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The D, and®P, 1 o electronic states of the S-atom photofragments following the two-photon dissociation of
cold CS at 69399, 64893, 64496, 64320 chrespectively, are probed using ion imaging. From the S-atom
photofragment translational energy distribution we conclude that CS is produced in botksthant &I1
electronic states with a branching ratio CE{a+ SCP,)/CS(X'=") + SCP,) = 0.224 0.05 (at 64893 cmi),

and 50% of the available energy is taken up by the CS internal degrees of freedom. By analyzing the
photofragment angular distributions, we conclude that the excited electronic states involved in the
photodissociation process are the Rydberg states with predissociation lifetimes estimalegsat

Introduction be probed thus producing complementary information. Brewer
et al1* first used two-photon excitation of G&ostly as means

of producing sulfur atoms which they studied using two-photon
laser-induced fluorescence (LIF) and two-photon resonance-
enhanced ionization. Fotakist all? reported multiphoton
dissociation experiments at 248 nm while probing the dispersed
fluorescence of the CS photofragments. Their observations were
analyzed within the context of higher Rydberg states.

Carbon disulfide belongs to a group of linear triatomic
molecules with 16 valence electrons such a$,dON, OCS,
and NO. The low-resolution absorption spectrum of this
molecule, reported by Rabalaisal.,! consists of broad continua
and sharp transitions to various Rydberg states. Numerous
experimental studiés!® using a plethora of methods have tried

to elucidate both the spectroscopy and the dynamics of this Hardwick et al® used resonance-enhanced multiphoton

species. As this centrosymmetric molecule most probably . .~ - .
cleaves along a CS bond, one would expect the photodissocia-'omzatlon (REMPI) detection of the photofragments coupled

tion of CS; to be a fairly simple exercise in chemical dynamics with time-of-flight analysis to study the two-photon dissociation
- y simp X y " of CS; between 330 and 280 nm. The energetically allowed
Yet, the intricate details such as the fine structure and energy

. . dissociation channels at these energies are the following:
partitioning amongst the photofragments remain unanswered.
The majority of photodissociation studies onCfave been

performed at 193 nm partly because the strongest feature in the CS, CS(&’H) + S(SP) (1)
CS absorption spectrum lies within this energy redi@md e
partly because of the facile production of this radiatide an CS,—— CS(X'=") + S(P) 2)
ArF excimer laser. Although all experiments agreed that the
processes taking place at this excitation energy (6.4 eV) are CS, CS(X12+) + S(lD) 3)
the following:

CS,—— CS(X!'s") + S('s) (4)

CS,— CS(X'=") + sépP)

Tt 1 On the basis of their observations, they were able identify
— CS(XZ") + (D) channel 1, but were unable to speculate on the importance of
the other channels. Donaldson and co-worKersed LIF
discrepancies arose concerning the branching ratios amongshetection of the CS fragment following the photolysis of,CS
the two channels. The controversy was settled by Walter 5t 308 nm and observed production of vibrationally hot CS-
al3 whq used _phc_)tofragment spectroscopy to conclude t_hat th|s(X12+)_ However, as the translational energy release was not
branching ratio is SP)/S¢D) = 2.8 £ 0.3, i.e., the spin- measured, discrimination between reactions 2 and 3 was not
forbidden triplet channel is 3 times more probable than the possible. Kawasalét al1516studied the two-photon dissocia-
singlet channel. Measurements of the angular distribution led tjon of CS, from 288 to 310 nm by measuring the angular and
to speculations concerning the excited state geometry andspeed distributions of the nascent S-atoms. Using REMPI they
lifetime. were able to unambiguously identify the spiorbit electronic
The previous experiment demonstrates the power of photof- state of the sulfur photofragment, while from the translational
ragment spectroscopy as means of elucidating both the dynamicgnergy distributions they concluded that all reaction channels
and spectroscopy of excited states. For single photon excitation(1_4) are active. From the measured photofragment angular
the symmetry selection rules limit the number of accessible final gjstributions, anisotropy parameters were determined, but it was
statese.g, as the symmetry of ground state GSgerade only not possible to discriminate between reactions 1 and 2, as
ungeradestates can be accessed. Alternatively, in a two-photon simultaneous monitoring of the CS and S-atom electronic state
excitation experiment, final states witieradesymmetry can  \yas not permitted in their experimental arrangement.
E— . p od Do add T o B In this report we present our findings concerning the one-
*To whom all correspondence shou € aadaaressed: 0. 0X i i i i
1527, phone +-+30-81-391467. fax.+ +30-81-391318: email, theo@ ﬁ)or:oi:nt;/vq-p29tcT)|'r1]_eXC|ta;|og Olfl cold G3ising the technique of
luce.ies| forth.gr. ging: is method allows us to simultaneously probe
€ Abstract published ilAdvance ACS Abstractguly 1, 1997. both the translational energy release and angular distribution
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Figure 1. (a) lon image for the SD;) photofragment following the  Figure 2. lon images for the $P,.,¢ photofragment following the
two-photon excitation of CSseeded in a molecular beam of He, with  two-photon excitation of CSseeded in a molecular beam of He, with
the laser polarization parallel to the imaging plane (vertical double the laser polarization parallel to the imaging plane (vertical double
arrow). (b) lon image for the 99,) photofragment following the two- arrow).
photon excitation of CSseeded in a molecular beam of Ar, with the

