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The photodissociation spectroscopy and dynamics of thgSCahd CIQS radicals have been
investigated using fast radical beam photofragment spectroscopy @ tg— X 2E electronic

band (To=26 400 cnjl) and an unstructured band near 45 600 tmAt all energies, only one

major channel, Ck(X ®A3)+S(®P;), was observed. Photofragment yield spectra for Ah&A,

—X 2E electronic band show resolved vibrational progressions extending well beyond those seen
in laser-induced fluorescence studies of this band. Photofragment translational energy distributions
yield the S@Pj) fine-structure distribution for each vibrational level of the LHroduct.
Photofragment angular distributions were found to be highly anisotrgpic—0.2 to —1.0+0.1)

with increasing anisotropy at higher photon energies. The results yield a refined heat of formation
for CH,S (1.346+0.018 eV as well as the mechanism by which thé?A, state is predissociated.

Results at 45600 cit imply that dissociation occurs on the repulsiBe’A, state. © 1999
American Institute of Physic§S0021-960609)04201-4

I. INTRODUCTION The excitedA 2A, state has also been characterized in

. . . . detail through laser-induced fluoresceritd=) experiments
Photodissociation of polyatomic molecules provides a aroug L) exp

2 X 2 i 01216 \ /i ; _
rich probe of excited state potential energy surfaces and thefl" the A “A,—X °E transitiom. Vibrationally-resolved

interactions. Measurements of photofragment yield Spectra{neasurements show progressions in the totally symmetric

translational energy distributions, product branching ratios,c':_S gtlrggghlg s) and CH umbrella mode ﬁ??
des'?1315-18The weak § Jahn-Teller active transition

and fine-structure distributions, probe the detailed coupling™©Y€" _
of excited electronic states with the dissociation/nvolving the methyl rocking mode has also been

continuum®=3 While there have been many photodissocia-observed>*’ Rotationally resolved LIF experiments by
tion studies of stable closed-shell molecules over the past 18liller and co-workers® show that the C—S bond distance
years, corresponding studies of open-shell radicals have beéi¢reases by 0.3 A and the HCS bond angle decreases by
limited. Our laboratory has demonstrated the ability to gen=4° in the A state, thus explaining the observed vibrational
erate a well-characterized source of radicals via photodetacprogressions. Radiative lifetime measurements show a sig-
ment of negative ions, allowing us to perform photodissociaificant decrease foA state vibrational levels=800 cni*
tion experiments on reactive open-shell species. In thigbove the origit?*31>8This effect, a likely signature of
article, we present the ultraviolet photodissociation spectrospredissociation, limits LIF measurements to the region be-
copy and dynamics of the methylthio radical (§3). tween 26 200—28 000 cm, in contrast to low-resolution ul-
The methylthio radical has been proposed as an importraviolet absorption measurements that showAkeX band
tant intermediate in atmospheric oxidation of naturally oc-extends to 31 000 cit.®
curring sulfur species such as dimethyl sulfide ¢SBH;), The methylthio radical has also been the subject of the-
dimethyl disulfide (CHSSCH) and methyl mercaptan oretical interest, motivated in part by the interactions be-
(CH;SH).* There have been numerous spectroscopic studiegyeen Jahn-Teller and spin—orbit effects in the degenerate
of the methylthio radical since its first spectroscopic obserg( 2E ground staté® Severalab initio calculations have been

vatl?n k()jy (filée;\;oan% I?A'CI.(SO%T] dtlﬁulsetabsorr:jtm?] lzagd performed to determine the energetics and geometry of the
faecnh(r;rgnta S ectrogco.ﬁyglorr]npcrg 0: %C ro;ngn 'Efrgrg de- methylthio radical in its ground and excited electronic
p » icToway : state$21-ZFigure 1 shows the potential energy surfaces for

0 ; feai ; )
spectroscopy’ and electronic emissidh studies have pro the CHS radical along the C—S bond based upon abe

vided information regarding the geometry, spin—orbit split-. .". . .
. Lo garding the geometry, sp P initio calculations of both Cuet al2* and Hsuet al?2 The
ting and vibrational frequencies of thé “E ground state. ~ 5 . . .

