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The low-lying adiabatic states of the K+
2 alkali dimer

Djamal Rabli1, Ronald McCarroll1

Sorbonne Université, UMR 7614 du CNRS,
Laboratoire de Chimie Physique-Matière et Rayonnement, 75231-Paris Cedex 05, France

Abstract

Despite the simplicity of the K+
2 alkali dimer with a single active electron, comparison of

the ab-initio results of Berriche et al. [1] with those of Magnier and Frécon [2] based on
a model potential approach reveals a number of serious disagreement concerning several
excited states. In particular, the 52Σ+

u , 62Σ+
g , 62Σ+

u , 72Σ+
g , 72Σ+

u , 32Πg, 42Πg and
22∆u states which are found to be repulsive by Magnier and Frécon, but attractive when
ab-initio techniques are employed.

To clarify the origin of this disagreement, the adiabatic energies and spectroscopic
constants are re-computed for the low-lying states of the K+

2 alkali dimer within a model
potential framework. Contrary to the claims of Magnier and Frécon, the new results
based on a model potential approach agree well with the ab-initio ones.

Keywords: model potential, K+
2 , ab-initio, adiabatic energies, molecular spectroscopic

constants

1. Introduction

During the past few decades, several studies in quantum chemistry have been devel-
oped to obtain an accurate description of potential energy surfaces of excited electronic
states [3, 4, 5, 6]. Such surfaces provide the starting point for the investigation either of
non-adiabatic effects via avoided crossings or of the dissociation into different fragments
along a minimum energy path in presence of an external electromagnetic field.

In the particular case of diatomic molecules, potential energy surfaces simply be-
come potential energy curves, which can be computed by solving the electronic time-
independent Schrodinger equation for different internuclear separations in the Born-
Oppenheimer approximation [7]. Morever, for diatomic molecular ions formed by a
neutral atom and an ion, it is well known that the corresponding potential energy curves
generally exhibit a certain number of avoided crossings which can be exploited to ob-
tain cross sections of charge transfer and excitation processes which may occur between
different molecular adiabatic states.

Over the past few years, potential energy curves of several diatomic molecules have
been investigated with a special focus both on neutral and ionized alkali-dimer systems
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[8, 9, 10, 11]. This particular interest is generally due to the recent development in the
cold collision dynamics involving alkali diatomic systems.

In the present paper, we are concerned with the K+
2 alkali-dimer molecular cation,

which has been the subject of several theoretical and experimental studies. From the
experimental perspective, according to the measurements of Stwalley and Wang [12]
using a spectroscopic technique of the photoassociation of ultra cold atoms, the estimated
ground state dissociation energy De of the K+

2 ion was found to be 6670 cm−1, while in
an experimental work using a supersonic alkali-metal beam with a sequential two photon
ionization technique, developed by Leutwyler et al. [13], the dissociation energy was
found to be equal to 6404 cm−1. On the other hand, according to Broyer et al. [14] who
employed a technique of resonant two and three-photon ionization, the K+

2 ground state
12Σ+

g , has harmonic and anharmonic vibration constants, ωe=73.40 cm−1 and ωeχe=
0.2 cm−1, respectively.

From the theoretical point of view, multi-electron ab-initio calculations have been
performed by Konowalow and Rosenrantz [15] to compute the electronic structure of a
few light alkali diatomic molecules and their molecular cations, such as Li+2 and Na+2 .
Their calculated data was then scaled to predict qualitative results for the K+

2 molecular
ion. On the other hand, Ilyabaev and Kaldor [16] used a Fock-space open-shell coupled
cluster approach to compute the potential energy of the three lowest states, while Valance
[17] employed a Hellmann-type pseudopotential to generate the potential energy curves
of the six lowest Σ+ states. In a recent study, electron affinity calculations based on the
equation of motion coupled cluster method has been employed by Skupin et al. [18] to
accurately describe the six (four Σ+ and two Π) lowest lying electronic states.

A theoretical investigation of the first 58 adiabatic states including spin-orbit effects
has been performed by Jraij et al. [19], whereas in an extensive study, Berriche et al. [1]
employed an ab-initio approach to compute the adiabatic energies of states dissociating
up to K++K(6s) limit, for a wide range of internuclear separations (2 ≤ R ≤ 92) a.u.

