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Abstract 
In this work, we examine the impact of the Aharonov–Bohm (AB) flux field and magnetic field on the 
thermodynamic behavior and magnetic entropy of the diatomic molecules H₂, CO, HCl, and LiH within 
the framework of the Modified Möbius Square plus Modified Schiöberg potential model. Using the 
asymptotic iteration method (AIM), the Schrödinger equation incorporating magnetic and Aharonov–
Bohm flux fields with the Modified Möbius Square plus Modified Schiöberg potential is analytically 
solved. Subsequently, the energy eigenvalue equation and corresponding wave functions are obtained. 
Analytical expressions for the thermo-magnetic quantities and magnetic entropy are derived based on 
the energy spectrum through the partition function formalism. The resulting thermodynamic behaviors 
are comprehensively investigated using graphical representations. Our findings suggest that the 
magnetic susceptibility of the diatomic molecules H₂, CO, HCl, and LiH exhibits a transition between 
paramagnetic and diamagnetic behavior under the influence of external magnetic and Aharonov–Bohm 
(AB) flux fields. Additionally, the interplay between the external magnetic field and the Aharonov–
Bohm (AB) flux field results in the removal of degeneracy in the system’s energy spectrum. The 
outcomes of this work provide potential applications in several areas of physics: with special emphasis 
in chemical physics where the derived model may be extended to explore other diatomic molecular 
systems and quantum dot structures. 
 

Keywords: Magnetocaloric Effects; Diatomic Molecules; Schrodinger equation; Modified 
Mobius Square plus Modified Schioberg Potential;  
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INTRODUCTION 
Quantum information theory has emerged as a powerful framework with broad applications 
across numerous disciplines, including physics, chemistry and other science related fields 
(Inyang, et al., 2022). In the context of quantum physics, they have been extensively applied 
to the analysis of quantum systems (Inyang, et al., 2022). Within wave mechanics, the Eigen 
function solutions of the Schrödinger equation in the presence of a potential energy barrier 
are of fundamental importance because in wave mechanics, solving the Schrödinger equation 
for a particle subjected to a potential energy barrier is central, as the potential model dictates 
the analytical form of the forces acting within a confined region of space (Mondal et al., 2022). 
Such an approach offers a relatively cost-effective means of modeling physical systems, 
particularly when compared with experimental techniques and advanced computational 
methods (Ikot, et al., 2020). Numerous potential models have been employed to describe 
interatomic interactions in diatomic molecular systems (manesh et al., 2024). The choice of 
potential function depends on the nature of the interactions present in the system (Onate et 
al., 2022). Common examples include the harmonic oscillator and Morse potentials, among 
many others that have been proposed in the literature. Recently, enhanced versions of these 
models incorporating multiple fitting parameters have been introduced to investigate a wide 
range of physical systems (Inyang, 2025). These developments are motivated by the 
observation in molecular physics that potential models with a larger number of fitting 
parameters often yield a more accurate representation of experimental data than models 
characterized by fewer parameters. Consequently, the quest for improved theoretical models 
that combine two or more potential functions continues to attract significant interest (Ibekwe 
et al., 2021). 
 
Several studies have explored various physically motivated potential models using different 
analytical techniques. In this work, we propose a new composite potential formed by merging 
the modified Möbius square potential with the modified Schiöberg potential. 
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where A , B and C  are potential strength parameters, 0V and 1V  are potential depth while   

represents the adjustable screening parameter, and r  being the inter particle distance. 
 
Building on the preceding discussion, this study focuses on analyzing the impact of external 
perturbations, specifically magnetic and Aharonov-Bohm (AB) fields, on the thermal and 
magnetic properties of the H₂, CO, HCl, and LiH diatomic molecules modeled with the 
modified Möbius square plus modified Schiöberg potential. The diatomic molecules 
considered in this study were chosen because of their remarkable properties. In particular, 
metals and metal-containing molecules are widely utilized in various industrial applications, 
among which their storage capability is especially significant (Okon et al., 2022). Although 
these systems have been the subject of extensive theoretical and spectroscopic investigations, 
limited information is available regarding their thermo-magnetic properties. Given the 
considerable scientific and industrial interest in these molecules it becomes essential to 
examine their transport and thermo-magnetic characteristics, especially at elevated 
temperatures, along with other key physical properties that remain largely unexplored in the 
literature. 
 