A <A, surface, which correlates asymptotically to excited

_ . o state products CHS(*D), is crossed by three repulsive

dCurrent address: Institute of Physics and Astronomy, Univerisity of Aar-surfaces, the4A2, 4E, and 2A2 states. These correlate to

hus, NY Munkegade, DK-8000 Aarhus C, Denmark. 3 . .
&round state products GHS(°P,; o and induce predisso-

YCurrent address: Coherent Inc., Medical Group, 2400 Condensa Stre o ; 1,00 ) -
Santa Clara, California 95051. ciation in theA state. Recenab initio studies by Cui and
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806 J. Chem. Phys., Vol. 110, No. 2, 8 January 1999 Bise et al.

. TOF
10n sodree mass detachment : dissociation detector
selection :
7 S=f=Cnc2 ccmzmmanez=san
T —'_\ | N s
6 — t_' hv, ""h detector
K V2
~ 5 — ‘ FIG. 2. Fast radical beam translational spectrometer. The dotted line sepa-
) CH,( X 24)+S('D rates the radical production section on the left from the actual photodisso-
S— 3 2 ( )
2 ciation experiment on the right.
o0 4 —
5 ~
= A
(6]
£ 3 CH(X 4 )+ S(P) distributions reveal resolved vibrational product state distri-
2 butions of the CH fragment as well as fine-structure distri-
= > butions for the S°(PJ-) fragment. The experimental results
and data analysis are presented in Secs. Il and IV. Based on
our results, we discuss the involvement of fife, and “E
1 = ., states in the predissociation of tlestate, and propose that
A Esp photodissociation at 219.3 nm occurs along the more highly
0 excitedB 2A, surface.

I ! | |
1.5 2.0 2.5 3.0
Dissociation Coordinate R(H,C-S) (A) I EXPERIMENT

FIG. 1. SchematicC;, potential energy surfaces for G8 along the C—S .
reaction coordinate based on calculations by ldsal. (Ref. 22 and Cui The fast beam photofragment translational spectrometer,

et al. (Ref. 24. Fig. 2, has been described in detail elsewt&€ré’ only a
brief description will follow. In this experiment, a clean
source of neutral radicals is generated by mass-selective laser

Morokuma* have focused on the predissociation of the Pphotodetachment of a beam of negative ions. The neutral
—X transitions for CHS, as well as the related species radicals are then photodissociated by a second laser,
CH;0, CR0, and CES, calculating the minimum seams of hvy hy

crossing and spin—orbit coupling elements between the CH;S™ ——— CHS+e~ ——— CH,+S. D

2 H 4
A %ﬁnd the tre;:);:swéE a_nd Atz Istatsst.h tical Kh Methylthio anions are generated from a pulsed super-
lle most ot Ine experimental and theoretical work as, ;. expansion of 800 mTorr of dimethyl disulfide

focused on théA—X band the photolysis of Ci$ ggs also  (cH,SSCH) seeded in 3 atm of Ar. Fadls-methyithio an-
been studied at h'gh?r photon energies. $@l™ have  jong g _dimethyl sulfide (CRSCD) is used as the precur-
examined the SP210: D) production from 193 nm photo- 5, " The molecular beam immediately passes through a
dissociation of CS using a 21 resonance-enhanced mul- ,jseq electric discharge. This generates negative ions,
tiphoton ionization technique, determining the’BJ/S("'D)  \yhich are cooled both rotationally and vibrationaifyThe

ratio to be 0.15/0.85 and the fine-structure distribution for th%ns are accelerated to a laboratory beam energy that can be

