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Abstract  Analytical solutions of the Schrodinger equation are obtained for some
diatomic molecular potentials with any angular momentum. The energy eigenvalues
and wave functions are calculated exactly. The asymptotic form of the equation is also
considered. Algebraic method is used in the calculations.
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1 Introduction

Diatomic molecular potential are very important to describe the intramolecular and
intermolecular interactions and atomic pair correlations in quantum mechanics. Ana-
Iytical solutions of the Schrodinger equation (SE) with any angular momentum pro-
vides important applications in many fields of physics and chemistry for checking
and improving models developed to study quantum mechanical systems and also
for improvement of the numerical methods. One can have exact solutions for cer-
tain potentials. So far, some useful analytical methods have been developed, such as
supersymmetry (SUSY) [1,2], Nikiforov—Uvarov method (NU) [3,4], Pekeris approx-
imation [5], asymptotic iteration method (AIM) [6-8], variational [9], hyperviria per-
turbation [10], shifted 1/Nexpansion (SE) and the modified shifted 1/N expansion
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(MSE) [11], exact quantization rule (EQR) [12], perturbative formalism [13—15], poly-
nomial solution [16, 17], wave function ansatz method [18,19], group theory [20,21]
and path integral [22-25] to solve the radial Schrodinger equation exactly

In this work we find analytical solutions of SE for a class of diatomic potentials
with any angular momentum. For these potentials SE can be transformed into a second
order differential equation of a certain parametric form. We use algebraic method for
the possible solutions. We apply our formulation to several important diatomic poten-
tials and obtain the energy eigenvalues and the corresponding eigenfunctions. These
diatomic potentials include: Generalized Morse Potential [26-28], Mie potential [29—
36], Kratzer—Fues Potential [37,38], Coulomb Potential, Pseudoharmonic potential
[39,40], Noncentral potential [41-47], Deformed Rosen—Morse Potential [48—53],
Generalized Woods—Saxon potential [54—60], Poschl-Teller potential [61-66].

This paper is organized as follows. In Sect. 2 the formulation is introduced. In
Sect. 3, Solution of some potentials are presented. Finally, concluding remarks are
given in Sect. 4.

2 Formulation of the approach

For many potentials the SE can be transformed into the following second order para-
metric differential equation.

d*y  (c1 +c2s) dy 1
ds?  s(1+c38) ds  s2(1 4 c3s)?

[—A1s? + Axs — A3l =0 (1)

where ¢; and A; are some constants. First we look at the asymptotic form of this equa-
tion when s becomes very large. We found that depending on the constant c3 there
are two possibilities. When c3 is a nonzero constant the last term vanishes faster than
the others and it is neglected in the asymptotic equation. If ¢3 is zero the last term
will be present in the asymptotic form. Let us start with a nonzero c3. In this case an
asymptotic analysis of Eq. (1) suggests to consider solution of the following form

W(s) = (1+c35)PsTy(s) 2

where p and g are some arbitrary constants and y is a new function to be determined.
When we insert this into Eq. (1) we obtain the following differential equation for y

d*y(s)
ds?

s(1 +c3s) +A(S)Z—§ + B(s)y(s) =0 3)
where

A(s) =2q(1 + c35) — 2pc3s + c1 + ¢zs,

oo Ut p(p + D3
B(s) = q(q 1)f 2pgcs + AT
(c1 + 25) (—A152 + Azs — A3)
s(1 + c38) lg + (g = pless]+ s(1 4 c3s8)
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It is convenient to define a new variable z = 1 4 2¢3s and write Eq. (3) in terms of
this variable. Under this transformation we obtain

2Ly

2
=

d
+(1—Zz)[ﬂ—a+(a+ﬂ+2)z]d—z+R(z)y=0 (4a)
where

C
a=2g+c—1, ,3:—2p—cl+c—2—1, Rz) =112 + rz +r3.  (4b)
3

The coefficients of the polynomial R are defined as

(o) A
r1=q(q—1)—2pq+p(p+1)+a(q—p)—6—2, (5a)
3
c) Ay Ay
r2=24(q— 1) —2p(p+ 1) +2c1(qg — p) +22 p+250 +222, (5b)
Cc3 (,’3 c3
[o5) A Ay
r3 =q(q—1)+2pq+p(p+1)+261(q+p)—g(q+p)—?—2;—4A3- (5¢)

