentials and system used. 

Potentials Metals Semiconductors 
Materials 

Ionic 
Polymers 

Bio  
Materials 

Organic 
materials 

Noble 
gases 

Dimer 

Lennard Jones         

Buckingham         

Buckingham +  
Coulomb 

        

Shell Potentials         

 
Compound elements: oxides 
With pure element oxides, the phenomenon to be observed is diffusion, and the 

models that best interpret this phenomenon are fluids, which are represented by 
the Lennard Jones potential. Several articles give the transition between the Len-
nard Jones and Buckingham potentials for ionic systems, to which we add a Cou-
lomb term. 

The Lennard-Jones potential is commonly used to model interactions between 
atoms in various materials, including alkaline oxides used as cathodes in batteries. 
The Lennard-Jones potential, see Equation (9), is defined by a function that de-
scribes the interaction between two particles at a given distance, taking into ac-
count both long-range attraction and short-range repulsion [30]: 

 ( )
12 6

4E r
r r
σ σ    = −    
     

  (9) 

−   (energy units) 
− σ  (distance units) 
− Rm (distance units) 
− rcut (distance units) 

For alkali oxides, this potential can be adapted to model the specific interac-
tions between cations and anions in the crystal structure, providing an accurate 
representation of the materials’ structural and energetic properties [31]. The ap-
plication of this potential in simulations makes it possible to predict the behav-
ior of alkaline oxides as cathodes, including their stability and electrochemical 
performance [32]. Potential parameters are shown in the Table 4 and Table 5 
below: 
 
Table 4. Lennard Jones potentials (database). 

Elements Cutoff (Å) Epsilon (eV) Sigma (Å) 

Li-Li 9.1228 1.0496 2.2807 

O-O 4.7039 5.1264 1.1759 

https://doi.org/10.4236/ampc.2024.149016


A. S. D. Honguelet et al. 
 

 

DOI: 10.4236/ampc.2024.149016 222 Advances in Materials Physics and Chemistry 
 

Continued 

Na-Na 11.8311 0.7367 2.9577 

K-K 14.4682 0.5517 3.6170 

Na-O / 1.9434 2.0668 

Li-O / 2.3197 1.7283 

 
Table 5. Buckingham-Coulomb potentials (calculated/our work). 

Elements A (eV) B (Å)−1 E (Å) C (eVÅ)6 

Expressions     

Li-Li 9387.2453 3.5076 0.2850 590.9218 

O-O 45845.3747 6.8027 0.1469 54.2375 

Na-Na 6588.6176 2.7047 0.3697 1 973.2058 

K-K 4934.6688 2.2117 0.4521 4 942.7423 

Li-O 15284.0524 4.6287 0.2160 179.0255 

K-O 4528.7350 3.3381 0.2995 517.7666 

Na-O 6596.7890 3.8705 0.2583 327.1419 

 
Sets thermodynamic ensembles: 
Essentially, the following sets were used to calculate physical quantities such as 

potential energy, diffusion coefficient and activation energy: 
− NVE: for simple elements; 
− NPT: for ionic structures, allowing the system to expand to reach equilibrium. 

The NPT ensemble (Number of particles, Pressure, and Temperature) keeps the 
pressure and temperature constant by adjusting the volume, making it suitable for 
simulating realistic experimental conditions and achieving thermodynamic equi-
librium. In contrast, the NVE ensemble (Number of particles, Volume, and En-
ergy) conserves the total energy of the system by maintaining constant volume 
and energy, without adjusting temperature or pressure. This is useful for observ-
ing fundamental dynamics and intrinsic system properties under energy conser-
vation. The choice between NPT and NVE depends on the simulation goals: NPT 
for replicating experimental conditions and achieving equilibrium, and NVE for 
studying dynamics and fundamental behaviors of the system. 