In addition to the ab-initio and pseudo potential methods which provide most avail-
able data describing the K+

2 ion, model potential techniques were employed by Henriet
and Masnou-seeuws [20] to generate the spectroscopic constants of the ground state.
In an alternative study also based on model potential approach, Henriet [21] has been
successful in providing the adiabatic energies of the first excited states for short and inter-
mediate internuclear separations up to 20 a.u. But to the best of our knowledge, the most
extensive work exploiting model potential techniques remains the one by Magnier and
Frécon [2] who used a potential of Klapisch [22] to compute adiabatic energies for states
dissociating up to K++K(6s) limit for short and intermediate internuclear distances, 4
≤ R ≤ 35 a.u.

While for the ground state studies based on different approaches indicate a global
agreement, for several excited states an important disagreement is observed between
theoretical results. For example, an important disagreement is observed when comparing
the ab-initio results of Berriche et al. [1] and those of Magnier and Frécon [2] based on
model potential techniques. In particular, the 52Σ+

u , 62Σ+
g , 62Σ+

u , 72Σ+
g , 72Σ+

u , 32Πg,
42Πg and 22∆u states which are found to be repulsive by Magnier and Frécon, whereas
these states exhibit a well pronounced energy minimum when ab-initio [1] techniques are
employed.

As shown by Rabli and McCarroll [23, 24] in previous studies treating the Li+2 and
NaLi+ molecular ions, in principle model potential methods should be suitable for the
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Table 1: Comparison of calculated and experimental energy levels in cm−1 of different states in the
dissociation limit.

Level Present work [2] [1] Exp [28]

K++ K(4s) 0.00 0.00 0.00 0.00
K++ K(4p) 13092.54 13077.61 13022.99 13042.90
K++ K(5s) 21010.53 20980.67 21018.02 21026.55
K++ K(3d) 21665.98 21575.01 21535.54 21536.99
K++ K(5p) 24712.41 24670.70 24750.85 24720.14
K++ K(4d) 27438.61 27366.94 27417.26 27398.15
K++ K(6s) 27461.49 27424.01 27451.93 27450.71

description of the K+
2 system without difficulties. In the present work we re-investigate

the K+
2 system within a model potential framework to generate the adiabatic energy

curves and the molecular spectroscopic constants of molecular states dissociating up to
the K++ K(6s) limit. 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
and Frécon [2].

Except where stated, atomic units will be used throughout.

2. Theory

Model potential methods have been widely employed in describing bound states of
alkaline atoms. In the particular case of the K+

2 molecular ion, the interaction of the
valence electron with the closed shell K+(3p6) is described by a model potential proposed
by Klapisch [22] which has been used in a previous work by Magnier and Frécon [2]:

Vmodel(r) = −q
r
− Z − 1

r
(e−ar + cre−br), (1)

where r denotes the radial distance of the electron form the nucleus, q = 1 the ionic core
charge and Z = 19 the atomic number. The parameters (a,b,c) shown in Table 2 are in
units of inverse length au−1, and have been optimised such that the eigenvalues of the
model atomic Hamiltonian

Hmodel = T + Vmodel, (2)

where T is the kinetic energy operator, reproduce the experimental energies of the Potas-
sium atom.

The description of the energies in the atomic limit, is indeed crucial, and has already
been adequately discussed in much of the earlier work on model potentials notably by
McCarroll and Valiron [31, 32]. Other aspects of the model potential approach were
treated by several authors [33, 34, 35] on the introduction of other non-local constraints,
such as the orthogonality to the inner orbitals. However, in the present study, we mainly
recall that the aim of the model potential is to represent in a physically meaningful way
the ground and excited states with a reasonable precision. Since spin-orbit interactions
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q Z a b c

1 19 3.474 1.725 0.588333

Table 2: Klapisch model potential parameters [22]. a,b and c are given in units of inverse length (1/au).

e−t

PP
PP

PP
PP

PP
PP

PP
PP

PPi

-�
�
�
�
�
��

B( K+)A( K+)

x x
~rA ~rB

~R

Figure 1: Relative coordinates for the active electron.

have been neglected (Hamiltonian in Eq (3) does not contain any spin dependence), the
precision of our computed energies in the asymptotic limit and which are shown in Table
1, is adequate for the particular applications of this work.

