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Abstract

The model potential approach is well adapted to study atomicand molecular sys-
tems involving a single active electron. Such is the case of the alkali-dimer lithium
cation Li+2 . However, a comparison of the model potential results of Magnier et
al.[1] and those based onab-initio techniques [2, 3, 4] raises a number of ques-
tions related to the existence of an important disagreementregarding several ex-
cited states,which are found to be repulsive by Magnier et al. [1] but attractive
whenab-initio techniques are employed.

In this paper, we propose to re-investigate the Li+

2 system, using a model po-
tential technique to compute the adiabatic energy curves and the molecular spec-
troscopic constants. Our aim is to clarify whether this disagreement between the
ab-initio and model potential methods originates from some conceptual defect
of the model potential technique or whether there is some source of error in the
calculations of Magnier et al. [1].

Keywords: model potential, Lithium cation,ab-initio, adiabatic energies,
molecular spectroscopic constant

1. Introduction

The alkali-dimer lithium cation Li+2 is a simple diatomic molecular ion, that
may be considered as a prototype for molecular systems involving a single active
electron. It has been the subject of both theoretical and experimental studies and
several accurate adiabatic potential energy curves and molecular spectroscopic

Email addresses:djamal.rabli@gmail.com (Djamal Rabli ),
ronald_mccarroll@upcm.fr (Ronald McCarroll)

Preprint submitted to Chemical Physics February 11, 2017



  

constants, based on different approaches, have been reported in the literature dur-
ing the last decade [1, 2, 3, 4, 5, 6].

From the experimental side, several works mainly focusing on theX2
Σ
+

g ground
state were realized. To estimate the ground state dissociation energy, Mathur et
al. [7] used an ionization process of the lithium dimer by exploiting two different
lines of the Ar+ ion laser; going from the lithium dimerX1

Σ
+

g ground state trough
its B1

Πu state, to finally reach the Li+2 cation ground state. On the other hand
measurements accomplished by McGeoch et al. [8] also enabled the knowledge
of molecular spectroscopic constants of theX2

Σ
+

g ground state, while Bernheim
et al. [9, 10] provided the same quantities, by investigating a Rydberg series of
excited electronic states of the lithium dimer using an optical-optical double res-
onance spectroscopy.

From the theoretical point of view, a restricted Hartree-Fock-Roothaan ap-
proach was developed by Henderson et al. [11], while Müller et al. [12] car-
rying out calculations with frozen atomic core, generated adiabatic potential en-
ergy curves of states dissociating up to the Li+(1s2)+Li(3d) limit. In a study by
Konowalow et al. [13], the first eight lowest-lying electronic states were ob-
tained by valence configuration calculations, whereas Schmidt-Mink et al. [14]
employedab-initio self-consistent-field (SCF) and valence CI techniques com-
bined with a core polarization potential for a better description of the inter-shell
correlation effects.

In addition to pseudo-potential method used by Fuentealba et al. [15] and lo-
cal potential approach developed by D. Hasman [16], Jasik etal. [3], adopted an
ab-initio approach where calculations were based on the SCF configuration in-
teraction scheme. Similarly, Bouzouita et al. [2] adopted anab-initio approach,
based on a non-empirical pseudo-potential for the Li(1s2) core where core-core
and core-valence correlations have been added to generate the adiabatic energy
curves of states dissociating up to Li+

+Li(3d) asymptotic limit. More recently
Musial et al. [4] used anab-initio calculation with all inner shell electrons corre-
lated to study the first 18 electronic states.

If ab-initio methods provided most available data describing the Li+

2 cation,
model potential techniques also were used by Henriet et al. [17] in a study focus-
ing on the ground state. Similarly, Cerjan [18] adopted a model potential approach
to determine molecular properties, of the lowest2

Σ
+

g and2
Πu states. In a more de-

tailed investigation, based on model potential techniques, Bottcher and Dalgarno
[19] reported the potential energy curves of the first low-lying, fourΣ, twoΠ and
one∆ states. But to our best knowledge, the most extensive work exploiting model
potential techniques remains the one by Magnier et al. [1] who used a potential
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Table 1: Comparison of calculated and experimental energy levels in cm−1 of the lithium atom.

