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Abstract

In this work, the shape invariant formalism of SUSYQM is employed in the
derivation of approximate equation of bound state energy eigenvalues of the shifted
Tietz-Wei potential (STWP). A Pekeris-type approximation model is used to eliminate
the centrifugal term of the Schrddinger equation. The expression of bound state
energy eigenvalues is used to obtain equation of speed of the system based on the
Hellmann-Feynman theorem. Numerical data of bound state energy eigenvalues and
speed of two diatomic molecules including Oz (X Xy) and NO (X? IIr) are obtained.
The calculated energies are in excellent agreement with available literature data of
the diatomic molecules. The results also show that the speed of the examined
diatomic molecules increases with increase in vibrational quantum number and
decreases with increasing rotational quantum number.
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1. Introduction

In the regime of relativistic and nonrelativistic quantum mechanics, it is natural to use the potential energy function to relate
the interaction of a system with its environment [1, 2]. Information regarding the quantum system is obtained by solving a
wave equation for the potential describing the system [3, 4].

One of the major obstacles encountered in this area of research is the absence of a universal potential model capable of
explaining every atomic and molecular interactions [1, 2]. To surmount this problem, different potentials have been
suggested to explaining observed atomic and molecular phenomena [5-8]. Some of the potentials include amongst others:
Mobius squared potential [9, 10], Manning-Rosen potential [11-13], generalized Morse potential [14], Tietz potential [3,
15], Eckart potential [5] and Tietz-Hua potential [16-18].

A diatomic molecule potential energy function is required to fit the spectroscopic parameters of a prescribed diatomic
molecule. The more number of parameters fitted by the potential, better the model [2, 19]. Unfortunately, many of the
known potential models have failed to satisfy these restrictions, for this reason, improved versions of diatomic molecule
potentials have been constructed [20-24].

Solution of Schrddinger equation have been used to study many physical properties of a system, such as oscillator strength
[25, 26], spherical quantum dots [27], quantum information entropies [28, 29] and thermodynamics properties [30-32]
among others. In the present work, the STWP is examined, it is given as [29, 32]

2(c, ~1)e™™ —(cf‘ —1)e'2b““"e) , (1)
[1—ch e’b"("'”]z

where D. is the dissociation energy, re is the equilibrium bond length, bn, = 8 (1 — cx), ¢h is an optimization parameter, g is
the Morse constant and r is the internuclear separation. The shifted Tietz-Wei potential has been used to study properties of

V(r)=Db,
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diatomic molecules [33-35]. By employing the STWP to represent the internal vibration of diatomic molecules, analytical
equation for the prediction of molar entropy of pure substances is derived, the equation has been successful in predicting
the molar entropy of some diatomic molecules [29]. It is worth mentioning that in previous studies, the speed of diatomic
molecules in the shifted Tietz-Wei potential has not been studied in the literature and worth investigating. The present work
is aimed at obtaining speed of diatomic molecules in in the STWP. The paper is organized as follows: In section 2, bound
state energy spectra of STWP is derived via supersymmetric quantum mechanics (SUSYQM) approach. Section 3 is
devoted to derivation of normalized radial eigenfunctions of STWP. In section 4, expression for speed of diatomic
molecules in STWP is derived in the context of Hellmann-Feynman theorem. Results obtained are discussed in section 5. A
brief conclusion of the work is presented in section 6.

2. Bound state energy spectra of the STWP

The energy spectrum E,; of a quantum mechanical system of reduced mass x in a potential V (r) is obtained by solving the
Schrédinger equation for the system. In a three-dimensional coordinate system, the radial Schrédinger equation reads [18,
19]

2
{2 (] (1), 0, (0 @)
where u,; represent the radial eigenfunctions, Vs () is the effective potential of the system expressed as
LA
Va (1) =V (1) 5 ®)

the second term in (3) is the centrifugal, L = J (J + 1) is the angular momentum of the system, J is the rotational quantum
number term, v denotes the vibrational quantum number and p is the momentum operator given by [6]