Fixing the two Potassium cores at A and B positions respectively as shown in Fig. 1,
the K+

2 molecular cation is then treated as a set of two closed shell K+(3p6) cores and a
single active electron moving in the field created by the two ionic cores. The electronic
Hamiltonian is given by

He = T + Vmodel(rA) + Vmodel(rB) + Ucore, (3)

where T denotes the electronic kinetic energy operator, rA and rB the radial distances of
the active electron from the cores K+ respectively. Ucore is mainly The nuclei repulsion
Ucore term is modified by a polarization term, namely:

Ucore =
1

R
− αd
R4
− αq
R6

, (4)

where αd and αq are the dipole and quadrupolar polarizabilities, respectively, which have
been used in the work of Magnier and Frécon [2], αd = 5.354 a.u [25] and αq = 4.69 a.u
[26].

The spectrum of the effective Hamiltonian He defined in Eq (3) is determined by con-
ventional variational techniques, using a basis set of Slater-type orbitals ψsto, expressed
in prolate spheroidal coordinates λ ∈ [1,∞], µ ∈ [−1, 1] and , φ ∈ [0, 2π] where

λ =
1

2R
(rA + rB), µ =

1

2R
(rA − rB), φ, (5)

is the azimuthal angle.
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In this prolate spheroidal coordinates system, the basis functions of Slater-type or-
bitals take the form:

ψsto(λ, µ, φ) = N [(λ2 − 1)(1− µ2)]
Λ
2 λlµke−

R
2 ζ(λ+εµ)eimφ, (6)

whereN denotes a normalization factor, ε a parameter that takes the values±1 depending
on whether the orbital is centered on nucleus A or nucleus B, (l, k) integers, ζ a variational
parameter describing the decay of the orbital, m the projection of the electronic angular
momentum on the z-axis (coinciding with R) and Λ =| m |=0,1,2,. . . for Σ+, Π and ∆
molecular states respectively.

3. Results
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Figure 2: K+
2 potential energy curves given with respect to the ground state dissociation limit. Σ+

g in

solid lines, Σ+
u in dashed lines.

Table 3: Spectroscopic constants for 2Σ+ states, Re in a.u, De, ωe,
ωeχe, Be and Te in cm−1.

State Re De Te ωe ωeχe Be Reference

12Σ+
g 8.33 6630 0 73.04 0.201 0.0444 Present work

8.58 6454 0 73.05 0.14 0.041818 [1]
8.3 6685 0 73.2 [2]
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6670 [12]
8.31 6404 [13]

73.40 0.2 [14]
7.9 6130 0 [17]

8.384 6481 0 72.4 0.13 [18]
8.39 6460 0 75 [21]
8.53 6589 0 73.7 [25]
8.47 6690 0 73.70 [27]
8.60 6573 72.4 0.25 [16]
8.49 6537 0 72 [29]

12Σ+
u 22.18 80 6550 5.72 0.102 0.0063 Present work

22.43 80 6374 5.72 0.13 0.006124 [1]
22.55 80 [2]
22.31 88.7 6486 9.25 0.04 [16]
22.398 82 6511 5.7 0.11 [18]

22Σ+
g 15.96 3070 16652 28.24 0.065 0.0120 Present work

16.02 3038 16446 28.03 0.04 0.011994 [1]
16.00 3048 [2]
15.737 2909 16643 30.2 0.04 [18]

22Σ+
u 29.33 199 19522 5.83 0.043 0.0036 Present work

29.39 212 19272 5.83 0.05 0.003565 [1]
30.25 188 [2]
28.913 182 19370 6.1 0.06 [18]

32Σ+
g 26.22 2249 25391 17.10 0.033 0.0045 Present work

26.3 2201 25280 16.68 0.02 0.004451 [1]
26.25 2233 [2]

32Σ+
u 42.39 141 27498 3.99 0.028 0.0017 Present work

42.6 154 27326 3.98 0.03 0.001697 [1]
41.75 138 [2]