Level Exp [23] This work [1] [2] [3] [4]

Li(1s2,2p) 14903.86 14904.52 14903.86 14905.40 14908.91 14914.80
Li(1s2,3s) 27206.07 27174.03 27172.71 27211.78 27195.97 27186.52
Li(1s2,3p) 30925.28 30904.22 30902.90 30925.94 30896.97 30922.48
Li(1s2,3d) 31283.03 31284.78 31283.25 31286.10 31292.47 31259.62

of Klapisch [20] to report a complete set of 58 adiabatic states for internuclear
distances in the range 4 to 40 a.u.

Having one single active electron, certainly makes the lithium cation a rela-
tively simple system to investigate. However when comparing results obtained by
different approaches, agreement is far from being guaranteed for all states. While
different methods give results which are in reasonable agreement for the ground
state, for several excited states, an important disagreement is observed when an-
alyzing data resulting from a model potential approach [1] and those based on
ab-initio methods [2, 3, 4]. The states 32

Σ
+

u and 42Σ+u for example have been
found to be repulsive by model potential techniques [1], butare found to be at-
tractive whenab-initio approaches are employed. It is unclear from Magnier et al.
[1] whether this disagreement is limited by some conceptualdefect of the model
potential technique or whether there is some other source oferror.

Sinceab-initio methods predict for the states showing disagreement, largeval-
ues of equilibrium distances (Re > 18 a.u), where model potential techniques in
principle should give an accurate description of the system, in the present work
we propose to re-investigate the Li+

2 system using a model potential of Klapisch
[20]. We aim to sort out whether these disagreements were physical effects or
numerical artifacts of particular implementation of the model potential method.

Except where stated, atomic units will be used throughout.

2. Theory

The interaction of an electron with a closed shell lithium core is described by
the model potential of Klapisch [20]

V(r) = −
1
r
−

2e−7.90875r
+ 10.321re−3.90006r

r
, (1)
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Figure 1: Relative coordinates for the active electron.

where r is the radial distance of the electron form the lithium nucleus. The eigen-
values of the corresponding model atomic Hamiltonian

H = T + V(r), (2)

where T denotes the electronic kinetic energy operator, arecompared with the
experimental energy values of the neutral Lithium atom in Table 1. The precision
of the computed energy levels is adequate for the particularapplications of this
work.

Taking the lithium nucleus at A and B (see Fig. 1), the Li+

2 molecular cation is
then treated as a set of two closed shell Li+(1s2) cores and a single active electron,
whose position is described in the Born-Oppenheimer approximation [21] by the
effective Hamiltonian

He = T + V(ra) + V(rb) + Ucore, (3)

where T is the electronic kinetic energy operator, ra and rb the radial distances of
the active electron from nuclei A and B respectively. Ucore may be mainly taken
as the nuclei repulsion modified by a polarization term, namely:

Ucore =
q1q2

R
−
α

2R4
, (4)

where q1=q2 = 1 is the ionic core charge andα=0.19 a.u. the polarizability of the
lithium atom [22].
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The spectrum of the effective Hamiltonian He defined in Eq (3) is determined
by conventional variational techniques, using a basis set of Slater-type orbitals
fsto, expressed in prolate spheroidal coordinatesλ ∈ [1,∞], µ ∈ [−1,1] and, φ ∈
[0,2π] where

λ =
1

2R
(rA + rB), µ =

1
2R

(rA − rB) (5)

andφ is the azimuthal angle.
The basis set of Slater-type orbitals take the following form:

fsto(λ.µ, φ) = N[(λ2 − 1)(1− µ2)]
Λ

2 λpµqe−
R
2 ζ(λ+ǫµ)eimφ, (6)

where N denotes a normalization factor,ǫ a parameter that takes the values±1
depending on whether the orbital is centered on nucleus A or nucleus B, (p,q)
integers,ζ a variational parameter describing the decay of the orbital, m the pro-
jection of the electronic angular momentum on the z-axis (coinciding with the
internuclear axisR) andΛ =| m |=0,1,2,. . . forΣ, Π and∆ molecular states re-
spectively.

3. Results

We have computed the adiabatic potential energies of the attractive ground
state dissociating to a ground state lithium atom Li(1s2,2s) and Li+ and of the
manifold of excited states correlated in the asymptotic region to Li++Li(1s2,nl),
where nl=2s,2p,3s,3p and 3d. Graphics showing our adiabatic energies versus
the internuclear separation R, (R ≤ 50 Å), for Σ, Π and∆ states are presented in
Fig.3, Fig.4 and Fig.5 respectively while comparison of themolecular constants
obtained in the present work and selected theoretical and experimental data, is
shown in Table 2, Table 3 and Table 4.

