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predissociation pathways in the  C1 state
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Mass-resolved excitation spectra of 8@ —X0* band of XeAr were measured under jet-cooled
conditions using a tunable coherent vacuum ultravipldV) light (A~130 nm) as an excitation
light source and a high-resolutiom{Am~ 1100) reflectron time-of-flight mass spectrometer. The
rotational structure of th€1-X0" (v’,0) (v’ =2-6) vibronic bands were recorded by monitoring
the parent'®Xe*®Ar* ions and the fragment®*Xe® ions. From the analysis of the rotational
structures, the existence of the two dissociation pathways front thetate was identified for the
first time; i.e., (i) the rotationally dependent predissociation caused by an electron-rotation
interaction(L - and/orS-uncoupling with the dissociative state with Osymmetry correlating with

the Xe &'(1/2), level, and (ii) the rotationally independent predissociation caused by the
electrostatic interaction with a repulsive state wilk=1 symmetry correlated either with the Xe
6s(3/2), level or the Xe &(3/2), level. From the least-squares fit to the partially resolved rotational
structures, the dissociation rates for these two pathways as well as the band origins and the rotational
constants, were derived for the =2-6 levels in theCl state. ©1998 American Institute of
Physics[S0021-960808)01513-X]

I. INTRODUCTION using linearly and circularly polarized laser light.

Recent develobments in a frequency up-conversion tech- Although the static properties of the electronically ex-
P q y up ited XeRg dimers, such as the transition energies and the

nigue in laser spectroscopy have enabled us to investigatce . . - .
: : . - Interatomic potentials, have been reported precisely, no in-
interatomic potentials of homonucléat and hetero-

nuclea? 12 rare gas dimers in the electronically excited formation has been known so far regarding their dynamical
states, which are located in the VUV wavelength region properties, i.e., dissociation processes in these excited states.
Amoné the heteronuclear rare gas dimers, XeFRg In general, high-resolution measurements of the rotational

=Ne, Ar, and Kj dimers have been studied most inten- structures of vibronic transitions often provide us with in-
sively. So far, their interatomic potentials correlated with Valuable information concerning dissociation rates and an

the 65(3/2);,%6912  6s'(1/2),,>%8  6p(5/2),,101 interaction with a nearby electronic state, which causes the
6p(5/2);,7 101 6p(3/2),,71%M  6p(3/2),,>"1%1  and dissociation. For XeRg, a detailed study of the rotational
6p(1/2),> " levels of Xe were investigated. structure to extract the dissociation dynamics has been hin-
The first detailed Spectroscopic ana|yses of the XeR@GI’Ed by the two factors which made the rotational structure
dimers were reported by Tsuchizawa, Yamanouchi, angongested, i.e(j) the heavy reduced mass and the long-bond
Tsuchiy& with a tunable VUV laser generated by four-wave length resulting in small rotational constants, afiid the
difference-frequency mixing in a nonlinear gaseous mediumoverlapping rotational bands of a number of isotopic species
They measured the VUV laser-induced fluorescetidé)  with small isotope shifts.
excitation and the two-color resonantly enhanced two-photon  In the present study, the predissociation dynamics in the
ionization (RE2P) spectra of XeNe, XeAr, and XeKr in a C1 state of XeAr dimers is studied by measuring the par-
supersonic free jet in the wavelength region near the atomitially resolved rotational structures of ti@&L—X0" vibronic
transition of X¢6s’(1/2),<S,] and found the two vi- transitions using a tunable coherent VUV light source with a
bronic band systems. These two bands were assigned as tfiequency resolution of£0.09 cmi'Y) and a reflectron time-
C1-X0" and theDO"-X0™ electronic transitions, and the of-flight (TOF) mass spectrometer with a mass resolution of
interatomic potentials of th€1 state and th® 0™ state of m/Am~1100. The mass-selected parelitXeAr* mol-
XeAr and XeKr were determined. The electronic assign-ecules as well as the fragmeli£Xe* atoms are monitored
ments of2=1 to theC state and)=0" to theD state were through the ionization process induced by a probe laser,
performed for XeAr by the simulation of the rotational con- which eliminates the isotopic spectral congestion. From the
tour of the vibronic transitions. These assignments were reanalysis of rotational structures of the mass-selected
cently confirmed by Maet al** by measuring the one-color 1 _x0* transition, two different predissociation pathways,
(2+1) resonantly enhanced multiphoton ionization spectrg g homogeneous and heterogeneous pathways, have been
identified for the first time, and their dissociation mecha-
3 Author to whom correspondence should be addressed. nisms are discussed.
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Il. EXPERIMENT

