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Abstract. The results of large-scale valence ab initio
calculations of the potential-energy curves for the
ground states and several excited states of Cd-rare gas
(RG) van der Waals molecules are reported. In the
calculations, Cd*** and RG®* cores are simulated by
energy-consistent pseudopotentials, which also account
for scalar-relativistic effects and spin-orbit interaction
within the valence shell. The potential energies of the
Cd-RG species in the AS coupling scheme have been
evaluated by means of ab initio complete-active-
space multiconfiguration self-consistent-field (CASSCF)/
CAS multireference second-order perturbation theory
(CASPT?2) calculations with a total 28 valence electrons,
but the spin-orbit matrix has been computed in a
reduced configuration interaction space restricted to
the CASSCEF level. Finally, the Q potential curves are
obtained by diagonalization of the modified spin-orbit
matrix (its diagonal elements before diagonalization
substituted by the corresponding CASPT2 eigenener-
gies). The calculated potential curves, especially the
spectroscopic parameters derived for the ground states
and several excited states of the Cd-RG species are
presented and discussed in the context of available
experimental data. The theoretical results exhibit very
good agreement with experiment.
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1 Introduction

Weakly bound complexes of atoms and small molecules
have become the subject of numerous spectroscopic
studies in recent years. A great deal of spectroscopic and
dynamical information has been accumulated concern-
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ing the van der Waals molecules formed of a group IIb
metal atom and a rare-gas (RG) atom in the ground
and excited states of the former. Detailed information
derived from experimental measurements on these
species provides a better understanding of van der Waals
bonding as well as interatomic potentials. The latter are
important for interpretation of various dynamical pro-
cesses, such as collisional redistribution of resonance
radiation, electronic energy transfer, ““orbital-following”
interpretation of polarization effects in energy-transfer
collisions, as well as “half-collision” experiments involv-
ing excitation of van der Waals molecules. Most of the
interatomic potentials for the group IIb metal-RG
species are derived from studies of the profiles of the
metal atom intercombination (°P; — 'Sy) and resonance
('P; —'Sy) lines broadened by RGs as well as the
associated satellite bands which appear in the absorption
and/or emission spectra. To derive the potential param-
eters from the observed absorption and/or emission
spectra a data inversion technique based on the quasi-
static theory of line broadening has been used [1-3]. In
recent years, the supersonic free expansion technique was
utilized to produce a variety of weakly bound metal
atom—RG van der Waals molecules. This technique in
combination with “pump and probe” methods of laser
spectroscopy was successfully used in studies of metal
atom—RG molecules in many laboratories [4-13]. Laser
excitation spectra of these species were subjected to ro-
vibrational analysis, which yielded spectroscopic param-
eters for the ground (X'07) and several excited states.
Spectroscopic data derived from these experiments also
permit a straightforward verification of theoretical
interatomic potentials.

However, the theoretical potentials for the group I1b—
RG species are still known insufficiently, in spite of sub-
stantial progress in both theory and experiment. So far
three theoretical reports have appeared on the calculation
of the Cd—RG potentials. In the first study [14], /-inde-
pendent statistical pseudopotentials were used to simu-
late both the Cd core and RG atoms and the calculations
involved only diatomics with heavy RG atoms (Ar, Kr,
Xe). For complexes with light RG atoms (He, Ne)
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molecular calculations were performed with more accu-
rate /-dependent pseudopotentials at the valence self-
consistent-field (SCF)/configuration interaction (CI)
level [15]. Unfortunately, available experimental data on
the Cd—RG complexes deviate considerably from those
theoretical results. We ascribed that discrepancy pri-
marily to a too simplified treatment of the RG atoms in
Refs. [14, 15], where they were entirely replaced by
pseudopotentials supplemented with polarization po-
tentials. On the other hand, taking into account the va-
lence electrons of the RG atoms explicitly should
certainly improve the description of the Cd—RG Pauli
repulsion and better account for polarization effects of
the RG atoms on Cd. As a consequence, in our last work
on Cd-RG species [16], the Cd and RG atoms were
considered, respectively, as two- and eight-valence elec-
tron systems, whereas the Cd>* and RG®" cores were
replaced by scalar-relativistic energy-consistent pseudo-
potentials. In the case of Cd, a core-polarization potential
was added in order to account for core—valence correla-
tion contributions. Additionally, the potential curves
computed were split into spin-orbit (SO) components in a
semiempirical manner following the ‘‘atoms-in-mole-
cules” model. Comparison of the spectroscopic parame-
ters derived with available experimental values indicated
rather good agreement of theory with experiment.