3 ioti ; 25
S(°P2,1,0) levels to be nearly statistical. Wilsat al™ have 564 from 6000 to 9000 eV and are mass selected using the
studied the photodissociation of GBH using the H-atom g,y er time-of-flight (TOF) method®*3! resulting in ion

time-of-flight photodissociation spectroscropy observingpacketS with very low energy spread. An excimer-pumped
CH,;S(X ?E) +H('S) as the major photodissociation prod- pyised dye laser then intersects the ion beam at the appropri-
ucts. Their results suggest that at 46 230 énthe CHS  ate time so as to selectively photodetach the methyithio an-
photofragment absorbs a second photon and dissociates jighs. Undetached anions are deflected from the beam by a
H+CH,S(A *A,). pulsed electric field. Based upon electron affinities deter-
In the present study, a mass selected beam gSJHdi-  mined in previous photodetachment measurenftits pho-
cals is generated from laser photodetachment ofSCHons.  todetachment energy of 1.93 eV was chosen to produce vi-
A second laser is then used to probe the dissociative excitekationally and rotationally cold C§$ radicals in theEs),
states of the methylthlo radical. We report the first observaand 2E1/2 states. The photodetachment energy was lowered
tion of several predissociative vibronic transitions of theto 1.88 eV when it was desired to produce SHadicals in
A ?A;—X 2E electronic band and also observe dissociationthe 2E,, state exclusively. For the production of
from an unstructured band at 45 600 chihat corresponds ds-methylthio radicals, photon energies of 1.92 eV and 1.87
to the band originally observed by Callear and Dick3dme eV were used.
primary photodissociation products were found to be In the dissociation region, a second excimer-pumped
CH;(X 2AQ)+S(3P]-) for all photodissociation energies, al- pulsed dye laser intersects the methylthio radicals. The frag-
though the detection scheme employed in these experimentsents from photodissociation of the radical are detected di-
in relatively insensitive to hydrogen loss channéi®., rectly by one of two microchannel plate detector assemblies.
CH,S+H). Photofragment translational energy and angulat’An aluminum blocking strip is positioned at the center of
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each detector to prohibit any undissociated radicals from im- T J T T i
pacting the detector, so the signal is entirely from recoiling ‘A —E, 3 s a5 Jo [7 [8 To Troft s

photofragments. In the present experiments, the fundamental | |3 |4 |5 |6 |7 |g |9 |10 |11 |12 |13|14|15
output of the dye laser with a bandwidth of 0.3 chwas 2A|‘—2E3/1{0 B a5 6 [ P ofule
used between 27 000-29 800 ¢t The dye laser was 23,

frequency-doubled to produce photon energies between
29 500-32 300 cmt and 45 045-46 730 cnt with band-
widths of 0.4 cm® and 0.5 cm?, respectively.

Two types of experiments are performed. First, the spec-
troscopy of the dissociative electronic states is examined by
measuring the total flux of photofragments arriving at the
TOF detector, located 0.68 m from the dissociation laser, as
a function of laser photon energy. The resulting photofrag-
ment yield (PFY) spectra are complementary to absorption : ' - ! .
and fluorescence measurements. 26000.0 28090'0 . 30000.0 . 320000

Once the spectroscopy of the dissociative states has beer, Photodissociation Energy (cm’)
examined, the dissociation dynamics are probed using a co-
incidence detection scheme. Both photofragments from a
single parent radical are detected in coincidence using a
time—anQ—position sensiti\{e detector pased on the desﬁgn 9. RESULTS
de Brujin and Los? Our implementation of this detection . .
scheme has been described in detail elsewifefeThe de-  A. Photofragment yield spectra, A ?A;«X E band
tector records the positions and differencg in arri\(al time of Figure 3 shows the PFY signal for thé 2p,
the two photofragments from a single dissociation event. <

