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K-Dependent Predissociation Dynamics of GSn the 210-216 nm Region
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The dependence of G®redissociation upon rotational quantum numKeat vibrational levels below the
barrier to linearity of théB,(*X,") state has been investigated in detail with laser spectroscopy, by using a
heated supersonic source to increase the intensities of hot band transitions. Predissociation lifetimes were
determined from rotational contour simulations of 13 vibronic bands in the CS photofragment excitation
(PHOFEX) spectrum, each terminating at the same upper vibrational level but via transitions with different
K number K =0, 1, 2, respectively). The rovibrational populations of CS fragment at these excitation bands
were derived from the laser-induced fluorescence (LIF) spectrum, and were used further to obtain the
dissociation branching ratios *B)/SCP) as well as the excess energy partitionings after dissociation. The
lifetimes and the branching ratios were found to be sensitively dependent on quantum number K; the lifetime
decreases with the increase Kf and the branching ratio increases wih Analysis shows that quantum
numberK influences the SD) channel more effectively than the3Bj channel. About 28 and 15% of the

total available energy is taken up by the CS vibrational and rotational degrees of freedom, respectively.
Systematic analysis indicates that the two electronic states interactingBy({f&, ") state should be bent,

and the state correlating with 8() channel should be more bent.

1. Introduction predissociation lifetimes and the branching ratiéPM}SED) in

the wavelength range of 198 - 220 nm, were derived from the
(1 + 1) resonance-enhanced multiphoton ionization (REMPI)
spectrum and the detection of3Bj and SID) fragments by
vacuum ultraviolet (VUV) laser-induced fluorescence (LIF).

rium bond length and angle, and the vibrational frequencies of They found a trend that the predissociation dynamics afi6S
1o 1o 4+ 9 ge, an quencies of y, g 1B,(*=,™) excited state is affected by the initial transition
the B,(Z,") state were determined from the spectrum in this ; ) ) ;
states, especially the bending vibration (quantum nunapér

range. The spectroscopic analyses indicate that there is an. L d/or the vibrational anaular momentum (quantum nurhyer
energetic barrier in théB,('=,") state located at around 204 9 q

; ) For a vibrational level of théB,(1Z,") state, the lifetime of
nm for molecular structure changing from bent to linear CS via (K = 1) — (s> = 1, I" = 1) excitation is shorter than
geometry?’8 Extensive studies have been performed on the 2 ’

The strongest absorption band of £8wlecule in the
wavelength range of 185230 nm, which was assigned as
1By(12, ") — X1Z4" parallel electronic transition, has been
investigated by numerous authdrs.The band origin, equilib-

. 2 - _ that via K = 0) < (v = 0, 1" = 0) excitation. HereK is the
dissociation dynamics of G3n the 1B,('=,") state? 22 It has .
been known ti/lat CZSmoIegule in this2 (exléit)ed state is predis- rotational quantum n_umber of 681 'By(%") state. F_urther-
sociative via two parallel pathways, &B,(1=,")) — CS(X=T) more, C$ molecule viaK = 1)— (v = 1,1" = 1) ex_0|tat|on
+ SEP) and CS('Bo(15,")) — CS(¥*) + S(D). Detailed has a higher yield of SD) product than that viak = 0) <
- ' (v2» = 0, 1" = 0) excitation. They concluded that the predis-

information about dissociation dynamics such as the life- .
times56.15.1722 the branching ratio 9P)/SED),%-152and the sociation process depends on the nuntber

excess energy partitionifig913.16.17had been obtained. In order to conclusively relate predissociation lifetimes to the

Most of the photodissociation studies of O8olecule were K values of transitions and examine its extension validity to
carried out at excitation wavelengths around 200 nm. In this NigherK, and to explore the influence & on the branching
energy region, CSmolecule can be excited to energy levels ratio, the rovibrational pop_ula_tlons of CS fragment as well as
above the geometric conversion barrier of #e(1Z,*) state, the excess energy partitioning among various degre_es of
that is, the molecule will dissociate in linear configuration. The fréedom, a heated supersonic soured 30 °C) was used in
lifetime was estimated to be in a range efa ps, the branching ~ Present work to increase the fraction of vibrationally excited
ratio SEP)/SED) was measured to be around 2.8, and more than molecules in the beam and hence the transition intensities of
half of the excess energy was partitioned into the CS internal Not bands, allowing us to reach highesublevels within each
degrees of freedom, especially the vibrational mofiéht3.22 vibrational level of thelB, state. The CS lifetimes were

