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Excitation and fluorescence ultraviolet spectra of, @ecorded at the'0; (5 *P;)—X 0 transition are
reported. The Cdmolecules(seeded in Arproduced in a continuous free-jet supersonic beam were excited in
a vacuum chamber with a pulsed dye-laser beam. A well-resolved vibrational structure ' theX 10;
excitation spectrum as well as the isotopic structure of the vibrational components were recorded. Analysis of
the spectrum vyielded vibrational constants for th@ state: w.,=100.50-0.25cm !, w.)x,=0.325
=0.003 cm' !, D{=8638+15cm !, D,=8688=15 cmi !, andAR,=R.—R.=1.04=0.01 A derived for the
226Cd, isotopomer. Thel0, state potential-energ¢PE) curve was obtained numerically using an inverse
perturbation approactiPA) procedure. Condon internal diffractiq€ID) patterns in the'0} — X 105 fluo-
rescence band, emitted upon the selective excitation of the38 andv ' =39 vibrational components of the
226Cd, isotopomer, were observed and improved #heassignments derived from the analysis of the isotopic
structure. Analysis of the fluorescence spectrum yielded information on the repulsive part of the ground-state
interatomic potential. The result confirms a relatively soft repulsion between two Cd atoms in the short-range
(2.53-4.05 A region and makes allowance for a covalent admixture to the ground-state van der Waals
bonding. Quasirelativistic valen@b initio calculations on the PE curves for the investigated states have been
performed at the complete-active-space multiconfiguration self-consistent@ieBISCF/CAS multireference
second-order perturbation thedi@QASPT2 level with the total of 40 correlated electrons. In the calculations,
the Cd atom is considered as a 20-valence electron system whereas’¥hec@ is replaced by an energy-
consistent pseudopotential which also accounts for scalar-relativistic effects and spin-orbit interaction within
the valence shell. A comparison with results obtained from other experimentabaimtio calculations is
presented.
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[. INTRODUCTION was further investigated by Czajkowsét al. [12] using a
similar experimental approach. Both reports assumed Morse
Early investigations of absorption and fluorescence ofepresentations for the ground- and excited-state interatomic
cadmium vapors were performed at the beginning of theotentialsbelow their dissociation limits. However, in the
twentieth century[1]. Soon after, the molecular absorption more advanced approa¢h?2] the ground-state characteriza-
and the fluorescence spectra of,@ekre recorded by Kapus  tion wasindirectand the equilibrium internuclear separations
cinski [2], Mohler and Moorg 3], Jabtorski [4], Mrozowski ~ R}(30_) and R, were estimated from the differenceR,
[5], Hamadd 6], and Cram(7]. The studies concluded with =R’—R!, obtained in a simulation of the Franck-Condon
information on the location of the detected spectra and theifactors (F-CP intensity distribution. Referenceisll] and
origin. Approximate depths and equilibrium internuclear dis-[12] are the only experimental studies of £produced in
tances for the ground- and several excited-state potential esupersonic beams that had been carried out before the work
ergy (PE) curves were also givefv]. Ultraviolet absorption of Czajkowski and Koperskil3] and Koperskiet al. [14].
spectra of Cgdin solid Ar and Kr were reported in a series of The former presents a corrected characterization of the
experiments by Andrews and co-work¢B9]. The absorp- ground-state potential well based on “hot” bands detected in
tion profile of the 5'P,—5 'S, Cd resonance line broadened excitation at the®0;} —X 10y transition (the ground-state
by pressure effects of Cd was measured by Bousfll@f  Morse representation was determined up to 40 trnom
providing molecular constants for thé lO*, as well as the bottom of the potential wejlwhile the latter reports on a
104 (5 *Py) and '1,(5 tP;) excited electronlc energy states characterization of thé1,(5 3P,) state. Among other reli-
[Hunds casdc) notation, spin-orbit coupling includéd able results related to the laser spectroscopy gfdd those
The laser excitation spectrum of thé0;(5°P;) of Eden and co-workerfl5,16. Two, B 'S (5 *P;) and
—X l0+ transition in Cd produced in a supersonic beam a 3ng(5 3P,) excited states, and the repulsive part of the
was reported by Kowalsket al. [11]. The same transition X 12 ground state in Cd[Hund’s casga) notation, with-
out spln—orbit couplinywere investigated in Cd vapof6].
A more detailed study of Cdbound-free emission in
*Corresponding author. Email address: ufkopers@cyf-kr.edu.pl B 13 —X 12+ transition were also report¢d5]. The main
TEmail address: czu@iftia.univ.gda.pl conclu5|on drawn from the investigation was that the
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ground-state repulsive part is represented by a Morse func- 51000 T

tion. The electron beam excitation of Cavas studied by \ -
Xing et al. [17], particularly the bound-free emission in the 0 ; iG poes SRk
%, (n®P)—X '3 transition. Those studies were driven 39000 - | ———r i

by a search for an effective energy reservoir in a possible N

tunable laser mediurtexcime). Results of arab initio cal- 33000 -| o My TP5'S
culation of the Cd PE curves available in the literature are  ~ KA 307, 53P4#51S,
those of Bendeet al. [18] and Czuchagt al. [19], Schautz IE A0

et.al. [20], Yu and Dolg[21], and Garcia de Ia_Vega. and £ 44000 | gugw | |assa

Miguel [22]. Bender et al. performed full configuration- w 4150

interaction(Cl) calculations for the four valence electrons of 15000 - . |/

the Cd species working in a Gaussian basis set. Czuchaj X'0g \/

et al. derived the C¢ PE curves and dipole transition mo- 9000

mentM,(R) for a number of electronic states using the mul- 3000 st
tireference configuration-interactio@RCI) [single and 09’8
double excitation'SD)] procedure for the valence electrons, -3000 - - . : T .
while the core electrons were represented by semiempirical 1 2 3 4 5 6 7 8
I-dependent pseudopotentials. The effect of spin-orbit cou- R (A)

pling was not investigated. Pure diffusion quantum Monte

Carlo (PDCM) techniques were applied by Schaetzal. to- FIG. 1. Simplified interatomic potential scheme for,Cdhree

gether with relativistic large-core pseudopotentials and coreglectronic — energy  states, °05(5 °Py),  °1,(5 °P), and
polarization potentials to yield accurate molecular constantsOu (5 *P1). directly accessible from th& 04 (5 *Sy) ground
for 12-group homonuclear metaM) dimmers (Zg, Cd, _state, are (_jeplcted along with wavelengths at Wh_lch the correspond-
and Hg). They also investigated the transition from van der!ng exi:ltfmon spectra are c_entered_. A range of V|_brat|onal _Iax/_els
Waals (vdW) to covalent and finally metallic bonding. The in the “0,, ftate(dashed horizontal Ilnesst_aachable in the exu_tatlon
covalent contribution to the vdW bonding was calculated by™™ thev” =0, as well as florescendavide block arrow emitted
Yu and Dolg using atom-base local occupation number Opgpon a se_lectwg excitation of the particutar are shown. For the
erators and associated interatomic charge fluctuations at thsféIke of S.'mphcny’ all PE curves are represeme_d by Morse func-
. . ; ; - 16ns. Ab initio calculated points of this workfull circles) for the

Eglrgpzlgxeé%cg;e-space multiconfiguration  self-consisten wcited states are also shown.