In view of recent improvements in the applied soft-
ware (MOLPRO) [17], we have undertaken new molec-
ular calculations on the group IIb-RG complexes, with
the aim of removing the still existing deficiencies in the
theory. The present work is a part of our systematic
study of the interaction potentials of collisionally formed
van der Waals molecules. Since fully ab initio calcula-
tions of molecular structure require high computational
effort for atoms such as Cd and heavy RGs, an approach
in which only the valence electrons of the interacting
atoms are treated explicitly and atomic cores are
simulated by /-dependent pseudopotentials still seems
justified. In contrast to our previous calculations [16],
however, the Cd atom is treated as a 20-valence electron
system in the present approach, and the Cd*** and
RG?** cores are substituted by ab initio scalar-relativistic
energy-consistent pseudopotentials supplemented by the
corresponding SO operators.

In this article, we present results concerning the po-
tential-energy curves of the Cd-RG complexes. After a
short presentation of the theory and the technical details
of the calculations given in Sect. 2, the results obtained
are discussed in the context of available experimental
data in Sect. 3.

2 Method

2.1 General formulation

The calculation of the adiabatic energies £;(R) between a group IIb
atom (A) and a RG atom (B) in the Born—-Oppenheimer approxi-
mation reduces to the solution of the Schrédinger equation

(Ha + Hg + Vap)¥i(x, R) = E;(R)¥:(x,R) , (1)

where Hx and Hy are the Hamiltonians of the isolated atoms A and
B, Vap stands for the interaction between the two atoms, x repre-

sents the electronic coordinates, while R is the position vector of B
relative to A. In the present approach the nsnpnd core electrons and
(n+ 1)s (n = 4) valence electrons of atom A are considered on an
equal footing. Consequently, the 20 valence electrons of atom A
and the eight valence electrons of atom B are treated explicitly,
while the A%* and B®* cores as well as valence-shell scalar-rela-
tivistic effects and SO interaction are represented by /j-dependent
quasirelativistic pseudopotentials. The valence model Hamiltonian
in Eq. (1) can be written (in atomic units) as

| N o 0,0,
S Y e " <
i ji=1"Y AN .

where 7,/ denote valence electrons, A, u are core indices and Q;,
0, represent core charges. The SO-averaged pseudopotential, ¥y,
which accounts for scalar-relativistic effects, has the following
semilocal form

Vav = — Z % + Z %;Ailk eXp(—azsz%j)P/‘J ) (3)

where Py, is the projection operator onto the Hilbert subspace of
angular symmetry / with respect to core 1

1
Py = Z |[Alm >< Alm| . (4)
m=—1

In turn the pseudopotential representing the SO operator takes the
form

2AV;,
V=3 A PubsiPy (%)
Aio 1

2141

The difference AV;,; of the radial parts of the two-component
quasirelativistic pseudopotentials V;; ;.1 and Vj; 1/, is written
similarly to the radial part of the SO-averaged pseudopotential,
Va in terms of Gaussian functions

AV = Z Adj e exp(—azury;) - (6)
7

In the case of small-core pseudopotentials the polarization poten-
tial which describes, among others, core—valence correlation effects,
is usually disregarded, because the dipole polarizabilities of the
cores are small. The last term in Eq. (2) represents the core—core
interaction. Since the A”®" and B®* cores are well separated, we
chose a simple point-charge Coulomb interaction in the latter case.