But what happens for GSmolecule below the barrier of the — determined from the rotational contour simulations of totally
1B,(1=,*) state, that is, CSmolecule in bent configuration, still 13 vibronic bands via excitations of differeitnumbers in the

remains unclear. The detailed studies had been carried out bycS PHOFEX spectrum. The rovibrational populations of CS
Hepburn and his co-workePs.1315 In their studies, the fragment from these excitation bands, which remain unknown
from literatures, were derived from the LIF spectrum. The
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SE@P) and CS(X=") 4+ S(D), and were then employed to obtain
the branching ratio and the released energy partitionings into
rotational, vibrational and translational degrees of freedom of ~
the CS fragment. These data provide some further insight into 3
the fragmentation dynamics of @&t vibrational levels below
the barrier to linearity in théB,(*X,") state.
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2. Experimental Section hﬁ’,‘n - nw"u{\/ U

The setup for present experiment consists of three parts, (i) I of ,,./J\,L/\\/ W L’VV\/\/V\/V"‘V
a heated pulsed supersonic beam source to rotationally ceol CS
molecules and remain vibrationally hot, (ii) an Nd:YAG pumped
two tunable dye lasers, and (iii) LIF signal detection and data
acquisition system. The timing sequence among the pu|sedFigure 1. PHOFEX spectrum of GSn the wavelength range of 230

; 16 nm by monitoring the fluorescence of CS fragment from the
\t/)alve, thle lasers, and thSe da;a gollggg)gshardware was controlle Excitation of Q-branch of AlT(2’ = 0) — X'S*(+/" = 0) transition at
y & pulse generator (Stanford, )- 257.6 nm. The spectrum was recorded at room-temperature stagnation

The jet-cooled Csmolecules were produced from supersonic  conditions. The insertion in figure is a comparison of spectrum recorded
expansion of CgHe (1%) gas mixture through a pulsed valve under normal conditions (solid line) with that by heating the supersonic
(General Valve series 9, nozzle diameter 0.5 mm) into a vacuumnozzle to 130°C (dashed line). Significant increase of hot band
chamber. To increase the population of vibrationally excited transitions can been seen.

CS; molecules, the gas mixture was preheated tdGQrior ) )
to expansion, and then passed the valve which was heated td?uring the experiment, the wavelengths of two lasers were

46300 46500 46700 46900 47100 47300 47500
-1
Wavenumber (cm )

130 °C. It was estimated that at temperature of T&Dthe calibrated simultaneously against the argon optogalvanic spec-
relative populations of (0, 3, 0) overtone level is increased by frum resulting in an overall absolute uncertainty of 0.5 ¢in
3 times higher than that at room temperatur&% of total the excitation energy, and the intensities of both lasers were

number density of CSmolecules. The vacuum chamber was Monitored simultaneously with two photodiodes to normalize
pumped by two turbo-molecular pumps (190€), which were the spectra.

backed up by two mechanical pumps (1%). The stagnation . )

pressure was kept atlatm, and the operating pressure in the 3 Results and Discussion

chamber was about & 10°° Torr. 3.1. K-Dependent Predissociation Lifetimes of C8 The