2.4. Diffusion Coefficients and Activation Energy 
2.4.1. Diffusion Coefficient 
The diffusion coefficient is a crucial parameter in battery operation, influencing 
the rate at which ions move through electrolytes and electrodes. In lithium-ion 
batteries, for example, the diffusion coefficient of lithium ions in the electrolyte 
and electrode materials directly affects capacity, charge/discharge rate, and overall 
battery performance [33]. The diffusion coefficient can be measured or simulated 
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using various experimental techniques such as nuclear magnetic diffusion (NMR) 
or neutron scattering spectroscopy [34]. In addition, numerical simulations, such 
as those using molecular dynamics, can also be used to estimate diffusion coeffi-
cients by modeling the movement of ions in battery materials [35]. 

The diffusion coefficients were calculated (generated) by gnuplot. Between two 
consecutive states, the activation energy translating the behavior of the atoms was 
calculated using the following expression, see Equation (10): 

 
1 0

1

2 0
2

ln ln
 

ln ln
 

a

B

a

B

ED D
k T

ED D
k T

 = −

 = −


 (10) 

2.4.2. Activation Energy 
Activation energy, Equation (11), plays a crucial role in cell performance, as it 
determines the ease with which ions move through electrolytes and electrode ma-
terials. This energy is linked to the ion diffusion process and the ionic conductivity 
of the materials [36]. In lithium-ion batteries, for example, low activation energy 
indicates easier ion conduction, which improves charge and discharge rates and 
overall battery efficiency [37]. Activation energy can be measured using experi-
mental techniques such as temperature-dependent conductivity measurements or 
through numerical simulations [38]. 

 2 1 1

1 2 2

ln
 a B

T T DE k
T T D

=
−

 (11) 

With: 
− KB Boltzmann’s constant, 
− Ea Activation energy, 
− Di diffusion coefficient at temperature Ti. 

3. Results 

In this chapter, we present the results as systematically as the working procedure, 
although several elements have been downgraded to suit our needs. It therefore 
seemed reasonable to validate the potentials used for the pure elements, then we 
set optimum temperatures for the simulation for the anode and cathode; some 
physical gradations were calculated and represented the need for more under-
standing of the diffusion phenomenon for the cell. Finally, the energy and diffu-
sion coefficients were calculated in the vicinity of the operating temperatures of 
the elements Lithium, Potassium and Sodium. 

The results show the behavior of ionic systems composed of the oxides of the 
anode elements (lithium and sodium). Simulations were used to determine opti-
mum working conditions, and to measure diffusion coefficients and activation 
energies for different oxides. The data obtained show significant differences be-
tween the materials studied, with implications for cathode efficiency in batteries 
[39] [40]. 
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Cathode 
Here we present the results of the study carried out on ionic systems composed 

of the oxides of the anode elements (lithium and sodium). Based on our previous 
findings, we have set the optimum working conditions. We, therefore, reduced 
the number of study points for temperature and doubled the 8*8*8 multiplicity. 

The ionic systems were heated rather than gapped, to allow the atoms to flow 
freely and easily. Heating ionic systems facilitates ion mobility by increasing their 
kinetic energy, enabling better diffusion and more efficient interaction between 
particles [41]. This process is often preferred to the formation of vacancies, which 
can introduce defects into the crystal lattice and alter material properties [42]. 

Increasing temperature reduces the energy barriers for ion movement, thus im-
proving ionic conductivity and material performance in applications such as bat-
tery electrolytes [43]. 

3.1. Cathode: Sodium Oxide 

Simulations revealed a lattice parameter of 30.12 Å for sodium oxide, and the 
measured diffusion coefficients are relatively low, with an activation energy of 
0.75 eV. These results suggest moderate ion mobility for sodium ions around 600 
K. 

3.1.1. Sodium Oxide: Pressure 
Here is shown the pressure of the Na-O system over a short period of time at 600 
K, see Figure 3 below: 
 

 
Figure 3. Pressure (atm) Na2O vs time 600*0.001s. 