One of the most prominent consequences of an external magnetic field is the lifting of energy-
level degeneracy (Maksimenko & Kuchin, 2012). In addition, recent investigations reveal that 
the application of an Aharonov-Bohm (AB) field can induce analogous effects within quantum 
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systems (Okon et al., 2023a) notably; numerous studies have previously examined the effects 
of such perturbing fields on various physical systems (Ikhdair, 2012; Louis et al., 2019). The 
magnetocaloric effect is another observable effect that has received relatively limited attention 
in the literature. It refers to the temperature change exhibited by a material in response to 
variations in an applied magnetic field (Ikhdair, 2011). The magnetocaloric effect is commonly 
characterized in terms of entropy and temperature variations, since entropy in the material 
leads to heat exchange accompanied by a corresponding temperature change (Okon et al., 
2022). As an inherent characteristic of magnetic materials, the magnetocaloric effect is 
quantitatively described by the temperature change induced by the application or removal of 
a magnetic field (Tazimi, 2024). Several studies have explored the magnetocaloric effect in 
different physical contexts (Ertugay et al., 2025; (Oluwadare et al., 2012)).  
 
Based on the available literature, no previous studies have examined the magnetocaloric effect 
of the H₂, CO, HCl, and LiH diatomic molecules. This work aims to address this gap in the 
literature and to study the influence of external perturbation fields on the thermodynamic and 
magnetic properties of the Modified Möbius square and modified Schiöberg potential model, 
extending previous investigations. Accordingly, this study utilizes the Asymptotic Iteration 
Method (AIM) to determine the solutions of the two-dimensional Schrödinger equation under 
perturbations, taking the Modified Möbius square combined with the modified Schiöberg 
potential as the interaction potential. The obtained energy levels will subsequently be used to 
examine the thermo-magnetic and magnetocaloric characteristics of H₂, CO, HCl, and LiH 
diatomic molecules while accounting for the influence of external magnetic and Aharonov–
Bohm (AB) flux fields. 
 
Schrödinger equation with MMSPMSP model under applied magnetics and AB flux 
fields 
The Hamiltonian describing a charged particle moving in the Modified Möbius square plus 
Modified Schiöberg potential (MMSPMSP) influenced simultaneously by an external 
magnetic field and an AB flux field, can be expressed in cylindrical coordinates. Accordingly, 
the Schrödinger equation corresponding to this Hamiltonian is formulated as (Akpan et al., 
2021; Edet et al., 2022) 
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where nmE  represents the energy eigenvalue,  is the reduced mass. The vector potential, 

represented by
→

A  which can be decomposed into two terms 21 AAA
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Let us consider the wave function in cylindrical coordinates of the form

( ) ( ) ( )  , 2, 2

1

rferr nm
im−

= , where m  denotes the magnetic quantum number.  

 
Substituting this wave function into Equation (4), along with the vector potential defined in 
Equation (5), leads to the following second-order radial differential equation;  
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where  ,
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does not yield an exact solution under the proposed potential. To simplify the inverse-square 
term, the Greene-Aldrich approximation is utilized (Greene & Aldrich, 1976). This approach 
is effective only in the regime of small screening parameters;   
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By incorporating Equation (5) into Equation (4) and taking into account the transformation 

of the form
res  2−= , Equation (6) is subsequently written as: 

( )
( )
( )