2.2 Details of calculations

High-level valence ab initio calculations were carried out for the
ground states and several excited states of Cd—RG species. As
mentioned earlier, the Cd and RG atoms in the present approach
are treated, respectively, as 20-valence and eight-valence electron
species. The free parameters occurring in ¥,y and V;,, defined by
Egs. (3), (5) and (6), for the Cd atom were taken from Ref. [18].
The corresponding optimized primitive (8s7p6d) basis set was used
[18], augmented with one diffuse s, p and d function (exponents
0.006282, 0.012638, 0.025128, respectively). A polarization set of
four f functions (exponents 4.5, 1.5, 0.5, 0.17) and two g functions
(exponents 1.5, 0.5) [19] was added. The final basis set can be
designated as (9s8p7d4f2g)/[8sTp6d4f2g]. The quality of the present
20-valence electron model of the Cd atom, including SO coupling,
was verified in atomic CI calculations for the ground state and
several excited states. First SO-averaged energies were calculated in
the LS coupling scheme for all the states from (5s*) 'S up to the
(6s)'S Rydberg state on the basis of complete-active-space multi-
configuration self-consistent-field (CASSCF) calculations followed
by CAS multireference second-order perturbation theory (CAS-
PT2) calculations. The 20 valence electrons of the Cd atom were
distributed among the 4s4p4d outer core and 5s5p valence as well
as the 6s6p Rydberg orbitals to form the active space in the D,
point group. The 4s4p4d orbitals were kept doubly occupied in all
configuration state functions (CSFs). They were fully optimized in
multiconfiguration (MC)SCF calculations and correlated through
single and double excitations from the reference CSFs in the



CASPT?2 calculations. On the other hand, the SO matrix was
restricted to the MCSCF level. However, to account for scalar
relativistic effects and correlation contributions at a higher level of
theory, the diagonal elements of the SO matrix before diagonal-
ization were substituted for the corresponding CASPT2 elgenen—
ergies. The calculated excnatlon energles for Cd from the (5s%)'S
ground state to the (5p)*Py, (5p)°P1, (5p)°P, and (5p)'P; states
amount, respectively, to 30220 (30114), 30685 (30656), 31634
(31826) and 44784 (43692) cm~!. The numbers in parentheses de-
note the experlmental values [20]. Correspondingly, for the (65)3 S
and (6s)'S Rydberg states one gets 51863 (51484) and 52759
(53310) cm™!

In turn, the one-component relativistic energy-consistent ab
initio pseudopotentials for the RG atoms Ne to Xe, supplemented
with effective SO potentials, were taken from Nicklass et al. [21]. In
the case of He, the contracted (13s8p5d3f)/[7s8p5d3f] basis set has s
functions taken from Ref. [22], p and d functions (exponents 9.88,
3.952, 1.5808, 0.63232, 0.252928, 0.101171, 0.040468, 0.016187 and
0.7584, 0.30336, 0.121344, 0.048538, 0.019415, respectively) derived
from Ref. [23] and f functions (exponents 5.411, 1.707, 0.5345)
taken from the augmented correlation-consistent polarized valence
quintuple-zeta basis set of Ref. [24]. On the other hand, for Ne, Ar,
Kr and Xe we started with the optimized uncontracted basis sets
taken from Nicklass et al. [21] (7s7p3d for Ne, 6s6p3d otherwise).
These basis sets were augmented with two diffuse s functions
(exponents 0.124, 0.05), two p functions (0.089, 0.036) and one d
function (0.088) for Ne, three s functions (0.057726, 0.025359,
0.011141), two p functions (0.039397, 0.016321) and one d function
(0.04) for Ar, three s functions (0.065356, 0.024811, 0.009419), two
p functions (0.041501, 0.015833) and one d function (0.0616) for
Kr, and three s functions (0.033561, 0.015814, 0.007451), two p
functions (0.022045, 0.010345) and one d function (0.062845) for
Xe. The diffuse exponents were determined by means of even-
tempered continuation of the series of low exponents in each case.
In addition, for Ne and Ar we added the 3f augmented correlation
consistent polarized valence quintuple-zeta set from Ref [24].
In turn, for Kr and Xe we added, respectively, four f functions
(exponents 2.703594, 0.3225, 0.1409, 0.0616) and three f functions
(2.434884, 0.5111866, 0.10732) derived from Ref. [25]. The two
f functions with the largest exponents for Kr were contracted
with contraction coefficients 0.019361 and 0.540751, respectively.
Finally, we used the uncontracted (9s9p4d3f) basis set for Ne
and a contracted [8s7p4d3f] basis for the remaining RG atoms.