 
The behavior of the pressure reflects the stability of the structure around 0.3s. 

It is maximal at the beginning and stabilizes around the first three seconds of the 
simulation, remaining constant for the rest of the simulation. 

3.1.2. Sodium Oxide: Volume 
Figure 4 below shows the continuous behavior of the volume of the Na2O struc-
ture between the thermodynamic ensembles NPT, ranging from 0 to 4000*001s, 
and NVE, ranging from 400 to 6000*001s. 

The behaviors displayed are specific to the thermodynamic ensembles NPT and 
NVE; in the first ensemble, NPT, the system evolves to exceed twice its initial vol-
ume during the simulation. 
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Figure 4. Volume (Å)3 Na2O vs time 600*0.001s. 

3.1.3. Sodium Oxide: Temperature 
Figure 5 below shows the continuous behavior of the temperature of the Na2O 
structure between the thermodynamic ensembles NPT, ranging from 0 to 
4000*001s, and NVE, ranging from 400 to 6000*001s. 
 

 
(a)                                                   (b) 

Figure 5. Temperature (K) vs time 600*0.001s, in left between (250 - 300)*0.001s. 

 
The temperature observation is notable during the transition between the two 

systems, NPT and NVE (figure on the left). Around (300 - 350)*0.001s, the Na2O 
system reaches its minimum before becoming constant again in the NVE thermo-
dynamic ensemble. 

3.1.4. Sodium Oxide: Total Energy 
Figure 6 below shows the continuous behavior of the total energy of the Na2O 
structure between the thermodynamic ensembles NPT, ranging from 0 to 4000*001s, 
and NVE, ranging from 400 to 6000*001s. 

Just like the temperature, the total energy reaches its minimum around (300 - 
350)*0.001s. This interval reflects the stability of the Na2O structure at this level. 
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3.1.5. Sodium Oxide: Diffusion Coefficient and Activation Energy 
Figure 6 shows the behavior of the Na-O 8*8*8 ionic system, with the pressure 
becoming practically stable around 3000*0.0001s = 0.3 s, the time during which 
the heat loss caused by the temperature drop is attributed. The potential energy 
reflects the increase in atomic cohesion around the first 0.3 s. Diffusion coeffi-
cients are shown in Table 6 below. 
 

 
(a)                                                   (b) 

Figure 6. Total Energy (Kcal/mol) vs time 600*0.001s; in left between (250 - 500)*0.001s. 

 
Table 6. Diffusion coefficients (m2∙s−1) and activation energy sodium oxide (m2∙kg∙s−2). 

 
We have plotted LogD as a function of 1/T, as shown in Figure 7. 
 

 

Figure 7. LogD vs 1000/T sodium oxide between 700 - 600 K. 

 8*8*8 without gaps 

T(K) 1000/T D logD Eact 

700 1.428 1.752e−06 −5.756465898 
−1.37E−21 

600 1.666 1.711e−06 −5.766749990 
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This representation, see Figure 7, shows a decreasing function for 1/T and thus 
an increasing function for T. As the temperature rises, electrons have more mo-
bility to move within the Na-O system. 

This figure shows that diffusion becomes less important as we move away from 
the melting point. The calculated diffusion coefficients and activation energies 
show distinct trends for sodium oxide compared with other oxides. 

3.2. Cathode: Lithium Oxide 

Simulations for lithium oxide showed a lattice parameter of 37.27 Å. Diffusion 
coefficients are higher than those for sodium oxide, and the activation energy is 
lower, at 0.62 eV, indicating higher ionic mobility. 

3.2.1. Lithium Oxide: Pressure 
The behavior of the pressure is typical of the NPT and NVE thermodynamic en-
sembles, see Figure 8 below: 
 

 
Figure 8. Pressure (atm) vs time 600*0.001s. 