In a very weakly bound ground state of the 12-grddp
dimers, the long-range interaction is dominated by dispersion - o
forces as expected from the simple consideration of th@f @ degree of the Cd-Cd repulsion in the short-range limit
closed-shell atomic configuratiofiz3]. Recentab initio cal- ~ from a modeling of the fluorescence profiles recorded at the
culations of the components of the interaction energy in the'0; (5 'P1)—X 04 transition in Cd (natural abundange
ground state of mercury dimg¢R4] show that short-range produced in supersonic expansion beams. Furthermore, the
induction effects play a significant role in the stabilization of detected excitation spectrum at the, « X 105 transition
Hg,. Therefore, the Hgmay be regarded as an intermediatewith a resolved isotopic structure was analyzed, making pos-
case between a weakly bound vdW molecule and a chemkiple characterization and analytical representation of the
cally bound specie.g.,[25]). The same behavior has been excited-state PE curve. A simplified interatomic potential
inferred fromab initio calculations of Zp and Cg [21,28.  scheme for Cglis shown in Fig. 1. Three electronic energy
The studieg20,21,24 resulted in a clear conclusion that the states(ungerade directly accessible from the ground state

12-group homonuclear dimers, although a vdW-type interac( - 30+ 3
. o o - “(gerade were depicted only. Two of them7O, (5 °P;)
tion, exhibit the presence of significant covalent contribu [11,12 and 31,(5 °P,) [14], were already characterized

tions to the binding. Moreover, it was found experimentally " icallv i . s of d lecul d
[27] that the repulsive part of the Hground state is unusu- spectroscopically In experimen S+O frossg molecular an
laser beams. The remaining o€, (5 *P,), is a subject of

ally soft (as compared, for example, with théRG or RG ; . ! . .
ground-state repulsive walls, where RG is a rare gas atorﬂ"s study. Our experlm.e.n.tal studle§ stlmulated. in turn some
[23]). A covalent binding contributes to the net forces actinglmprovements of thab initio calculations of earlier theoret-
between two Hg atoms also in the intermediate region ofcal work[19] leading to a better experiment-to-theory agree-
internuclear Separatiomﬂear tthg) [20,2@ To account for ment and, hence, to a better Understandlng of the nature of
this behavior, in an interpretation of a collision-induced de-Cd, bond.
polarized Raman scattering from dense mercury vapor in This paper is organized as follow&b initio calculations
Ref.[28], a special damping term was included into the,Hg of the ground-state and few low-lying excited-state inter-
interatomic potential for suppression of the dispersion part agtomic potentials as well as of the dipole moment for the
close range. It is expected that similar experimental confir0, —X 10g transition are presented in Sec. Il. Section Il is
mation of the theoretical predictions will be found for the devoted to the description of experimental details while in
remaining 12-group dimers. Secs. IV and V the excitation and fluorescence spectra are
This work was aimed among others at the determinatioriscussed, respectively. Section VI concludes the paper.
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Il. AB INITIO CALCULATIONS Since the two C#" cores are assumed to be well separated,
A. Method we choose a simple point-charge Coulomb interaction in this

case.
In the Born-Oppenheimer approximation the adiabatic en-

ergies of a molecular system are obtained as a result of solv- B. Details of calculations
ing the Schrdinger equation with the total Hamiltonian High-level valenceab initio calculations have been car-
H=T+V 1) ried out for the ground state and the excited states of the Cd
’ species correlating with the (§3P+1S and (5)'P+1S,

- symptotes. The present calculations oy @k superior to
whereT stands for the kinetic energy opgrator of the valencé[ahe earlier studie§19] where the Cd atom was treated as a
electrons andv represents the interaction operator. In the

two-valence electron system and SO coupling was neglected.
present approach thes4p4d5s electrons of the Cd atom are The free parameters in the radial parts of the pseudopoten-

treated explicitly. That means that the Ldimer is consid- ials, as defined by Eq&3), (5), and(6), are taken froni29].
ered as a 40-valence electron species. On the other hand, t e SCF-energy-optimized uncontractedsTp6d) Gauss-
CdPO" core as well as valence-shell scalar-relativistic effect§an pasis set for Cd frorf29] was augmented by one diffuse
and spin-orbit(SO) interaction are represented B initio  fynction for s, p andd symmetries(exponents 0.006 282,
lj-dependent quasirelativistic energy-consistent pseudopoten:012 638, 0.025 128, respectivelyn addition, a set of four
tials. The interaction operator in E(L) in atomic units is set  polarizationf functions (exponents 4.5, 1.5, 0.5, 0)1@nd

as two sets ofg functions (exponents 1.5, 0)5wvere added to
the basis as described in RE30]. Finally, in the calculations
N Q10 we used the contracted $8p7d4f29)/[8s7p6d4f2g] ba-
V:Vav+Vso+j>iz:l W + ! (2 sis set. The quality of the present 20-valence electron model,

including SO coupling, was verified in atomic Cl calcula-
tions for the ground and several excited states of the Cd atom
[30].

The PE curves have been first evaluated at the complete-
active-space multiconfiguration self-consistent-field
(CASSCH/CAS multireference second-order perturbation

Q, theory(CASPT2 level with an open-shell correction term to
Vap = —E —+E 2 Ak exp(—aMkrfi)PM , (3)  the one-electron Fock operator as proposed by WeiBHr
MM N Tk The active space was spanned by the molecular counterparts
of the Cd %5p and 6s6p orbitals in theD,,, point group. It
turns out that including the [ orbitals substantially im-
proves agreement of the calculated Ca%p) 3P and P
atomic energies with experimental values. The molecular or-
| bitals were determined in a state-averaged CASSCF with the
_ same weight for the ground and excited states. The next step
PM_m:E_| [Mm)(Mm]. @ in the calculations involves the inclusion of SO coupling.
The SO eigenstates were obtained by diagonalizingthe
In turn, the pseudopotential representing the SO operatot Hg, matrix in a basis formed of selected spatial configu-

wherei, j denote valence electrons aq@, Q, represent
core charges. The SO-averaged pseudopotevifjal which
accounts for scalar-relativistic effects, has the following
semilocal form:

where P,, is the projection operator onto the Hilbert sub-
space of angular symmetrly with respect to corex (A
=1,2)

takes the form rations multiplied with appropriate spin eigenfunctions. The
resulting products are grouped together according to symme-