The potential-energy curves were first evaluated on the basis of
CASSCF calculations followed by CASPT2 calculations with an
open-shell correction term to the one-electron Fock operator as
proposed by Werner [26]. The active space is spanned by the
molecular counterparts of the Cd 5s5p and 6s6p orbitals in the C,,
point group. [It turns out that taking into account the Cd 6p
orbitals in the calculations substantially improves agreement of the
calculated Cd (5s5p) *P and 'P atomic energies with the experi-
mental values]. The molecular orbitals used in the calculations were
determined in a state-averaged CASSCF for the ground and excited
states together. The valence orbitals of the RG atom and the
4s4pdd orbitals of Cd were kept doubly occupied in all CSFs;
however, they were fully optimized in the CASSCF calculations
and correlated through single and double excitations from the
reference configurations in the multireference perturbation calcu-
lations (CASPT?2).

The next step in the calculations involves the inclusion of SO
coupling at the CI level. In the present approach the SO matrix
elements are computed using the SO pseudopotentials for both Cd
and RG atoms. The SO eigenstates are obtained by diagonalizing
the Hy + Hs, matrix in a basis formed of selected spatial configu-
rations multiplied with appropriate spin functions. The resulting
products are grouped together according to symmetry to form an
appropriate matrix for each of the four C,, double group repre-
sentations. In the present calculations the off-diagonal elements of
the SO operator are computed by employing the truncated version
of the CI space restricted to the CASSCF wavefunctions. However,
to account for correlation effects at a higher level of theory, the
diagonal elements of the SO matrix before diagonalization were
replaced by the precomputed CASPT2 eigenenergies.
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It has been found that the basis-set superposition error (BSSE)
is appreciable in the present calculations and it cannot be neglected
if the calculated potential curves are to be used in a detailed
discussion of the observed Cd—RG spectra. BSSE was eliminated
using the standard counterpoise method [27]. The correlated
calculations were performed using the MOLPRO program code of
Werner and Knowles [17].

3 Results and discussion

The molecular calculations were performed for the Cd—
RG diatomics in the internuclear separation range from
3.5 to 40 ap with different step sizes. The calculations
involve molecular states correlating with the Cd atomic
states from the (5s2)'S ground state up to the (5s6s)'S
Rydberg state. The potential energies were calculated
with respect to the energy of the separated atoms at
R=100 ay. “Large” SO matrices comprising all molec-
ular states considered are formed according to symmetry
and diagonalized for each case to yield the appropriate
SO potential energies. The corresponding potential
curves are displayed in Figs. 1-8. The numerical values
of the calculated potential energies are available from
the author (E.C.) upon request. Both the ground- and
excited-state potentials are counterpoise-corrected, i.e.,
for each R value they were obtained by subtracting the
sum of the corresponding Cd atomic SO energy and the
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Fig. 1. Potential-energy curves of the CdHe electronic states
correlating with the Cd(5s5p°P,) atomic multiplet states and the
Cd(5s> 'S) ground state
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Fig. 2. Potential-energy curves of the CdNe electronic states
correlating with the Cd(5s5p*P;) atomic multiplet states and the
Cd(5s% 'S) ground state