_ind. (4)
p(r)= Ihdr
Substituting equation (1) into (3) gives
v, (r) _p, 2((:h —1)e’bn(r7re) _(CE _j_z)e—zbn(r—re) . Lhz2 ) (5)
[1—ch e—bnrr—re)} 2ur

Due to the presence of the centrifugal term in (5), equation (2) has no exact analytical solution, except for the pure
vibrational state (J = 0). However, approximate analytical solution is possible by means of a suitable approximation model.
Here, like in previous works [33, 35], the Pekeris-like approximation model is used, it assumes the form [9]

L 72 N L2 - Cle*bn(f*’e) . c, e*2bh('*fe) , (6)
2ur?” 2pu 1-¢, e ™0™ [1_‘;“ efbn(rfrg)T
where the constant coefficients c.1+ (j = 1, 2, 3) are given in closed form as
_(2-)E-0) (D'2(4-j+e)(A-c) (1) 6(-c)" | ©)
i 2r? (=1+ )Y3= )b, 12 (-1+ )BE-j)mr
With the aid of equations (4)- (6), (2) gives
" -y (1) by (1)
U, A e 4 e iy ®)
u,, (r) G 1-c,e ™™ ¢, [1—0h e’b”("'e)}
where prime denotes derivative with respect to the argument in parenthesis and parameters 4., A1 and A2 are given by
_2uE, | C))
vy = 7 — LG
n
Alz—L(clch—cz)—zéflzl:)e (c2-1)» (10)
A=Lc,+ Z;;ZDE (c, -1 (10)
Assuming supersymmetry (SUSY)) as one in which Eg; = 0, expression (8) is satisfied by
Ugs (1) =No, exp(—Te(r)dr), (11)

where No; is the normalization constant for the ground state wave function and ¢ is known as the superpotential [8, 13, 25].
Inserting equation (11) into (8) leads to the Riccati differential equation given by
b (r1.) by (1)
A_e S— L . (12)
G, 1-c e )¢, |:1*Ch e*bn(r*fe)]

Q-9 ==y, -
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In order to solve equation (12), a trial solution of the following form is chosen

e () , 13
P A g enrm TP 13)
where A and B are constant. Upon substituting equation (13) into (12) and comparing coefficients gives
A=-ob,c,, (14)
A A, (15)
2Ac, 2c,
(A _AY. (16)
Fos = [ZAch Zchj
where
:£+ 1+ % :1+1\/1+4LC2+8MD9[11J ' (17)
2 \4 bic¢ 2 2 v c,

Having obtained A and B, the next task in the SUSYQM method is to construct a pair of partner potentials given as [13, 23,
25]

2 2 —by (r-15) 2 —by (r-15)
. A A"/c,+2AB)e A°/c,—Ab, )e
V()=0 0= 52 ‘j‘( Ao NAUN e (8)
2c, A 2c, 1-c, e e [1_Ch e’bn(r—re)}
—by (r-re) —by (r-re)
V+(r)5(p2+(p,=( A _A]z_(AZ/cthZAB)e B +(A2/ch+Abh)e bnz . (19)
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If shape invariant condition of SUSYQM holds [13, 23, 25], then equations (19) and (18) are related by
V,(ra,) =V (r.a)+R(a), (20)

where a; is a new set of parameters determined from the old set ao = A via the following relations a; = ag—bn ch, @2 =ap— 2
bn Ch, ..., &y =ao— v bn ch. R (a1) is the remainder and is independent of r, it follows that

(A &) (A _al, (21)
R(al)_[ZCha0 Zch} (Zch a Zchj
or more generally,

(A aa) (A &Y, (22)
R(a) (20h a Zchj [ZCh a, Zchj
Adapting procedures similar to those used in ref. [13, 23, 25], the energy eigenvalues are obtained as follows, define
19 -3 R(a)" @3
Substituting equation (22) into (23) and expanding the summation, one obtains
(A a) (A _a) (4 _AY A A-vbel| (24)