The present experimental setup consistgipf pulsed
molecular beam source to generate the jet-cooled XeAr
dimers, (i) a narrow bandwidth £0.09 cm?) tunable co-
herent VUV laser light source in the wavelength region near
the Xd6s’(1/2);—1S,] transition (~130 nm), and(iii) a
high-resolution fn/Am~1100) reflectron TOF mass spec-
trometer.

The XeAr dimers were produced by the supersonic ex-
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pansion of Xe/Ar/He rare gas mixture (Xe:Ar:He
~0.1:10:90 through a pulsed nozzlgeneral Valve 9-279- \
900 with a nozzle orifice diameter of 0.2 mm into a main 1
chamber. The main chamber was pumped by @i6diffu- o+
sion pump (Edwards Diffstak MK-2, 63/700 M; 700's)
which is backed up by a rotary pumfJLVAC D-950, 051,2 — 6s(32)
9501/min). The supersonic jet was collimated by a skimmer
(3 mm ¢) located 40 mm downstream from the nozzle ori-
fice, and introduced into the laser—molecule interaction re-
gion, which was differentially pumped by a turbo molecular
pump (Balzers/Pfeiffer Vacuum, TMU-1000; 920 )/&ith a \
rotary pump (950/min). The stagnation pressure was kept XeAr Xe
in a range of 3-5 atm and the operating pressure in the mainkig. 1. A schematic energy diagram of XeAr. The dissociation pathways to
chamber was-10"° Torr. form the four electronic states of Xe, i.e.$'§1/2),, 6s(3/2);, 6s(3/2),,

The tunable, coherent VUV |ight was generated by tWO_andlso, are energetically open from ti@l state. In the presgnt stgdy, the
photon resonance four-wave difference frequency mixing oﬁagme.m Xe atoms populated in the'g1/2), state were selectively ionized

. . 4 . y the ionization laserN=425.11 nm).

two dye laser lights in KI* Hereafter, we refer to this co-
herent VUV light source as a VUV laser. The frequency
doubled output ¢,) of the first dye laser was tuned to the
two-photon resonant level of Kr [E1/2), at and 6(3/2),, and the ground 5, state, as shown in Fig. 1.
940 93.662 cm?,® while the wave number of the second In the present experiment, the produced Xe atom was probed
dye laser outputd,) was continuously scanned in the wave- by the ionization laser with the wave number®f/2. There-
length region of 587-594 nm to generate the VUV laserfore, Xe atoms in the electronic states with energies above
output having the @,—w, wave number. These two dye |.P.(Xe)-w;/2 can be ionized by the ionization laser, where
lasers (Lambda Physik FL3002E were simultaneously |.P(Xe) denotes the ionization potential of Xe. Among the
pumped by an excimer lasdrambda Physik LPX20%i The  four electronic states of Xe, only thes§1/2), state is
two laser beams were merged coaxially by a dichroic mirrorprobed by the ionization laser, as illustrated in Fig. 1. The
and were focused by an achromatic lens with300 mm  produced ions were extracted and accelerated into a time-of-
into a cell containing the Kr gas. The generated VUV lasefflight (TOF) mass spectrometdComstock RTOF201and
beam in the 129.4-129.8 nm range was refocused by g MgHirifted along a 1.5 m long TOF tube toward the reflectron,
lens (f=180 mm), and introduced into the main vacuum and after the reflection, the ions were detected by a micro-
chamber after separated from the two laser beams wjth channel platg MCP) detector locate 1 m downward from
and w, wave numbers by a LiF prism. the reflectron. The signals from the MCP output were ampli-