laser polarization parallel to the imaging plane (verticle double arrow).

(c) lon image for the SD,) photofragment following the two-photon

excitation of CS seeded in a molecular beam of He, with the laser
polarization perpendicular to the imaging pla®.(
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of state-selected nascent S-atoms. Hence we are able to clearly
identify active reaction channels and branching ratios, and to
determine the product state distribution for both the atomic and

molecular fragment. V=0
IO E et er

Experimental Section

The experimental apparatus used in this study has been
described in detail elsewhefe.In brief, a gas sample, contain-
ing 5% C$ in He or Ar, is expanded into the source vacuum
chambernia a home-buiRt® pulsed-molecular beam operating .
at 20 Hz. Using a nozzle diameter of 0.8 mm, the stagnation 00 05 10 15 20
pressure is varied between 0.5 and 2 atm in order to study the Kinetic Energy (eV)

effects of cluster formatlon. A photolysis laser be_am generated Figure 3. (a) Translational energy distribution for theS§) photo-

by frequency doubling the output of an excimer-pumped fagment following the two-photon excitation of €Seeded in a
(Lumonics, HyperX-400 operating with XeCl) pulsed-dye molecular beam of He. (b) Translational energy distribution for
(ELTO 1233, operating with Coumarin 540, Rhodamine 590) the S{D,) photofragment following the two-photon excitation of
laser using a KDP crystal is focused onto the collimated beam CS; seeded in a molecular beam of Ar. The tic marks indicate the
of neutrals using a lens with a 20 cm focal length. For the expected S-atom kinetic energies energies corresponding to formation

. ” : : of CS(XZ*,»,J = 0), and the Gaussian curves are simulations
present one-color” experiment the ghotolysis laser pulse corresponding to translational energy distributions 0$,(SS)., and
is also used for the REMPI of the nascent S-atom photofrag- (CS)s (see text).

ments. The velocity distribution of the S-atom photofragments

produc_es a Doppler energy shift in the resonant transition usedg g atm) respectively. Although both images are “dumbbell”
for their (2+1)MPI which is larger than the laser bandwidth.  ghaped with most of the intensity appearing along the laser
Hence it is necessary to tune the laser in order to ensure that,q|arization direction, image 1a appears to be substantially larger
all phot_ofragmen;s are ionized with equal probabl_llty. The laser i, diameter than image 1b. A necessary condition for recon-
power is maintained between 25000 J/pulse in order 0 gy cting the 3D distribution by directly inverting these ion
minimize space charge effects from excessive ion production images (projections) is that all processes involved (photodis-

in the interaction region. lons produced are accelerated alonggqciation and MPI detection) are cylindrically symmetric with
the axis of the machine toward a home-build position-sensitive respect to the photolysis laser polarizaténTo verify this

!on-imaging dgtector Ioc;ated approximately 45 cm from the gndition in our experiment, the image of!B§) shown in
interaction region. lon images are recorded using a charge-gigyre 1c is obtained by maintaining the laser polarization
coupled-device (CCD) video camera (COHU). Background hemendicular to the detector’s surface plane. No evidence of
images are obtained by tuning the photoionizing laser off- \oken symmetry is observed.