’\2c,8 2c, 2c,a, 2c, 2¢, A 2c, 2¢,(A-vDb,c,) 2¢,
The expression for the ro-vibrational energy spectrum is determined from
Ay =2, +/1‘£3) : (25)
Using relations (9), (16) and (24) in (25) and with the help of equation (14), the energy spectrum is obtained as
E, -t/ _ﬁ(E_BJZ- (26)
2u 2ul\p 2

where =41/ (2bhcn)>, p=v+o

3. Radial eigenfunctions of the STWP

For the sake of completeness and to enable us obtain speed estimates of diatomic molecules in the STWP, attention is now
focused on the normalized radial eigenfunctions of this potential model. With the help of the following coordinate
transformation

z=c, e (27)

Equation (8) takes the form
A 51 1

2(1-2)uz, (2)+ (1-2)u, (z){bhfic: -ﬁ+¥;-ﬁﬁjuw (2)=0- (28)
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Following ref. [9, 25], equation (28) has solution of the form

u,(z)=N,, 2°(1-2)" ,R(-v,v+25+20;25+1%2), (29)

where 2F1 (—v, v + 26 + 20; 26 + 1; 2) is the hypergeometric function, N, is the normalization constant and the parameter ¢
is given by

1 3
5:E(—/1,,J) : (30)
Normalization of wave functions requires that
Tu”(r)‘zdrzl- (31)

Inserting equation (27) into (31) and employing equation (29) to eliminate u,, (z) we obtain

(o] (32)
M,
where the upper bound limit of integration is z, =c, eh’
M,, = [ 27 (1-2) | R (v, v+26+20;25+1 ) dz. (33)
0
4, Speed estimates of diatomic molecules in shifted Tietz Wei potential

An estimate of the speed of diatomic molecules can be deduced from uncertainty in momentum A p of the system, it is
given by [6]

Ap={(py—(p)*}’, (34)

where < x > defines the expectation or mean value of quantity x. In this work, we will assume that the momentum p (= uv, v
being the estimated speed of the diatomic molecule) is of the order of Ap, that is uv ~ Ap, this leads to

vl ) (35)

To obtain (p?), the Hellmann-Feynman theorem (HFT) [9, 25], will be used. The HFT states that if the Hamiltonian H (¢)
of a quantum system is a function of some parameter, ¢, then H (r, {), E,; () and u,; (r, {) are mathematically related by
0E, (¢) _ OH(r, &) : (36)

5 —<RN (&5 Rs (11 0)
The Hamiltonian of the system is given by the expression in curly brackets in equation (2). Substituting equation (5) into
(2), the Hamiltonian is written as

——Z+D 2(ch—1)e’b"("'*)—(ch2 —1)e’“’“<"'” . L2 . (37)
¢ [1_Cn e,bn(,,,e)}z 2ur?

At this stage, equations (26) and (37) will be used to obtain the expression for the speed of diatomic molecules in the
oscillator. Differentiating (37) and (26) with respect to L, we have

oH_ n | (38)
oL 2ur?
OB, e 9ffan-¢ ¢ |, (39)
oL 2u u 2p 7(20-1)
where, for compactness, we have employed the following notations
a(1_2), (40)
p 2
; 1
71:%+5. (41)

Substituting equations (39) and (38) in (36) taking {'= L, we have the expectation value of the inverse separation squared as
given by
-2\ _ Q% 2¢, GG —G (. (42)
() =e+ 2 {y(26_1)+ - }
Also, differentiating equation (37) with respect to x« and replacing the result in (36), we have
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(5) =2 L () (43)

From equation (26) we obtain

O0E, _ Li'c, Br'Q, D, O {1(1_1]_ 2 [1_1]2}, (44)
ou 247 247 u |pU &) r(2o-1) ¢,

Equations (42) and (44) inserted into (43) gives

(p?) = b7 n* @-2,4D, {2;1(;;/_%1; ;(1;2}} Lh;zgz {7(2‘2_1) ¥ Clczh;%} (45)