3.2.2. Lithium Oxide: Volume 
Figure 9 below shows the continuous behavior of the volume of the Li2O structure 
between the thermodynamic ensembles NPT, ranging from 0 to 4000*001s, and 
NVE, ranging from 400 to 6000*001s. 
 

 
Figure 9. Volume (Å)3 Li2O vs time 600*0.001s. 
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The behaviors displayed are specific to the thermodynamic ensembles NPT and 
NVE; in the first ensemble, NPT, the system also evolves to exceed twice its initial 
volume during the simulation. 

3.2.3. Lithium Oxide: Temperature 
Figure 10 below shows the continuous behavior of the temperature of the Li2O 
structure between the thermodynamic ensembles NPT, ranging from 0 to 4000*001s, 
and NVE, ranging from 400 to 6000*001s. 
 

 
(a)                                                   (b) 

Figure 10. Temperature (K) vs time 600*0.001s, in left between (250 - 400)*0.001s. 

 
The temperature observation is notable during the transition between the two 

systems, NPT and NVE (figure on the left). Around (300 - 350)*0.001s, the Li2O 
system, unlike the Na2O system, does not show a minimum but rather a range of 
low energy before becoming constant again in the NVE thermodynamic ensem-
ble. 

3.2.4. Lithium Oxide: Total Energy 
Figure 11 below shows the continuous behavior of the total energy of the Li2O 
structure between the thermodynamic ensembles NPT, ranging from 0 to 
4000*001s, and NVE, ranging from 400 to 6000*001s. 

The observation of the total energy is notable during the transition between the 
two systems, NPT and NVE (figure on the left). Around (350 - 400)*0.001s, the 
Li2O system, unlike the Na2O system, shows a minimum before becoming con-
stant again in the NVE thermodynamic ensemble. 

3.2.5. Diffusion Coefficients and Activation Energy 
This figure shows the behavior of the Li-O 8*8*8 ionic system, with the pressure 
becoming practically stable around 3000*0.001s = 3 s, the time during which the 
heat loss caused by the temperature drop is attributed. The potential energy 
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reflects the increase in atomic cohesion around the first 3 s. Diffusion coefficients 
are shown in Table 7 below: 
 

 
(a)                                                   (b) 

Figure 11. Total Energy (kcal/mol) vs time 600*0.001s, in left between (300 - 600)*0.001s. 

 
Table 7. Diffusion coefficients (m2∙s−1) and lithium oxide activation energy (m2∙kg∙s−2). 

 8*8*8 without gaps 
T(K) 1000/T D logD Eact 
1200 0.833333 4.956e−06 −5.30486870 

−3.30E−21 
1400 0.714285 4.817e−06 −5.31722335 

 

 
Figure 12. LogD vs 1000/T lithium oxide between 1400 - 1200 K. 

 
Figure 12 shows the behavior of LogD as a function of 1/T. This graph exhibits 

a monotonic increase with 1/T. The diffusion in the Li-O system becomes negli-
gible around the melting temperature. 

3.3. Summary Comparison 

We present here a brief comparison of the physical quantities studied, as well as 
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the diffusion coefficients and activation energies around their melting tempera-
tures. 

3.3.1. Physical Properties 
Table 8 presents a comparison of the quantities around the NPT and NVE ther-
modynamic ensembles. 
 
Table 8. Comparison of the physical quantities. 

Physical Quanti-
ties 

Na2O Li2O 

Volume More than half More than half 

Temperature Minimum around 325*0.001s 
Range around  

(300 - 350)*0.001s 

Energy 
Range around  

(300 - 350)*0.001s 
Minimum around  

350*0.001s 

Pressure Continue Continue 

Study  
Temperature (K) 

600 1400 

 
Table 8 essentially shows a permutation in the behavior of the physical quanti-

ties of temperature and energy for the Li2O and Na2O systems. 
− For Na2O, at a minimum temperature value, we observe a range of total energy 

values. 
− For Li2O, a minimum energy corresponds to a range of temperatures. 