) o
This information is then used to determine the masses of the 3242 band system of CkS. The spectrum is highly

fragments, their relative translational energy, and the structured with the first distinct peak occurring at 27 324
scattering angle between the relative velocity vector and
the electric vector of the polarized dissociation lagarpen-
dicular to the ion beam axis

Intensity(Arb. Units)

FIG. 3. Photofragment yield spectrum for the—X band of CHS.

were limited to transitions below 28 010 ¢ty illustrating

cm L. The transition frequencies and vibrational assignments
are listed in Table I. The PFY spectra clearly extend to con-
siderably higher energy than the LIF measurements, which

the competition between predissociation and fluorescence in

My My, UoT @) the A 2A, state. The observed vibrational progressions can
m, fry L/’ be assigned in a relatively straightforward manner using the
2 2
E-—E.. m;m; _ {(vo7)*+ R} 1+2m1_m2 Uo7 TABLE |. Observed transitions, lifetimes, and assignments for the
LV L? M L/’ CH,S A 2A;+X 2E photofragment yield spectrum.
()
Transition energycm %)
Lifetime
voT A2A;—X2Ey, A2A;—XZ2E;, Assignment (n9
f=arctan —-|. ) 27321.3 273232 270622 32 250207
27707.12 27708.2 274475 3; 72+30°
_ 28082.3 27824.1 33 0.025+0.025
Here,r, andr, are the distances of each photofragment 28450.7 28186.2 33 0.010+0.007
on the detector face to the center of the radical beBm. 28780.5 23?3 0.025£0.025
=r,+r, is the distance between the two photofragments and 28810.3 28536.3 3o 0.004£0.002
. : . : . 29144.3 2338 0.008+0.005
7 is the difference in arrival time of the fragmentd, m,, : ozo : ’
. 29176.5 28998.7 3] 0.002+0.002
andm, are the'masses of the parent raghcal and photofrag- 20498.7 20241.1 38, 2135
ments, respectivelyEy, andv are the radical beam energy 20817.4 29580.7 33, 2138
and velocity respectively and is the distance from the dis- 30162.4 29889.6 3%, 2330
sociation laser to the detector face. A flight distance @f 2 30479.8 30221.1 31318 0.002+0.002
m was used for photoexcitation energies l&geatey than 30523.5 80265.7 203
1 o 30787.7 30527.8 33
30 000 cm ™. The photofragment mass resolutionnigAm 30626.6 2139
~10 while the translational energy resolution for these ex- 31088.0 3[,’(1)30
periments iIAE;/E;=3.0% and 2.2% for data recorded at 1 31171.9 30910.3 24330
and 2 m flight lengths, respectively. This coincidence detec- 31375.6 3
. . . . 1711
tion scheme is only possible when the mass ratio of the two 21479-8 203
photofragmentsn, /m,=<4, making coincident detection of 31323'2 2?%12
. 00

light atom dissociation channels involving H or D impos-
sible. Transitions and lifetimes observed in Ref. 15.
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A B A A T T TABLE Il. Observed transitions, lifetimes, and assignments for the
EIPHE 3 6 I7 I8 CH,S A 2A,— X 2E photofragment yield spectrum.
1 123 10
2,3, 14 s le
by g o Transition energycm %)
A—E,, 20 30 i3 |4 |5 - p- = poy
2 |3 14 I3 16 17 18 A 2A;—X 2Eq), A2A;—X%Ey, Assignment
5 28089 3
5 28470 33
< 28564 253¢
; 28849 28601 38
2 28940 28693 2533
Ei 29156 28967 3!
= 29262 29036 2338
1 29492 29036 38
29357 2338
N { | |
28000.0 28500.0 29000.0 29500.0

Photodissociation Energy (cm™)
' from the Ej;, and E,;, states with a spin—orbit splitting of
FIG. 4. Photofragment yield spectrum for the—X band of CQS. about 250 cm®. The transition frequencies and vibrational
assignments are listed in Table II.