3.1. Σ states

A basis set of 345 vectors were used to generate theΣ states for different
internuclear separation. For the 12

Σ
+

g ground state, present calculations yield a
dissociation energy De =10494 cm−1 and an equilibrium distance Re=3.083 Å.
These values may be compared to the experimental ones of Bernheim et al. [9,
10], De =10464 cm−1 and Re=3.11 Å. Our results also show small differences
when they are compared to theab-initio ones of Jasik et al. [3] Re=3.093 Å and
De=10498 cm−1, to those of Bouzouita et al. [2], Re=3.095 Å and De=10475 cm−1

and to the recent ones of Musial et al. [4] Re=3.103 and De=10439 cm−1.
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Figure 2: Li+2 : The adiabatic energies of the ground2
Σ
+

g and the first excited2Σ+u states. The red
curve corresponds to Schmidt-Mink et al. [14] results, bluecurve to Konowalow et al. [25] results,
while the black curve indicates the present results.

As mentioned in Table 2, for the 12
Σ
+

g ground state, it is interesting to notice
that our vibration constantsωe=262.771 cm−1 andωeχe=1.645 cm−1, compare
well to the experimental values [9, 10],ωe=262 cm−1 andωeχe=1.7 cm−1.

Present calculations also show that the first excited state 12
Σ
+

u correlated to
Li(1s2,2s)+Li+ in the asymptotic limit, has a repulsive character at short inter-
nuclear distances, however it possesses a weak potential minimum of 89 cm−1

occurring at an equilibrium internuclear distance Re=9.929 Å. These values may
be compared to theab-initio ones of Bouzouita et al. [2] De=88 cm−1 and Re

=9.911 Å and to those of Jasik et al. [3] De=89 cm−1 and Re =9.942 Å. The
present results also perfectly agree with the ones by Musialet al. [4] Re= 9.954
Å and De=88 cm−1. On the other hand, our vibration constantsωe=16.312 cm−1

andωeχe=0.750 cm−1, related to the shape of the potential energy curve, com-
pare well to those of Bouzouita et al. [2] resulting from anab-initio approach,
ωe=15.81 cm−1 andωeχe=0.74 cm−1.
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For the 22Σ+g state correlated to Li++Li(2p) in the asymptotic limit, the present
study shows that the potential energy curve has a well pronounced minimum of
2522 cm−1 occurring at an equilibrium distance Re= 6.823 Å. These results are in
good agreement with those of Musial et al. [4] Re= 6.826 Å and De=2529 cm−1.
An excellent agreement is also observed when comparing our results to theab-
initio ones of Jasik et al. [3], giving a dissociation energy De=2517 cm−1 and an
equilibrium distance Re=6.819 Å.

The analysis of the present results shows that the second excited state 22Σ+u
dissociating in the asymptotic limit to Li++Li(2p), exhibits a relatively weak min-
imum of 127 cm−1 occurring at an equilibrium distance Re = 13.203 Å, with
vibration constantsωe=13.069 cm−1 andωeχe=0.335 cm−1. As shown in Table 2,
these results compare favorably to other values resulting from different approaches
[1, 2, 3, 4].

For the 32Σ+g state, our study shows that the corresponding potential energy
curve has an energy minimum occurring at 11.059 Å, with a corresponding dis-
sociation energy of 3139 cm−1. Those values are compared to theab-initio cal-
culations of Bouzouita et al. [2] De=3093 cm−1 and Re=11.08 Å and to those of
Musial et al. [4] De=3119 cm−1 and Re=11.071 Å. For this state, we also re-
port that our calculated vibration constants,ωe =55.449 cm−1 andωeχe= 0.245
cm−1, are in good agreement with those of of Musial et al. [4], using anab-initio
approach.

As previously mentioned,ab-initio studies [2, 3, 4] have shown that the 32
Σ
+

u

state has an attractive character, while Magnier et al. [1] exploiting model po-
tential techniques, described a such state as completely repulsive. The present
study based on a model potential approach, shows that the potential energy curve
of the 32

Σ
+

u state is exhibiting an energy minimum occurring at 19.413 Å,with a
corresponding dissociation energy De=165 cm−1, vibration constantsωe = 11.131
cm−1, ωeχe= 0.188 cm−1 and a value of 37498 cm−1 for Te. Those new results
agree with theab-initio ones of Jasik et al. [3] and with those of Bouzouita et al.
[2] as well. A very good agreement is also obtained when comparison is made
with those of Musial et al. [4] giving Re=19.475 Å, De=168 cm−1, ωe=11.06
cm−1, ωeχe= 0.20 cm−1 and Te=37457 cm−1.