ground-state RG energy calculated individually in the
molecular basis from the proper molecular energy. The
counterpoise correction of the BSSE is found to reduce
substantially the binding energy of both the ground- and
excited-state potentials of the Cd—-RG molecules, but
it increases the bond lengths only slightly. In any case, a
theoretical determination of reliable spectroscopic pa-
rameters for the Cd—RG species has to take into account
the BSSE. Figures 1-5 display the Q potential curves
correlating to the Cd(5s’!S) ground state and the
Cd(5s5p *Py) triplet states for the Cd-RG pairs. Owing
to a large energy gap (31246 cm™') between the triplet
state and the ground state of the Cd atom, the influence
of the SO interaction on the ground-state potential is of
minor importance; however, the SO interaction becomes
important for the Q states correlating with different fine-
structure components of the Cd(5s5p) triplet state. As a
result, the ground state for all Cd—RG species is almost
exclusively the X'Z7 state, especially at larger R values.
On the other hand, the A’IT and B’Z* states mix by
SO interaction to yield the appropriate Q states. The
contribution arising from the upper singlet (5s5p)'P
state to the triplet states proves to be insignificant. As
seen, all potential curves in Figs. 1-5 change regularly
with internuclear separation. In general, there is no qual-
itative difference between them and the corresponding
potential curves calculated by us earlier [16], where the
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Fig. 3. Potential-energy curves of the CdAr electronic states
correlating with the Cd(5s5p>P,) atomic multiplet states and the
Cd(5s% 'S) ground state

two-valence electron model for the Cd atom was used
and molecular SO coupling was treated as R-indepen-
dent. As a rule, the bond strengths of the Cd—RG
molecules increase regularly with the polarizabilities of
the RG atoms going from He to Xe. The only possible
long-range attractive force between the two atoms is due
to the dispersion interaction caused by correlations
between the fluctuating multipolar charge distributions
of the atoms. At a shorter R range, with decreasing
internuclear separation the attraction is overcome owing
to strong repulsion resulting from the overlap of the
electron distributions of the two atoms (Pauli repulsion).
For the ground state the corresponding equilibrium
position (R.) slightly increases with the RG atom size
except for He, for which R, is somewhat greater than
for Ne. The lowest excited state correlates to the 3P,
state of the Cd atom. The corresponding 30~ potential
curve changes regularly with R and possesses a shallow
minimum at an internuclear separation shorter than that
for the X'0* ground state. The bonding energy of the
potential curve increases on going from He to Xe. Two
molecular states correlate to the Cd 3P, state. One of
them, labeled A’0", becomes a nearly pure >II state
owing to the relatively large single-triplet energy gap.
The second state, labeled B’1, interacts mainly with the
higher lying 3% state correlating to the Cd *P, state
owing to SO mixing. As a consequence, the A*0* state is
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Fig. 4. Potential-energy curves of the CdKr electronic states
correlating with the Cd(5s5p*P,) atomic multiplet states and the
Cd(5s? 'S) ground state

much deeper than the ground X0+ state, while exactly
the reverse is true for the B1 state.

In turn three molecular states correlate to the Cd 3P,
state. The most attractive of them, labeled 32, becomes a
pure *IT state because there is no other molecular state
with the same quantum number, Q, to interact. The
remaining two states, *1 and *0~, exhibit a repulsive
character with weak attraction at larger R and increasing
bonding energy on going from He to Xe. The most in-
teresting result of the present calulations is the shape of
the B’1 potential curves for different RGs. This is illus-
trated in Fig. 6. As seen from the figure, the shape of the
B?1 potential curve for CdHe and CdNe varies regularly
with R; however, the potential shape alters dramatlcally
for the remaining RGs. In particular, the B31 potentldl
curve for CdKr possesses two minima. The inner
potential well with the bonding energy D, = 145cm™!
and R. = 6.37 ag, which is the result of SO interaction, is
separated from the outer shallower potential well
(De = 77cm™!, R, = 9.38 ay) by a small potential barrier
located at about 8.0 ay. Although this effect has not yet
been observed directly in experiment, since electronic
transitions from the CdKr ground state to vibronic
states of the deeper Bl potential well do not occur
(R! > R.), some suggestions for a double minimum of
the CdKr B?1 potential curve have recently been made.
This unexpected result of the present calculations is
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Fig. 5. Potential-energy curves of the CdXe electronic states
correlating with the Cd(5s5p>P,) atomic multiplet states and the
Cd(5s% 'S) ground state

believed to be of major importance for the interpretation
of the corresponding Cd-heavy RG electronic-vibra-
tional spectra based currently on the assumption that
both the potentials involved in an electronic transition
are well represented by the Morse function.