2AV try to form an appropriate matrix for each representation of

VSO:; z, WPM“SPM' ®  the D,y double group. In the present calculations the off-

diagonal elements of the SO operator are computed employ-
The difference AV, ,, of the radial parts of the two- INg the truncated version of the CI space restricted to the
component quasirelativistic pseudopotentials |1, and CASSCF wave functions. However, to account for correla-
V| |_15 is written similarly to the radial part of the spin- tion effects at a higher level of theory, the diagonal elements
orbit averaged pseudopotentisl,, in terms of Gaussian of the SO matrix before dllagonallza'tlon were replaced by the
functions precomputed CASPT2 eigenenergies. Finally, the calculated
potential curves have been corrected for the basis set super-
position error (BSSB using the standard counterpoise
AVi = AA i expl—ayur2). (6)  method of Boys and BernardB2]. The calculations have
k been performed by means of tlv®LPRO program code by

In the case of small-core pseudopotentias in the present Werner and Knowle$33-36.
case the polarization potential that describes, among others,
core-valence correlation effects is usually disregarded, be-
cause the dipole polarizabilities of the cores are too small. The molecular calculations have been performed for the
The last term in Eq(2) represents the core-core interaction. Cd-Cd internuclear separations ranging from 4.0 t@#40

C. Results and discussion of calculations

042508-3



LUKOMSKI et al. PHYSICAL REVIEW A 68, 042508 (2003

(wherea,=0.529177 A is a Bohr radigsvith different step 'S} state is ascribed to théP+1S atomic limit and is
sizes. The calculations involve molecular states correlatingepresented by the bglogulgag and 1079100513% con-
with the Cd atomic states from the €9 'S ground to the  figurations. The long-range part of its interaction energy is
(535p) 1p excited state. The PE were calculated with re-dominated by the— 2|\/|§R*3 term. Due to a |arge energy
spect to the energy of the separated atom&®katlOCay.  gap (31246 cmt) between the triplet state and the ground
Numerical values of the potential curves are available fromstate of the Cd atom, the influence of SO interaction on the
the authors(E.C) upon request. The potential-well depths ground state is negligible. However, SO coupling mixes the
D. and equilibrium internuclear separatioRs were derived 31, and %3, states to yield the appropriafe states. Also,
using a cubic spline approximation to the calculated potentiajhe contribution to the triplet state arising from SO interac-
energies around their equilibrium separations. In turn, thejon with the upper singlet (&p) 1P state proves to be of
fundamental frequencies, were calculated by numerical minor importance. In consequence, both the ground state and
solving the radial Schudinger equation for nuclear motion the two IS ¥ singlet states of Gdremain almost unchanged
with the corresponding potential._ For this purpose theg,e to SO interaction, whereas the appropri@tgotential
Numerov-Cooley method was applied. curves correlating with the fine-structure components of the
Cd atom differ considerably from th&I, and 33, curves.
The points ofQ)-potential curvegin Hund’s cas€c)] result-

The X ', (©2=0) ground state of Gdarises from two  ing from diagonalization of thél¢+Hso matrix for the pre-
(5s?)'sCd atoms and is represented primarily by the singleviously experimentally investigated stat§¢$1,12,14 are
configuration wave functioficore 10051005, where(core shown in Fig. 1. The molecular states that correlate with the
represents the electronic configuration of the inner shell eleccd ®P;+'S and 3P,+'S asymptotes are labeletd, and
trons. For the ground state, the only possible long-range atl,, respectively. Simultaneously with the potential curves,
tractive force between the two atoms is due to the dispersiothe dipole transition momeril, between the ground state
interaction caused by correlation between the fluctuatingind the excited singlet (53 state(without and with, i.e.,
multipolar charge distributions of the atoms. Covalent bond<{)=0, spin-orbit couplingy has been evaluated at the
ing contributessignificantlyto the interaction energy in the CASSCF level. The result is shown in one of the insets of
region of intermediate internuclear separations where th€ig. 7. As seen, the calculated transition moment exhibits a
molecule is formed. The CASSCF/CASPT2 ground-state porather strong dependence Brin the range of short internu-
tential curve for diatomics is thought not to be as accurate aslear separations. Surely, these results can prove to be of
that resulting from other more sophisticated calculationsimportance for study of the spectra arising from the, Cd
Therefore, to yield a more reliable ground-state potentiadimer.
curve for Cd we have applied the single-reference coupled-
cluster approach with single and double excitations, includ-
ing a perturbative estimate of triple excitatiof8CSIO(T)] lIl. EXPERIMENTAL DETAILS
method for 40 correlated electrons. The CGEDscheme is ] ]
currently considered as one of the most accurate single- 1h€ experimental procedure was described elsewhere
reference methods and is feasible with the.Pro code. The ~ [39—41. The experiments were carried out independently in
calculated CCSDY) ground-state potential curve for €d two Iaporatones, in Krake and Windsor, and deta_|ls of both
(points is compared with the experimental result belsge ~ €XPerimental setups are discussed thoroughly in F2}.
Sec. V and Table 1Y The minimum of the potential curve Here',.we.descrlbg only the most |mpqrtant and most relevant
corrected for BSSE is characterized BY,=287.3 cm?, modifications which were employed in the studies reported
R'=753a, (3.98 A, and w/=19.2cn L. It has to be below. Laser-lnduc_ed ﬂuorescen@_ﬂF) was observed in an

e 0 e
G evacuated expansion chamber into which the Cd atoms

no,t,ed that the optameﬂe 'S sho_rterthan that of Ref{13] V\;natural abundangeseeded in Ar were injected through a
(Re=4.07 A) estimated assuming a pure long-range vd nozzle(150 um in diam,D) constituting part of the molecu-
interaction between two ground-state Cd atd8i8,38. AC-  |5; heam source. The Gdnolecules in the beam were irra-
cording to the conclusions froab initio calcglatlons of this  qiated with a third harmonic output of a NdYAG (yttrium
work_anql those of Refl20], this may confirm a covalent aluminum garnétlaser-pumped dye lasédyes: Coumarine
contribution to the ground-state bonding. 500 and 540 A A BBO-C frequency doubling crystal used
in conjunction with the dye laser was scanned by a computer
program simultaneously with the dye-laser dispersion ele-