Having obtained the expression for <p2>, equation for <p> is deduced as follows. Following Chen et al. [6], the
expectation value of momentum is given by

(o=l (1)p(r)u,, (r)dr, (46)

where u’, is the complex conjugate of u,,. Substituting equation (4) into (46) and using equation (27) to transform to
coordinate z, one obtains

(m=inf"u;, (2)u, (2)dz- (47)

Upon replacing equation (29) in (47) and simplifying, we obtained

(py=inN;,S,;, (48)

where

S, :J’O“z”(1—z)2"{Zqzﬁ+(5—5z—az)\zﬁ\2}dz. (49)

Equations (45) and (48) inserted in (35) gives

v, =SNG IS, —b i Q- 24D, 0} 72(171“")2—3[1-% el o +°l°h‘°2} p (50)
u 7(20-1) ol & ¢ |r(20-1) 2p

5. Results and discussion

Evidently, the mapping L — (D + 2 £ —3) (D + 2 £ — 1)/4 and re? c.14j — D.14 transforms expression (26) to the energy
spectrum of shifted Tietz-Wei oscillator in D-dimensions [33]. On the other hand, subjecting relation (26) to the
transformations E,; — E,; — De and re? c.14j — C.14j recovers the energy eigenvalues of the Tietz-Hua potential [1]. This
shows that equation (26) is a valid expression for the bound state ro-vibrational energies of the STWP.

The data in Table 1 shows model parameters of two diatomic molecules used in the present research, the data are obtained
from literature [16, 35]. With the aid of Table 1, equation (26) is used to compute bound state ro-vibrational energies for the
two diatomic molecules. Also included in the table are literature data for binding energies, Eping = E,s — De 0Of Tietz-Hua
potential [36]. Evidently, the energies obtained are in favorable agreement with binding energies of Tietz-Hua potential,
this shows that the STWP and the Tietz-Hua potential only differ in the position of their equilibrium minima but are
equivalent models for the diatomic molecules. Figure 1 is the graphical representation of the variation of bound state energy
eigenvalues as a function of vibrational quantum number, the plot shows that as v is gradually increased from zero, the
energy eigenvalues increases to a peak for each of the diatomic molecules, then decreases afterwards as v is further
increased.

In figure 2, we have plotted bound state energy eigenvalues of the STWP versus rotational quantum number, as can be seen
from the plot, it is observed that as J is increased from zero, the energy eigenvalues increases monotonically. Normalized
radial wave functions of some selected quantum states are shown in figure 3, the plot is a demonstration that equation (30)
is a physically realizable wave function of the STWP.

Equation (50) is used to calculate the speed of the two diatomic molecules, the results are shown by the entries under the
columns for v,; in Table2. The plot in Figure 4 is the variation of speed as a function of vibrational quantum number for the
O, and NO diatomic molecules in shifted Tietz-Wei oscillator. The result shows that for small increases in vibrational
quantum number, the speed increases slowly to attain a threshold value after which it decreases as the vibrational quantum
number is further raised. On the other hand, in Figure 5, the speed is plotted as a function of rotational quantum number,
here, it is clear that the classical root-mean-square speed decreases with increasing rotational quantum number.

6. Conclusion
In this paper, expressions for bound state energy eigenvalues and normalized radial wave functions of the STWP were
analytically derived using the ideas of supersymmetric quantum mechanics and ansatz solution approach respectively. A
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Pekeris-like approximation scheme is used to model the centrifugal term of the Schrédinger equation. With the help of the
equation for bound state energy eigenvalues, speed of the system in STWP in derived. Bound state energy eigenvalues and
speed were computed for O, (X 3Zg) and NO (X2 ITy) diatomic molecules. Our computed bound state energy eigenvalues
for the STWP are in total agreement with existing literature results for binding energies of the O, (X 3%Z¢) and NO (X? ITf)
diatomic molecules in the Tietz-Hua potential. Furthermore, studies have shown that for the two diatomic molecules
considered, the speed increases with increase in vibrational quantum number. On the other hand, the speed decreases as the
rotational quantum number is gradually raised.