In the “Appendix” we simplify Eq. (4a) by arguing that the coefficients of the polyno-

mial R must satisfy 7, = 0 and r; = —r3. In the definitions of these parameters there
are two arbitrary constants p and g. So with proper choices of these constants one can
satisfy these conditions. Let us do this. We start with the condition r{ +r> +r3 =0
and calculate this sum using Eq. (5). We find the following quadratic equation

-1 —cNg—A3=0 (6)

_ 1—c " 1—612 A 7
610—<2) (2)+3~ (7N

This fixes the arbitrary constant ¢ in terms of the parameters of the equation. Simi-
larly the condition that r, must vanish leads to a quadratic equation for p which can
be written as

and its roots are

p*—Dp—H=0 (8)
and the roots are
_Db + DY’ + H )
po = 5 5
where
(o)) A As
D=——¢ —1, H=—+4+—+As. (10)
C3 C3 C3
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This gives the second arbitrary constant p in the wave function. Inserting 1 = —r3 in
Eq. (4a) we get R(z) = r3(1 — z?) and thus Eq. (4a) becomes

(1—z2) +[ﬁ—a+(a+ﬁ+2)z]—+r3y—0 (11)

In the “Appendix”, we use the polynomial method for the solution of this differential
equation and we find that for an acceptable solution 73 must satisfy the condition
r3 =n(n+a+ B+ 1) where n is a positive integer. When we insert this into Eq. (10)
it becomes the well known Jacobi’s differential equation

1- ) —i—[ﬂ—a—i—(a—i—ﬂ—i—Z)z]——i—n(n—i—a—i—,B—i-1)y—0 (12)

and its solution are the Jacobi polynomials P,f"ﬁ (2). Thus the wave functions are deter-
mined in terms of these polynomials. The condition on r3 is obviously a quantization
condition. First using Eq. (5c) we express r3 in terms of the determined parameters.
For this, we solve Eq. (6) for A3 in terms of gg and c; then we use Egs. (8), (10)
and obtain A, in terms of pg, D, A1 and A3. When we insert these into Eq. (5c) the
relation r3 = n(n + o + B + 1) takes the following form

c c A
(CIo—Po)z—i-(é—Ian—1)(610—P0)+n(n+—2—1)=C—21 (13)
3

3

where « and 8 are also expressed in terms of go and pg by means of Eq. (4b). This
equation gives the energy levels in our formulation.

The second alternative was to have c3 = 0 in Eq. (1). For these problems Eq. (1)
becomes

>y (c1+c29) dy
ds? K ds

2( A1s® + Axs — Ay = 0. (14)
An asymptotic analysis of this equation suggests a solution of the following form

Y (s) = exp(—p1s)s? yi(s) 15)

where p; and ¢ are some arbitrary constants and y; is a function of s. Here we have
again taken s7'y; instead of y;. Thus an expansion of y; will start with a constant
term. When we insert Egs. (15) into (14) we get the following differential equation

d*y q (61 +c28) | dy q1(q1 — 1) q1p1 )
PELR PRSI L il 2
ds? [ i| ds +|: 52 s g
(c1 +c25)  q
+ f(%—pl)—i-(—l\]sz-i-l\zs—lb)] y1=0 (16)
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As before we define a new variable z = (2p; — ¢2)s and write Eq. (16) in terms of
this new variable. We obtain

d? d
2 k-2 r A@p =0 (17)
dz dz
where
k=c1+2q -1 (18)
(P} —capi — A1) 5 . 2qip1 — c2q1 + ¢ pr — A2)
A(z) = 72 Z
(c2 —2p1) (c2 —2p1)
+Hqi(gr — D 4ciqi — A3) =yniz2 + 2+ (19)

Here y1,» and y3 are defined by the coefficients of z2, z! and z° respectively. When
we consider Eq. (18) at z = 0 we conclude that y3 must be zero. Remember that y; is
not zero at the origin. Using the definition of y3 we get the following equation

qi(qg1 — 1) +c1g1 — A3 =0. (20)