The long-range part of the interaction of two like atomsment over the range 2500-2700 A. The frequency calibra-
being in different energy states is dominated by the electrotion of the dye laser was verified with 1.5 ¢hmand 0.03
static dipole-dipole resonance energy. The leading term ofm™! accuracy against a WA 4500 pulsed wave méBar-
the first-order dipole-dipole resonance energy is proportionakigh), and optogalvanic cells with Ne and A8irah, respec-
to the M2R™3 term, whereM? is the square of the dipole tively. The spectral linewidth of the dye-laser fundamental
transition moment between the ground and the excited stateutput was estimated with the help of a monitor etalivae
of the atom. Investigated in this work th& | [in Hund’s  spectral range of 0.33 cm) and was found to be approxi-
case(a)] excited state strongly couples with the ground statenately 0.25 cmt.
as a result of electric dipole transition. Asymptotically, the The resulting excitation spectra were monitored with a

1. Ground state

2. Excited states
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FIG. 2. The!0] ,v'+X 10;’ ,0"=0 transition in an excitation spectrum of £¢the left part shows detail for the’ =38-40). (a)
Experimental trace showing’ assignments; effective distance from the nozXlg=6 mm, pressure of the carrier gas,=12 atm,
temperature of the source ov@p=_870 K, n, density number of Cd atoms in the source ongr-6x 10" cm 3, and the density number
in the region of excitatiom(Xs=6 mm)~ 10" cm™3; laser dye: Coumarine 50@he long-wavelength part of the spectrum was recorded
in a separate experiment with Coumarine 540 A(b) Computer-simulated49] spectrum showing the “best fit" to the’'«—v"=0
progression obtained fakR,=1.04+0.01 A; the simulation includes the isotopic composition of each vibrational component assuming
turning-point pairs from the IPA procedure and Morse representations for the excited and ground states, respectively; the relative positions
of the isotopic peaks were calculated using &g, and their amplitudes were weighted relative to the total relative abundances of particular
isotopes in natural cadmiufsee Table I; for more details of the simulation see the)téiere, the individual A, + A,) isotopic peaks were
represented by a Lorentzian curve with full width at half maxim@WHM) of 2.3 cmi. The rotational structure of the isotopic
components was not simulatg@d) Amplitudes of @A;+A,) isotopic components drawn in order to show their overlap for neighbaering

photomultiplier (PM) tube (Schlumberger EMR-541-N- sponding to the differentX; +A,) combinations A; andA,
03-14 in Windsor or Electron Tubes 9893QB/350 in Kra-are the Cd mass numbers in the,Gdoleculg of the eight
kow) at right angles to the plane containing the crossed mostable Cd isotope$“Cd (p=abundance in % °°Cd (p
lecular and laser beams. The fluorescence spectra wete1 22), 1%cd (0.89, %Cd (12.39, Mtcd (12.75, “2cd
recorded with the laser wavelength set on a particular isoto4 07, 3cd (12.26, 4cd (28.86, and 6cd (7.58}

pic component of vibronic transition. Fluorescence from thepresent in natural cadmiuf@?2] (for details see Table)lA
interaction region in the beam was focused on the emrancﬁirge-Sponer(BS) plot drawn for isotopic peaks that be-
slit of an HR-640 Czerny-TurnetJobin-Yvon with 2400 longed to the??’Cd, isotopomer $2°Cd, originates from the
grooves/mm gratingin Windsop or an Ebert-500(Jarrel 1cgliscd, M2cdtlcd, and M3Cd3Cd combination is
Ash) with 1800 grooves/mm gratingn Krakow) monochro-  gnon in Fig. 4(see also Table )I In the range of recorded
matot(MON) that was f|tt§d with th? respe_c_tlve PM. The ibrational components, the BS plot is linear and, therefore,
PM signal was reCﬁrded with a transient digitizer anc: storﬁ as used for the determination of the fundamental vibra-
in a computer. The PM-MON system was wavelength-;, ., frequencywg and anharmonicitys(x} (a slopg of the
calibrated using Hg and .H@C.d spectral lamps. With the isotopomer[43]. As a result, in anharmonic oscillator ap-
help of a deuterium calibration lamp, the systems were roximation, thew,=100.50 0.25 crmi ! (o}~ w) + wlxy)
intensity-calibrated and spectral response characteristics &7 » H1Ee ' ' @e™=@Wo ™ @o%o

Iyl ~1 Iyl 1! i
both systems were found to be virtually flat in the wave-2"d @eXe=0.325+0.003 cm (“’exze”“’IOX,O) were - ob
length region of interest. tained. The approximatiopD|~(w"){/4w;X{, wherei=0

or i=e [43]] yields also the dissociation energy and well
depth, D{=7723+15cm ! and D.,=7773+15cm !, re-
spectively, the values which will be compared with other
A search for the'0; +X 0 transition in excitation be- ~estimates below.
gan with a simulation of the F-CF intensity distribution using The v'«<v"=0 andv’<v"=1 progressions from the
ab initio calculated pointgsee Fig. 1 and Morse represen- Metastablea °I1 state to lower-lying ¢’=0-31) vibra-
tation [13] of interatomic potentials for the excited and tional levels of the!S. | (Q1=0) state were reported by Tran
ground states, respectively. It was found that the intensit@nd Eder{16] as a result of the pump-and-probe experiment
distribution should expand in the region 2530—-2630 A with ain Cd vapors(natural abundange Consequently, they ob-
maximum around 2580 A. Figurg@ presents the recorded tained somewhat different values far, and wyx., which
excitation spectrum. The spectrum consists of 36 structuredre compared in Table Il with the results of the present
vibrational component§rom v’ =19 tov’=54) belonging study.
to thev’«v"=0 progression. Figure(B) shows a simula- Thev’ assignments of the vibrational components in the
tion of the spectrum, which will be described in details be-excitation spectrum were carried out by analyzing their iso-
low. As shown in the inset of Fig. 2 and in Fig. 3, each of thetopic shift Av;; which, forv’«v"=0 vibronic transitions,
vibrational components consists of eighteen peaks correnay be represented §¥3]

!