List of Tables
Table 1. Model parameters of the diatomic molecules studied in this work

Molecule Molecular state Parameter
De (cm?) wi102(g) bn (AY) re(A) cn

0, X 3%y 42041 1.337 2.59103 1.207 0.027262
NO X s 53341 1.249 2.71559 1.151 0.013727

Table 2. Bound state energy eigenvalues and classical speed of diatomic molecules in STWP along with literature data of
binding energy of Tietz-Hua potential

state 02 (X 35¢) NO (XTI

v J  -Ew(eV) —Ebind (V) [36]  vw (kms?)  —E.s(eV) —Epind (eV) [36] Vi (kms™)

0 0 5.1149025433 5.1163223113 1.08 6.4959366828 6.4959334209 1.22
1 5.1145484174 5.1159784440 1.08 6.4955196618 6.4955164040 1.23
2 51138401797 5.1152907228 1.09 6.4946856358 6.4946823862 1.24
5 5.1095911497 ... 1.13 6.4896819248 ... 1.29
10 5.0954326220 ... 1.27 6.4730084017 ... 144

3 0 45497017063 4.5590745476 2.77 5.8133435356 5.8133374461 3.15
1 45493609717 4.5587436240 2.77 5.8129413385 5.8129354009 3.16
2 45486795166 4.5580817907 2.78 5.8121369601 5.8121313267 3.16
5 45445911837 ... 2.79 5.8073111362 ... 3.18
10 4.5309683249 ... 2.85 5.7912305821 ... 3.24

5 0 41917403884 4.2058686976 3.48 5.3795904024  5.3795826206 3.99
1 4.1914085485 4.2055464879 3.48 5.3791980702 5.3791906688 3.99
2 41907448831 4.2049020823 3.49 5.3784134218 5.3784067819 3.99
5 4.1867632880 ... 3.49 5.3737059783 ... 4.00
10 4.1734962302 ... 3.52 5.3580200336 ... 4.03

7 0 3.8487952908 ... 4.98 49628548944 ... 5.65
1  3.8484723195 ... 4.98 49624724131 ... 5.65
2 3.8478263913 ... 4.99 49617074665 ... 5.65
5 3.8439512202 ... 5.01 49571182348 ... 5.59
10 3.8310389169 ... 5.08 49418263373 ... 5.79
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Figure 1. Variation of energy eigenvalues as a function of vibrational quantum number Figure 2. Variation of energy eigenvalues as a function of rotational quantum number
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Figure 5. Graphical representation of the variation of root-mean-square speed versus rotational quantum number.

References

[1] Horchani, R., Al-Kindi, N., and Jelassi, H. (2021). Ro-vibrational energies of caesium molecules with the Tietz-Hua oscillator.
Molecular Physics, 119, e1812746. https://doi.org/10.1080/00268976.2020.1812746

[2] Yanar, H., Aydogdu, O., and Salti, M. (2016). Modelling of Diatomic Molecules. Molecular Physics, 114, 3134-3142
https://doi.org/10.1080/00268976.2016.1220645

[3] Eyube, E.S., Yerima, J.B., and Ahmed, A.D. (2021). J—State Solutions and Thermodynamic Properties of the Tietz Oscillator.
Physica. Scripta. 96, 055001 https://doi.org/10.1088/1402-4896/abe3be

[4] Dong, S.H. (2009). A New Quantization Rule to the Energy Spectra for Modified Hyperbolic-Type Potentials. International
journal of quantum chemistry, 109, 701-707. https://doi.org/10.1002/qua.21862

[5] Taskin, F., and Kogak, G. (2010). Approximate solutions of Schrédinger Equation for Eckart Potential with Centrifugal Term.
Chinese Physics B, 19, 090314. https://doi.org/10.1088/1674-1056/19/9/090314