0)(222

2

)1(

1
)(

)1(

)1(
)(

2
11

2
0

0
2

110

2
1

2
11

2
0

22
=



















+++−−

−−+−+

++−−−

−
+

−

−
+ sf

CA

sCCAB

sCCB

ss
sf

ss

s
sf nm

nm

nm

nm







 (6) 

where 

( )
4

1
)(    ,

4
  ,

 ,
2

  ,
2

  ,
2

2

22

22

10

22

1
122

0
022

−+==
+

=

==−=

AB
cABc

nm
nm

m
m

VVE





























 
 (7)

  
To solve equation (6) we employed the radial wave functions of the form  
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Equation (6) is subsequently transformed into a hypergeometric differential equation of the 
form: 
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The solution to Equation (11) can be derived using the asymptotic iteration method (AIM). 
This systematic approach begins by reducing Equation (11) into the form  
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Invoking the quantisation condition used in the asymptotic iteration method, the energy 
spectra of the modified Mobius square plus modified Schioberg potential is obtained 
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By carrying out some algebraic manipulations on the nth term of the arithmetic progression 
in Equation (15) and inserting the corresponding expressions from (7), (10) and (12),we get; 
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The energy is now obtained as follows; 
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For completeness, we now determine the wavefunction of the system. Following the 
asymptotic iteration method (AIM) formalism, the differential equation must first be 
transformed into the standard form given below: 
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where a , b , H  and P  are constants. The exact solutions for Equation (19) are given by: 
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From the comparison of Equation (11) with Equation (19), we deduce that; 
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Substitute equation (22) into (19) we obtain: 
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Thus, one can straightforwardly obtain the unnormalized wave function by substituting 
Equation (23) into Equation (8);  
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Thermo-magnetic Characteristic of MMSPMSP Model 
The partition function of the Mobius square plus modified Schioberg potential (MMSPMSP) 
is derived by direct summation over the system’s accessible vibrational energy levels. Using 

Equation (17), the partition function ( )Z at finite temperature T is expressed as  
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Equation (17) can take the form; 
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To simplify the mathematical expressions, we define the following parameters: 
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Put equation (27) into equation (26) we obtain  
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The limit of integral is given as: JnJ


+ max  

We use Mathematica software to evaluate the integral of equation (29) to obtain the partition 

function ( )Z : 
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            (30) 
 
It is well established that calculating the partition function, as given in Equation (30), is 
essential for studying the thermodynamic characteristic of a system. In statistical physics, this 

temperature-dependent function serves as the cornerstone of the distribution. Once ( )Z  is 

determined, others key thermodynamic quantities of the Mobius square plus modified 
Schioberg potential (MMSPMSP) including the Helmholtz free energy, entropy, internal 
energy, and specific heat capacity can be derived from it. Here Erf denotes the error function 

(Imrana et al., 2026). 
Helmholtz Free energy: The Helmholtz free energy is utilized to estimate the maximum 
useful work obtainable from a closed thermodynamic system maintained at constant 
temperature. This quantity is calculated using the expression presented below.  

( ) ( )


 Zln
1

−=F        (31) 

Entropy: Entropy measures the amount of thermal energy in a system per unit temperature 
that is unavailable for useful work. It reflects the molecular disorder or randomness of the 
system, as work is derived from the orderly motion of molecules. The notion of entropy 
provides fundamental insight into the direction of spontaneous changes in a variety of natural 
processes. Entropy is computed using the following expression;  

( )
( )



 




−=

F
kS

       (32) 
Internal energy: The internal energy of a thermodynamic system represents the total energy 
stored within it. For isolated systems, internal energy remains constant. It reflects the energy 
required to sustain the system in its current internal state, including the kinetic energy of the 
particles, but excluding the system’s overall kinetic energy. Internal energy monitors the gains 
and losses associated with changes in the system’s internal conditions. It is computed using 
the following expression; 
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      (33) 
Specific heat capacity: Specific heat capacity, is the heat capacity per unit mass of a material. 
It indicates the heat needed to raise the temperature of one unit of mass by one unit. This 
property generally depends on temperature and the material’s physical state.  
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      (34)

 

 Magnetization at finite temperatures: is a vector quantity that quantifies the density of 
permanent or induced dipole moments in a material. It is generated by the orbital and spin 
motions of electrons or nuclei and constitutes a key parameter in magnetic material analysis. 