42Σ+
g 19.04 617 27637 27.58 0.308 0.0085 Present work

19.72 427 27573 18.7 0.24 0.007916 [1]
19.25 587 [2]

42Σ+
u 43.9 83 28170 2.17 0.014 0.0016 Present work

45.27 72 27929 4.31 0.29 0.001502 [1]
49.25 73 [2]

52Σ+
g 39.74 1211 30128 9.13 0.017 0.0020 Present work

39.83 1256 29997 9.03 0.01 0.001942 [1]
39.5 1202 [2]

52Σ+
u 56.04 169 31170 2.91 0.012 0.0009 Present work

56.35 232 31021 3.04 0.01 0.00097 [1]
Repulsive [2]

62Σ+
g 31.39 1200 32836 9.56 0.019 0.0031 Present work

31.84 838 33176 6.92 0.05 0.003038 [1]
52.48 1272 32764 8.44 0.0140131 0.0011179 Present work
53.17 1130 32742 6.55 0.05 0.003038 [1]

Repulsive [2]
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62Σ+
u 68.72 279 33757 3.15 0.009 0.0007 Present work

65.75 243 33628 10.63 0.05 0.000712 [1]
70.72 259 33612 8.23 0.05 0.000712 [1]

Repulsive [2]
72Σ+

g 42.74 562 33528 11.26 0.056 0.0017 Present work
42.24 394 33521 11.25 0.13 0.001726 [1]

Repulsive [2]
72Σ+

u 67.74 26 34064 1.32 0.017 0.0007 Present work
70.27 19 33895 1 0.04 0.000623 [1]

Repulsive [2]

3.1. Σ+ states

We generated the potential energy curves of the 2Σ+ states dissociating up to the
K++K(6s) limit. Corresponding graphics are plotted in Fig. 2, while the spectroscopic
constants are listed and compared to available values issued from different approaches in
Table 3.

For the 12Σ+
g ground state correlated to K++K(4s) in the asymptotic limit, present

work yields a dissociation energy De=6630 cm−1, an equilibrium distance Re=8.33 a.u,
vibration constants ωe=73.04 cm−1 and ωeχe= 0.201 cm−1. Those values may be com-
pared to the ab-intio results [1], De=6454 cm−1, Re=8.58 a.u, ωe=73.05 cm−1 and ωeχe=
0.14 cm−1. On the other hand, as indicated in Table 3, it is interesting to note that our
dissociation energy compares well to the experimental value De=6670 cm−1, obtained
by Stwalley et al. [12].

For the first excited state 12Σ+
u also correlated to K++K(4s) in the asymptotic limit,

the analysis of our potential energy curve indicates the existence of an energy minimum
occurring at an equilibrium distance Re= 22.18 a.u, with a corresponding dissociation
energy De=80 cm−1. As shown in Table 3, these values compare well to the ones is-
sued from different approaches [1, 2, 18]. Our vibration constants ωe=5.72 cm−1 and
ωeχe=0.102 cm−1 are in perfect agreement with those based on ab-initio method [1],
ωe=5.72 cm−1 and ωeχe=0.13 cm−1.

A good agreement is also observed between our 22Σ+
g state spectroscopic constants

and those resulting from previous studies [1, 2]. Present study yields a dissociation
energy De=3070 cm−1 and an internuclear equilibrium distance Re=15.96 a.u. These
values may be compared to the ab-initio ones [1], De=3038 cm−1, Re=16.02 a.u and to
the ones resulting from a model potential approach [2], De=3048 cm−1 and Re=16.00
a.u.

For the 22Σ+
u state correlated to K++K(4p) in the asymptotic limit, an energy min-

imum is observed at Re= 29.33 a.u, with a corresponding dissociation energy De=199
cm−1. Our vibration constants ωe=5.83 cm−1 and ωeχe=0.043 cm−1 compare favorably
with the ab-initio results [1], ωe=5.83 cm−1 and ωeχe=0.05 cm−1.