After exciting XeAr to theC1 state by the VUV laser, fied with a preamplifie(fPAR 115, and the mass-resolved
the parent XeAr molecules in thél state and the Xe frag- data were collected by averaging the preamplified signals for
ment atoms produced from tl&l state were ionized by an selected mass species by boxcar avera@@enford SR250
ionization laser with the wave number af;/2, which was  Both the intensities of the VUV laser and the ionization laser
separated fromw, laser light after the frequency doubling were monitored during the experiment, and were averaged
crystal(BBO) and was coaxially counterpropagated with thewith boxcar averagers.
VUV laser beam. The optical delay of the ionization laser In order to estimate the resolutidrullwidth at half
relative to the VUV laser was estimated to be around 3 ns bynaximum(FWHM)] of the VUV laser light, the LIF excita-
measuring the difference of the optical lengths from the potion spectrum of thé—X(9,0) (vo=768 42.162 cm') band
sition of the BBO crystal to the laser—molecule interactionof CO'® was recorded by thet1 RE2PI scheme where the
point. Considering that the pulse width of the pumping exci-w, laser is used as the ionization laser. From the measure-
mer laser is about 28 ns, a secure temporal overlap betweenents of the well-resolved single rotational linewidths, the
the VUV light and the probe laser was achieved at the laser¥UV laser resolution was estimated to be 0.30 ¢émvhen
molecule interaction point. both of the two dye lasers were operated in the grating-tuned

After the dissociation of XeAr in the€1 state, the Xe mode, and 0.09 ciit with an intracavity etalon inserted for
fragment atoms could be produced energetically in four electhe w, laser. The wave number of ths laser was calibrated
tronic states, i.e., three excited state @/2),, 6s(3/2),, by the LIF excitation spectrum of J*” which was measured

6s(3/2)4

130
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FIG. 2. The TOF mass spectrum averaged over 500 laser shots recorded by

exciting the rotational band-head of tf@-X (4,0) transition at\yyy FIG. 3. The two excitation spectra obtained simultaneously by monitoring
=129.6 nm. The mass resolution was estimated tanb&m=1100 from the 132Xe*Ar™ (upper tracg and **Xe* (lower trace ions. TheC1-X0"

the XeAr" spectra. The mass peaks for the"Xiens exhibit broader peak andD0*-X0* bands are observed in th&Xe*°Ar* spectrum,while only
widths due to the large released kinetic energy imposed on tHeidfes the C1-X0" band is visible in the'3Xe* spectrum, indicating that Xe
after the dissociation. 6s’(1/2), is produced only from th€1 state in the observed energy range.

) ) ions (M=128,129,130,131,132,134,136) were completely
simultaneously throughout the experiment. It should be regeparated from each other, and the mass resolution was esti-
marked that the two-photon transition wave number;2  mated to ben/Am~ 1100 from the™XeAr mass spectrum.
which maximizes the output power of the VUV laser, differs the high mass-resolving power in our experiment enabled us
slightly from the atomic level energy due to the phase matchyg getect the mass-selected parent and fragment ions without
ing in Kr. Therefore, the wave number of the generated VUVisotopic congestion. It can be seen in Fig. 2 that the
laser was calibrated with respect to the @EX transition. peaks were broader than tHieAr peaks. From the rota-
The two-photon resonance ehergnylzwas determined from  ional band origin, 771 59.67 cm,® of the C—X (4,0 band
the wave number of th@(1) line (768 36.252 cm) of the  and the dissociation energy of the electronic ground state of
CO A-X (9,0 band, and the wave number of thg laser  xear, 118.5 cm?,'2 the released kinetic energy of the Xe
was calibrated by the LIF spectra of IThe determined @, g/ (1/2), channel is calculated to be 844 Gt The broader
was slightly smaller by 0.524 cn than the energy differ- peaks in the X& mass spectrum may reflect the translational

ence between Kr §(1/2), and the ground statS,. Thus,  energy distribution of the atomic fragments formed after the
the excitation VUV wave number was calibrated accordinggjssociation process.