Two dye lasers (Sirah, PRSC-LG-18 and PRSC-LG-24, line PHOFEX spectrum of GSwas obtained by fixing the wave-
width 0.07 cm?), pumped simultaneously by the third harmonic  length of probe laser at 257.6 nm and scanning the wavelength
output of an Nd:YAG laser (Spectra Physics, Lab-190), were of dissociation laser in the range of 209516 nm, as shown
employed in this experiment. The frequency doubled output of in Figure 1. The spectral assignment was adopted from previous
one dye laser, in the wavelength range of 262%6 nm with works by Douglas and Zandrand Beatty et at.Due to the
intensity of 50-80 wJ/pulse, was used as the excitation/ near degeneracy of andv, vibrational modes at thB,(*=,*")
dissociation light to excite GSnolecule from its ground state  state, the vibrational levels could not be presented by normal
X1Z4t to electronically excited staf®,(*=,"). The frequency- mode @1, v2, v3),t and were just marked as a, b, c..., in the
doubled output of another dye laser,280 uJ/pulse, was used  order of increasing energy. Since spectral analysis showed that
to record the LIF spectrum of CS fragment in the range of247  CS, molecule at théB,(1X, ") state was a near-prolate symmetric
287.5 nm. The two laser beams counter-propagated and spatialltop,! the electronic transitiodB,(*Z,*) — X('=4*) of this
overlapped with each other, and crossed the molecular beamspectrum is parallel. Due to selection rules for a parallel
perpendicularly at a distance of 20 mm downstream from the transition, the rotational quantum numbkr in the upper
nozzle orifice. The probe laser was optically delayed by 10ns vibrational levels always correlates with the vibrational angular
relative to the excitation laser. When the CS photofragment momentum” in the lower vibrational levelsK = I"". Vibronic
excitation (PHOFEX) spectrum was measured, the wavelengthtransitions betweetB,(*=,") and X(Z4") electronic states are
of excitation laser was scanned, and the probe laser was fixedlabeled as¥, I, A..., corresponding t& (=1") = 0, 1, 2...,
at 257.6 nm, corresponding to the head position of Q-branch subscripts are used to denote the bending vibrational quantum
of CS AITI(v' = 0) — XI=*('' = 0) transition. When the LIF number in the ground statep:, and the superscripts indicate
spectrum of CS fragment was recorded, the probe laser wasthe upper vibrational levels (a, b, c...).
scanned and the excitation laser was fixed respectively at Based on the spectral constants of,@sthelB,(1Z,") state
wavelengths corresponding to vibronic transitions of,CS in literaturest-2vibronic transitions to the f, g and h vibrational
molecule, that is, 210.27 nnEdd), 213.85 nm E9), 211.95 levels were identified in Figure 1. As seen from the insertion
nm (1;9), and 213.57 nmA_y9). In order to avoid saturation in Figure 1, the weak hot band&,’ andIIs% under stagnation
effect during the experiment, two optical telescopes with two conditions of room temperature, became significantly stronger
pairs of convex lenses were used to expand both laser beamsvhen the sample gas was heated to 280 The hot band
and hence to reduce the photon densities in the laser-moleculéntensities was increased by-3 times, which enabled us to
interaction region. Otherwise, saturation would occur as con- record the hot band transitions with sufficient variationsof
firmed by our power dependence measurement, although pulsenumber, and in turn to investigate the influencekof=I"") on
intensities of the two lasers are quite low. the predissociation of GSn a broader range.

The laser-induced fluorescence of CS fragment was collected Predissociation lifetimes of G&t the f, g, and h vibrational
with a couple of lenses and detected with a photomultiplier tube levels of the'B,(*=,™) state were obtained from simulations of
(Hamamasu, R2460). The LIF signal was amplified with a the rotational contours in the PHOFEX spectrum with parameter
preamplifier (Stanford, SR240), averaged by a boxcar averagersof dissociation-broadened line width (lifetime), as described in
(Stanford, SR250), and then interfaced to a PC for data storagethe refs 15 and 17. During the spectral simulation, an assumption
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0 closer to the data in ref 15 obtained from the VUV-LIF
58 spectrum. As already stated in section 2, saturation effect should
2 be avoided even though the laser intensity is quite low. In fact,
changes of band shape with different focusing conditions had
been noticed in ref 5, implying that saturation effect or power
broadening might exist in the (£ 1) REMPI spectrumi.The
determined lifetime forZ¢9 band in ref 17 is slightly longer

than all of the available results for unknown reasons.

