J. Phys. Chem. R001,105,165-168 165

Model Potential Calculations for the Ground and Various Excited States of LiNa
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A theoretical investigation of the electronic structure of the molecular ion tifddiabatic potential energy
curves, rovibrational energies, spectroscopic constants and dipole moments) has been performed in the
framework of a model potential method. Such information, not yet available to the best of our knowledge
except for the ground state, constitutes the input data for simulations of above threshold dissociatiori.of LiNa
Although most of the energy curves are found to be dissociative, some present potential wells located at
intermediate internuclear distances. A long-range extrapolation is proposed for the lowest states.

1. Introduction
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During the past decade, an important effort has been devote Vi) = —
to the development of ultra-short and intense laser pulse 1 Zya—1 _
generation, opening a new research domain in molecular| Vya: (") = — T T(e
dynamics. In particular, photodissociation and photoionization
of small molecules such asH! and Na,2 have been observed Q)
and their interpretations appear rather complicated since many,

mult | whereZa, is the nuclear charge.
Processes can occur simultaneously. The interaction due to core polarization effects is described

Recently, we have performed simulations based on quantumby an effective potential, first proposed by Bottcher and
wave packet propagatiéof the above threshold dissociation Dalgarnd® and later by Valiron et alt!

(ATD) for Nay™ and Li*,*®where the alkali dimer cation, even

after reaching the lowest continuum, can absorb photons and a b
make continuum-continuum transitions. Such simulations for v ; R) = ﬂcosgf (r_:) + icos@ f (E) + .
Na" and L™ suggest the feasibility of one- or two-color polt’er’b 2R 0\ 2R ey
experiments with moderately high intense laser pulses. These 2
previous works established for the first time, the occurrence of

Rabi's oscillations between continuum states and that of \yhere f(x) = v/1—e™" is a cutoff function introduced in
radiation-molecule interferenéeunder peculiar conditions as  5rder to avoid divergence at short electraore distance.
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a function of intensity and duration of laser pulses. asf®) is the static dipole polarizability of the ionic cores.
We are now extending our work on ATD simulations to \ve used the following values: 0.1948 for Li* 2 and
heteronuclear alkali molecular ions such as LiNéor which 0.996%¢° for Na*.13 6, is the angle between the position

the necessary data: energies and dipole transition moments argectorf,pmand the internuclear axis. Two cutoff ragijand o,
not yet available for excited states. So, we report here adiabaticyre required and as done previodsithey are adjusted in order
pOten'[Ia| energy curves and relevant d|p0|e moments fOI’ t|Na to reproduce the d|ssoc|at|on energy Of the ground State,
calculated over a rather large range of internuclear distances incalculated for an internuclear equilibrium distance R fixed at
the framework of a model potentiel method applied recently to the experimental value. The experimental equilibrium position
describe Ng " and Li".® Long-range extensions are considered. peing unknown for LiN&, we used the ab initio data of Mer

and Meyert
2. Model Potential Method for a Heteronuclear Alkali The core-core interaction is described as in our previous
lon work on Na*™ 7 as a sum of long-range-type Coulombic and

The alkali dimer cation is treated as a monoelectronic sytem polarization terms:

with the one-active electron moving in the field of two ionic

cores. Under this model, three types of interaction have to be

considered and each one is described by effective potentials.
The interaction between the active electron and each ionic

a b a b
1_ad+ad_aq+otq
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core (Li" and Na respectively), is represented by a Klapisch whereog® is the static quadrupolar polarizability for the ionic
model potential cores a and b, respectively.We used the values 01 56r
) — : . LiT 15 and 0.376¢° for Na™.13
T Laboratoire de Spectroitree lonique et Moleulaire, UMR 5579, Molecular ion energies and relevant wave functions are

Campus de la Doua, Ba205, 43 Bd du 11 Novembre, F-69622 . . . . .
Villeurbanne, France. E-mail: frecon@in2p3.fr. Fax number: (33) 4 72 43 Obtained by solving the following Schimger equation for each
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TABLE 1: Couples (ng, f«) Defining the Basis Sets Used fok, II, and A Molecular Symmetries
T States

Li
n 2 3 3 3 3 3 3 3 3 4 5 5 6 6 8 8 8
p« 470 248 173 080 066 051 045 038 034 028 025 022 020 016 0.12 0.10 0.08