resonance and are subtracted from the ion images. All data 11 photofragment images for the®8{(; ¢ shown in Figure

images are averaged with respect to the symmetry axis (1aser, ¢|early indicate that the S-atom velocity distribution depends
polarization direction) and subsequently averaged with respectstmng'y on which spirrorbit state is being probed. Specifically,

to the center-of-symmetry (molecular beam position), such as e gpserve that théP, image is similar in shape to the®,
to correct for possible inhomogeneities in the position-sensitive image (Figure 1a), while th#; image is more oval in shape,
detector or the CCD. with nearly uniform intensity throughout its central region. The
3P, image is markedly different consisting of two very bright
lobes in the central region of the image and very little intensity
Both ground §P- 1 ¢ and electronically excited,) S-atom away from the center of the image.
photofragments are state selectively detected usih@)REMPI Quantitative scattering information such as translational
via the £#P, < 3P, ; pand 4F — 1D, transitions which occur at  energy distributions (TED) (Figures 3 and 4) and differential
energies 64 893, 64 496, 64 320, 69 399 &nespectively?? cross sections (DCS) (Figure 5) are obtained from the data
Shown in Figure 1 a,b are ion images fot[34) obtained from images using appropriate image processing described else-
the photolysis of Cg seeded in a molecular beam of He where!®23 The translational enerdyr for the S-atom photof-
(stagnation pressure 0.5 atm) and Ar (stagnation pressure ragment is given by the relationship

Intensity

Results
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cS(@’Mm) Cs(X's) SEP,) and SPP;) suggest that electronically excited CH@
OERRRNERRRRRERERE is also produced by the photofragmentation process.
The experimental DCS,e., the angular distribution of the

-‘g S-atom photofragment are fit to a functional fof(f)
o
B f(6) ~1 + B,P,(cos6) + (,P,(cosh) )
cs@m ‘?,S.(,X,‘?Z.“)f whereP,(cos) andP4(cos6) are the second- and fourth-order
) Legendre polynomialgj, andj4 anisotropy parameters, afd

is the angle between the laser polarization axis and the velocity
vector of the photofragmed®:?* The 3, and 8, values
determined are summarized in Table 1.

sCP,)

Discussion

L] Cs@’n i . . . L .
j1CSET G2 ) This report deals with the photodissociation dynamics of CS

at 8.6 and 8.0 eV following the two-photon excitation~&288

s and~308 nm, respectively. These excitation energies coincide
with the resonant transitions in the sulfur atom thus enabling
us to simultaneously probe the nascent S-atom photofragments
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O oETTOiE e using (2+1) REMPI. Hence, the experimental excitation energy
Kinetic Energy (eV) depends on which state is being probed and the energetically
Figure 4. Translational energy distribution for the3Bf:0 photof- allowed channels for various probe energies are

ragments following the two-photon excitation of £Seeded in a

molecular beam of He. The tic marks indicate the expected and S-atom

kinetic energies corresponding to formation of C&Xv,J = 0) and CS,—
CS(&I1,v,J = 0), and the Gaussian curves are simulations corresponding

(8) CSXZ (v =26)]_ ¢ ¢

(b) CS[3M(v = 1)] P> (1)

to translational energy distributions of £8nd (CS)x, N = 2 and 3 WSy = 2
(see text). CS, —— (@) CS[X="(v = 5)]+ S(3P1) ({0))
NE— (b) CS[&I1(v = 0)]
®) o ;25)
4_ + =
o 20 cs, (a) CS[XZH(v = 24)] + S(3PO) (1)
(b) CS[&I1(v = 0)]

Intensity

CS,—— CS[X'=" (v = 21)] + S('D,) (IV)

Identification of each photodissociation channel is achieved
via the state selective detection of the S atom, while further
identification of the internal state distribution of the CS fragment
is done by analyzing translational energy distribution.