previously determined vibrational frequencies and anharmoB. Translational energy distributions, A ?A;—X *E
nicities from LIF measurements:*’ All progressions show band
a spacing of approximately 390 ch characteristic of exci- The possible reaction pathways for the methylthio radi-
tation in thev; C—S stretching mode. Two of these progres-4) for excitation energies in the— X band are
sions are separated by approximately 260 tnthe spin-—
orbit splitting of CHS in theX 2E state, and are assigned to CHaS(X 2E)h_V>
35 progression from théEg, and °E,, states. Transitions
from the ?E5, level are approximately twice as intense as CH3(§( 2A0)+S(3P10)  AHyn0=3.045£0.015 eV
transitions from théE,,, due to the larger cross section for Q0
photodetachment of C}$~ to the (lowen 2Eg, state at 1.93 <1 )
eV. A third progression begins at 28 780 ¢ approxi- CHS(X "A1) +H(®S)  AHxq0=2.06=0.08 eVv. (Il)
mately 1080 cmni' above the §(°Es,) transition. Based on These reaction energies were calculated using the JANAF
the excited statev, umbrella mode frequency of 1096 Thermochemical Tablédand AH; (CH,S)=1.346+0.018
cm 1’ this band is assigned to thgZ(?Ej») progression eV, determined in this worksee below Our coincident de-
with n=3. A number of 23{(°E,,) transitions are resolved tection scheme is insensitive to the H-atom dissociation
and are indicated in Table I. channels as has been discussed by Oskoat,?® making
Rotational resolution of the vibrational features of thechannel | the only detectable photodissociation pathway.
PFY spectra was not attempted due to spectral congestion The two-dimensional coupled translational energy distri-
resulting from multipleK stacks and a low rotational con- bution, P(Et,6), obtained from Eqgs(3) and (4) can be
stantB’'=0.345cm’. The peaks of the PFY spectra are separated into the angle-independent translational energy
approximately 20 cm' FWHM with a tail extending to  distribution P(Et) and the energy-dependent anisotropy pa-
lower photon energy. The vibrational bands, scanned witltameter8(E;) which describes the angular distribution of
laser step size of 2.5 cm and bandwidth of 0.3 cit, do  the fragment¥
not show significant broadening with increased excitation en-
ergy. The rotational temperatures of the vibrational peaks P(Er,0)=P(Er)[1+B(Er)P2(cosf)]. )
have been determined by fitting the peaks to a rotationalhe anisotropy parametégt can range from+2 to —1, cor-
contour using the rotational constants for the vibrationlessesponding to cdsf and sirf 6 angular distributions, respec-
level of theA state determined by Miller and co-workéfs. tively.

These contours yield rotational temperatures between 40-50 Figure 5 shows the translational energy distributions,
K. o P(Ey), for a number of vibrational transitions associated
A PFY spectrum has also been obtained for e X  with the A 2A;—X 2E band of CHS. The mass ratio,

band of C3S, shown in Fig. 4. The structure in GBPFY  m;:m,=15:32, determined via Eq2), confirms CH+S as
spectrum is not as well resolved as in the correspondinghe product channel. The structure observed in R{&r)
CH,S spectra because the ion beam intensity was approxdistributions can be attributed to tS¢*P, ; o) levels and the
mately half that for CHS . Four major progressions are umbrella motion of the Cklfragment, as indicated in Fig. 5
observed with a spacing of approximately 370 ¢rand sig-  for the &Z transition with two combs representing the maxi-
nificant anharmonicity. By applying the vibrational frequen- mum translational energies for th§(3Pj) fine-structure
cies and anharmonicities from previous LIF measuremnts, states for thes,=0 andv,=1 vibrational states of the GH
these progressions can be assigned JaaBd 237 bands fragment. The detailed assignment of this structure is de-
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3] 2233

P(Ey)

03 04 03 04 05 06
Translational Energy (eV)

FIG. 6. P(E+) distributions for the 3 and 23 transitions fr C3S.