to the formulawyyy=2w;-w, on the basis of the deter- The upper trace of Fig. 3 shows the excitation spectrum
mined 2w, value. obtained by monitoring the most abundaffiXe*®Ar* parent

ions (26.79% in the wavelength region between 129.4 and
IIl. RESULTS AND DISCUSSION 129.8 nm, where two band systems assigne€CasX0"

and DO"-X0" transitions were observed. The observed
spectral structures were in good agreement with those re-

Figure 2 shows the TOF mass spectrum obtained by fixported by Tsuchizawat al.? so that their vibrational assign-
ing the wavelength of the VUV laser at=129.6 nm in the ments were adopted for these two band systems. On the other
band-head region of th61—X0" (4,0) band of XeAr. Itis hand, in the spectrum obtained by monitoring t{ée*
clearly seen in the mass spectrum that both the parent XeArfragment ions shown in the lower trace of Fig. 3, only the
ions and the Xé fragment ions were produced at this VUV C1-X0" transitions were clearly identified, indicating that
wavelength. The Xéions could originate either frorti) the  the Xe &'(1/2), fragments were dominantly produced from
dissociation in the intermediatel state of XeAr or(ii) the  the C1 state of XeAr. At the wave number positions of the
dissociation of the XeA¥ ions produced after absorbing the DO —X0" (2,0) and(3,0) transitions, two very weak peaks
w4/2 laser light. In order to clarify the origin of the Xdons,  were also observed in tht§2Xe™ spectrum. Since it has been
the output of another excimer laser-pumped dye-laser systeknown that theD1u—X0, (0,0) and(1,0) transitions of Xe
was used as the ionization lases+ w,/2) to vary the delay —overlap, respectively, with those of tlE*-X0" (2,0) and
between the VUV laser and the ionization laser. When thd3,0) transitions of XeAr® these two weak peaks in the
ionization laser was delayed by more than 5 ns with respect?Xe* spectrum were assigned to tBe-X (0,0) and (1,0)
to the VUV laser at the laser—molecule interaction point,transitions of the Xgdimers, which produce the Xe atoms in
only the Xe" fragments were observed. This observation exthe 6’ (1/2), state.
cludes the latter possibility (fi)” and indicates the presence
of a photodissociation process in the Xe@t state to form
Xe atoms in the 6'(1/2), state.

In the mass spectrum, the seven abundant isotopic spe- In order to clarify the dissociation pathways and mecha-
cies of both the parerftXe®Ar* and the fragment"Xe* nisms in the C1 state, the rotational structures of the

A. Overall spectral features

B. Rotational structures and dissociation mechanism
of the C1 state
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FIG. 4. The rotational structures of the’(0) (v' =2-6) vibronic bands of th€1-X0" band observed by monitorifg2Xe*°Ar* (upper tracand'®2xe*

(lower trace; (8 v'=2,(b)v'=3,(c)v'=4,(d) v' =5, (e) v’ =6. The simulated spectra obtained by the least-squares fit to the observed rotational structures
are also shown in comparison with the experimental results. Due to the self-absorption effect at the strong atomic resonanf@sii$iadnp—1S,] of the
background Xe atoms, the spectral fit of the X(5,0) band was performed only for th&#Xe*®Ar* spectrum by using the spectrum outside the energy region
between the two arrows.

(v',0)(v'=2-6) vibrational bands of th€1-X0" transi- components. The selection rules for the electronic dipole
tion were measured with high-resolution ¢~0.09 cnmi’ %) transition are given ase—e and f—f for the P- and

by monitoring both thé®*Xe*°Ar* and**?Xe" ions simulta- R-branch transitions, ande—f for the Q-branch
neously. The observed rotational structures are shown itransitionst® Since all the rotational levels in the electronic
Figs. 4a)—4(e), where the upper trace in each figure wasground state O havee-parity, P- and R-branch transitions
obtained by monitoring the pareft?Xe*°Ar* ions and the terminate at the rotationa@-parity sublevels of th€1 state,

lower trace by monitoring the fragmefit’Xe* ions. while the Q-branch transitions terminate at the rotational
In the previous stud§the electronically excite€ state  f-parity sublevels.
of XeAr was classified as th@ =1 state using the Hund’s By examining the rotational structures in Figsay4-