IV. THE EXCITATION SPECTRUM
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T " T " T TABLE I. Eight stable isotopes of Cd with mass numbéts
and atomic massesr in amu: m;ge=105.906,m;os=107.904,
mllO: 109903, m111: 110904, m112: 111902, m113: 112904,
m; 4= 113.903,m, ;6= 115.905, as well as their combinations with
reduced masse&u in amu, and 18 different mass-numbeA{
+A,) and averaged-reduced-mags in amy combinations with
relative total abundancem %).
—_ Relative
2 total
S @ A, A, w A +A, w abundance
g 106 106 52.953 212 52.953 0.024
: — 106 108 53.448 214 53.448 0.018
0 106 110 53.934
(c) ‘I 108 108 53952 216 53.943 0.260
a ﬂ,ﬂ' f 106 111 54.174 217 54.174 0.255
& Ll 'M" I “| ﬂ IIMNMMMMMMM 106 112 54.411
218 54.429 0.659
108 110 54.447
106 113 54.647
(b) M | | 108 111 54692 20 4670 0664
Jll I H | : 1 L 106 114 54.880
2570 2572 2574 108 112 54.933 220 54.922 3.150
Al mo o e
FIG. 3. The isotopic structure of the' =40 vibrational compo- 110 111  55.201 221 55.188 2.760
nent of the spectrum from Fig. 2.(a) Experimental trace; A; 106 116 55.340
+A,) for isotopic components are depictedb) Amplitudes of all 108 114  55.411
elementary components with differentn(+m,) mass combina- 110 112 55447 222 55.413 8.104

tions within each of the4;+A,) isotopic peak showing complex-

. . . - ) 111 111 55.452

ity of one vibrational componerisee also Table)l (c) Simulation 110 113 55.692

of the rotational structure of each of the{+m,) elementary com- ’ 223 55.696 9.898

ponents(P and R branches; th&) branch is not presentB, -4 1 112 55.700

=0.0208 cmi! andB,»_,=0.0136 cm* rotational constants were 108 116 55.881

calculated using the formula [43] B,~h/8mcuR,[1 110 114 55934 ., 55929 17.991
wXJ we(v+1/2)], whereh andc are the Planck constant and 111 113 55.948

the speed of light, respectivelR., w., and wex, are taken from 112 112 55.951

Tables Il and IV; dependencieBS"'=p?B, and «5%=pda,, }

P p @ —pde, 111486192 0 o196 10.846
where the superscript “isot” denotes the constant for different iso- 112 113 56.200
topomers. The missing of every alternate line in the branches for 119 116 56.412

eachA-like isotopomer and intensity alteration that depends on the 14, 114 56.447 226 56.437 15.357
statistics of the nucldi43] were not taken into account as negligible 113 113 56.452
in this approximation. To clarify the picture each rotational compo- 111 116 56.675

nent is represented by a short vertical liid) Final simulation 3 6.70 227 56.688 7.368
obtained by representing each of the rotational components) in n 114 56.701
with a Lorentzian curve with FWHM of 0.3 crt. 112 116 56.934 228 56.943 16.608
114 114 56.952
"o 113 116 57.192 229 57.192 1.520
AV”(U ,U —O)
114 116 57.448 230 57.448 3.578
, , 1 L 2 , 1\? 116 116 57.953 232 57.953 0.940
=wi(l—p)|lv'+ 5 —wXeg(l—p9)|v'+ 5
wl(1—p) wiX(1—p?) shown in Fig. 5, the averaged measured isotopic shifts were
-= + (7)  found to be in the range 3.9-8.1 ¢ The averages were

2 4 taken between peaks corresponding £g { A,) =222 and

223, 223 and 224, 224 and 225, 225 and 226, 226 and 227,
where p=+ui/uj, p;i and u; are the averaged reduced gng 227 and 228. We have also plotted the shifts calculated
masses ofi andj isotopomers of CP'WIIh different (A1 from Eq. (7) for v’ (our assignmentas well as foro’ +3
+A,) combinations, and», and wex V\,//ef,e taken from the andy’—3. We found that the plot of the measured isotopic

above BS analysis, wherease and o ¢Xe are vibrational  shifts against they’ given by the analysis lies within the
frequency and anharmonicity of thé 105 state[13]. As limits of the shifts calculated far’ + 3, indicating that at this
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4 1+ 1o+
100 T+~ 0,<X0, FIG. 4. A Birge-Sponer plot
drawn for isotopic peaks belonged
to the 2?°Cd, isotopomer in the
v'—v”"=0 progression of the
10, <X 0, excitation spectrum.
The dashed line represents a
“short” extrapolation which en-
abled us to determine the; (an
intercept with a vertical axjsThe
upper and lower insets show
wix,(p?) and wl(p) dependen-
cies, respectively, drawn for all
different [ (A;+A,) from 212 to
232 isotopic combinations.

AG,,,, (cm_1)

0 10 20 30 40 50 60
v'+1/2

stage of the analysis our’ assignments are correct within ing isotopomers differ from these for thé&?%Cd, one
the mentioned error margin. It has to be noted here that besccording to @é)isot:pwé and (wéxé)isot: préxé [43],
cause the BS plot analysis involved only tF€Cd, isoto-  where the superscript “isot” denotes the constant for the re-
pomer, thew, andw¢X, vibrational constants for the remain- maining isotopomer. Considering differences between the

TABLE II. Experimental fe,p=0.2 cm 1) and calculated i, results using the inverse perturbation
approach procedure frequencies for f#8Cd, isotopomer of thev’«—v"”=0 vibronic progression of the
10, X 104 transition in Cg. veyp— Veac is also shown.

! !

v Vexpt Vcalc Vexpt— Vealc v Vexpt Vcalc Vexpt— Ucalc
0 35368.8

1 35468.6 28 37926.4 37925.5 +0.9
2 35567.8 29 38008.5 38007.3 +1.2
3 35666.4 30 38090.5 38088.7 +1.8
4 35764.3 31 38169.7 38168.8 +0.9
5 35861.5 32 38248.9 38248.5 +0.4
6 35958.1 33 38329.1 38327.5 +1.6
7 36054.1 34 38406.8 38405.8 +1.0
8 36149.4 35 38484.2 38483.4 +0.8
9 36244.0 36 38561.4 38560.4 +1.0
10 36338.0 37 38638.4 38636.7 +1.7
11 36431.4 38 38712.4 38712.3 +0.1
12 36524.1 39 38785.5 38787.2 -1.7
13 36616.1 40 38861.0 38861.5 -0.5
14 36707.5 41 38935.5 38935.1 +0.4
15 36798.7 42 39007.6 39008.1 -0.5
16 36889.6 43 39079.3 39080.5 -1.2
17 36979.7 44 39152.5 39152.2 +0.3
18 37069.1 45 39222.6 39223.3 -0.7
19 37159.6 37157.9 +1.7 46 39293.9 39293.7 +0.2
20 37246.6 37246.0 +0.6 47 39362.8 39363.6 -0.8
21 37332.2 37333.3 -1.1 48 39433.4 39432.8 +0.6
22 37419.7 37420.0 -0.3 49 39501.9 39501.5 +0.4
23 37504.6 37506.0 —-1.4 50 39569.0 39569.5 -0.5
24 37590.1 37591.3 -1.2 51 39636.0 39637.0 -1.0
25 37674.2 37675.9 -1.7 52 39704.3 39703.9 +0.4
26 37758.9 37759.8 -0.9 53 39769.6 39770.2 —-0.6
27 37843.7 37843.0 +0.7 54 39836.6 39836.0 +0.6
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TABLE IIl. Main spectroscopic constants for th®; (n 'P,)
excited states of Zn(n=4), Cd, (n=5), and Hg (n=6). All in
cm ™! unless stated otherwise. NoteAR,=R.—RY,,.