As shown in Table 2, there is a good agreement of our 42
Σ
+

g state spec-
troscopic constants and those resulting from previous works. The present work
yields a dissociation energy De=1678 cm−1 and an internuclear equilibrium dis-
tance Re=16.334 Å. Those may be compared to theab-initio values [2] De=1674
cm−1, Re=16.499 Å and to the recent results of Musial et al. [4] De=1678 cm−1
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Figure 3: Li+2 potential energy curves of the2
Σ
+ states. Solid lines correspond to2

Σ
+

g states, dashed
lines to2

Σ
+

u states.

and Re=16.472 Å.
As previously mentioned, there is a serious disagreement between theab-initio

results [2, 3, 4] and those based on model potential approach[1] for the 42
Σ
+

u

state. Contrary to results of Magnier et al. [1], describing this state as repulsive,
our potential energy curve for the 42

Σ
+

u state, clearly shows the existence of an
energy minimum at an equilibrium distance Re=22.631 Å, with a corresponding
dissociation energy De= 409 cm−1. The analysis of the potential energy curve
relative to this state, gives vibration constantsωe=11.471 cm−1,ωeχe=0.080 cm−1

and a value of 40942 cm−1 for Te. As shown in Table 2, it is easy to notice that
these new results exploiting model potential techniques, compare favorably with
all ab-initio results [2, 3, 4].
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Table 2: Spectroscopic constants for2
Σ
+ states, Re in Å, De,

ωe, ωeχe, Be and Te in cm−1.

State Reference Re De ωe ωeχe Be Te

1 2
Σ
+

g Present work 3.083 10494 262.771 1.645 0.505 0
Theory [1] 3.122 10466 263.08 1.477 0.4945 0
Theory [2] 3.095 10475 264 1.94 0.506 0
Theory [3] 3.093 10498 263.39 0
Theory [4] 3.103 10439 262.58 1.58 0

Exp [7] 10276 0
Exp [8] 3.032 10807 263.45 1.35 0

Exp [9, 10] 3.11 10464 262(2) 1.7 0.496 0
Theory [14] 3.099 10441 263.76 1.646 0.5006 0
Theory [24] 3.096 10444 265.5 1.89 0.501 0
Theory [25] 3.127 10324 0

2 2
Σ
+

g Present work 6.823 2522 78.602 0.612 0.103 22874
Theory [1] 6.879 2525 84.16 0.684 0.1154 22844
Theory [2] 6.741 2424 79.23 0.49 0.106 22955
Theory [3] 6.819 2517 79.04 22800
Theory [4] 6.826 2529 78.67 0.86 22825
Theory [14] 6.654 2390 82.94 0.623 0.1085 22987

3 2
Σ
+

g Present work 11.059 3139 55.449 0.245 0.039 34524
Theory [1] 11.113 3143 56.62 0.212 0.0405 34496
Theory [2] 11.08 3093 54.56 0.16 0.039 34593
Theory [3] 10.947 3058 57.9 34533
Theory [4] 11.071 3119 55.58 0.20 34506

4 2
Σ
+

g Present work 16.334 1678 22.014 0.072 0.018 39673
Theory [1] 16.404 1724 22.14 0.095 0.0178 39644
Theory [2] 16.499 1674 25.27 0.10 0.017 39714
Theory [3] 16.6 1512 24.03 39768
Theory [4] 16.472 1678 21.47 0.12 39683

52
Σ
+

g Present work repulsive
Theory [1] repulsive
Theory [2] repulsive
Theory [3] repulsive
Theory [4] repulsive

1 2
Σ
+

u Present work 9.929 89 16.312 0.750 0.0487 10405
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Theory [1] 10.001 90 16.01 0.79 0.0493 10376
Theory [2] 9.911 88 15.81 0.74 0.048998 10387
Theory [3] 9.942 89 15.92 10285
Theory [4] 9.954 88 15.98 0.81 10351
Theory [14] 9.95 90 20.1 0.13 0.0490 10350
Theory [25] 10.3 86

22
Σ
+

u Present work 13.203 127 13.069 0.335 0.028 25268
Theory [1] 13.229 131 13.07 0.401 0.0278 25239
Theory [2] 13.276 125 12.44 0.34 0.027565 25255
Theory [3] 13.225 127.5 12.96 25156
Theory [4] 13.217 130 12.98 0.40 25223