case(c) coupling scheme on the basis of the existence of thé(e), it was found commonly in these spectra that the rota-
P, Q, andR branches identified in th€—X vibronic tran-  tional peak positions of the spectra obtained by monitoring
sitions, where) represents the projection of the total angular'®Xe* ions shifted by small amounts from those obtained by
momentum onto the internuclear axis. Therefore each of thenonitoring *2Xe*°Ar* ions. The spectral shift is most
rotational levels in theC1 state consists oé- and f-parity  clearly identified in the6,0) band of theC1—-X0" transition
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in Fig. 4(e). An analysis of the rotational structure of Fig. C. Quantitative analysis of rotational structures
4(e) showed that the spectrum obtained by monitoring the

132¢e* jon consists only ofQ-branch transitions from the

ground Q=0" state of XeAr. This evidence indicates that - 1¥2Xe™ channel

the **?Xe fragments in the § (1/2), level monitored in the In the preceding subsections, the two dissociation path-
present study are produced only from thearity rotational  \ays j.e., the heterogeneous pathways via@he0~ state
sublevels in theC1 state. and the homogeneous pathway via fle=1 states, were

On the basis of the selection rules for perturbafion, proposed on the basis of the two different rotational struc-
e—e and f—f, the dissociative electronic state which {,res of the respectiv€1—X0* transitions, i.e., the rota-
couples with theC1 state of XeAr should have theparity  tional structure obtained by monitorin§2XeAr* and that
rotational levels, indicating that the perturbating electronicyptained by monitoring®*e™. In order to derive quantita-
state possesses tie=0" electronic symmetry. As shown tive information about the dissociation processes, such as the
schematically in Fig. 1, in the energy range investigated inyissociation rates and the branching ratio of these two path-
the present study, there exists only ofle=0" electronic  \yays a least-squares fit was performed to reproduce the ob-
state which can interact with tH@1 state. Thz% fact that this  served partially resolved rotational structures for both of the
Q=0" state is correlated with Xes5(1/2),,“” which was  xear* and Xe' spectra.
ionized and detected in the present study, supports the pro- on the basis of the dissociation mechanism described
posed dissociation pathway from thd. state. above, the branching ratio to yield the X&'61/2), frag-

Further confirmation Of.thIS d|ssomat|or_1 pat.hway from ments is given by (3 I'o/T), where the contribution from
the C1 state can be obtained from the linewidth of thehe radiative decay and the ionization processes is neglected
Q-branch rotational transitions. If th@=0" state is as- pecause they are much slower than the dissociation process.
sumed to be the perturber, the nonzero off-diagonal matriXherefore, the rotational structure of the XeSl—X0*

elements of the rotational Hamiltonian exist between thes%vr,o) transition for thé*>Xe* channel can be expressed as
two electronic states due to the- and/or S-uncoupling

terms. In such a case, the dissociation rate, which is propor-

tional to the square-modulus of the matrix elements for the Ixe(¥)=Nxe
coupling terms, becomes proportional 36(J' +1). It can

be seen in thé*?Xe™ spectrum in the lower trace of Figs. 1%, @)
4(a)—4(e) that the rotational linewidth of th®-branch tran-

sitions increases as the excitation wave number increases. YereNx. represents a normalization faq:rd;ﬁe a baseline
other words, the predissociation reaction is accelerated bghift relative to an observed spectra, a@q the Q-branch
raising the rotational quantum number. This is in agreemeritransition intensity of a rotational level” at a rotational
with the results expected from the aforementioned rotationtemperaturel. The factor (+1';/I") describes the branch-
ally dependentheterogeneousinteraction between th€1  ing ratio to form *3%Xe6s’(1/2), from 32XeAr in the C1

and the)=0" states. _ ~ state. The function/(v,vfg" ,T',Tyyuy) represents a normal-
1C3)n tf;g Oih_er hand, the spectrum obtained by monitoringzed Voigt line profilé with a peak centered at ti@-branch
the *#Xe*Ar* ions was found to be constructed dominantly yansition wave numben;3, . The Voigt profile was defined

f_rom _the P- _and R—branches.. Furthermore, the rotational as a convolution of(i) a Lorentzian line profile with a
linewidth, which was substantially larger than the laser bandg\wym width T representing the line broadening by the