The 32Σ+
u and 32Σ+

g states are correlated to K++K(5s) in the asymptotic limit. As
predicted by previous studies, present work shows that both states are attractive with
spectroscopic constants listed in Table 3, that compare favorably with values resulting
from other different theoretical approaches [1, 2].
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For both states 42Σ+
g and 42Σ+

u which are correlated to K++K(3d) in the asymptotic
limit, we have found an equilibrium distances Re= 19.04 a.u and Re=43.9 a.u respectively.
A good agreement is also observed between our 42Σ+

u and 42Σ+
g spectroscopic constants

and those based on an ab-initio approach [1].
The potential energy curve of our 52Σ+

g state correlated to K++K(5s) in the asymp-
totic limit, exhibits an energy minimum at Re=39.74 a.u with a dissociation energy
De=1211 cm−1. As shown in Table 3, spectroscopic constants obtained in the present
work are in good agreement with values resulting from other different theoretical ap-
proaches.

According to the ab-initio studies of Berriche [1], the 52Σ+
u state is attractive, whereas

Magnier and Frécon [2] employing model potential techniques described a such state as
completely repulsive. In the present study, our potential energy curve has an energy
minimum occurring at an equilibrium internuclear distance Re=56.04 a.u, with a corre-
sponding dissociation energy De=169 cm−1. Those may be compared to the ab-initio
values [1], Re=56.35 a.u and De=232 cm−1. Equally, our vibration constants ωe=2.91
cm−1 and ωeχe=0.012 cm−1 compare well to the ab-initio results [1], ωe=3.04 cm−1 and
ωeχe=0.01 cm−1.

Another state which has been the subject of disagreement concerns the 62Σ+
g state

correlated to K++K(4d) in the dissociation limit. The analysis of our potential energy
curve shows the existence of two minima. Therefore, contrary to Magnier and Frécon
claims, as predicted by other ab-initio methods [1], our model potential approach confirms
the attractive character of the 62Σ+

g state. As indicated in Table 3, our 62Σ+
g state has

an energy minimum in the inner region, occurring at Re=31.39 a.u, with a corresponding
dissociation energy De=1200 cm−1, vibration constants ωe = 9.56 cm−1 and ωeχe= 0.019
cm−1. Morever, for the minimum located in the outer region, we obtained an equilibrium
distance Re=52.48 a.u with a well depth De=1272 cm−1. Those to be compared to the
ab-initio values Re=53.17 a.u and De=1130 cm−1.

For the states 72Σ+
g and 72Σ+

u contrary to Magnier and Frécon [2] who concluded
that such states are repulsive, our model potential results clearly indicate that 72Σ+

g

and 72Σ+
u are attractive as predicted by ab into approach [1]. We found an equilibrium

distance Re= 42.74 a.u with an dissociation energy De= 562 a.u for the 72Σ+
g state, while

for the 72Σ+
u state our equilibrium distance and dissociation energy are respectively Re=

67.74 a.u and De= 26 a.u.

3.2. Π states

Calculations have also been carried out for the first eight 2Π states for internuclear
separations up to 80 a.u. Corresponding graphics are plotted in Fig. 3, while the spec-
troscopic constants are listed and compared to available values issued from different
approaches in Table 4.

Our potential energy curve for the 12Πg state does not exhibit any minimum. There-
fore, as predicted by previous studies based on different methods, our 12Πg state corre-
lated to K++K(4p) in the dissociation limit, is purely repulsive.

On the other hand, for the 12Πu state also correlated to K++K(4p) in the dissocia-
tion limit, present study yields a dissociation energy De=2652 cm−1 and an equilibrium
distance Re= 9.58 a.u. Those may be compared to the ab-initio results [1], De=2367
cm−1 and Re= 9.96 a.u and to those employing model potential approach [2], De=2682
cm−1 and Re= 9.5 a.u.
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Figure 3: K+
2 potential energy curves given with respect to the ground state dissociation limit. Πu in

solid lines, Πg in dashed lines.

The 22Πg and 22Πu states are correlated to K++K(3d) in the asymptotic limit. In
the present study, as indicated in Table 4, both states have been found to be attractive
with spectroscopic constants which compare well with other values issued from previous
works .