[6] Chen, C.Y., You, Y., Lu, F.L., and Dong, S.H. (2013). The Position-Momentum Uncertainty Relations for a P&schl-Teller
Type Potential and Its Squeezed Phenomena. Physics Letters A 377, 1070-1075.
https://dx.doi.org/10.1016/j.physleta.2013.02.043

[7] Wang, P.Q., Liu, J.Y., Zhang, L.H., Cao, S.Y., and Jia, C.S. (2012). Improved Expressions for the Schidberg Potential Energy
Models for Diatomic Molecules. Journal of Molecular Spectroscopy, 278, 23-26. https://doi.org/10.1016/j.jms.2012.07.001

[8] Hassanabadi, H., Yazarloo, B. H., Mahmoudieh, M., and Zarrinkamar, S. (2013). Dirac Equation Under the Deng-Fan Potential
and the Hulthén Potential as a Tensor Interaction via SUSYQM. European Physical Journal Plus, 128, 111.
https://doi.org/10.1140/epjp/i2013-13111-4

[9] Eyube, E. S., Ahmed, A. D., and Timtere, P. (2020). Eigensolutions and Expectation Values of Shifted-Rotating Mdbius
Squared Oscillator. European Physical Journal Plus, 135, 893. https://doi.org/10.1140/epjp/s13360-020-00915-6

[10] Yazarloo, B. H., Hassanabadi, H., and Zarrinkamar, S. (2012). Oscillator Strengths Based on the M&bius Square Potential
Under Schrodinger Equation. European Physical Journal Plus, 127, 51. https://doi.org/10.1140/epjp/i2012-12051-9

[11] Qiang, W.C., and Dong, S.H. (2009). The Manning—Rosen Potential Studied by a New Approximate Scheme to the Centrifugal

Term. Physica Scripta, 79, 045004. https://doi.org/10.1088/0031-8949/79/04/045004

Journal of the Nigerian Association of Mathematical Physics Volume 63, (Jan. — March, 2022 Issue), 13 -20

19


https://doi.org/10.1080/00268976.2020.1812746
https://doi.org/10.1080/00268976.2016.1220645
https://doi.org/10.1088/1402-4896/abe3be
https://doi.org/10.1002/qua.21862
https://doi.org/10.1088/1674-1056/19/9/090314
https://dx.doi.org/10.1016/j.physleta.2013.02.043
https://doi.org/10.1016/j.jms.2012.07.001
https://doi.org/10.1140/epjp/i2013-13111-4
https://doi.org/10.1140/epjp/s13360-020-00915-6
https://doi.org/10.1140/epjp/i2012-12051-9
https://doi.org/10.1088/0031-8949/79/04/045004

Speed of Diatomic Molecules... Mark, Najoji and Eyube J. of NAMP

[12] Gu, X.Y., and Dong, S.H. (2011). Energy Spectrum of the Manning-Rosen Potential Including Centrifugal Term Solved by
Exact and Proper Quantization Rules. Journal of Mathematical Chemistry, 49, 2053-2062. https://doi.org/10.1007/s10910-011-
9877-5

[13] Hassanabadi, H., Lu, L. L., Zarrinkamar, S., Liu, G. H., and Rahimov, H. (2012). Approximate Solutions of Schrodinger
Equation Under Manning—Rosen Potential in Arbitrary Dimension via SUSYQM. Acta Physica Polonica-Series A General
Physics, 122, 650. 10.12693/APhysPolA.122.650

[14] Zhang, L.H., Li, X.P., and Jia, C.S. (2011). Approximate Solutions of the Schrédinger Equation with the Generalized Morse
Potential Model Including the Centrifugal Term. International Journal of Quantum Chemistry, 111, 1870-1878.
https://doi.org/10.1002/qua.22477

[15] H. Nikoofard, E. Maghsoodi, S. Zarrinkamar, M. Farhadi, H. Hassanabadi (2013). The Nonrelativistic Tietz Potential. Turkish.
Journal of Physics. 37, 74 http://doi.10.3906/fiz-1207-1