 

( )
( )

( )




















=

B

Z

Z
M 






11

     (35)

 

Magnetic susceptibility at finite temperatures: Magnetic susceptibility measures the degree 
to which a substance is magnetized by an external magnetic field. It classifies materials as 
either paramagnetic, aligning with the field, or diamagnetic, aligning against it. 
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      (36) 
The magnetization at zero temperature:
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      (37) 
Magnetic susceptibility at zero temperature:
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M nm
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
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Persistent current:

 

A persistent current is a continuous electric current that exists without an 
external power source, classifying it as a thermodynamic quantity. While standard conductors 
cannot sustain such currents due to resistive losses, quantum phenomena allow their 
observation in superconductors and certain mesoscopic devices. Size effects in microscopic 
samples further enable persistent currents, which are frequently used in superconducting 
magnets.  

( )
( )

AB

F

hc

e
I









−=

      (39) 
Magnetocaloric effects: Magnetocaloric effect (MCE) refers to the sensitivity of a magnetic 
material to an applied magnetic field at a given temperature, reflecting its ability to change 
temperature or exchange heat with a reservoir under field variations. MCE analysis involves 
the magnetocaloric potential (S) and temperature change (ΔT), requiring the computation of 
entropy with and without a magnetic field. For the calculation of the magnetic entropy 
change, entropy is evaluated under magnetic and non-magnetic conditions. In an isothermal 
process, ΔS is obtained using the relation. 

( ) ( ) ( ) 00 = −=
cc

SSS       (40) 

 
 
Numerical Computation of the Result and Discussion 
In this section, we have carried out the numerical calculations for a H₂, CO, HCl, and LiH 

diatomic molecule. The following fitting parameters was used MeV210 ==VV ,

 MeV0.1 MeV,5.0 == BA ,  MeV5.1=C . We adopt the below conversions employed 
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throughout the calculation process: 
o

AeV 29.1973=c and 2MeV/ 494028.931 1 camu = . 
Table 1 shows the spectroscopic parameters of the chosen diatomic molecules as obtained 
from (Al-Marzoug et al., 2013). 
 
Table 1: Spectroscopic Parameters for the Diatomic Molecule implemented in this study 

Molecule ( )amu  1
o

)A( −  

H2 0.5039 1.9426 
CO 6.8606719 2.2994 

HCL 0.9801045 1.8677 
LiH 0.8801221 1.1280 

 

Table 2: Computed Energy eigenvalues ( )eV  of the MMSPMSP for H2 diatomic molecule 

under the influence of external magnetic and AB flux field  

m  n  0   ,0 AB == c  0   ,5 AB == c  5   ,0 AB == c  5   ,5 AB == c  

0 

0 -0.0169724 -0.0169724 -0.903137 -0.902917 
1 -0.0112138 -0.0112138 -0.682193 -0.682054 
2 -0.800083 -0.800083 -0.54193 -0.541841 
3 -0.608676 -0.608676 -0.452667 -0.452611 

1 

0 -0.0162412 -0.0162394 -0.788368 -0.788183 
1 -0.0108361 -0.0108351 -0.612609 -0.61249 
2 -0.778782 -0.778724 -0.498958 -0.498881 
3 -0.596044 -0.596009 -0.426454 -0.426406 

-1 

0 -0.0162412 -0.016243 -0.0105267 -0.0105241 
1 -0.0108361 -0.0108371 -0.770297 -0.77014 
2 -0.778782 -0.778839 -0.595591 -0.595492 
3 -0.596044 -0.596079 -0.485487 -0.485425 

 