Two Q states (107, '1) correlate to the (5s5p) !P state
of the Cd atom. Owing to the only weak interaction with
nearby states of the same symmetry, these states become
almost pure 'T and 'IT states. In the case of the ' state
the shielding of the metal atom core is yet greater than in
the ground state owing to the larger on-axis electron
density, which leads to a weakening of the attractive
interaction. As a consequence, the corresponding po-
tential is strongly repulsive with a very shallow minimum
lying at a larger R. On the other hand, the electrostatic
attraction in the excited (5p)'Il state is considerably
stronger compared to that in the ground state. This is
undoubtedly due both to the diffuse nature of the Cd 5p
orbitals and their perpendicular orientation with respect
to the bond axis. As a result, the Cd atom core exposed
to the RG atom increases the charge-induced multipole
interaction. The corresponding potential curves are dis-
played in F1g 7. Flnally, the potential curves correlating
to the (6s)°S and (6s)'S Cd states are shown in Fig. 8. In
general, for each Cd—RG molecule the singlet potential
curves are somewhat deeper than the corresponding
triplet ones. The corresponding potentials for CdHe and
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Fig. 6. Potential energy curves (B1) for the Cd-rare gas (RG)
electronic states correlating with the Cd(5s5p°P,) atomic state

CdNe are entirely repulsive. They exhibit some humps
when going towards smaller internuclear distances. The
humps go over into shallow minima at yet shorter
internuclear separations. For heavier RG atoms the
potential curves in question become attractive with
decreasing R. Their bonding energies increase on going
from Ar to Xe. The apparent difference in the potential
well depth of the singlet and triplet states originates
mainly from different spatial distributions of the Cd
valence electron density in both these multiplets. The
potential well depths, D., and the equilibrium positions,
R., of the potential curves were extracted using a cubic
spline approximation of the calculated potentials near
their equilibrium positions. In addition, the radial
Schrédinger equation for nuclear motion was solved
numerically with the calculated potentials to evaluate the
corresponding vibrational levels and, hence, the funda-
mental frequencies, w., which thus also contain anhar-
monic effects. The derived spectroscopic parameters D,
R. and o, for the most important potentials of the Cd—
RG molecules are summarized in Table 1. They are also
compared with both the existing experimental values and
the former theoretical results [16]. As seen, the difference
between the two sets of theoretical results is not too
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Fig. 7. Potential energy curves for the Cd-RG electronic states
correlating with the Cd(5s5p'P) atomic state

much. Except for CdHe, the present potentials exhibit,
in general, better agreement with experiment than the
former theoretical results. The most striking difference is
seen in the case of the B?1 bonding energies for CdKr
and CdXe, but one has to remember that the experi-
mental values of D, were determined assuming the
Morse function to be an adequate representation of this
potential.

Several experimental studies revealed some satellites
in the absorption profile of the Cd intercombination line
(326.1 nm) perturbed by RGs. Both the satellites in the
red and the blue wing of the spectral line are attributed
to electronic transitions from the XO0* ground state
to the B31 and AO* states. According to the quasistatic
theory of line broadening and the classical formulation
of the Franck—Condon principle, extrema in the differ-
ence potentials are directly related to the positions of
satellites in the corresponding spectral line. On the other
hand, the so-called unified Franck—Condon theory of
spectral line shape predicts line satellites somewhat
closer to the line center in comparison to the classical
satellites. The calculated (B31 — X0*) and (A0* — X01)
difference potentials for CdAr and CdXe are displayed
in Fig. 9. The B*1 — X0* difference potential for CdAr
has a maximum of 115cm~! at R = 7.8y and, corre-
spondingly, of 75cm™" at R = 8.7 ay for CdXe. In ad-
dition, the curves exhibit shallow minima of 12cm™! at
R=11.6ay for CdAr and 22cm~! at R =11.84a, for
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CdXe. That means that the calculated potentials predict
both the red and the blue satellites in the Cd intercom-
bination line perturbed by Ar and Xe. This prediction
is entirely in line with the experimental findings. Helmi
et al. [2] observed the red satellite for CdXe at about
18cm~! and a wide blue satellite which extends from
about 25 to 80 cm ™! from the line center. In turn, Roston
et al. [3] measured the broad blue satellite for CdAr
extending from about 40 to 130cm~! from the line
center. It is interesting that in light of the present
calculations only the B’ state is responsible for the
appearance of both the blue and red satellites in the
spectral line considered, whereas the A0 state contrib-
utes to the intensity distribution of the line only in the
direct vicinity of the line center. Furthermore, the cal-
culated (5p'P'0* — X07") difference potential for CdKr
exhibits a maximum of 1100cm™~! at about R = 6.7 a
which should correspond to a blue satellite in the Cd
resonance line. Indeed, such a far-blue-wing satellite at
about 825cm~! from the line center was observed by
Bousquet in studies of the Cd resonance line perturbed
by Kr [1]. The fact that the calculated potentials predict
the satellites observed experimentally in the Cd spectral
lines and the derived spectroscopic parameters summa-
rized in Table 1 proves undoubtedly the reliability of the
present results.