32
Σ
+

u Present work 19.413 165 11.131 0.188 0.013 37498
Theory [1] repulsive
Theory [2] 19.478 169 11.05 0.17 0.012805 37518
Theory [3] 19.492 162 10.94 37405
Theory [4] 19.475 168 11.06 0.20 37457

42
Σ
+

u Present work 22.631 409 11.471 0.080 0.009 40942
Theory [1] repulsive
Theory [2] 23.03 421 14.21 0.15 0.004227 40967
Theory [3] 23 383.5 11.25 40885
Theory [4] 22.710 467 12.90 0.11 40894

52
Σ
+

u Present work repulsive
Theory [1] repulsive
Theory [2] repulsive
Theory [3] repulsive
Theory [4] repulsive

3.2. Π states

A basis set of 311 vectors were used to generate theΠ states. For the 12Πu first
excited state in theΠu symmetry, correlated to Li++Li(2p) in the asymptotic limit,
present calculations yield a dissociation energy De=2107 cm−1 and an equilibrium
distance Re= 3.964 Å. It is clear from Table 3, that present results compare fa-
vorably to the previous ones based onab-initio [2, 3, 4] and to those exploiting
model potential methods [1] as well. Our vibration constantsωe = 105.146 cm−1

andωeχe=1.311 cm−1, shown in Table 3, agree well when comparison is made
with other values resulting from different approaches.
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Figure 4: Li+2 potential energy curves of the2
Π states. Solid lines correspond to2

Πg states, dashed
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For the 12Πg first excited state in theΠg symmetry, also correlated to Li+ +
Li(2p) in the asymptotic limit, our results indicate that a such state has a repul-
sive character since the corresponding potential energy curve does not exhibit any
energy minimum.

For the 22Πu state, present study shows that the potential energy curve has an
energy minimum occurring at an equilibrium distance Re = 9.587 Å and a disso-
ciation energy De=3312 cm−1. The analysis of the potential energy curve relative
to this state gives for vibration constantsωe = 50.220 cm−1 andωeχe=0.190 cm−1

and 38067 cm−1 for Te. As mentioned in Table 3, it is easy to notice that these
results agree with the ones resulting from different approaches [1, 2, 3, 4].

On the other hand, as predicted by previous studies based on different ap-
proaches [1, 3, 2, 4], the analysis of the present results, shows that both the 32Πu

and 32Πg states are completely repulsive, since their potential energy curves do
not possess any energy minimum.

The 22
Πg state has been the subject of a disagreement when comparing exist-
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ing ab-initio [2, 3, 4] and model potential results of Magnier [1]. For thisstate,
present calculations indicate the existence of a well pronounced energy minimum
corresponding to an energy dissociation De= 401 cm−1, occurring at an equilib-
rium distance Re = 18.677 Å, as expected byab-initio results [2], giving for
dissociation energy and equilibrium radius the values De= 411 cm−1, Re = 18.65
Å, respectively. A good agreement is also observed when comparison is made
between present results and those of Musial et al. [4] givingDe=425 cm−1 and
Re=18.799 Å. Other spectroscopic constantsωe=13.301 cm−1, ωeχe= 0.110 cm−1

and Te= 40978 cm−1 compare favorably to values resulting from other approaches
as shown in Table 3.

Table 3: Spectroscopic constants for2
Π states, Re in Å, De,

ωe, ωeχe, Be and Te in cm−1.

State Reference Re De ωe ωeχe Be Te

12
Πu Present work 3.964 2107 105.146 1.311 0.306 23291

Theory [1] 4.022 2100 108.26 1.246 0.3108 23270
Theory [2] 3.952 1995 110.5 1.19 0.310921 23388
Theory [3] 3.981 2133 105.25 23197
Theory [4] 3.978 2102 105.38 1.03 23251
Theory [14] 3.976 2103 105.58 0.922 0.3040 23277
Theory [25] 4.014 1852

2 2
Πu Present work 9.587 3312 50.220 0.190 0.052 38067

Theory [1] 9.631 3330 50.79 0.186 0.0527 38039
Theory [2] 9.99 2979 45.74 0.08 0.048655 38565
Theory [3] 9.107 3008 60.06 38285
Theory [4] 9.516 3283 52.20 0.21 38078

32
Πu Present work repulsive

Theory [1] repulsive
Theory [2] repulsive
Theory [3] repulsive
Theory [4] repulsive

1 2
Πg Present work repulsive

Theory [1] repulsive
Theory [2] repulsive
Theory [3] repulsive
Theory [4] repulsive