Table 3: Computed Energy eigenvalues ( )eV  of the MMSPMSP for CO diatomic molecule 

under the influence of external magnetic and AB flux field 

m  n  0   ,0 AB == c  0   ,5 AB == c  5   ,0 AB == c  5   ,5 AB == c  

0 

0 -0.0198849 -0.0198848 -0.0176699 -0.0176584 
1 -0.0170461 -0.0170461 -0.0152962 -0.0152869 
2 -0.014769 -0.014769 -0.0133671 -0.0133595 
3 -0.0129181 -0.0129181 -0.0117816 -0.0117753 

1 

0 -0.019783 -0.01978 -0.0168747 -0.0168622 
1 -0.0169661 -0.0169638 -0.014662 -0.0146519 
2 -0.0147053 -0.0147034 -0.0128551 -0.0128467 
3 -0.0128667 -0.0128651 -0.0113636 -0.0113567 

-1 

0 -0.019783 -0.019786 -0.0183946 -0.0183845 
1 -0.0169661 -0.0169685 -0.0158713 -0.0158632 
2 -0.0147053 -0.0147072 -0.0138297 -0.013823 
3 -0.0128667 -0.0128683 -0.0121578 -0.0121523 

 
 
 

Table 4: Computed Energy eigenvalues ( )eV  of the MMSPMSP for HCL diatomic molecule 

under the influence of external magnetic and AB flux field 

m  n  0   ,0 AB == c  0   ,5 AB == c  5   ,0 AB == c  5   ,5 AB == c  

0 

0 -0.0182079 -0.0182079 -0.0121587 -0.0121545 
1 -0.0134196 -0.0134196 -0.954603 -0.954311 
2 -0.0103049 -0.0103048 -0.771742 -0.771535 
3 -0.0819025 -0.0819025 -0.64099 -0.640841 

1 0 -0.0178076 -0.0178056 -0.0108305 -0.0108267 
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1 -0.0131725 -0.0131712 -0.865063 -0.864792 
2 -0.0101442 -0.0101433 -0.709709 -0.709514 
3 -0.0808173 -0.0808113 -0.597239 -0.597097 

-1 

0 -0.0178076 -0.0178096 -0.0136635 -0.0136591 
1 -0.0131725 -0.0131738 -0.0105395 -0.0105365 
2 -0.0101442 -0.010145        -0.839549 -0.83934 
3 -0.0808173 -0.0808233 -0.68834 -0.688191 

 

Table 5: Computed Energy eigenvalues ( )eV  of the MMSPMSP for LiH diatomic molecule 

under the influence of external magnetic and AB flux field 

m  n  0   ,0 AB == c  0   ,5 AB == c  5   ,0 AB == c  5   ,5 AB == c  

0 

0 -0.0193182 -0.0193182 -0.0157615 -0.0157571 
1 -0.015731 -0.0157309 -0.0131209 -0.0131175 
2 -0.0130522 -0.0130522 -0.0110925 -0.0110899 
3 -0.0110072 -0.0110072 -0.950822 -0.950615 

1 

0 -0.0191366 -0.0191352 -0.0146582 -0.0146536 
1 -0.0155996 -0.0155985 -0.0122948 -0.0122913 
2 -0.0129547 -0.0129539 -0.0104622 -0.0104595 
3 -0.0109333 -0.0109327 -0.901978 -0.901761 

-1 

0 -0.0191366 -0.019138 -0.0168411 -0.0168369 
1 -0.0155996 -0.0156006 -0.0139214 -0.0139183 
2 -0.0129547 -0.0129555 -0.0116986 -0.0116962 
3 -0.0109333 -0.0109339 -0.99749 -0.997302 

 
Table 2, 3, 4 and 5 presents the numerical energy eigenvalues of MMSPMSP for the H₂, CO, 

HCl, and LiH diatomic molecules. Across the cases considered, degeneracy appears at 1=m