. 71 . L
width (0.09 cm™), seerr:ed to be independent of the rota-pomogeneous and heterogeneous predissociation processes
tional quantum numbeﬂ_. _Thls finding |nd!c§te§ the pres- as given by Eq(1), and(ii) a Gaussian line profile with a
ence of another dissociation pathway, originating from thq:WHM width, Ty, =0.09 cnTl, representing the spectral
homogeneous coupling\(2 =0) between th€1 state and a  ponqwidth of ’the VUV laser. '
nearby electronic state witft =1 symmetry. As can be seén 1 gimylated rotational structure for the respective
in Fig. 1, two Q=1 states correlating Wlth th_e Iow-lyln_g C1-X0"(v',0)(v' =2-4,6) transitions was first fitted to
6s(3/2), and &(3/2), states of Xe can possibly interact with ¢ gpserved one by a trial-and-error procedure to determine
the C1 state to form the low-lying Xe fragments which the initial values of the parameters in the least-squares fit.

cannot be_ioniz_ed_ energetically by the ionization laser. For the (5,0) transition shown in Fig. @), a least-squares
The dissociation process caused by the homogeneous,aysis was not performed due to the self-absorption effect

coupling is expected to contribute to the linewidth of the . \aq by the strong Xg6s’ (1/2),— 'S,] resonant transi-
and f-parity sublevels by the same amount. Therefore, thgi,, 45 described in the following subsectidhC2).
rotational linewidthl in the C1 state can be expressed as In the course of the trial-and-error procedure, it was

[=Ty+CJ(J'+1) for f-parity sublevels, (1a found necessary to introduce two rotational temperatdres,
and T,(T,<T,), to reproduce the intensity patterns of the
and observed rotational structure. Then the intensity factor for
Q-branch transitions was expressed as

" FO "
> |JQ(T)(1—?)V(V,VJQ T Tyuy)
J'=1

I'=I', for e-parity sublevels, (1b)
wherel'; describes the width of a rotational line broadening |J":SJ"[ xr{ _ F"(3") exr{ _ F”(J”)”' 3)
due to the homogeneous dissociation pathway. Qe kT, kT,
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TABLE |. Parameters of the XeAT1 state determined from the least-squares fit to the rotational structures of the CiraX$ition obtained by monitoring
182¢e*0Art and%2e" ions?

v’ B!, B, B, Vo Vo To I, 10°C 10'C
Xe* 0.048 274) 771 18.606) 0.131) 2.95)
2 0.048 264) 771 18.595) 0.141) 2.6(5)
XeArt b 0.048 2%5) 77118.583) 0.141) 2.1(6)
Xe* 0.047 333) 771 37.981) 0.151) 2.2(4)
3 0.047 314) 771 37.981) 0.152) 2.2(4)
XeAr* b 0.047 284) 771 37.981) 0.143) 2.2(4)
Xe* 0.044 412) 771 60.071) 0.181) 2.55)
4 0.044 432) 771 60.082) 0.182) 2.77)
XeAr* b 0.044 4%1) 771 60.092) 0.192) 3.08)
Xe* - - - -
5 [0.042 417)] [771 84.413)] [0.183)] [3.47)]
XeAr+ - 0.042 417) 771 84.413) 0.183) 3.4(7)
Xe* 0.039 494) 772 07.782) 0.182) 2.4(6)
6 0.039 514) 772 07.713) 0.182) 2.37)
XeAr* b 0.039 534) 772 07.684) 0.172) 2.17)

%Forv’ =5, the least-squares fit was performed only for the Xespectra by assumin@5,= BZ, .
®This value was fixed t@, .

where Sé" is the Hml—London factor, and the constant mental results. It was found that the nine parameters were
represents the contribution of the higher temperafyreThe ~ optimized with only small correlations; they are listed in
rotational level energ”(J") of thev” =0 level in the elec- Table I.