Zm, Cd, Hg,
w§ 100.20+ 0.28*°
o 122+10°  100.50+0.25° 79.0-1.d
101.2
105.3-1.C°
wlx,  0.40+0.0¢ 0.325-0.00%" 0.29556-2x10
0.44+0.0F
D} 8643+ 15%9 8236+ 15"
D, 9010-20F° 8693+ 15 8280+ 15"
915%
8250+ 20¢°F
AR, (R) 1.04+0.0% 0.84+0.01"
0.95+0.02
R, (R) 3.03+0.01%) 2.8506
2.86
Voo 35368.8-0.2P 46201.7
B, 0.0246* 0.020542- 1x 10

aThis work, derived for thé?%Cd, isotopomer.

®This work, Birge-Sponer plot.

‘Referencd15].

9This work, ab initio calculation.

®Referencd 16].

'Referencd60], derived for the $Hg), isotopomer.

9This work, Eq.(8).

"Referencg27], derived for the**'Hg, isotopomer.

"This work, Eq.(9).

IThis work, simulation of the"0, <X 10; excitation spectrum.
kThis work, calculated as described in the caption of Fig. 3.

heaviest £3°Cd,) and the lightest{}Cd,) isotopomers, one
can find that thew, and w X, for all isotopomers differ by
approximately 4.5% and 9%, respectivégee the insets in
Fig. 4).

The D{ and D of the 0 state can also be obtained
from the following relationships:

D= var— oot Dy, 8
w' a)’X/
Di=Do+ 5~ —4— 9

wherev,=43692.5 cm?! is the energy of the 5P, -5 1S,
atomic transition[44], ground-state dissociation energy,
=319.1cm?! is taken from Ref. [13], and vy
=35368.8cm?® is the energy of the 0/ ,0'=0
«—X 104 ,0"=0 transition obtained from the extrapolation
using the experimental value for the frequency of tHe
=19—v"=0 transition(in the ??°Cd, isotopome), and w,,
andw/ X, from BS analysis. Relationshif8) and(9) yielded
D,=8643-15cm ! and D.,=8693+15cm !, respec-

PHYSICAL REVIEW A 68, 042508 (2003

Av, (cm™)

FIG. 5. The measure@full circles with error barsand calcu-
lated forv’ (our assignment, solid lingandv’ +3 (dotted lines
isotopic shiftsA »;; [Eq. (7)] between different isotopic components
in the 107 —X '0, excitation spectrum of Gdshown in Fig. 2a).
For details see text.

4 are underestimated and Morse function cannot be used as a
representation of thé0,| -state PE curve in a wide range of
internuclear separations below the dissociation limit. The
Morse representation is valid only in the regiorvdfprobed

in the experimentwhich is based on the linearity of the BS
plot) and can be expanded down to the vicinity of the bottom
of the potential well.

In this region, the excited-state PE curve was also repre-
sented by turning-point pairs obtained quantum mechanically
from an inverse perturbation approadhPA) procedure
[45,46 which was previously applied in this laboratory for
modeling of theB 31(5 3P,) double-well excited-state po-
tential in CdKr[47]. A computer program written by Pashov
et al.[48] was employed for the calculatidfor all details of
the calculation method the reader is referred thériee basic
idea of the IPA method is to start from a certain initially
approximated potentialUg(R) and to find a correction
6U(R), providing that the set of eigenvalues obtained by
solving the Schidinger equation withUg(R)+ SU(R)
would agree with the set of experimental energies in the
least-squares-approximation sense. The poterltlg(R)

+ 60U (R) is treated then as a better approximation of the real
PE curve and the whole procedure is repeated until certain
convergence criterion is met. In our case, thgR) is that
represented by the Morse function along with a set of experi-
mental energies obtained directly from the excitation spec-
trum (see Table Il. The points obtained from the calculation
are shown in Fig. 6empty circle$ while energies of the
vibrationalv'«+v”=0 transitions are listed in Table Il. An
agreementwithin 0.1-1.8 cm?) between experimental en-
ergies and those obtained in the calculation was obtained.
Figure 6 shows also th&0| -state PE curve, which is repre-
sented by a Morse function with constants obtained in this
work (see Table Il and is plotted only in the range 2.23-
4.60 A where the Morse representation is reliable. The IPA

tively, which significantly exceed the values obtained withinmethod applied here led to an improvement in representation
anharmonic oscillator approximation. This suggests that thef the excited-state potential. Figure 6 shows also a compari-

Dy andD/, determined with the help of the BS plot from Fig.

son between the result obtained from the experiment and
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az000] ® 5'P+5'S, the basis of recorded fluorescence bands. #A@d, isoto-
pomer in they’ =39 andv’ =38 vibrational components was
420004 selectively excited and decayed to the repulsive part of the
ground state, giving rise to thé0; ,v'=39—X 04 and
40000 '0, ,v'=38-X '04 bands, respectively. Figuréaj shows
TE the gross structure of the resulting CID pattern. The band
S 380004 was recorded at relatively low resolution using a 40 ¢m
w MON slit width. The intense peak at the short-wavelength
36000~ end of the band is interpreted as being due mainly to unre-
solvedv’=38—v" bound-bound transitions to the closely
34000+ spaced vibrational levels of the shallow ground-state well.

The broad maximum at the long-wavelength end corresponds
5 to the inner turning point in the potential of the emitting

R(A) level. Figure Tb) represents a simulation of the bound-free

part of the band, which will be described in detail below.