, for 30  n in the energy eigenvalues of the chosen diatomic molecules when both external 
magnetic and Aharonov-Bohm (AB) flux fields are absent. The energy levels decrease 
gradually with an increase in n which shows that the molecular system becomes less bound 
and less attractive. Subjecting the diatomic molecules only to a magnetic field, the energy 
spectra continued to decrease with increasing value of n ; however, the degeneracy was 

partially lifted at 1=m , indicating a slight energy changes between the two states. This 
splitting shows that the partially absence of degeneracy is due to the magnetic effects, that 
affects the energy levels through the Zeeman Effect. However, for a uniform magnetic 
quantum number m , the individual diatomic molecule becomes less attractive functioning as 
principal quantum number n  increases. In the present of only the AB flux field, the system 
shows a similar trends, where the energy eigenvalues decrease with increasing value of n . 
Hence, the AB flux shows a more appreciated shift in the energy levels compared to the 
magnetic field only, showing that the flux parameter significantly influences the molecular 
bound states and weakens the degeneracy further. By subjecting both the external magnetic 
and AB flux fields simultaneously, together, the two fields exert a stronger effect than each 
does individually. The energy spectra indicate a considerable shift, and the degeneracy 
previously observed is completely removed. This shows that the interaction between the 
magnetic and AB flux fields exerts a stronger perturbative influence on the system, resulting 
in distinct energy levels for different mmm values and confirming the complete breaking of 
degeneracy.  
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Figure 1: Plot of energy spectra of MMSPMSP combine with ( )Tc and AB  fields against (a, b) potential parameter  A  

varying ( )Tc  and AB field at 0== nm . (c, d) varying ( )Tc  and AB field at 0== nm . (e, f) varying ( )Tc  

and AB field at 0== nm . 
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Graphs of the energy eigenvalues for MMSPMSP considering the effects of external magnetic 

and AB flux fields as a function of potential strength parameter
 

B ,A and C  for varying 

external magnetic field and AB flux field can be seen in Figure 1. A distinct characteristic is 
observed in the two fields influence on the energy eigenvalue of MMSPMSP, as can be seen 
in Figure 1(a-f).  In Figure 1(a, b) the energy eigenvalue increase as potential strength 
parameter

 
A increases for varying AB flux and external magnetic fields respectively. The 

same trend is observed in Figure 1(e, f) as the energy eigenvalue increase with an increase in 

potential strength parameterC . In Figure 1(c, d) the plot of the graph shows a decrease in the 
energy eigenvalue as potential strength parameter

 
B increases while varying the two fields.  

We depict a graphical representation of the partition function against external magnetic field, 
AB flux field and inverse temperature in Figure 2(a-d). In Figure 2(a), the partition function 
for all the diatomic molecules is plotted as a function of external magnetic field with varying

)( 1−k . The partition function decreases linearly as the magnetic field increased when

01.0)( 1 =−k , 02.0)( 1 =−k , 03.0)( 1 =−k and 04.0)( 1 =−k . The four diatomic 

molecules cases considered indicate a constant effect of the temperature on the partition 

function. The partition function against AB flux field with varying )( 1−k  for the four 

Figure 2: Shape of the partition function against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  across 

multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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diatomic molecules in Figure 2(b) shows a similar trend in Figure 2(a). In Figure 2(c) and 2(d), 

the partition function for the four diatomic molecules is plotted against temperature )( 1−k  

varying the two fields. The partition function shows decreases pattern as the temperature

)( 1−k increases. Figure 3 illustrate the plot of Helmholtz free energy against external 

magnetic field, AB flux field and inverse temperature )( 1−k . Figures 3(a) and 3(b) illustrate 

the plot of the Helmholtz free energy as a function of external magnetic field and AB flux field 

respectively with varying temperature )( 1−k . The Helmholtz free energy is observed to be 

invariant for the cases of the four diatomic molecules consider. However, in Figure 3(c) and 

3(d), the Helmholtz free energy is plotted against temperature )( 1−k  with variation in 

external magnetic field and AB flux field. The Helmholtz free energy increases in a monotonic 

pattern with an increase in temperature )( 1−k . The entropy of the four diatomic molecules 

is plotted with respect to external magnetic, AB flux fields and temperature )( 1−k  in 

Figure 4. The trend observed in the entropy of the four diatomic molecules is similar to that 
observed in Figure 3. 
 