We choose the root

(1—cp) 1—er)?
= A 21
q10 ;T > + Az 21
as the arbitrary constant ¢ in Eq. (15). In the “Appendix”, we discuss the polyno-
mial method for the solutions of Eq. (18). We show that acceptable solutions can be
obtained if we chose y; = 0 and y» = n where n is a positive integer. The condition
y1 = 0 gives a quadratic equation

pr—capi— A1 =0 (22)
and we take
=2 J(2) +a 3)
P1o = ) ) 1

as the second constant p; in Eq. (15). The condition y» = n leads to the following
equation

c1p10 — q1o0(c2 — 2p10) — A2 = n(c2 — 2p1o). (24

This equation gives the energy spectrum for the systems whose wave functions satisfy
Eq. (13). The corresponding wave functions can be obtained from Eq. (18). When we
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insert the values of the parameters y; into Eq. (18) we get

d)’1

d2 +(k+l—z)—+ny1—0

(25)

This is the well known Laguerre’s associated differential equation its solutions are the
associated Laguerre polynomials L’,‘l (z). Thus the wave function can be written down

using Eq. (1) as

¥ (s) = exp(—p1os)sT° LE ([2p1o — c2)s]).

In the following section we apply these results for several examples.

3 Applications

(A) ¢3 = 0 cases.
Case 1: Generalized Morse Potential

We take the Generalized Morse Potential [26-28] as
V(x) = Viexp(—2ax) — V2 exp(—ax)

and define s = /' V] exp(—ax) to transform the SE to the following form

oy 1y, [ A5+ Axs + Asly =0
— —_ + = 52 s =
ds? s ds ! 2 3
where
2m 2m Vy 5 5 mE
AN =———, = —, A3=4e°, &f=———.
TR TRy 2122

Using Egs. (1), (18), (20), and (22) we calculate the parameters as

c1=1, =0, ¢3=0, g1 =vA3, plo=vAl, k=2JAs.

Thus the energy spectrum calculated from Eq. (24) is

2
2a°h? V2mV:
En=—2"0opy1 - Y2
8m ha/'Vi

and the corresponding wave functions are

@ Springer
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Case 2: Mie Potential

The Mie potential is given by [29-36]

V) = Vo [% (%)2 _ ﬂ . (33)

Using the notation s = r one can write the radial SE as

d’R  2dR (=A(s*>+ Ars — A
+( 18° + Ass 3)R=

-2 0 34
ds? s ds 52 (34)
where
2mE 2maVy 2m [a®*Vy  h2(+1)
Al =—"—, Ay= , == . (35
! n? 2T TR } hz[ > T o (33)

Comparing Egs. (34) and (1) we find ¢; = 2, ¢ = 0, ¢3 = 0 and using these with
Egs. (17) and (23) we determine g1 and pg as

1
410=§(—1+\/1+4A3), Plo =V Al (36)
When we insert these into Eq. (24) we get the following energy eigenvalues

VAICn+ 14+ V1 +4A3) = As (37)

or writing A explicitly we get

h2
E, = —%A%[Zn + 1+ 14+4A317% (38)

The corresponding wave functions can be written down from Eq. (26) as

= s2CIVIFRAY) oxp(—jes) LYTHR =D ) g) (39)
where

Case 3: Kratzer—Fues Potential

The Kratzer-Fues Potential [37,38] is given is by

2
V(r) = D, (’ _r“) (41)
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and the radial SE with this potential can be written as

d’Ry 2dR, 1 (2m ) , R+ 1)
T3 to ot e (Eni — Do) r”™ + 2Derer — Dere-i-T Ru=0. (42)

By defining s = r this equation can be expressed as

d’R 2dR 1
2"1 +__’ll+—2[—A1s2—{—A2.S‘—A3]Rn1 =0 (43)
ds s ds s
where
2m 2 4mDere 2m 2 th(Z +1
M=—3De—En) =—&y, Ma=—07?—, M=—7 [Df’e T |

The parameters are obtained by using Eqgs. (1), (18), (21), and (23) as follows ¢; =

2,¢cp=0,¢c3 =0,910 = (1/2)(1 + /1 +4A3), p1o = ~/A1. Using these in Eq.
(24) we get the energy spectrum

A3
&nl = — 45
! 2n + 1+ /T + 44,2 (“43)
Equation (26) gives the following formula for the wave functions
Ry = Avz0HYIFA) exp(—p/2) Lk (v) (46)

where k =2 4+ /1 +4A3 and v = 2ies
Case 4: Coulomb Potential

We take V () = —e?/r for this potential and write the radial part of the SE as

d’R 2dR 1 2
— 4+ I — 4 [-A Axr —A3)]R =0 47
dr2+rdr+r2[ e A V) @
where
2mE 2me?
Ay ——7, A2=7, Az =Ll +1). (48)