4 Conclusions

Potential-energy curves for the Cd—RG van der Waals
molecules have been calculated at the valence CASSCF/
CASPT?2 level including SO interaction. The Cd**" and

Table 1. Spectroscopic parameters D, (cm‘l), R. (bohr) and w, (cm']) for the X'0*, A%0", B*1, C'I, and DIZJ states of Cd-rare gas

molecules. Top row-this work; second row-Ref. [16]

Molecule X'0* A0t Bl c', D'z}
D. R. We D. R. We D. R. We D. R. We D. R. We

Cd-He 168 8.02 108 27.5 6.75 19.7 2.2 1130 — 72 645 298 9.2 13.11 3.3
151 850  10.0 36 6.75 19.5 7.8 10.50 4.8 75 650 356 — - -
14.2* 8.18 9.6 41.2% 5354 207 6.1 8.41°  3.6°

Cd-Ne 34 798  13.1 53 6.83  16.5 10 10.08 4.5 66 7.12 159 19.5 1230 6.3
55 780 152 115 6.50 25.8 28 9.60 8.8 111 6.60 237 2 1510 -
28.3° 8.14° 70.5¢ 9.6° 58.9¢ 23.44

Cd-Ar 107 811 183 324 637  37.1 48 9.62 9.1 451 630  40.6 71 12.02 9.6
112 810 17.5 355 6.40 359 82 9.50 11.7 475 610 422 11.5 13.80 3.3
107 8.13° 325° 56° 9.47° 5444 484

Cd-Kr 145 820 16.6 568 624 402 145 6.37 302 883  6.05 485 103  11.92 9.2
134 840 153 535 6.40 36.1 112 940 9.2 843 590 488 21 1330 3.6
1300 8.18¢ 529° 60.28 10364 56.74

Cd-Xe 192 841 168 1040 6.18 52 572 622 9.1 1936 583 70 136 12.18 9.3
153 880 14 934 625 447 151 9.25 10 1750  5.85 69 36.5 13.10 4.2
1922 8.09" 1086 F 60° 152 15" 24854 87.74

aRef. [13]

®Ref. [4]

°Ref. [28]

dRef. [5]

°Ref. [7]

TRef. [1]

g Ref. [10]

D Ref. [2]
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Fig. 9. Difference potentials Bl — X0* and A0T — X0* for CdXe
and CdAr

RG®" cores as well as scalar-relativistic effects and SO
interaction were modeled by /j-dependent energy-con-
sistent pseudopotentials. Very good agreement of theory
with experiment has been obtained, especially for the
ground states and the lower excited triplet states for all
the Cd—RG combinations. This indicates that the 20-
valence electron model of a group IIb metal atom along
with explicitly taking into account the RG valence
electrons in molecular structure calculations is appro-
priate for obtaining reliable potential curves for these
diatomic species. The present results are believed to be
helpful for both the identification and the better
understanding of the observed electronic-vibrational
spectra produced by the Cd—RG species.
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