Another disagreement between the ab-initio results [1] and those based on model
potential approach [2] concerns the 32Πg state, and which has been sorted out in the
present study. Contrary to the conclusion of Magnier and Frécon [2], present results agree
with the ab-initio ones. Our potential energy curve has an energy minimum occurring
at Re= 58.03 a.u with a very weak dissociation energy De=2 cm−1, while the ab-initio
values [1] are Re= 57.92 a.u. and De=5 cm−1.

For the 32Πu state, present work yields a dissociation energy De =691 cm−1 and an
equilibrium distance Re=32.00 a.u. These values may be compared to the ab-initio ones
[1], De=615 cm−1 and Re=32.22 a.u, and to the previous ones based on model potential
approach [2], De=681 cm−1 and Re=32 a.u. As indicated in Table 4, our vibration
constants ωe=9.42 cm−1 and ωeχe= 0.032 cm−1, are slightly different from the ab-initio
values [1], ωe=8.32 cm−1 and ωeχe= 0.01 cm−1

The 42Πg correlated to K++K(3d) in the asymptotic region, has also been a subject
of disagreement between ab-initio results [1] and model potential ones [2]. Present in-
vestigation clearly indicates that 42Πg potential energy curve has an energy minimum
occurring at Re= 59.34 a.u, with a corresponding dissociation energy De= 210 cm−1.
These values are in agreement with ab-initio results [1], Re=60.69 a.u and De=198 cm−1.
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As indicated in Table 4, our equilibrium distance Re= 41.75 a.u and dissociation
energy De=1202 cm−1 for the 42Πu state, compare well to previous results particularly
to the ones by Magnier and Frécon [2] giving, De=1216 cm−1 and an equilibrium distance
Re=41.75 a.u. Present study also gives vibration constants ωe=6.96 cm−1 and ωeχe=
0.010 cm−1, which compare favorably with the ab-initio values [1], ωe=7.4 cm−1 and
ωeχe=0.01 cm−1.

Table 4: Spectroscopic constants for 2Π states, Re in a.u, De, ωe,
ωeχe, Be and Te in cm−1.

State Re De Te ωe ωeχe Be Reference

12Πg Repulsive Present work
Repulsive [1]
Repulsive [2]
Repulsive [18]

12Πu 9.58 2652 17072 36.42 0.125 0.0336 Present work
9.96 2367 17113 35.16 0.29 0.031017 [1]
9.5 2682 17066 37.86 [2]

10.41 2218 16838 31.76 0.00 [16]
9.552 2463 17089 40.1 0.09 [18]

22Πg 37.92 89 28154 2.56 0.019 0.0021 Present work
38.47 81 27910 2.94 0.03 0.002081 [1]
38.00 88 [2]

22Πu 20.68 1511 26730 14.28 0.034 0.0072 Present work
20.9 1376 26619 16.11 0.03 0.007047 [1]
20.75 1504 [2]

32Πg 58.03 2 31346 0.81 0.084 0.0009 Present work
57.92 5 31206 1.11 0.04 0.000918 [1]

Repulsive [2]
32Πu 32.00 691 30654 9.42 0.032 0.0030 Present work

32.22 615 30595 8.32 0.01 0.002967 [1]
32 681 [2]

42Πg 59.34 210 33809 2.44 0.007 0.0009 Present work
60.69 198 33674 2.76 0.01 0.000836 [1]

Repulsive [2]
42Πu 41.75 1202 32817 6.96 0.010 0.0018 Present work

42.37 983 32889 7.4 0.01 0.001716 [1]
41.75 1216 [2]

3.3. ∆ states

We generated the adiabatic energies of the 2∆ states for internuclear distances up to
80 a.u. Our energy curves are plotted in Fig. 4, while the corresponding spectroscopic
constants are listed and compared to available data resulting from different approaches
in Table 5.
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Our potential energy curve relative to the 12∆g state exhibits an energy minimum
occurring at an internuclear distance Re= 16.15 a.u, with a corresponding dissociation
energy De= 164 cm−1. While these values compare favorably to those using a model
potential approach of Magnier and Frécon [2] and Henriet [21], a difference of 140 cm−1 is
observed when comparison is made with ab-initio results [1] which seem to underestimate
the dissociation energy value.