It can be seen from Table 1 that for the same upper vibrational
level the predissociation lifetime is quite different for different
transition. It is clear that the difference of lifetime is not caused
by the energy difference in upper state, since the energy
A difference fork = 0, 1, and 2 sublevels in the same vibrational

i 1y - state is small (57 ¢t maximum)? The lifetime difference must
46740 46750 46760 46770 46780 46790 46800 arise from the change of initial transition stalt&=K) or/and
Wavenumber (cm ) vo+. In order to clarify the influences df and v on lifetime,
Figure 2. Simulation of three overlapping rotational contours in the several pairs of transitions with the sardebut differentvy:
PHOFEX spectrum of GSSolid line represents the overall fitting to  \yere compared, such &g% and=,9, ;" and=4", IT;9 and 149,
the three contours. Rotational temperature to best fit the whole spectrum, ., 4 ;" and T15", it is evident from Table 1 that the bending
was 30 K. Dissociation lifetimes of the g, f, and h states were . . L I
determined from the spectral fitting. q_uantum n_um_bemzu has little effect on prgdlssomano_n lifetime,
since the lifetime does not change obviously for different
Contrarily, comparison of transitions with the samg but
was made that the lifetimes of rotational levels within a differentK, such as¥;% and Az9, 55", and Az", shows thatk
vibrational state were identical for all. Since the rotational has a distinct influence on lifetime. We obtained lifetimes for
temperature of CSin our experiment was about 25 K, as thef, g, and h vibrational states, and for each states transitions
estimated from the LIF spectrum of NO under similar jet With quantum numbers< = 0, 1, and 2 were measured.
expansion Conditions' On|y lowW' rotational levels could be Therefore, it becomes certain that within a vibrational state the
excited. Stimulated emission pumping experiment by Liou et lifetime of CS is governed by quantum numbier the lifetime
al24 shows that the lifetimes of rotational levels ranging from decreases with the increasekgfwhich applies at least ti§ =
J =5 1to 17 are insensitive td, indicating our assumptionis 0, 1, and 2 regardless of the vibrational states.
reliable. 3.2. Rovibrational Populations of CS Fragment and the

Figure 2 shows an example of our spectral fittings to the three Branching Ratios. Measurement of internal state distributions
congested rotational contours. A complete reporting of all our of CS fragment can provide further insight into the dissociation
results will appear in detail in a future paper. The determined procedure of C&molecules at théB,(1Z,") state. As far as
lifetimes of our interested vibrational levels via excitations of we know from literatures, all studies about rovibrational
different quantum numbe are listed in Table 1. The lifetimes  population of CS fragment have focused on the dissociation at
reported in refs 5, 15, and 17 are also listed in this table for 193 nm?16.22there has been no report at dissociation wave-
comparison. Generally, the majority of the predissociation lengths below the barrier to linearity dB,(1=,") state until
lifetimes from this work agree within experimental error with  now. In order to measure the internal state distributions of CS
those previously reported. The lifetimes in refs 5 and 15 were and to examine the influences of quantum nunifetlF spectra
reported by Hepburn's group with different spectroscopic of CS fragment were recorded for the g vibrational state through
method. Results in ref 15 were deduced from the band contourexcitations 29, 2.9, IT;9, andA29, respectively. Figure 3 shows
simulations by detecting S-atom products with vacuum ultra- the LIF spectrum of nascent CS fragment for,@8otodisso-
violet laser-induced fluorescence (VUV-LIF), and the data in ciation at 211.95 nmI{;9 band). The spectrum originates from
ref 5 were derived from the (+ 1) REMPI spectrum. Slight (A, ') < (X1=*, /") vibronic transition of CS in the
differences exist between these two sets of data measured bywavelength range of 287247 nm, and is assigned in terms
the same group. Compared to the data in ref 5, our results areof (v/, ¢'').?% 25 Sharp peaks in the spectrum are rotational

Intensity (a.u.)