[16] Kunc, J. A, and Gordillo-Vazquez, F. J. (1997). Rotational—Vibrational Levels of Diatomic Molecules Represented by the
Tietz—Hua Rotating Oscillator. Journal of Physical Chemistry A, 101, 1595-1602. https://doi.org/10.1021/jp962817d

[17] Hamzavi, M., Rajabi, A. A., and Thylwe, K.E. (2011). The Rotation-Vibration Spectrum of Diatomic Molecules with the Tietz-
Hua Rotating Oscillator. International Journal of Quantum Chemistry, 112, 2701-2705. https://doi.org/10.1002/qua.23285

[18] Hamzavi, M., Rajabi, A. A., and Hassanabadi, H. (2012). The Rotation—Vibration Spectrum of Diatomic Molecules with the
Tietz—Hua Rotating Oscillator and Approximation Scheme to the Centrifugal Term. Molecular Physics, 110, 389-393.
https://doi.org/10.1080/00268976.2011.648962

[19] Yanar, H., Tag, A., Salti, M., and Aydogdu, O. (2020). Ro-Vibrational Energies of CO Molecule via Improved Generalized
Poschl-Teller  Potential and Pekeris-Type Approximation. European Physical Journal Plus, 135, 292.
https://doi.org/10.1140/epjp/s13360-020-00297-9

[20] Liu, J.Y., Hu, X.T., and Jia, C.S. (2014). Molecular Energies of the Improved Rosen—Morse Potential Energy Model. Canadian
Journal of Chemistry, 92, 40-44. https://doi.org/10.1139/cjc-2013-0396

[21] Tan, M.S., He, S., and Jia, C.S. (2014). Molecular Spinless Energies of the Improved Rosen-Morse Potential Energy Model in
D dimensions. European Physical Journal Plus, 129, 264. https://doi.org/10.1140/epjp/i2014-14264-2

[22] Jia, C.S., Zhang, L.H., and Peng, X.L. (2017). Improved Pdschl-Teller Potential Energy Model for Diatomic Molecules.
International Journal of Quantum Chemistry, 117, e25383. https://doi.org/10.1002/qua.25383

[23] Liu, H.B., Yi, L.Z., and Jia, C.S. (2018). Solutions of the Klein-Gordon Equation with the Improved Tietz Potential Energy
Model. Journal of Mathematical Chemistry, 56, 2982-2994. https://doi.org/10.1007/s10910-018-0927-0

[24] Horchani, R., Jelassi, H., Ikot, A. N., and Okorie, U. S. (2020). Rotation Vibration Spectrum of Potassium Molecules via the
Improved Generalized Pdschl-Teller Oscillator. International Journal of Quantum Chemistry, 121, e26558.
https://doi.org/10.1002/qua.26558

[25] Hassanabadi, H., Zarrinkamar, S., and Yazarloo, B. H. (2013). The Nonrelativistic Oscillator Strength of a Hyperbolic-type
Potential. Chinese Physics B, 22, 060202. https://doi.org/10.1088/1674-1056/22/6/060202

[26] Hassanabadi, H., Yazarloo, B. H., and Zarrinkamar, S. (2013). Bound-States and the Oscillator Strengths for the Klein-Gordon
Equation under Mobius Square Potential. Turkish Journal of Physics, 37, 268-274. doi:10.3906/fiz-1207-21

[27] Khordad, R., and Mirhosseini, B. (2015). Application of Tietz Potential to Study Optical Properties of Spherical Quantum
Dots. Pramana Journal of Physics, 85, 723-737. https://doi.org/10.1007/s12043-014-0906-3

[28] Sun, G.H., Dong, S.H., and Saad, N. (2013). Quantum Information Entropies for an Asymmetric Trigonometric Rosen-Morse
Potential. Annalen der Physik, 525, 934-943. https://doi.org/10.1002/andp.201300089