On the other hand, while our 12∆u state is repulsive as predicted by previous studies,
our potential energy curve for the 22∆g state, exhibits an energy minimum occurring at
an equilibrium internuclear distance Re=28.79 a.u, with a corresponding dissociation
energy De=1189 cm−1. Those to be compared to the ab-initio results [1], Re = 30.65 a.u
and De=698 cm−1.

As previously mentioned, the 22∆u state correlated in the asymptotic limit to K++K(4d)
has been the subject of a disagreement, when comparing ab-initio results [1] and previous
model potential [2] ones. Contrary to the previous model potential results [2], our study
clearly indicates that the 22∆u state is attractive with a dissociation energy De=67 cm−1

and an internuclear equilibrium distance Re=53.50 a.u. These values compare favorably
to the ab-initio ones [1], Re=55.82 a.u and De=40 cm−1.

Table 5: Spectroscopic constants for 2∆ states, Re in a.u, De, ωe,
ωeχe, Be and Te in cm−1.

State Re De Te ωe ωeχe Be Reference

12∆g 16.15 164 28051 10.90 0.181 0.0118 Present work
17.92 25 27971 9.43 0.1 0.009593 [1]
16.5 162 [2]
16 274 [21]

12∆u Repulsive Present work
Repulsive [1]
Repulsive [2]

22∆g 28.79 1189 32859 9.38 0.019 0.0037 Present work
30.65 698 33174 7.83 0.01 0.003278 [1]
28.75 1174 [2]

22∆u 53.50 67 33968 3.58 0.047 0.0011 Present work
55.82 40 33832 1.77 0.01 0.000988 [1]

Repulsive [2]
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Figure 4: K+
2 potential energy curves given with respect to the ground state dissociation limit. ∆g in

solid line, ∆u in dashed lines.

4. Avoided crossings

The obtained potential energy curves exhibit several avoided crossings between ad-
jacent adiabatic states which belong to the same molecular symmetry. In Table 6, we
give the internuclear distance Rc of the pseudo-crossing and the corresponding energy
gap ∆Ec. Such quantities are required to evaluate cross sections of charge transfer
process when Landau-Zener [30] approximation is used. Except the avoided crossing
22Πg − 42Πg, our internuclear distances Rc of the pseudo-crossing compare favourably
to the ones issued from an ab-initio approach [1].
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Table 6: Avoided crossing parameters Rc and ∆Ec

Crossing Rc(a.u) ∆Ec(a.u) Reference

22Σ+
g − 32Σ+

g 5.71 5.57 10−3 Present work
5.65 [1]

32Σ+
g − 42Σ+

g 18.28 1.74 10−3 Present work
18.19 [1]

52Σ+
g − 62Σ+

g 10.28 1.16 10−2 Present work
10.38 [1]

62Σ+
g − 72Σ+

g 43.02 5.05 10−3 Present work
40.91 [1]

32Σ+
u − 42Σ+

u 29.58 1.79 10−3 Present work
30.07 [1]

22Πg − 42Πg 9.90 1.99 10−2 Present work
6.74 [1]

5. Conclusion

We have investigated the K+
2 alkali-dimer using a model potential approach to com-

pute the adiabatic potential energies and the molecular spectroscopic constants for the
first low-lying states (fourteen 2Σ+, eight 2Π and four 2∆), dissociating up to the
K++K(6s) limit.

Present results compare well to those based on ab initio [1] methods, which is a
clear indication that model potential approach remains an efficient way of providing an
accurate description of molecular systems involving a single active electron.

On the other hand, it is interesting to underline that previous existing disagreement
between ab-initio results [1] and those based on a model potential approach [2], con-
cerning the 5 2Σ+

u , 62Σ+
g , 62Σ+

u , 72Σ+
g , 72Σ+

u , 32Πg, 42Πg and 22∆u states, has been
sorted out in the present work. Contrary to the conclusion of Magnier and Frécon [2],
our model potential results show that the potential energy curves relative to these states
are attractive with a well pronounced energy minimum. This is in a perfect agreement
with results predicted by studies exploiting ab-initio techniques.
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