1. S{D,) Formation. The TED for the S atoms produced
by channel IV is shown in Figure 3. This channel is 3 eV
exoergic, and eq 1 dictates that the maximum translational
energy of the S atoms produced will be 1.73 eV. However,
the experimental TED peaks at much lower kinetic energies
suggesting that a significant portion of the excess energy is
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030 60 80 120 150 {8 0 60 60 0 120 150 10 consumed by internal excitation of the CS photofragment.
_ o _ §(dea) Although the resolution of our spectroméfaAE/E ~ 20%)
Figure 5. Differential cross sections for the B%,°P,,1.9 photofrag- does not permit rovibrational structure to be observed, some

ments following the two-photon excitation of €8eded in a molecular ; : g
beam of He, obtained by integrating the outer portion of the ion partially resolved features consistently appear at low kinetic

images: @) experimental point,€) simulation with3s > 0, (-**), energies. Whgn seeding the {18 Ar, th? ShaF’e (_)f the TED
and simulation with3; = O. changes drastically such that very little intensity is observed at
S-atom translational energies greater than 0.6 eV. The quenched
energy region of the TED does not correspond to hot bands as
it is well below the 1.73 eV energetic limit. However, the
D(CS)] (1) increased probability of forming clusters associated with a colder
0 expansion, as a result of using a heavier carrier gas, suggests
whereEyh is the photon energf)o(CS) the dissociation energy  that the photodissociation of clusters such as f¢$ould
of CS, AG,;(CS) and AGL(CS) are the rovibrational and produce S-atoms with low kinetic energi&s (< 0.6 eV). When
electronic energies of the CS photofragment, a@lL(S) the using He, if the stagnation pressure is increased beyond 1 atm,
electronic excitation energy of the S atom. Calculated stick the ion images become identical to those obtained using Ar as
spectra indicating the S-atom translational energy correspondingthe carrier gas. This suggests that true {(g8lusters, rather
to formation of energetically allowed internal states of C5[X than mixed CgAry clusters, are responsible for dependence of
(v, = 0)] and CS[&ll(v,J = 0)] are presented as overlays in the ion images on the source conditions. Hence, we assign the
each TED plot. Comparison between the experimental TED patrtially resolved features at 0.1 and 0.3 eV to the photofrag-
and the calculated stick spectrum suggests that the CS photofimentation of (C93 and (C3),, respectively. Similar effects
ragment is vibrationally very hot, while the TED for both the have been reported by Ng and co-worKeirs the 193 nm

_ m(CS)
T m(Cs)

[2E,, — AG, ,(CS)— AG(CS)— AG(S) —
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TABLE 1

State ﬂz ﬁ4 ﬁi T ﬂz(TOT) ﬁ4(TOT) ﬁa
D, 1.22(0.05) 0.29(0.05) 2.0(0.5) 1.0(0.3) 0.93 (0.03) 0.22 (0.03)

1.02 (0.05) 0 0.88(0.08)
Py 0.92(0.02) 0.18(0.02) 1.4(0.5) 1.5(0.3) 0.75(0.04) 0.14(0.04)

0.81(0.1) 0 0.54(0.07)
P, 0.86(0.04) 0.14(0.04) 0.9(0.4) 1.5(0.3) 0.51(0.08) 0 0.52(0.07)
P, 0.80(0.04) 0.10(0.04) 0.6(0.4) 1.5(0.3) 0.52(0.08) 0 0.52(0.07)

aFrom ref 16.

photofragmentation studies of €SThis assignment raises some do not include the contributions from the S atoms with low
questions concerning the nature of these clusters and theirkinetic energies and general|g,| decreases as the speed of
dissociation mechanism. For a sequential process the photofragment decreas@s.

The coefficientgs; andfS4 can be related to the lifetimeof

(CSN— S+ CSE)CS)y-1 S+ CSE) + (CS)-1 (3) the dissociative stateia the relationship'$:24

eq 1 predicts that the S-atom translational energy distribution N \70+ 553, 1+ w32

for a weakly bonded van der Waals type cluster will peak at 2~ 2Py(Cosy)75 T 286, 1 + 4027 (®)

translational energies greater than that of the mondmier, '

contradiction with our observations. Consequently, either the 183, 1+ 0?2 1+ 9022

internal energy excitation of the CS hotofragment is ~ 2P,(cosy;) ' 6
gy (Qﬁp g ﬁ4 4( Xf/35+ 14)8' 1+ 4(02‘[2 1+ 1&0212 ( )

substantially greater than that of the CS fragment of channel
IV, or these clusters form real chemical bonds with significant
Slr?c?el?vg\]/::tearlgéﬁf\(gérﬁa\g. rﬂiﬁ;p;tmizi;}c’%ngz)thicgiters molecule,l is the moment of inertiays is the angle between

P 9 ’ N the internuclear axis and the direction of the transition dipole

CS + (CS)n-1, then if the (CH)n-1 is merely a spectator to (for the final state), ang; the anisotropy parameter for the
the process, we would expect a translational energy release to

be identical to the monomer, decreased only by binding energymtermedlate state. Solving egs 5 and 6 we find that

where w ~ (7kT/21)¥2 is the angular velocity of the parent

of the cluster. This once again implies strong binding in these 8 358, @)

CS clusters. L= 7
As the cluster features are only partially resolved, it is difficult | 36P,(cosy)T — 145,

to unambiguously determine the CS product state distribution.