TABLE 1: The Determined Lifetimes of CS; from Rotational Contour Simulations at the f, g, and h Vibrational Levels of
1B,(*X, ") State via Excitations of Different Quantum Number K

lifetime (ps)
vibrational position
state assignment (cm™) this work ref 15 ref5 ref 17
f o 47147.4 1.3:0.2 1.6+0.3 1.6+0.2
1 46770.0 1.6£ 0.2 1.2+ 0.5 1.1+ 0.2
A 46417.2 0.8:0.1
g PN 47557.1 2.1H0.2 2.8+0.3 3.3+0.8 4.4
=9 46762.0 2.2:0.2 2.0+ 0.3
11,9 47181.3 1.8:0.2 1.2+ 0.3 1.9+ 0.2
I15° 46374.5 1.6:0.2
AN 46822.0 1.2:0.2 1.3+ 0.3 0.5+ 0.2
h h 47169.2 1804
=h 46363.0 1.A04
" 47596.1 0.5+ 0.2 0.55+ 0.15
I 46788.9 0.6-0.2

A 47230.3 0.5£0.1 1.0+0.2
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(v';v") bands of CS A'TI « X' transition linearity should be quite different. Since in the present excitation
8 — : energy range, two parallel dissociation channels exist:
8,9 (7.8 (6,7) (56) (4,5 (3.4)i(2,3) (1,2) (0,1)
T T T T T T T T 1
i s + 1 Is + 1+
6 9.9) (sl,x) "(7|,7) : '(sl,e) CS(X 2g ) Ty — CS(By(Z,)) — CS(XZT) + S(3P)

D, = 4.46 eV (35970 cn) (3)

6.8) (5.7) (46) (3,5 (24 (1,3) (0,2) I

4 i T I | 1 i

— CS(X'=") + s(D)

p—— S

? i

g2 ! D, = 5.61 eV (45200 cnt) (4)

E LAt v

£

g0 A S T e , where Dy is the dissociation energy for the corresponding
b 35000 35500 36000 36500 37000 37500 channeP® Therefore, our measured vibrational distribution of
?5 — 3 CS consists of contributions from the two dissociation channels.
> ED_ 06 69 64 @ 62 @b 00 Since the vibrational frequency of CS(X") is 1285.15 cm?,2

?, 30 e e Wi es the populated vibrational state of CSg) from the S{D)

E TTT T T horn 6 a5 64 63 channel cannot exceed = 1 in present study. Consequently,
B ] T the measured vibrational distribution of CS can be divided into
-

two regions; populations at' = 2—8 come from the SP)

m | I T channel, and populations &t = 0 and 1 include contributions
Lo of both channels. Furthermore, Lee and Jddgeported that

J A\‘ the vibrational population of CSEE", ') fragment could be

: il et represented by a Poisson distribution as derived from an

impulsive half-collision model:

(11,8)  (10,7) (9,6) i (8.5)

I ed

37500 38000 38500 39000 39500 40000 40500
-1

Wavenumber (cm )

y—1 (AEY + (o0 — 20")AE + "2

Figure 3. LIF spectrum of nascent CS fragment from photodissociation P,. = N,(AE) (5)
of CS at 211.95 nm II,¢ band) through (A1, v') — (X=*, " ’ V'(AE)? + (o — 2)AE + 1]

vibronic transitions in the wavelength range of 28727 nm. The

spectrum is assigned in terms of,(¢v"). whereN; is an intensity factorAE anda are the parameters.

) ) With this expression, the vibrational distribution of CS from
structures of CS, rather than the experimental noise. An g@p) channel was simulated first far’ = 2—8, and then
expansion view of the (4, 6) band is shown in Figure 4, and extended to the entire range as shown in Figure 5. The
can be assigned unambiguously. As can be seen, rotational linegiprational distribution associated with the!Bf channel at"
are resolved completely, enabling us to derive the relative — g and 1 was obtained by subtracting the contribution &P}5(

rotational populatiorP, ;- of CS(X'Z", v") fragment. channel from the measured total vibrational distribution, as also
From the rotationally resolved LIF spectra of CSEX) shown in Figure 5. In this way, the relative vibrational
fragment, the relative rotational populatidhs y atJ’ rotational ~ populations of CS fragment from the two dissociation channels
IeVel Of the V"’ V|brat|ona| State COU|d be denved Wlth the” were Obta|ned Consequently1 the branching rgne: S@P)/
rotational line intensities, Hd-London factorsSy s, and S(D) could be determined:
Franck-Condon factors,f
8 1
Py =y slSy 3ty @ ¢ = Z P, [SCP/ Z P,[S(D)] (6)
=0 =0