 
 
 
 
  
 

Figure 3: Shape of the Helmholtz free energy against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  across 

multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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Figure 5(a) depicts a graph of internal energy relative to magnetic field for a fixed value of AB 

flux field varying temperature )( 1−k . The internal energy begins to decreases in the region

25000)(0  Tc  and extends to rise upon increasing the magnetic field. In Figure 5(b) the 

internal energy is plotted against AB flux field for a fixed value of magnetic field varying 

temperature )( 1−k . The internal energy for the four diatomic molecules increases in a 

uniform pattern upon increasing the AB flux field. A plot of internal energy for the four 

diatomic molecules against temperature )( 1−k  for various magnetic fields and AB flux field 

are shown in Figure 5(c) and 5(d).  Although the internal energy indicate a uniform increases 

with a rise in temperature )( 1−k .  Figure 6(a) shows a graph of specific heat capacity relative 

to magnetic field for a fixed value of AB flux field varying temperature )( 1−k . The specific 

heat capacity decreases with increase in magnetic field. In Figure 6(b) the specific heat capacity 

is plotted against AB flux field for a fixed value of magnetic field varying temperature )( 1−k

. The specific heat capacity decreases with increasing AB flux field when 0.02 & 01.0)( 1 =−k

Figure 4: Shape of the Entropy against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  

across multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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. But increases with AB flux field monotonically when 0.04 & 03.0)( 1 =−k . A graph of 

specific heat capacity for the four diatomic molecules against temperature )( 1−k  for various 

magnetic fields and AB flux field are shown in Figure 6(c) and 6(d).  Although the specific 

heat capacity increases when temperature )( 1−k increases.  

 
 
 
 
  
 
 
 
 
 
 
 
 
  

Figure 5: Shape of the Internal Energy against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  

across multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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Figure 6: Shape of the Specific Heat Capacity against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  

across multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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Figure 7: Shape of Magnetization at ( )0  against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  across 

multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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Figure 7(a) shows a plot of magnetization at ( )0  in terms of magnetic fields for a fixed 

value of AB flux field varying temperature )( 1−k . The magnetization of the diatomic 

molecules reduces when the magnetic field increased. Figure 7(b) illustrates a plot of 

magnetization at ( )0 as a function AB flux field for a fixed value of magnetic field varying 

temperature )( 1−k . However, the magnetization of the diatomic molecules also decreases 

with increasing AB flux field. In Figure 7(c) and 7(d) the plot of magnetization at ( )0  is 

depicted against temperature )( 1−k  for various magnetic fields and AB flux field. The 

magnetization increases as the temperature increases. The magnetic susceptibility at ( )0  

Figure 8: Shape of Magnetic susceptibility at ( )0   against (a) ( )Tc  across multiple values of AB  & )( 1−k  

(b) AB  across multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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is plotted against the magnetic field, AB flux field and temperature )( 1−k  in Figure 8(a), 8(b), 

8(c) and 8(d) respectively. In Figure 8(a) the magnetic susceptibility at ( )0  begins to 

increases uniformly in the region 35000)(0  Tc  and extends to rise upon increasing the 

magnetic field. In Figure 8(b) the magnetic susceptibility at ( )0  decreases monotonically 

as AB flux field increases. However in Figure 8(c) and 8(d), the magnetic susceptibility at 

( )0 decreases with increasing temperature )( 1−k indicting that the four diatomic 

molecules exhibit diamagnetic behavior ( )0m . In Figure 9(a), the magnetization at ( )0=  

is depicted against magnetic field under a variable AB flux field. The magnetization exhibits 
a decreasing trend with increasing magnetic field in a steady monotonic manner, uniform for 
all diatomic molecules under consideration. Furthermore, Figure 9(b) depicts the plot of 

magnetization at ( )0=  with respect to AB flux field with varying magnetic field. The 

magnetization increases with an increase in AB flux field.  The magnetic susceptibility at 