Stagnation pressures as low as 500 mbar and gas mixtures oyvhere

2% CSJ/He are insufficient to inhibit the cluster formation. 22 20

Assuming that only the mole fraction of the clusters in the beam T= 1t o7 1+ 97

are affected by source conditions and that only dimers and 1+ 40*r° 1+ 160°7°

trimers are the major “contaminants”, we model the experi-

mental TED using three Gaussian functions. From the area of and

the simulation curves we find that the concentrations 05,CS P,(cosy,)

(CS),, and (CS)sin our He beam are approximately 70%, 23%, (1923 .+ 72P,(cosy,) — 1444—fﬁ2 't +

and 7% respectively. The simulation curve for Gfaks at P,(cosy;)

energies corresponding to formation of C&X,» = 12), which P,(cosy;) -,

means that only 50% of the available energy appears as 603, + 80P,(cosy;) — 52P—ﬁ2 w T+

translational energy. A classical impulsive ma8él predicts Z(Cc;’s?f) )

that the fraction of the available energy appearing as product COSY¢

vibrational energy for a process ABE A + BC is given by 364+ 8P,(cosy;) — 4P2(cosxf)ﬂ2) =0(8)

the relationship

It is clear from eq 7 that if5; = 0, thenfs = 0, in other
AE, — MM ) words the angular distribution for the two-photon excitation in
Eat  (My + mg)(mg + mp) this case would be similar to a single-photon excitation. Setting
Bi = 0 is equivalent to stating that following the absorption of
AE, andEay. are vibrational and available energy respectively. the first photon, all orientations of the molecule in the inter-
In our case eq 4 yieldAE,/Eavi. = 53%, in close agreement mediate state are equally probable. This situation can only be
with our results. In simulating the TED obtained using Ar achieved if the lifetime of this intermediate state is substantially
carrier gas, the positions and widths of the Gaussian curves ardonger than the rotational period of the molecule, thus providing
the identical to those used in the He analysis aoily their sufficient amount of time for the molecular orientations to
amplitudesare varied, thus confirming our assumption that only randomize. In light of this argument, as the first photon in this
the mole fractions of the clusters in the beam are affected by experiment isnearly resonantwith the stable!B, excited
the source conditions. electronic state in GV Band)2°3° Arikawa and co-worke?§
Photofragment angular distributions are determined in two have suggested thgj could be ignored. By settinf, = 0 in
ways: First by integrating the entire image, thus producing a eq 2 we findS(TOT) = 1.02 + 0.05 in fair agreement with
distribution described by anisotropy parametgs6TOT) and the previously reported valuB,(TOT) = 0.88 + 0.07 by
B«(TOT). Second, by integrating the outer portion of the image Arikawa and co-worker& However, inspection of Figure 5
in order to exclude contributions from clusters and the resulting clearly indicates that inclusion of thg, term substantially
distribution is characterized B8, andps. The latter anisotropy  improves the simulations which implies that the first photon is
parameter values could be considered as upper limits, as theynot quite resonant with a specific transition to #8e state, not
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surprising as the absorption intensity for the V Band at this 4c we determine that the branching ratio CE[p+ SCP,)/

energy is extremely weai:30 CS(X=+) + SEP,) at excitation energy 64 893 crhis 0.22+
Bakeret al3! and Morgaret al32 have studied the structure  0.05.
of CS, near 69399 cm' via two-photon and three-photon The angular distribution is determined using the same

excitations. Specifically Morgaet al32 have assigned a broad  procedure as for the 83,) photofragment. As the size of the
transition at 69414 crrt to linear 3y Rydberg state, while  image corresponding to formation of C&[(B is very small we
higher resolution measurements of Bakeal3! have observed  are unable to determine anisotropy parameters for this channel,
transitions at energies of 69 330 chipeak E) assigned to the  while once again we note that inclusion of thfa term