tronic groundX0™" state was expressed as

132 40+
FH(JH) — BSJ"(J”'F 1) _ DgJ”Z(J”‘f‘ 1)2, (4) 2. Xe* Ar™ channel

. _ The least-squares analyses were also performed for the
_ 1
\év:ri:ﬁ‘JhZI r(g;ttlggzjnw:;rﬁﬁo'?.—og 22554 zicﬁ,gnc(:ntble observed rotational structures for thH&Xe*°Ar* spectra in a
ritug ) o< similar manner as for th&?Xe™ spectra. The rotational band
obtained from microwave spectroscépyvere adopted. The

; : of the 1¥Xe*’Ar* spectra consists of all the-, Q- and
rotational level energy for the-parity subleveld=/(J") and - . : "
. R-branch transitions. Since the branching ratios to form
that for thef-parity subleveld=¢(J’) of thev’=2-4 and 6 9

levels in the1 stat q 132xe*Ar* areI'o /T for the Q branch and 1 for th@- and
evels in thetl- 1 state were expressed as R-branches, the rotational spectra can be expressed as

Fo(J')=BS,J' (3’ +1)—D:,J'3(J' +1)? (5a . (T, )

and Ixea v>=NXeAr| L/Zl |Q<T>(?) V(r,vg I\ Tvuy)
F{(3)=B!,J'(3’+1)-D,0'2(J' +1)2. (5b) ) ,

For all thev’'=2-4 and 6 vibronic levels, the centrifugal " Jzo PRV e T ) ]H?(e”’

distortion constants were fixed to the same value as that of
the electronic ground statBg, i.e., D§,=D£,=2.21552 ©®)
x10"7 cm L. In the case of the heterogeneous predissociawhere the sum in the first square parentheses represents the
tion from the C1 state, only thef-parity sublevels are contribution from theQ-branch transitions, while the sum in
coupled with a repulsivé)=0" state. Therefore, a total of the second square parentheses represents the contributions
nine parameters, i.evy, BL,, Ty, C, T1, Ty, @, Nyg, 1%, from theP- andR-branch transitions. Using this expression,
were adopted in the least-squares fit to the rotational strudhe least-squares fits of th€?Xe*°Ar* spectra were per-
tures of the Xé& spectra. formed. The rotational constaBf, , the band originv, the

Prior to the least-squares fit to the observed rotationalinewidthI'y, C, T;, T,, anda, Nyear, andlgj(eAr were used
contour, the assignments of the rotational quantum numhber as nine independent variable parameters. The rotational con-
to the observed)-branch transition peaks were performed. stant, BZ, , was fixed to the value derived from tA&Xe™*
On the basis of the rotational assignments shown in Figspectra. The good agreement between the observed and the
4(a)-4(c) and 4e), approximate rotational constan&i, best-fit rotational structures was achieved for all the
were derived for they’=2—4 and 6 vibrational levels as *?Xe*°Ar* spectra(exceptv’=5) as shown in Figs. 4)—
initial values for the least-squares fit. The results of the least4(c) and 4e). The derived parameters are listed in Table | in
squares fits to the observed rotational structures are shown @g@mparison with those obtained from théXe™ spectra. The
Figs. 4a)—4(c) and 4e). It can be seen in these figures that determined rotational constants for tleeparity sublevels,
the best-fit rotational structures reproduce well the experiBs, , were found to agree with the rotational constants for the
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FIG. 5. The dependence of the vibrational energy spacih@(v’)
=vo(v'+1)—vo(v') (v'=0-6) in theC1 state on the vibrational quan-
tum numberv’. An irregular behavior can be seen clearly vG(v')
derived both from the present studifjlled circle) and from Tsuchizawa
et al. (Ref. 8 (open circle, which can be attributed to the avoided crossing
between theC1 state and a nearby repulsive=1 state.