The following parameters are obtained by using Egs. (1), (18), (21), and (23)

1
c1=2, =0, c3=0, 6110=§(—1+\/1+4A3)=£, (49)

[2
pio = VA = ? w=—E, k=20+1 (50)

and

@ Springer



J Math Chem (2012) 50:1973-1987 1981

Hence we can write the energy eigenvalues and the wave functions as

me4

Epg=—~—5—,
nt 2h2n%

Rue = Cp' exp(=p) Lt} (2p) (51)

0—

where C is a constant, p = (v2mw/h%)r, and ng is the principal quantum number
ngp=n—4¢-—1

Case 5: Pseudoharmonic Potential

Pseudoharmonic potential [39,40] is given by
2
r ro
V)=V (— — —) (52)
ro r

and using s = r2 the radial part of the SE takes the form

&R 3/2dR | 1 [ Ars® + Ags — A ]R 0 (53)
J— — | — Ky S — =
ds? s ds = s? ! 2 3
where
mVp m mVorg (¢ +1)
A= —2 Ay=—(E+Vy), A3= + . 54
1= 2 2h2( 0), A3 77 2 (54)

From Egs. (1), (21), (23), and (26) we obtain
2 —1 /1 /1
1 3 () , 3=0, q10 1 + 16+ 3, Pro=+ 101, 16+ 3
(55)

Thus the energy levels and the corresponding wave functions are

&= |:2n +1+2, % + ,3:| o, 1p=s7leLV Tt exp(—ozs)Li mJrﬂ(ZOzs) (56)

where
e=2MAy o’ =A1, B=A;. (57)

Case 6: The Noncentral Potential

The noncetral potential [41-47] is given as

V(. 9) = o n B cos(8)

58
r o r2sin%(9) yrzsin2(9) (>8)
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The radial part of the SE takes the following form

aZ v ar TR

r

d*R  2dR 2m [2mE ) 2ma 2m
— 5 - r— R=0 59)
h n? h?

where A is a constant. When we define a variable s as s = r this equation becomes

—d2R+2dR+2m[ Ars?+ A A]R 0 (60)
_ — | = Ky s — =
ds? s ds 52 ! 2 3

where

2mE ) 2ma amh h2ee + 1)
—_— — & = —— = = ———

— 1
o o (6D

We use Egs.(1), (18), (21), (23), and (26) and obtain

-1 1 1
c1=2, =0, c3=0, q]0:7+‘/1+1\3’ Plo=+v A1, k=2\/ﬁ+1\3-

(62)
The energy eigenvalues are
£ — 2m o? _2m o? 63)
T R Rn+ 14+ VT+4AA2 T R An e+ 12
And the corresponding wave functions are
Yne = rbexp(—er) L2 2er) (64)
(B) nonzero c3 cases.
Case 7: Deformed Rosen—Morse Potential
The Deformed Rosen—Morse Potential [48—53] has the following form
Vv V. -2
Vix) = ! L 2N (65)
[1+nexp(=2ax)] [1+ nexp(2ax)]
The SE becomes

Yy (1 —ns) dy N 1
ds?  s(1—ns)ds = [s(1—ns))?

[—A1s2 4 Ags — A3] v =0 (66)

where

Ar=en’, Ay=2en+kn—y, Az=ce+«k. (67)
mE mV mVan

= — , K = . =
2h%a? 25202 V= onte?
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Using Egs. (1), (4b), (2), (7), and (9) we obtain the following parameters

-1
a=1l, co=-n c=-1 qgo=vVA3=+e+«k, P0=7(1+,/1+4%’ (68)

«=2J/s+8, B= /1+4%. (69)

Let us define x = (po — ¢go) and insert the values of ¢; into Eq. (13) it becomes
x? —2nx 4+n? —e = 0. We use the solution x = n + /¢ and write pg —qo = n+ /¢
as

and

1
n+¢5=—§(1+ 1+4% —Vetk=0. (70)

Solving this equation for & we obtain

K 1 |: y] K
e——+—|2n+1+ [1+4=|+ (71)
2 16 n 2n+ 14 [1+4F

and for the corresponding wave functions are

1 v 2 eFK, J1+4L
y = (= g (/90) e p Ve 1) (72)

Case 8: Woods—Saxon Potential
The Generalized Woods—Saxon potential [54-60] is

Vi exp(ax)

Vo) = 1 +exp(ax) M+ exp(ax)]?