[29] Horchani, R., and Jelassi, H. (2020). A Four-parameters Model for Molar Entropy Calculation of Diatomic Molecules via
Shifted Tietz-Wei Potential. Chemical Physics Letters, 753, 137583. https://doi.org/10.1016/j.cplett.2020.137583

[30] Gordillo-Vazquez, F. J., and Kunc, J. A. (1998). Statistical-mechanical Calculations of Thermal Properties of Diatomic Gases.
Journal of Applied Physics, 84, 4693-4703. https://doi.org/10.1063/1.368712
[31] Yazarloo, B. H., Hassanabadi, H., and Zarrinkamar, S. (2013). Quasi-exact Thermodynamic Properties of a Relativistic Spin-

zero System Under Cornell and Generalized Morse Potentials. Turkish Journal of Physics, 37, 394-402.
http://doi:org10.3906/fiz-1211-6

[32] Horchani, R., and Jelassi, H. (2020). Effect of Quantum Corrections on Thermodynamic Properties for Dimers. Chemical
Physics, 532, 110692. https://doi.org/10.1016/j.chemphys.2020.110692

[33] Falaye, B. J., Ikhdair, S. M., and Hamzavi, M. (2015). Shifted Tietz—Wei Oscillator for Simulating the Atomic Interaction in
Diatomic Molecules. Journal of Theoretical and Applied Physics, 9, 151-158. http://doi.org/10.1007/s40094-015-0173-9

[34] lkot, A. N., Azogor, W., Okorie, U. S., Bazuaye, F. E., Onjeaju, M. C., Onate, C. A., and Chukwuocha, E. O. (2019). Exact and
Poisson Summation Thermodynamic Properties for Diatomic Molecules with Shifted Tietz Potential. Indian Journal of
Physics, 93, 1171-1179 https://doi.org/10.1007/s12648-019-01375-0

[35] Okorie, U. S., Ibekwe, E. E., Onyeaju, M. C., and Ikot, A. N. (2018). Solutions of the Dirac and Schrédinger Equations with
Shifted Tietz-Wei Potential. European Physical Journal Plus, 133, 433. https://doi.org/10.1140/epjp/i2018-12307-4

[36] Roy, A. K. (2014). Ro-vibrational Spectroscopy of Molecules Represented by a Tietz—Hua Oscillator Potential. Journal of
Mathematical Chemistry, 52, 1405-1413. https://doi.org/10.1007/s10910-014-0319-z

Journal of the Nigerian Association of Mathematical Physics Volume 63, (Jan. — March, 2022 Issue), 13 -20
20


https://doi.org/10.1007/s10910-011-9877-5
https://doi.org/10.1007/s10910-011-9877-5
http://dx.doi.org/10.12693/APhysPolA.122.650
https://doi.org/10.1002/qua.22477
http://doi.10.3906/fiz-1207-1
https://doi.org/10.1021/jp962817d
https://doi.org/10.1002/qua.23285
https://doi.org/10.1080/00268976.2011.648962
https://doi.org/10.1140/epjp/s13360-020-00297-9
https://doi.org/10.1139/cjc-2013-0396
https://doi.org/10.1140/epjp/i2014-14264-2
https://doi.org/10.1002/qua.25383
https://doi.org/10.1007/s10910-018-0927-0
https://doi.org/10.1002/qua.26558
https://doi.org/10.1088/1674-1056/22/6/060202
http://doi:10.3906/fiz-1207-21
https://doi.org/10.1007/s12043-014-0906-3
https://doi.org/10.1002/andp.201300089
https://doi.org/10.1016/j.cplett.2020.137583
https://doi.org/10.1063/1.368712
http://doi:org10.3906/fiz-1211-6
https://doi.org/10.1016/j.chemphys.2020.110692
http://doi.org/10.1007/s40094-015-0173-9
https://doi.org/10.1007/s12648-019-01375-0
https://doi.org/10.1140/epjp/i2018-12307-4
https://doi.org/10.1007/s10910-014-0319-z