FIG. 6. PE curve for thé0 (5 1P,) state plotted using a Morse
representatiofithick solid ling with constants obtained in this work
(see Table II). Results of the IPA procedufepen circles, th&(R)
values are available from the authdisK.) upon requegtand ab
initio calculationg(full circles) are also shown. A range of levels To construct the repulsive part of the ground-state PE
accessible in the excitation from th¢ =0 ground-state level is curve from the 0. ,v’'=39—X 10; and 0 ,v'=38
indicated. The results are compared with a Morse representation, X 1og [Fig. 7(a)] bound-free bands, we adopted the semi-
(thin solid ling obtained by Rodriguez and Edghb]. classical RKR-like inversion method of LeRdy0| and

Child et al. [51]. This approach, which is complementary to
points (full circles) that wereab initio calculated(see Sec. the “exact” computational and fitting procedures, offers one
I1). The comparison shows thal initio calculation produces advantage—it distinguishes between the “phase” and “am-
the excited-state interatomic potential which has a somewhglitude” information in the experimental spectrum and shows
deeper (approximately 5.3% and shorter(approximately  how the positions of the intensity extrema are determined by
3.9%9) well depth and equilibrium internuclear separation,the shape of the repulsive potential while the peak heights
respectively. depend on the transition dipole momént(R). The experi-

Using data from the above analysis, we simulated the exmental input data in this case were the energy values of the
citation spectrum recorded at th®; « X '0; transition,  intensity extrem@maxima and minimgin the recorded fluo-
employing aLEVEL 7.5 code of LeRoy[49]. This program rescence band. A polynomial fit was used to represent the
solves the radial Schdinger equation for bound levels and positions of the experimental intensity extrema, while the
calculates the F-CF for transitions between rovibrational levinner and outer turning-point pairs for tH6 | -state potential
els in the ground and excited states. The PE curve of th@ere taken from an analysis of the excitation specttfoma
excited state was represented by turning-point pairs obtaine@sult of the IPA method, see abgv&he resulting points
from the IPA method. The wave function of thé level was representing the repu|sive part of th@10+ potentia| are
generated using a Morse representation for the ground staéown in Fig. 8empty squares To represent the part of the
[13] (for a more detailed description of the ground-state reppotential with an analytical function we chose a repulsive
resentation see Sec. V and Tablg.IVhe result of the simu-  part of so-called Buckingham potenti@2] which is repre-
v'«v"=0 progression includes also the isotopic composi-The unique value=6.178<10" cm * and b=3.63 A1
tion Of eaCh Vibrationa.l Component. The f|t was Obtained forwere found by Over|apping the function W|th the points ob_
AR.=1.04+0.01 A, which for Rz=4.07 A [13] yields tained by the inversion methddee Fig. 8, solid ling It has

A. Bound-free transitions

R.(*0})=3.03+0.01 A. to be noted here that an attempt to represent the repulsive
part by a Lennard-JondgJ) (n-6) function[23] (that was
V. THE FLUORESCENCE SPECTRUM used in Hg ground-potential representati¢@7]) basically

failed; however, it allowed us to estimate a considerably low

As mentioned in the Introduction, Rodriguez and Edendegree of the short-range Cd-Cd repulsiom=@.45) as
[15] and Tran and Edefl6] had previously reported on compared to the Hgcase i=6.21, see Table 1)/ Next, the
Condon internal diffractionCID) patterns in Cgl fluores-  profile of the bound-free band was simulated using the Born-
cence spectra. The spectra were interpreted as due to tiayer potential. We used a BCONT 2.1 cof4,55, in
bound-free radiative decays to the'0, state from the non- which the PE curve of thé0, state was, as before, repre-
selectively ¢'=20-24 andv’'=57-59) [15] and selec- sented by the turning-point pairs from the IPA procedure.
tively (v'=2, 3 andv' =7, 8)[16] excited vibrational levels The program made provision for the variation of the elec-
in the 0, excited state. tronic dipole transition momenl, with R. Theoretical val-

Thev’ assignments in thé0; ,u'«—X 07 ,v"=0 exci-  ues ofMZ(R) obtained inab initio calculationssee Sec. Il
tation spectrum reported here were additionally confirmed omnd curve (h) in the inset of Fig. 7, showing
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TABLE IV. Main spectroscopic constants for the*0y (n 'Sp) ground states of zn(n=4), Cd, (n
=5), and Hg (n=6). All in cm ! unless stated otherwise.

Zn, Cd, Hg,
ol 25.9+0.2 23.0% 19.6:0.F
20.0, 19.2
wiXs 0.60+0.058 0.40+0.022 0.26+0.05°
D/ 279.F 330.8 380+ 15°
290.0% 287.3
RZ (R) 419 407 3.69+0.01°
3.88¢4.17 3.969 3.9¢ 3.63+0.04
3.73, 3.94
n 7.36 6.5FK
4.45+0.02™ 6.21+0.03"
A (61.78+2.76)x 10° °
b (A™Y 3.63+0.01°
C —362.91+6.04°
Cy/10° (cm tA®) 1.6624 1.99, 2.28 1.4007
2.4528
B! 0.0137° 0.0123+0.0001

8Referencd 13].

bThis work, ab initio calculation.

‘Referencd27], derived for the*Hg, isotopomer.

dReferencd 21].

®Referencd 20].

Referencd64].

9Referencd 63].

"Referencq 66].

iReferencd65].

IThis work, calculated.

KReferencd27], calculated.

"This work, derived for thé2°Cd, isotopomer.

™This work, simulation of the'0_ , v’ —X 10; fluorescence spectrum, wheré=38 or 39.
"Referencd27], simulation of theG 0] , v’ =39—-X 10;“ fluorescence spectrum.

°This work, simulation of the'0} , v’ —X 10$ fluorescence spectrum, wharé= 38 or 39.
PSlater-Kirkwood formulg37] with correction of Ref[38].

9Referencd 61].

'Referencd 62].

This work, calculated as described in caption of Fig. 3.

'Referencd 60], derived for the {°Hg), isotopomer.

(*05IM,(R)|X *04)] were employed making possible the potential. A comparison is also made with our resultaof
verification of experimental peak heights in the simulation.initio calculations(full circles) and that of Yu and Dol§21]

The calculations were performed for tR€Cd, isotopomer  (empty circle$ showing a reasonable agreement.

and rotationless structure in the upper and lower s{d&éks

The procedure used in the program also assumetdepen- B. Bound-bound transitions

dence of the rate of photon emissitwhich is equivalent to i ) ) , )

the PM current [43,59. Since MON normally has a pass To fully confirm thg vibrationab ' level from which the
band with constant\\, it might be appropriate to multiply fluorescence was emlttec_i, we record_ed various parts o_f the
the F-CFs by»® rather thany®. This changes the relative fluorescence band at a higher resolution. The inset in Fig. 7
intensities and shapes of the peaks in the structured continugl)ows three traces of the band recorded at slit width)of

but does not change the positions of the maxima and minima0 ¢m %, (d) 20 cm*, and (¢) 15 cm %, and results of a
which constituted the criterion for the “best fit.” The result computer simulation are shown in tra@. The simulation