and the relative vibrational populatioRs The determined branching ratios for £&issociated through

the Z¢8, 2.9, IT19, and A9 excitations are listed in Table 2.
P, = ZPZ/',J” @ The branching ratio SP)/S{D) through= excitation is very
similar with that throughE,9 excitation, thus the initial bending
_ _ . vibrational quantum numbes- has little effect on SP)/S{D).
could be obtained straightly. We recorded the rotational |, contrast, the branching ratios througk? and=,9 excitations
structures of (0,0), (0,1), (0,2), (1.3), (2,4), (3.5), (4.6), (5.7). (itfer greatly, indicating that the branching ratio is sensitively
and (6,8) vibrational bands in CS {H) — (X'x) transition, dependent of (=I""). The trend of branching ratio witk in
which overlap with each other not seriously as shown in Figure 1op1e 2 means that increasitgcan promote the dissociation
3. With the aids of spectral constants and transition factors given ¢ CS molecules into the CSEEY) + SED) channel. This
by Bergeman and Cossdftthe relative rotational and vibra- o clusion is similar to those in section 3.1 that the predisso-
tional populations of CS fragment fot' = 0—8 were obtained  jation lifetime is governed by not v+, and decreases with

following egs 1 and 2. the increase oK.
Figurf 5 shows the relative .vibra.tio.nal populations of nascent Combining the lifetimes in Table 1 and the branching ratios
CS(X'=*,v") from CS photodissociation through tH&y, %29, ® in Table 2, the dissociation rate of €%or dissociation

I, and A% excitations. As can be seen, the vibrational channels $p) and SID) could be derived. The dissociation
distribution of CS fragment does not follow a thermodynamic 46 of CS can be expressed as

equilibrium distribution. Comparing to the results at 193 ¥im,

where vibrational levels up te' = 12 were found to be

populated in a bimodal distribution peaking:&t = 4 and 8, r=
the difference between our results and those at 193 nm indicates

that the dissociation dynamics below and above the barrier to @ =r(P)Ir('D) (7b)

=rCP) + r(*D) (7a)

Qe
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_________ (4,6) band ' R
Zog excitation of CS,
- 25 1
z | IR 4
g TTTTT1T1
z Q
5 (5,7) R band T T T T T [T TTTTTTTTTITTarTrrTTT 170 (3,5) P band
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Figure 4. Expansion of the LIF spectrum in Figure 3 in the region of (4, 6) band of CS fragment. Rotational lines are resolved distinctly, making
it possible to obtain the relative rotational distribution of CX) at " = 6 vibrational state.

15 L Zog transition A 15 Zzg transition
W total population I total population
10 2 SCP) channel g2 SCP) channel
3 _ &3 S('D) channel 10 TVEE & S('D) channel |
3 H H H = ;
= SHR-M-H--H-- L1\ == J
£ V7 !
= W !
= 0 0 [ ¢
g 01 2 3 4 5 6 7 8 0 1 4
)
="
i g ' A £ e
.E 15 " tr -1 15 Az “
= Il total population IR total population
[ 0 @ SCP) channel 0 22 SCP)channel
<l B ' S('D) channel

0 1
6 7 8 o 1 2 3

=3
—

CS vibrational quantum number v"

Figure 5. Relative vibrational populations from the rotationally resolved LIF spectra of nascent &S, (X) for CS, photodissociations through
the 9, 3,9, I1;9, and A9 excitations. The solid bar represents experimental results. The population ffBijncBannel was simulated following
eq 5 in the text, and that from 5Y) channel was obtained by subtracting the contributions #?)S¢thannel from the measured total vibrational
distributions fors" = 0, 1.