I1 andA States

Li
n 2 3 3 3 3 3 3 3 3 4 5 5 6 6 8 8 8
pc 4700 248 173 080 066 045 038 034 033 028 025 022 020 0.16 0.12 0.09 0.08
> andIl States
Na
ne 2 2 3 3 3 3 3 4 3 3 3 3 3 4 5 7 8 8 8 8
P 12.66 11.01 836 574 361 225 111 0.71 0.61 047 037 031 0.27 025 020 0.16 0.12 0.09 0.08 0.06
A States
Na
Nk 2 2 3 3 3 3 3 4 4 5 7 8 8 8 8
p« 1266 1101 836 574 361 225 111 071 022 020 0.16 0.12 0.09 0.08 0.06
on the internuclear axis: TABLE 2: Comparison between Calculated Energy Values
atR = Z%an and Corresponding Experimental Dissociation
[T+ V(o) + V() + VeoR) + VooFal s RI @Al R) = Energies®
ED,(r,r,,R) (4) dissociation limit  Eexperimena(@U)  Ecomputed@u) AE (au)
Li(2s) + Na* -0.198142  —0.198113  3x 10°°
The wave functionsb, are expanded on a set of generalized ~ Li" + Na(3s) —0.188858 —0.188836 2« 10°°
Slater-type orbitals expressed in prolate sptusiocoordinates ::'(EE’L);]F l(\|3a+) *g-ﬁ(l)gig *8-1:;(13583 ‘3‘>< igz
_ — < < o i a(3p —0. —0. X
(= (rat )R pu=(ra= )R 0= ¢ = 2m). Li(3s) + Na* —-0.074182  —0.074302  10*
neoupie N Li* + Na(4s) —0.071579 ~ —0.071670 9« 10°S
_ 2 _2\qIAIR2 Li(3p) + Na* —0.057236 —0.057308 7x 107°
Pp(aloR) = ) Z ZCU[(’I DA = w)] Li* + Na(3d) ~0055937  —0.055961  2x 10°°
i=abk=1j= Li(3d) + Na* —0.055606 —0.055567  4x 10°5

_ Li* + Na(4p) ~0.050935  —0.051013  8x 10°°
exp(iAg) (5)

RB\
APy ex;{—’7(/l + €u)
between relevant experimental and computed energies are

with €= +1 ande, = —1. For each center a and b exponents displayed in Table 2.

pj andg; vary from 0 toNg, with Ny = ng — [A] + 1 andng is

the atomic principal quantum number for an atomic lekel 3. Potential Energy Curves, Spectroscopic Constants, and
The exponential parametgg is defined bysx =, /-E,, where Permanent Dipole Moments

Eni. are experimental atomic energi€sncoupie represents the
number of couplefy, n) for one center and then defines the
basis size. The basis set is fully determined by reproducing
experimental atomic energi€srom the solution of the one
center Schidinger equation:

Molecular potential energies of all electronic states correlated
from Li(2s) + Na* up to Lit + Na(4p) have been computed
for R = 2.5a5 to 40ap.We have also calculated permanent and
transition dipole moments for all electronic states considered.

Potential energy curves for tRE* states are drawn in Figure
[T+ VP (rafpR) =By @y (TalnR) (6) 1 while those for theéll and?A electronic states are drawn in
Figure 2. As previously observed for Na’ and Li™,® most of
In that way, atomic energies of the 20 lowest levels of Li and the potential curves are purely dissociative, which is favorable

of Na are reproduced with an average error ok 31075 au for the interpretation of multiphoton dissociation. Moreover,
(~7 ey, Rydberg series may be easily identified. Numerous avoided

In our previous work;8 we have noted that practically —crossings are shown on the potential curves of the higher states.
the same energy was obtained whether different basis sets werdmong X states avoided crossings can be recorded at the
used or not to describe different symmetriesHere, we have  following distancesR. corresponding to the nearest approach
chosen to determine for lithium different basis setsJoand between two states, i.eR; = 7.75y for the ¥/s statesR. =
(I1, A) molecular symmetries while for sodium we determined 4.25 for the%/s statesR. = 16.5a, for the %/ states, andR. =
different basis sets for3(IT) and A symmetries. Couples of  7.5a andRc = 25a for the®s states. Fofl states the positions
(Br, nw) for both atoms are given in Table 1. We have adjusted of the avoided crossings aRe = 8.25, for the?/, statesR. =
the cutoff parameters involved in eq 2 in order to reproduce 20ao for the %/s states andR. = 18.25 for the %/ states. Such
the experimental dissociation energy of the ground-state equalavoided crossings should play an important role in subsequent
to 7985 cni! 17 at the ab initio equilibrium positiorR = dynamical investigations. For instance at the position of the
6.3%0.14 Values ofp, andpy, are 1.38g and 0.74y, respectively avoided crossing between the potential energy curves of the
and the computed dissociation energy is then equal to 79884°=" and the 3=+ states aR = 7.75% it occurs a crossing of