2 2
Πg Present work 18.677 401 13.301 0.110 0.014 40978
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Theory [1] repulsive
Theory [2] 18.653 411 18.15 4.69 0.014183 41009
Theory [3] 19.144 349 12.14 40920
Theory [4] 18.799 425 12.90 0.11 40935

32
Πg Present work repulsive

Theory [1] repulsive
Theory [2] repulsive
Theory [3] repulsive
Theory [4] repulsive

3.3. ∆ states

A basis set of 300 vectors were used to generate the∆ states adiabatic energies.
The obtained results are summarized in Table 4 and the corresponding energy
curves are plotted in Fig. 5 for different internuclear distances up to 50 Å.

The 12
∆g state, correlated in the asymptotic limit to Li+

+Li(3d), exhibits an
energy minimum at an equilibrium distance Re=9.502 Å, with a corresponding
dissociation energy De= 330 cm−1. These values, as shown in Table 4, are in good
agreement with those of Magnier et al. [1], but they cannot becompared to theab-
initio [2, 3] results, describing a such state as completely repulsive. A reasonable
agreement is obtained when the present results are comparedto those based on an
ab-initio approach of Musial et al. [4], giving Re=9.394 Å and De=174 cm−1.

From Table 4, it is also easy to see that our frequenciesωe=27.004 cm−1 and
ωeχe=0.552 cm−1, compare favorably to theab-initio results [4]ωe=26.64 cm−1

andωeχe=0.56 cm−1. On the other hand, our calculations are giving a value of
41453 cm−1 for Te, which may be compared to Te =41528 cm−1 of Musial e al.
[4], exploiting anab-initio approach.

For the excited state 12
∆u, the present study shows that the corresponding po-

tential energy curve does not have a minimum, therefore the 12
∆u is a completely

repulsive state, as predicted by previous studies of Magnier et al. [1] and Musial
et al. [4]. However, it is important to mention that the 12

∆u state remains a subject
of disagreement when comparison is made withab-initio results of Bouzouita et
al. [2], describing a such state as attractive with an energyminimum occurring at
an equilibrium distance around 21 Å and a very weak dissociation energy of 52
cm−1.
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Figure 5: Li+2 potential energy curves of the2
∆ states. Solid lines correspond to2

∆g states, dashed
lines to2

∆u states.

Table 4: Spectroscopic constants for2
∆ states, Re in Å, De,

ωe, ωeχe, Be and Te in cm−1.

State Reference Re De ωe ωeχe Be Te

1 2
∆g This work 9.502 330 27.004 0.552 0.053 41453

Theory [1] 9.578 324 28.14 0.431 0.0556 41425
Theory [2] repulsive
Theory [3] repulsive
Theory [4] 9.394 174 26.64 0.56 41528

1 2
∆u This work repulsive

Theory [1] repulsive
Theory [2] 21.52 52 20.52 0.38 0.037447 41877
Theory [3] repulsive
Theory [4] repulsive
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4. Conclusion

We have used a model potential approach to compute the adiabatic potential
energies and the molecular spectroscopic constants of the Li+2 molecular ion, dis-
sociating up to Li++Li(1s2,3d) limit. A good agreement between our calculations
and those based onab initio methods has been obtained in the present work. This
confirms the accuracy of model potential techniques in studying molecular sys-
tems with a single active electron.

It is also interesting to note that the previous disagreement betweenab-initio
[2, 3, 4] and model potential [1] results for the excited states 32Σ+u , 42

Σ
+

u and 22Πg,
has been sorted out in the present work. Contrary to the claimsof Magnier et al.
[1] that these states are repulsive, our model potential results has shown that they
are attractive as predicted by other studies exploitingab-initio approach.

Although there are still a few unexplained features of the computed potential
energy curves for∆ states. Certainly, an experimental study in the near future of
such states would be of great interest.

Finally, it should be remarked that the model potential method used in this
work can be applied to the calculation of more highly excitedstates, if required.
Obviously, a larger basis set may be needed, but it is to be expected that the
precision of the adiabatic states of Li+

2 , correlated to atomic states Li(1s2,nl), for
which l=n-1, should be of the same order as for the states correlated to Li(1s2,2p)
or Li(1s2,3d). For l< n-1, the precision is expected to be of the same order as for
the states correlated to Li(1s2,3s) or Li(1s2,3p). The interaction potential for the
higher excited states of Li+2 should also be given to the same level of precision.
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