TABLE 2: The Dissociation Branching Ratios SgP)/S(D) The total available energy is define Bg, = hv + Ejnt — Do,
and D|sso'<;‘|at|on| Rfateshof cs(xt) + |S@P) an<fj CS(>§2+) N whereEj, is the internal energy of GSnolecule at the initial
+ S(D) Channels for the g Vibrational State of CS throug transition state, anthv is the excitation photon energy. The

Different Excitations :
! xerad average rotational energy of CS fragment from the GS¢X

position branching raticP lifetime z rater(3P) rater(D) i i
transition (cnr3) SEPYS(D) ©09) 0D (s + SE@P) channel is derived from
39 47557.1 5.6£1.2 21+£02 040 0.07
59 467620 55812 22402 038 007 (o= z Z Py Byl Z Z Py (8)
M9 471813 3.4£0.8 1.8+02 043 0.13 v v
My 463745 1.6£0.2
AS  46822.0 2.7+ 0.6 1.2+02 0.61 0.23 and the average vibrational energy of CS from the CS{X

+ SEP) channel is from
wherer(®P) andr(1D) represent the dissociation rate following
SEP) and SID) channels, respectively. Substituting determined N z PU”Ey”lz P, (9)
values ofr and ® into eq 7, the dissociation rate§*P) and & &
r(*D) for the g vibrational level ofB,(1=,") state were obtained,
and also listed in Table 2. We may conclude from Table 2 that whereP, ;- andP,- are defined in eqs 1 and (& andE,-

both of dissociation rate®P) and {D) increase withk, but represent rotational and vibrational energied'andy" states,

the increasing magnitude of!D) is larger than that of (3P). respectively. Since the measured populatiépg: of CS(XIZ)

In other words, the increase &f accelerates the dissociation atv'= 0 and 1 consist of contributions from the two dissociation

and tends to proceed along the C&X) + S(D) pathway. channels,P, 3 at v'= 0 and 1 for the CS(&") + SCP)
3.3. Partitioning of Total Available Energy after Dissocia- channel was obtained by scaling the meas®eg- with the

tion. On the basis of the obtained rotational and vibrational ratio of simulated®,~ using eq 5 to the measured toR}. In
populations,P, ;> and P,, the partitioning of total available  this way, the partition ratios of available energy into the
energy for the two dissociation channels could be evaluated. rotational, vibrational and translational degrees of freedom of
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TABLE 3: Partitioning of the Total Available Energy for 4. Summary
CS; Dissociation at the!B,(*X,*) State into CS(X'X™) + ) o . o
SEP) and CS(XX+) + S(D) Products Predissociation dynamics of @8t vibrational energy levels
dissociation Ea of th_e 1B, (=) state below the _barrier to linearity h_as Iqeen
channel transition(cm™Y) [EyiplEay [ErotllFay [EyrandIEavi studied by measuring the lifetimes and the rovibrational
CS(AS*) + SEP)  S¢ 11567  0.26 0.15 0.58 population distributions of CS fragment with photofragment
59 11567  0.25 0.15 0.59 excitation (PHOFEX) spectroscopy and laser-induced fluores-
Im9 11583  0.28 0.16 0.56 cence (LIF) spectroscopy. Emphases were paid to the investiga-
A# 11625 030 0.15 0.54 tion of the relationship between these measurements and the

CS(AZ) +SED) = 2332 0.16

5,0 5332 017 rotational quantum numbeK, by using a heated nozzle to
0,9 2348 0.20 increase the hot band transition and hence the valug. df
AS 2390 0.25 was found that with the increase Kfthe lifetime decreases

greatly, and the branching ratio of two channel3DH(SEP)
the fragments for dissociation along the’f( pathway were increases. These two kinds of results led to a conclusion that
obtained, and listed in Table 3. For thé'3) channel, we just  the increase ok accelerates dissociation rate for both channels,
presented the vibrational energy partition ratios, since the butinfluences the $D) channel more effectively. Furthermore,
populations for this channel could not be obtained directly from analyses of rovibrational population distributions showed that
experiment. the molecular configurations along the two dissociation path-
ways should be bent, and €8olecule along the 9p) pathway
should be more bent than along theff§(pathway. Possible
explanation was presented that the two electronic states through
which CS molecule predissociates are bent, and the singlet state
to form S{D) channel is more bent than the triplet state to form
SEP) channel.

Comparing our results carried out below the barrier to
linearity with those at dissociation wavelength of 193 nm above
the barrier, two distinct differences can be found: (1) in the
present study, the partitioning of total available energy into
rotational degree of CS fragment from théR(channel is about
15%, bigger than that of 7% for photodissociation at 193 nm
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