(73)

and defining s = 1/[1 4 exp(ax)] the SE can be written as

oy 1-sdy ] [A 244 A]Iﬂ 0 (74
— —A1s s — =
ds?  s(1—s)ds [s(1—=s)]? ! 2 3
where
2ma? Vs, 2ma? 2ma*E

A= 2 Ay = 7(‘/2 +V), Az= Y (75)
Thus the parameters of Eq. (1) are c; = 1, ¢ = —2, ¢3 = —1. We calculate go, p,
by means of Egs. (7) and (9) and find

qo=+¢, po=+e—a (76)
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where we ¢ is used instead of A3. The energy levels are obtained with Eq.(13) as
X2+ Cn+Dx+nn+1)—A; =0 (77)
where x = /¢ — /¢ — a. The solution of this quadratic equation gives
x=1/2=Cn+ 1)+ /1+4y (78)

where we have used y instead of A 1. Solving Eq. (40) for & we find

)
4+ D)+ T+ ay P+ 2 5+ 79
“enth Tyt yvEme Y
The corresponding wave functions can be written from Egs. (2) and (4b) as
Y= sVE(l — 5) VEa pAVETIVETD (| o). (80)
Case 9: The Poschl-Teller Potential
The Poschl-Teller potential [61-66] is given by
2
Vi) = exp(—2ax) 81

[1 + exp(—2ax)]*’

and the SE takes the form

>y (L=ns) dy 1
a7 TS = ds T A - P

[—A1s2 + Ass — A3] v =0 (82)

where Ay = —2q%, Ay =2e%q — f2, A3 =¢?, 2 = 2
By using Egs.(1), (4b), (2), (7), and (9) we find

1 2
ca=1, co=—-n, c=-n qo=s¢, pO:—E 1+ l1+4'37 . (83)
,32
a=2¢ pB=2,/14+4—. (84)
n

We write Eq. (13) as x2 — 2x 4+ n? — &2 = 0 where x = py — go. Choose the root
x = n + ¢ and replace this in the definition as

and

1 B2
n+e=— |14 [1+45)—¢ . (85)
2 n
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Thus we get the following energy values and the wave functions

1 ﬂz (]+ 1+4ﬁ2 (28, 2 l+4#
e=—7(2n+1+ [14+45 ], y=—gs) \ " )2819 j
n

(86)

4 Conclusions

We can conclude by saying that, for several physical potentials the Schrédinger can
be transformed into a second order differential equation of a certain form. We have
shown that differential equations of that form can be solved analytically. Starting from
the parametric form of the differential equation we have developed a formulation for
the possible physically acceptable solutions. To show that the present method is an
efficient and practical method we have applied it to several potentials.

Appendix

The polynomial method is a useful method for the solution of the Schrodinger equa-
tion. A power series expansion of the wave function is inserted into the wave equation
and the coefficients are determined. We want to apply this method to Eq. (4a). Let us
write that equation again

(1—z2)2fli+( )[ﬂ—a+(a+ﬂ+2)z]—+R(z)y—0 (A1)

In this equation if z is set equal to one all the terms except the last one vanish. Since
yis assumed to be nonzero at this point, it follows that R must vanish. That means
r1+r2+r3 = 0 must be satisfied. A similar analysis atz = —1 givesr; —rp +r3 = 0.
Combining these two equations we get r; = 0 and r; = —r3. Since we have two
arbitrary constants in our formalism it may be possible to satisfy these restrictions.
Inserting these into Eq. (4a) we obtain

2
(1—z2)j2 [ﬁ—a+(a+ﬁ+2)z—+my—0 (A2)

Let us represent y as >, a,z" and insert this into Eq. (A2). Since the right hand-
side of the equation is zero the coefficients each power of z most vanish. When we
consider the coefficient of zV for large enough values of v, we get an asymptotic
relation a,1/a, = 1. Hence this infinite series will not lead to an acceptable wave
function when inserted into Eq. (2). Thus the series must break off after a finite num-
ber of terms. If we assume that it breaks off at v = n then the solution will be
represented as » . a,z". Inserting this into Eq. (A2) we find the coefficient of z" as
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[-n(n — 1) — (¢ 4+ B + 2)n + r3la,. Since the coefficient of z must vanish and a,,
is not zero we obtain r3 = n(n + o + B + 1).