FIG. 6. The weight averaged rotational constaﬁs in the C1 state of
XeAr plotted as a function of the vibrational quantum numbér

v', indicating that theC1 state potential is distorted signifi-
cantly from a Morse-type potential curve. Previously,

f-parity subleveIsBZ,, within their experimental uncertain- Tsuchizawaet al® discussed the presence of an avoided
ties, indicating that theQ)-type doubling effect in theC1  crossing between th€1 state and a repulsive electronic
state is negligibly small. state with() =1 symmetry correlating with the Xes§3/2),

It should be remarked that a slightly different procedurelevel on the basis of the discontinuity of vibrational term
was adopted for the spectral fit of ttg0) band. In Fig. 4d),  values at around’=4. The irregularity in the vibrational
a large dip can be seen in both of th#éXe*®Ar ™ and3?xe* level spacing is seen in Fig. 5 for almost all the vibrational
spectra near the rotational band origin region. These largevels, i.e.p’=2-6, suggesting that the effect of the distor-
dips were ascribed to the strong absorption of the excitation of the zero-order diabatic potential by the avoided cross-
tion VUV light by the background Xe atoms due to the in- ing prevails over a wide energy range.
tense atomic[6s’(1/2),<'S,] transition located at 771 Figure 6 shows the vibrational dependence of the
85.560 cm.'® Since it is difficult to evaluate the extent of weighted averaged rotational constaBjs . It can be seen in
the self-absorption and the additional contribution from thethis figure that the rotational constants exhibit a zigzag-type
132xe* ions formed from thé>*Xe atoms in the background, deviation from a smooth descendent curve. This irregularity
the least-squares fit was performed for ti&e*®Ar* spec-  in the rotational constants can also be ascribed to the distor-
trum outside the dip range between the arrows in Fig).4 tion of the potential curve caused by the avoided crossing,
In the least-squares analysis it was assumed thag-tlsmd  resulting in a change in the vibrational wave function and a
f-parity sublevels have the same rotational constants, i.ecertain shift of the rotational constants from their unper-
Bz,zBi,. The optimized seven parameteEss,, vg, g, turbed values.
C, T,, T,, anda, determined from the least-squares fit for The presence of the avoided crossing in @ state is
the 1%%Xe®°Ar™ (5,0) spectra, were used to simulate the also reflected in the predissociation process. As shown in
132xe* spectra by adjusting thdly, and 1%, factors by a Fig. 7(@), the homogeneous predissociation widkh,, in-
trial-and-error procedure. creases from'=2 tov’'=4, and tends to take a constant
value for v’=4. This vibrational dependence can be re-
garded as the effect of the homogeneous predissociation, in-
duced by the electrostatic coupling with the repulsive part of

the =1 state correlating with the $%3/2); or 6s(3/2),
As presented in Table I, the band origin wave numbersstate of Xe.

Vg, the line-broadening constarifg andC determined from On the other hand, the off-diagonal matrix element of
the Xe" spectra, and the corresponding values determinethe rotational Hamiltonian, which couples tBd. state with
from the XeAr" spectra were in good agreement within thethe 0~ state correlating with the Xes5(1/2), state, could
experimental uncertainties. This good agreement supportiso be affected by the avoided crossing throughthe
the dissociation mechanism_proposed in Sec. IlIB. Thechange in the electronic character of 1G& state near the
weighted averaged values,, I'y, B,,, andC, were derived  crossing and/or througfii) the vibrational overlap factors. In
from the two corresponding values determined indepenfig. 7(b) the vibrational dependence of the heterogeneous
dently from the Xé& spectra and the XeArspectra by taking dissociation parameter§,, are plotted. Though th€ value
into account their associated uncertainties, and are tabulatéldictuates to some extent a$ increases, a clear trend is not
also in Table I. identified, indicating possibly that the contributions from
In Fig. 5, the vibrational dependence of the vibrational-both of the two factorsi) and(ii) are small in their magni-
level spacingAG(v')=vo(v'+1)—vo(v'), is plotted. The tude, or the effects of these two factors cancel out with each
AG(v') values exhibit irregular behavior as a function of other.

3. Vibrational level dependence of the determined
parameters
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quantum-number dependence of the vibrational energy spac-

02 @ %1 % L%L ing, the rotational constants as well as the homogeneous line-
- widths.
5 $ ‘%
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