cm L, the permanent dipole moment curves of the two states as
We have performed molecular calculations including the displayed in Figure 3. This indicates that this avoided crossing
chosen basis sets and cutoff parametelR &t 200a,. The 10 is expected to play a crucial role in the determination of

lowest experimental dissociation limits of LiNare described photodissociation probabilities and in the identification of the
with a largest discrepancy of 1®au (~26 cnt?). Differences final products.
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Figure 1. Potential energy curves of tRE™ electronic states correlated
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to the dissociation limits from Li(2s} Na' up to Lit + Na(4p). 4 6 8 10 12
& 025 R(a.u.)
‘IE“ Figure 3. Variation with R of the permanent dipole moment of the
< o2 4%st and 521 states.
g TABLE 3: Spectroscopic Constants for the Lowest Bound
0.15 States of LiNa" (Re in A, @, Te, and De in cm™1, and g in
Debye)
o1 BN molecular state Re e Te De u limit
LE Y 125+ Li(2s) + Na*
Y exp’ 0 7985+ 242
0.05 -}: theory# 3.36 193.00 0 8114 0.517
presentwork  3.36 192.04 0 7988 0.465
KD Li(2p)+ Na*
0 presentwork  7.22 58.24 21401 1495 9.586
1211
presentwork  4.53 66.47 22282 614 4.773
“00s T 523+ Li(3s) + Na*
presentwork 11.87 40 32879 2300 0.56
o1 [ 321 Li(3p) + Na*
L presentwork 10.10 38.34 36020 2863 0.387
12A Li*+ Na(3d)
5T T T 0 T T T3 m Presentwork 9.5 22 38900 340 0.820

R (o)

Figure 2. Potential energy curves of tREl (full lines) and of the’A in the present model potential calculations. In such rangés of
(dashed lines) electronic states correlated to the dissociation limits from the energy can be calculated quite accurately as a sum of the
Li(2p) + Na* up to Li* 4+ Na(4p). energy of the separated products-@* or a" + b and of their

Some potential curves present wells located at intermediate Coulombic interaction varying aR™. When calculating the
or rather long-range internuclear distances. For the ground staténteraction between Li and Na(nl) and between Li(r) and
and these bound excited states, vibrational and rotationalNa" in a perturbative way we have considered the ions Li
energies have been computed from Hutson’s Eodmd and Na as species only characterized by their charge, their
spectroscopic constants have been deduced. They are reportegtatic dipole polarizabiliti? and their ionization potential. We
in Table 3 together with values of the permanent dipole moments have performed calculations for the six lowest states (4 states
calculated at the equilibrium distance. Available experiméhtal = and 2 state$l) correlating adiabatically to the three lowest
and previous theoretical dafafor the ground state are also dissociation limits. First-order electrostatic terms as well as
reported in Table 3. It should be noted that, due to our processinduction and dispersion terms have been computed & %o
of determination of the cutoff parameters involved in eq 2, the using for Li and Na the atomic functions of Patil and T&Rg.
good agreement with the ab initio valueRf* as well as with For the energies of the separated atoms we used the experimental
the experimental value @.'’ is artificial. Comparison for the  values!®
permanent dipole moment shows a relative difference of 10%.  Resuits are visualized in Figure 4, which shows present model

potential curves and calculated energy points from the long-

range approach in the range-280ay. At the scale of the figure
For further uses of potential energy data it may be interesting the agreement is very good for the six states, demonstrating

to know the curves for values & larger than that considered that correct long-range extrapolations can be derived in that way.

4. Long-Range Extrapolations



168 J. Phys. Chem. A, Vol. 105, No. 1, 2001

24000

‘5 (NS o o R R R el ¥ *
“-26000 |-

E‘ L

[

< I

w

28000 |-

~30000 -

~32000 |-

~34000 |-

~36000 |-

~38000 |-

—40000 |-

—42000 [

PPN it e e P M S A /S A SOR P

29 ‘30
R(a)
Figure 4. Comparison between model potential energy curves for the
4 lowest?>* states (full lines) and for the 2 lowe& states (dotted
lines) with long-range predictions: * faE states and for IT states.
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5. Conclusion

Model potential calculations including potential energies and
dipole moments have been performed for the 10 lodeshe
6 lowestIT, and the 2 lowesA states of the heteronuclear alkali

cation LiNa". Present results have already been used in the

Magnier and Aubert-Fieon

simulation of multiphoton dissociation experime®itsnforma-
tion contained in this paper will also be used in the determination
of adiabatic potential curves of LiNa.
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