( )0=  is plotted against magnetic field and AB flux field in Figure 10(a) and 10(b), 

respectively. The magnetic susceptibility at ( )0=  increases monotonically with an increase 

in the magnetic field and AB flux field respectively, indicating that the four diatomic 

molecules exhibit paramagnetic behavior at ( )0m  for all the cases considered.  Figure 11(a) 

depicts a graph of persistence current in terms of magnetic field for a fixed value of AB flux 

field varying temperature )( 1−k . The persistence current decreases as the magnetic field 

increases. A plot of the persistent current against the AB flux field for a fixed magnetic field, 

with varying temperature )( 1−k , is shown in Figure 11(b). The persistent current decreases 

monotonically as the AB flux field increases. Figures 11(c) and 11(d) depict the persistent 

current as a function of temperature )( 1−k  while varying both fields. The persistent current 

increases monotonically with increasing temperature. Furthermore, the persistent current 
attains higher values when both fields are weak, even though the overall trend declines. These 
results indicate that the persistent current can be maximized when both fields are of lower 
intensity.  
 
Figure 12(a) and 12(b) shows a plot of the Magnetocaloric effect (MCE) known as the magnetic 
entropy of the four diatomic molecules in terms of magnetic fields and AB flux field varying 

temperature )( 1−k . The magnetic entropy of the four diatomic molecules decreases with 

rising magnetic and AB flux fields when 01.0= . In the case where  02.0= ,  03.0= & 

 04.0= it is seen that the magnetic entropy of the four diatomic molecules is invariant but 

is higher than the case of 01.0= . Again, a small amount of magnetic and an AB flux field is 

required to raise the magnetic entropy. More so, it can be seen that when the magnetic entropy 
relatively high the influence is uniform as the influence shows an equally spaced the magnetic 
entropy profile when  02.0= ,  03.0= &  04.0= . The Magnetic entropy versus 

temperature )( 1−k with varying magnetic fields is presented in Figure 12(c). The magnetic 

entropy shows an increase with rising temperature for all the cases considered. The magnetic 

entropy versus temperature )( 1−k with varying AB flux field is presented in Figure 12(d). 

The magnetic entropy rises with rising temperature and the influence of the various of values 
of the AB field is seen to be uniform. 
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Figure 9: Shape of Magnetization at ( )0=  against (a) ( )Tc  across multiple values of AB   (b) AB  across 

multiple values of ( )Tc  

Figure 10: Shape of Magnetic susceptibility at ( )0=  against (a) ( )Tc  across multiple values of AB   

(b) AB  across multiple values of ( )Tc  
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Figure 11: Shape of Persistent Current against (a) ( )Tc  across multiple values of AB  & )( 1−k  (b) AB  across 

multiple values of ( )Tc & )( 1−k  (c, d) )( 1−k , across multiple values of ( )Tc  and AB  
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CONCLUSION  
This study presents a theoretical analysis of the thermal and magnetic properties of H₂, CO, 
HCl, and LiH diatomic molecules modeled by the Modified Möbius square and Modified 
Schiöberg potential in the presence of magnetic and AB flux fields. Using the Asymptotic 
Iteration Method (AIM), the Schrödinger equation is solved to obtain approximate analytic 
forms of the energy spectrum and wave functions expressed via hypergeometric functions. 
The derived energy expressions are employed to calculate the system’s thermo-magnetic 
properties analytically. Graphical analyses are carried out extensively to examine the 
influence of perturbations on the thermo-magnetic and transport behaviors. The study shows 
that the system is highly responsive to the AB flux field and displays irregular patterns under 
an applied magnetic field. Our results show that the system exhibits both paramagnetic and 
diamagnetic susceptibility, consistent with prior studies. The combined influence of magnetic 
and AB flux fields eliminate energy level degeneracy. The analytical expressions derived in 
this work can be adapted to study other physical systems, extending its applicability across 
chemical physics, condensed matter physics, atomic physics, and related areas.  
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