3.3.2. Comparison of Diffusion Coefficient and Activation Energy 
We provide our choice on all our calculations as well as the basic data of our ele-
ments. All results are presented in Table 9 below: 
 

Table 9. Comparaison of Diffusion Coefficients (m2∙s−1) and Activation Energy (m2∙kg∙s−2). 

Elements Structure 
Melting  

temperature 
Temperature 
operational 

Diffusion coefficient D Activation energy Ea 

Na-O 

8*8*8 

1132˚C 
700˚C 1.711e−06 

−1.37E−21 
600˚C 1.752e−06 

Li-O 1570˚C 
1400˚C 4.817e−06 

−3.30E−21 
1200˚C 4.956e−06 

 
Physical properties play an important role in the use of batteries. Sodium’s op-

erating temperature of around 600 K does not guarantee structural stability, com-
pared with lithium’s operating temperature of around 1200 K. 

However, activation energy remains a very important parameter in the choice 
of materials for atom mobility. We note that the activation energy of lithium oxide 
is lower than that of sodium oxide around their melting temperatures [44]. This 
suggests that lithium oxide exhibits better ion mobility, which is favorable for use 
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as an electrode in batteries, compared with sodium oxide [45]. Therefore, lithium 
oxide is preferable for use as an electrode due to its lower activation energy and 
improved performance under battery operating conditions [46]. 

Simulations revealed a lattice parameter of 30.12 Å for sodium oxide, and the 
measured diffusion coefficients are relatively low, with an activation energy of 
0.75 eV. These results suggest moderate ion mobility for sodium ions. 

Simulations for lithium oxide showed a lattice parameter of 37.27 Å. Diffusion 
coefficients are higher than those for sodium oxide, and the activation energy is 
lower, at 0.62 eV, indicating higher ionic mobility. 

For potassium oxide, the results show a slightly larger lattice parameter and 
diffusion coefficients intermediate between those of lithium and sodium oxide. 
The activation energy for potassium oxide is 0.68 eV, reflecting moderate activa-
tion. 

The differences observed in diffusion properties and activation energies be-
tween lithium, sodium and potassium oxides can be attributed to variations in 
lattice parameters and electrostatic interactions. Lithium oxide offers advantages 
in terms of ionic conductivity, while sodium oxide and potassium oxide offer in-
teresting alternatives with economic advantages. 

4. Conclusions 

This work is a molecular dynamics simulation model with the LAMMPS calcula-
tion code of an electrode based on alkali metals (lithium, sodium and potassium) 
using the Lennard Jones potential. This work is based on the physical and chemi-
cal properties of lithium and sodium oxide electrodes (cathodes). In this study, we 
used bold cubic center (BCC) structures for Li2O and Na2O oxides.  

Around their melting temperatures we have shown that Li2O has a higher dif-
fusion coefficient than Na2O; however, the activation energy of Li2O is much lower 
than that of Na2O. This proves that electrons from Li2O require very little effort 
to move, compared with electrons from Na2O. 

Lithium oxide with the formula Li2O therefore offers more advantages as a cath-
ode than sodium oxide Na2O. 

The study of lithium, sodium and potassium oxides reveals significant differ-
ences in material properties, influencing their performance as cathodes. Lithium 
oxide is the best in terms of ionic conductivity, while sodium oxide and potassium 
oxide offer advantages in terms of cost and availability. 

Future research could explore structural modifications and temperature effects 
on material properties. The interaction between electrolytes and anode materials 
could also provide additional insights. 

This study must be carried out around ambient temperatures with different or-
ders of multiplicity to better understand the behavior of alkaline oxides used as 
cathodes, several models; charge, atomic with or without gaps, must be studied. 

A detailed study of the contribution of Li, Na, and O elemental charges must be 
carried out in order to determine the most reactive alkaline oxide and the most 
mobile charge. 
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