of the simulation is shown in Figs(B) and 7f). The repul-  [49] of the bound-bound part of the fluorescence band close
sive part representation of the ground-state potential i$0 the region of the excitation wavelengtf2582.43 A,
shown in Fig. 8 together with the potential represented by ahown in Fig. 7g) employed the result obtained from the
Morse function[13] (dotted ling showing the inadequacy of analysis of the excitation spectrum and bound-free part of the
the latter in a representation of the short-range part of thuorescence spectrum. Because the ground-state Morse rep-
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FIG. 7. (a) The total *0,; , v'=38-X 0 fluorescence band recorded with a 40 ¢nMON slit width; Xer=4 mm, p,,=14 atm,
To=890 K. The sharp peak at the short-wavelength end of the band is due td #®&8—v" bound-bound transitiongb) A computer
simulation[54,55 of the bound-free part of the band showing the “best fit" obtained using a short-aage®+ C Born-Mayer potential
with A=6.178<10" cm™*, b=3.63 A", and C=-362.91 cm* representing thex *0; potential. The left inset shows the follow-
ing: (c), (d), and(e) the short-wavelength part of the fluorescence band recorded with slit widths of 30, 20, and Y Sespectively(f)
part of the simulation of the bound-free profile as(by, (g) the simulation[49] of the bound-bound transitionghe individual F-CF
corresponding to vibrational transitions—vertical bars—are represented by a Gauss convolution function representing the MON throughput
with FWHM of 2 A, i.e., approximately 30 cit). The right inset(h) showsab initio points calculated for the elements of the transition
dipole moment*0;} |M(R)|X 10;’), and a region oR corresponding to the detected fluorescence spectrum is depicted.

resentation from Ref13] is reliable only from the bottom of the Born-Mayer function with parameters obtained in the
the potential well up to the energy of thé=3 (see the inset analysis of the bound-free part of the fluorescence spectrum,
of Fig. 8), we therefore constructed a hybrid Morse-vdW while in the vicinity of theR{, and in the long-range region it

potential to represent the total ground-state potential well upvas represented with the Morse functigmith w; and wgxg
to the dissociation limit. In the repulsive part, it consisted offrom Ref.[13]) combined with theC{/R® dispersion func-

6000

5000 —

4000 -

FIG. 8. PE curves for th&X 103(5 !s,) state plotted using the Morse representati®@] (dotted ling as well as theAe "R+C
Born-Mayer potential withA=6.178< 10" cm %, b=3.63 A", andC=—362.91 cm* (solid line); the repulsive part produced by the
inversion procedurf53] (empty squarespoints of ourab initio calculation(full circles); and theab initio result of Yu and Dold 21] (empty
circles. The inset shows details of the bound part of the potential: all representations are as in the main figure, except a hybrid potential
(solid line), i.e., the Born-Mayer combined with the Morse-vd\’(1—e #R-Re)2_ (1— e~ (RRI™¥CL/RE] potential plotted withD!,
=330.5cm ! [13], Ri=4.07 A [13], C{=2.46x10° cm 1 A® [23], andR,=9.2 A determined in this work. The position of th&=3
vibrational level[13] is shown.
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tion (with Cf obtained using the Slater-Kirkwood formula of the Condon internal diffraction patterns in tH_ ,v’

[37] with a correction of Cambeét al.[23,38, see Table ).  =38-X 0, and 0 ,u’=39—X '04 fluorescence bands,
The two functions were smoothly joined in the so-calledemitted upon selective excitation of thé=38 andv’ =39
Morse-vdW potential[23] using an (e~ (R’Rc)z) term  vibrational components, respectively, improved the as-
with R.=9.2 A. From the simulatiofFig. 7(g)] it became  signments of the peaks in the excitation spectrum. Simula-
clear that the first six peaks and part of the seventh peak &ion of the excitation spectrum yielded Morse or numerical
the short-wavelength end of the fluorescence band were duepresentation of thé0, -state PE curve in the 2.5-4.5 A

to unresolved bound-bound transitions, while the remainingegion of internuclear separations. Simulation of the bound-
peaks were due to bound-free transitions. All the 39 maximdree part of the fluorescence band showed that a short-range
present in the CID pattern were identified in the traces in FigAe™ R Born-Mayer function of the Buckingham-type poten-

7, confirming thev” assignments obtained from the analysistial with A=6.178<10" cm ! andb=3.63A! is a good

of the isotopic structure in the excitation spectrum. More-representation of the ground state potential above the disso-
over, theAv’==*3 error margin that was concluded from ciation limit. Below the dissociation limit the ground-state
the isotopic-shift analysiSsee Sec. IYwas eliminated. The potential could be represented by a hybrid potential consisted
simulation of both'0; ,v'=39—-X 04 and '0; ,v'=38  of the Born-Mayer and Morse-vdW combined functions. An
=X 10+ (Fig. 7 bands indicates that the’ assignments analysis of the excitation spectrum yielded molecular con-
were determined from fluorescence spectra accurately, wittgtants that are compared in Tables Il and IV with those
out any uncertainty. The ground-state spectral characteristi@Ptained from other experimerits5,16 andab initio calcu-

of Cd, are collected in Table IV and compared with resultslations. Quasirelativistic valena® initio calculations on the

of other experiments anab initio calculations. potential-energy curves for the investigated states were per-
formed with the total 40 correlated electrons. In the calcula-
V1. CONCLUSIONS tions, the Cd atom was considered as a 20-valence electron

system whereas the €4 core was replaced by an energy-

The 10, (5 'Py)-X 0, excitation and fluorescence spec- consistent pseudopotential. The results of the simulation of
tra of Cd, molecules were studied in a continuous free-jetthe bound-free part of the fluorescence spectrum as well as
supersonic expansion beam crossed with a pulsed dye-lasab initio calculations and their comparison, especially with
beam. A well-resolved vibrational structure in tH6+ ! the recent result of Yu and Do[@1], suggest that a covalent
X 10+ ,0"=0 excitation spectrum was recorded, as We||adm|xture IS present in the cadmium dimer ground -state vdW
as the |sotop|c structures of the individual vibrational com-bonding. However, the conclusion needs future experimental
ponents. An isotope shift analysis produegdassignments. ~confirmation.
Vibrational ~characteristics w,=100.50-0.25cm ! and
wx,=0.325-0.003 cm !, as well as dissociation energy
Dy=8643+15cm !, well depthD.=8693+15cm !, and
the difference between equilibrium internuclear separations The research was supported by Grant No. 5P03B 037 20
AR,=1.04+0.01 A for the ?*°Cd, isotopomer were deter- of the Polish State Committee for Scientific Research
mined by modeling the excitation spectrum. The state  (KBN). One of us(M.C.) would like to thank NSERC of
potential-energy curve was obtained numerically using arCanada for financial support. The help of Dr. Asen Pashov in
inverse perturbation approa¢hPA) procedure. The analysis applying the IPA procedure is appreciated.
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