32§ Rydberg state, 69 369 crh(peak F, unassigned), 69 446 substantially improves the angular distribution simulations.
cm ! (peak G) assigned t&14/'Ay Rydberg states, and the  Unlike the S{D;) results however, when setting= 0 we find
origin band (@) for a transition to a12g,r Rydberg state has that i < 2, suggesting a bent intermediate state. This is
been reported at 69 861 ci Our excitation energy is 69 crh expected since the excitation energies used for probing the triplet
higher than the transition energy for th’ng‘ state, and it sulfur states are very close the absorption maximum of the V
appears to be midway between the partially resolved broad peakand. Specifically we find tha; takes on values of 1.43, 0.94,

E and G. The positive anisotropy parameter observed in ourand 0.59 for spirorbit levelsJ = 0, 1, and 2, respectively
experiment indicates a parallel transitidi¢=), which favors ~ (see Table 1). Assuming that the transition dipole moment lies
the 3%, state. Our excitation energy is also 462 Gnower along the S-S direction, as the SC—S angle is 131 for the

than the § transition to the'S; state, and it is possible that ‘Bz Statei’y = 24.5, i.e, the angle between the dipole moment
we are exciting a sequence band in the antisymmetric stretch (direction and the CS bond) and we expect a limiting value of
31)_ This would of course require population in the= 1 Bi =~ 2P,(cosyi) = 1.48, in excellent agreement with the value

antisymmetric stretch of the 1Xlg ground electronic state, observed wherd = 0. The decrease iff; as a function of

which is feasible considering that our source conditions were excitation energy means once again that Netime of the

rather “hot” such as to minimize the cluster formation. In light intermediate state must be incre_asir.'@,, the tr_ans_ition is ge_tting .
of the above, a definitive assignment of the excited electronic closer to resonance. Comparlng our excitation energies with
state at our excitation energy (69 399 nto the 55 and resonant transitions observed in jet-cooled, GBectrum by

[¢]

Kasaharaet al3® we note that our excitation energies when
1yt i i 31
2 zRydperg states |(.jentl|f|ed by Ba}ket al* and Morgane.t probing3P, and®P; correspond to fundamental bands 32V and
al.32in this energy region is not possible. However, we estimate

e ; . 28V (v' = 3 — v" = 0Z), respectively, while the excitation
the "fe“’.“e of @he excited state from_ eq 8 using mean_dm energy for3P, corresponds to the weak band 26V which has
values listed in Table 1. By settingc = O a rotational

been assigned by Jungehal?® to the hot bandy = 3 »"
temperature 0f-100 K andro(CS)~ 1.6 A33 thenw = 0.9 x — 2A) A ina that L ficientl d t
10?2 s71 and we find thatr ~1.0 + 0.3 ps. (Increasing; ). Assuming that our expansion is sufficiently cold to

: S . g quench any vibrational excitation, we don’t expect any popula-
mcreases?i, yielding physically ms!gnﬂcam valueg(> 2), tion in v"" = 2, and consequently the excitation energy in the
thus lending further support of a linear final state geometry.) 3P, situation is essentially nonresonant, hence the observed
In addition, from eq 7 we find that; ~ 2P,(cosy;) ~ 2 (see !

ISP . . . - limiting value; = 1.43. ForJ =2 and 1 our excitation energies
Table 1), hencey = 0ie,a I|n_ear intermediate state Wh'_Ch are —5 and+18 cnt? off the transition energies reported for
supports our previous speculation that the photon energy is NOtyands 32V and 28V respectively, hence we expidb be
quite resonant with a transition fo the bél state. Hence  qmajer for they = 2 situation than fod = 1, consistent with
the molecule never attains the bent geometry in the intermediateour observations ’

state but instead maintains the linear structure of the ground . ! .
9 The linear nature of the final statg; (= 0) predicted by our

state (Borr-Oppenheimer approximation). . ! . )
: data analysis agrees with REMPI studies ot @&this energy
2. SEP F tion. The TED for the®P,, 3Py, and®P, ) . . e
(P29 Formation ° or 2 "+, AN regior?13235 which have identified thetA,, 3A,, =, and

spin—orbit states of the S-atom photofragment are presented in3 3 . X !