For the c3 = 0 case we try the same method for Eq. (17). Using y3 = 0 in Eq. (17)
we write that equation as

d*y

d
e I e e P ST ) (A3)
dz dz

Representing y; as >, a,z” and inserting it into Eq. (A3) we found that for large
values of v the coefficients will have an asymptotic relation a,+1/a, = 1/v. We note
that the successive coefficients in the expansion of e* have this asymptotic behavior.
So the asymptotic behavior of y; can be written as exp(z) or exp[(2p; — ¢2)s]. This
will be multiplied by the factor exp(—p1s) in Eq. (15). Thus the wave function will
have a factor exp[(p1 — ¢2)s] and p1 — ¢ is positive. This can be seen from Eq. (23).
Therefore the series must break off. When we replace y; by > 7 ayz” in Eq. (A3) it
gives the following equation

I an) + 2N (—nay + yran) + 2" )+ =0 (A4)

From this we obtain y; = 0 and y» = n. These values are used in the text.

References

. E. Cooper, A. Khare, U. Sukhatme, Phys. Rep. 251, 267 (1995)

D.A. Morales, Chem. Phys. Lett. 394, 68 (2004)

A.F. Nikiforov, V.B. Uvarov, Special Functions of Mathematical Physics (Birkhaauser, Basel, 1988)

C. Tezcan, R. Sever, Int. J. Theor. Phys. 48, 337 (2008)

C.L. Pekeris, Phys. Rev. 45, 98 (1934)

. O. Bayrak, I. Boztosun, J. Phys. A Math. Gen. 39, 6955 (2006)

. H. Ciftci, R.L. Hall, N. Saad, J. Phys. A Math. Gen. 36, 11807 (2003)

. H. Ciftci, R.L. Hall, N. Saad, Phys. Lett. A 340, 388 (2005)

. E.D. Filho, R.M. Ricotta, Phys. Lett. A 269, 269 (2000)

. J.B. Killingbeck, A. Grosjean, G. Jolicard, J. Chem. Phys. 116, 447 (2002)

. M. Bag, M.M. Panja, R. Dutt, Phys. Rev. A 46, 6059 (1992)

. 72.Q.Ma, B.W. Xu, Europhys. Lett. 69, 685 (2005)

. B. Gonul, K. Koksal, E. Bakir, Phys. Scr. 73, 279 (2006)

. S.M. Ikhdair, R. Sever, Int. J. Mod. Phys. A 21, 6465 (2006)

. S.M. Ikhdair, R. Sever, J. Mol. Struc. Theochem. 809, 103 (2007)

. S.M. Ikhdair, R. Sever, J. Mol. Struc. Theochem. 806, 155 (2007)

. S.M. Ikhdair, R. Sever, J. Mol. Struc. Theochem. 855, 13 (2008)

. S.H. Dong, Int. J. Theor. Phys. 39, 1119 (2000)

. S.H. Dong, Int. J. Theor. Phys. 40, 569 (2001)

. S.H. Dong, Phys. Scr. 65, 289 (2002)

. Y. Alhassid, F. Gursey, F. Iachello, Ann. Phys. 148, 346 (1983)

. R. Feynman, A. Hibbs, Quantum Mechanics and Path Integrals (McGraw-Hill, New York, 1965);
(see also L. S. Schulman, Techniques and Applications of Path Integration (Wiley, New York, 1981))

23. LH. Duru, H. Kleinert, Phys. Lett. 84, 185 (1979)

24. LH. Duru, H. Kleinert, Fortschr. Phys. 30, 401 (1982)

25. N.K. Pak, I. Sokmen, Phys. Rev. A 30, 1629 (1984)

26. P.M. Morse, Phys. Rev. 34, 57 (1929)

27. L.H.Zhang, X.P. Li, C.S. Jia, Int. J. Theo. Phys. 111, 1870 (2011)

-
S I N N

PO RO DD — e e e
N = O 00NN W —

@ Springer



J Math Chem (2012) 50:1973-1987 1987

28.
29.
30.
31.
32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

N. Saiki, S.A.S. Ahmed, Phys. Scr. 83, 035006 (2011)

G. Mie, Ann. Phys. Leipz. I1, 657 (1903)

Y. Weissman, J. Jortner, Phys. Lett. A 70, 177 (1979)

M.L. Szego, Chem. Phys. 87, 431 (1984)