Figure 4a,b,c respectively. The threshold energy for reaction ~>u Rydberg states in this energy region. Although two-
Ib is 63 996 cm® and is nearly degenerate with the experimental Photon electronic transitions to thesestates are symmetry
excitation energy 64 320 crhwhen3P is being probed. Just forb|c_zlden, they become vibronically aII_owed through the
500 cn! above the threshold energy, when probiff, bendmg mode of CS The abpve e_Iec'gromc statgs Wh_en coupled
evidence of slight production, CS@) is observed. At 900 to asmg!g quantum of bending will yield'&l1, wpromc state.
cm~! above threshold, when probiRBy, the propensity for CS- Our p(_)S|t|ve anisotropy pa_rameters_ once again favor parallel
(&8T1) production rises sharply and becomes significant, in transitions hence once agaixdype final state; consequently,
agreement with previous observations of Blatlal3* We first a perpendlcu!ar transition tomg_V|bron|c state would qontradlct
model the TED for théP, and 3P, channels from which we our observations. However, in a Hund’s (c) coupling scheme
determine the relative distributions of dimers and monomers & °Ilg State would have components,0;,15,2;, and a parallel
for the CS(X¥=") channel. As the dimer and trimers contribu- transition to the 9 component would be consistent with our
tions are not resolved at these energies, we use two rather tha®bserved angular distribution. This makes both the and
three Gaussian curves and find that the cluster concentration in®, Rydberg states suitable candidates for the excited elec-
the beam is 27+ 6% for both the3P, and 3P; channels, tronic state involved in the photodissociation process . The
consistent, as expected, with thB, results since the source origin of the transition to thé‘ZUJr state is at 63 050 cnt and
conditions are identical. We scale the determined cluster/ the only vibronic transition to this state has been identified at
monomer distribution with respect to a Gaussian curve used to 63 700 cnT1,32 both excitation energies substantially lower than
model the peak corresponding to the CGElachannel, fitting in our experiment. A vibronic transition to th#\, state has

in this manner the observed TED for tff& channel. We find been tentatively identified at 64 893 chP® an energy that
that the TED distributions peak at energies corresponding to matches our excitation energy for the3&j channel. An
formation of CS(X=", v = 14),i.e,, AE/Eay. ~ 45%, once absorption band also assigned to vibronic transitions 4,a
again in agreement with the predictions of the classical impulsive state has also been reported by Badeal 3> at our excitation
model (eq 8). From the areas of the simulation curves in Figure energies for the SPy ;) channels. As our experimental excita-
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tion energy varies over a range of 573 ¢depending on which (12) Fotakis, C.; Zevgolis, D.; Efthimiopoulos, T.; PatsilinakouCBem.
spin—orbit state of the S atom is being detected and given the EEYZ'lg‘gilfgg 51339 73. Patsilinakou, E.; Proch, D.; Fotakis, Chem.
complex nature of the GSpectroscopy in this energy region, (13 Harduick, J. L.; Ono, Y.: Moseley, 3. T. Phys. Cherl987, o1,
it is possible that different final states are being probed 4506. Ono, Y.; Hardwick, J. LJ. Mol. Spectrosc1986 119, 107.

depending on which ;) state is being probed. Hence, (14) Sapers, S. P.; Donaldson, DChem. Phys. Letfl992 198 341.

; Sapers, S. P.; Adraos, N.; Donaldson, DI.XChem. Physl991 95, 1738.
although the arguments presented above favéh aexcited sapers. 5. P.: Donaldson, D.1J.Phys. Cheml990 94, 8918,

state, this is only_a ten_tative assignment. using €q 8_an_d the " (15) kawasaki, M.; Sato, H.; Kikuchi, T.; Fukuroda, A.; Kobayashi,
B2 and S, values listed in Table 1we can estimate the lifetime A.; Arikawa, T.J. Chem. Phys1987, 86, 4425.
of the final state(s), and find it (them) to be 1450.3 ps, for (16) Kawasaki, M.; Sato, H.; Kobayashi, A.; Arikawa, Chem. Phys.

Lett. 1988 146, 101.
all S@P‘]) channels. (17) Chandler, D. W.; Houston, P. lI. Chem. Phys1987,87, 1445.

. (18) Samartzis, P. C.; Sakellariou, I.; Gougousi, T.; Kitsopoulos, T. N.
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