M. Sato, J. Goodisman, Am. J. Phys. 53, 350 (1985)

S. Erkog, R. Sever, Phys. Rev. A 37, 2687 (1988)

R. Sever, M. Bucurgat, C. Tezcan, 0. Yesiltag, J. Math. Chem. 43, 749 (2007)
G.C. Maitland, M. Rigby, E.B. Smith, W.A. Wakeham, Intermolecular Forces (Oxford University
Press, Oxford, 1987)

LI Goldman, V.D. Krivchenkov, Problems in Quantum Mechanics (Pergamon Press, New York, 1961)
A. Kratzer, Z. Phys. 3, 289 (1920)

E. Fues, Ann. Phys. 80, 367 (1926)

S. Ikhdair, R. Sever, J. Mol. Struct. Theochem. 806, 155 (2007)

R. Sever, C. Tezcan, M. Aktas, 0. Yesiltag, J. Math. Chem. 43, 845 (2007)

E. Kasap, B. Gonul, M. Simsek, Chem. Phys. Lett. 172, 499 (1990)

A.A. Makarov et al., Nuovo Cim. 52, 106 (1967)

S. Ikhdair, R. Sever, Int. J. Theor. Phys. 46, 2384 (2007). ArXiv:quant-ph/0702186
A. Khare, R.K. Bhaduri, Am. J. Phys. 62, 1008 (1994)

M. Aktas, J. Math. Chem. 49, 1831 (2011)

G. Qing, H. Fu, M.C. Zhang, J. Math. Phys. 52, 042108 (2011)

M. Aktas, Int. J. Theo. Phys. 48, 2154 (2009)

H. Egrifes, D. Demirhan, F. Biiyiikkilic, Phys. Scr. A 60, 195 (1989)

C.S. Jia, Y. Sun, Y. Li, Phys. Lett. A 331, 115 (2003)

C. Tezcan, R. Sever, J. Math. Chem. 42, 387 (2006)

S. Dominguez-Hernandez, D. Fernandez, J. Int. J. Theo. Phys. 50, 1993 (2011)
C.B. Compean, M. Kirchbach, J. Phys. A Math. Theo. 44, 015304 (2011)

F. Taskin, Int. J. Theo. Phys. 48, 2692 (2006)

C. Berkdemir, A. Berkdemir, R. Sever, J. Math. Chem. 43, 944 (2008)

B. Gonul, K. Koksal, Phys. Scr. 76, 565 (2007)

S.M. Ikhdair, R. Sever, Int. J. Theor. Phys. 46, 1643 (2007)

C. Berkdemir, A. Berkdemir, R. Sever, Mod. Phys. Lett. A 21, 208 (2006)

H. Fakhri, J. Sadeghi, Mod. Phys. Lett. A 19, 615 (2004)

L.S. Costa et al., J. Phys. B At. Mol. Opt. Phys. 32, 2461 (1999)

H. Egrifes, D. Demirhan, F. Biiyiikkilic, Phys. Scr. 59, 90 (1999)

G. Poschl, E. Teller, Z. Phys. 83, 143 (1933)

S.H. Dong, W.C. Qiang, J. Garcia-Ravelo, Int. J. Mod. Phys. A 23, 1537 (2008)

R. Dutt, A. Khare, Y.P. Varshni, J. Phys. A Math. Gen. 28, L107 (2004)

C.S. Jia, Y. Li, Phys. Lett. A 305, 231 (2002)

M. Simsek, Z. Yalcin, J. Math. Chem. 16, 211 (1994)

M.G. Miranda, G.H. Sun, S.H. Dong, Int. J. Mod. Phys. E-Nucl. Phys. 19, 123 (2010)

@ Springer



	Analytical solutions of Schrödinger equation for the diatomic molecular potentials with any angular momentum
	Abstract
	1 Introduction
	2 Formulation of the approach
	3 Applications
	4 Conclusions
	Appendix
	References