P(E,)

The smaller ion beam intensities for @B resulted in
reduced signal collection rates, aR@E+) distributions were
! obtained at only two photon energies, 29 150 and 29 260
cm L, Fig. 6. These transitions produce photofragments with
a mass ratio of 18:32, consistent with GE6 products. Pho-
toexcitation at 29 260 cit, which overlaps the 2B3(E))
and %(El/z) transitions, leads to substantially more internal
excitation of the photofragments than the nearl&E%,z)
Pon transition at 29 150 cim'. The photofragment angular distri-
6 038 butions are described bg=—-0.3 and—0.1 for the 3 and
2535 bands, respectively.

]
237 |35 280

FAN A

1 1 -
02 04 06 04 0.6 04 0
Translational Energy (eV)

FIG. 5. P(Ey) distributions forA«— X vibrational transitions of CES. The
experimental data is indicated by the open circles. Thé-fi} and ET**
values(— — —) are shown for eacR(E+) distribution. The combs shown A PFY spectra has also been obtained for;SHetween

for the 3 transition represent the maximum translational energies for the45 000—46 500 le, Fig. 7, corresponding to the UV ab-
three fine—structgre §tates of the®B() fragment that correspond to thg sorption band observed originally by Callear and DicRson
=0 andv,=1 vibrational states of the GHragment. . . 5 .

and in more recent experimertts®® Our experiment con-

firms that CHS is the carrier of this band. The peaks at
scribed in Sec. IV. The dashed vertical lines at each excita#® 620 and 45 350 cnt do not correspgnd to vibronic struc-
tion energy in Fig. 5 indicatE™™, the maximum transla- ture, but to transitions from tRE g, and E,, States, respec-
tional energy available, as determined below in Sec. IV. tively. The relative intensity qf the peaks is governed by the

The P(E+) distributions for 3 excitations fom=3-6 larger detachment cross sgctlon to TBg), state at 1.93 eV.
are dominated by single narrow peaks with a sharp cutoff af "€ Peak at 45 350 cm disappears when the detachment
EM displaying litle or no vibrational and/or spin—orbit €nergy is lowered to 1.87 ev. o
excitation. The 3P(E+) distribution shows a mild increase Ihe photofragment mass ratio for excitation at 45 620
in the internal excitation of the photofragments, and thet™m = Was found to be 15:32, consistent with £+5 prod-
3LP(E;) distribution demonstrates a significant increase inUCts- TheP(Er) distribution, Fig. 8, peaks at 2.40 eV, near
photofragment excitation, with a maximum in tR€E+) dis-
tribution at a translational energy 70 meV less than the maxi-
mum translational energy. , ,

The P(Ey) distributions for the 230 transitions are A—E,,
quite different. The photon energies used to acquire the
P(Eq) distributions for the &3f transitions differ from the
33*3 transitions by only 25 and 22 cm, for n=3 and 4,
respectively, but the combination band transitions produce &
significantly more internal excitation in the photofragments. 5
The P(Ey) distribution from the overlapping 333 and 3
bands is not well resolved, as one might expect for a combi-’
nation of two different product state distributions. Due to the
overlapping combination band and C—S stretch progression:
between 29 400—-30 100 crhas well as low signal levels,
no attempt was made to measure the dissociation dynamic
of the 2 or 253} bands fom=6 and 7.

The photofragment angular distributions are highly an-
isotropic with values ofB ranging between-0.2 to —1.0,
with a decrease i as the C—S stretch quantum number iSFIG. 7. Photofragment yield spectrum for ¢ from 45 000 to 46 500
increased, see Fig. 9. The negatjfevalues are consistent cm . The peaks at 45620 and 45 350 Grare assigned to transitions
with a perpendiculaA«— E transition dipole moment. arising from theX Eg;, andX E,, states, respectively.

C. Higher excitation energies

units)

nsity

Inte

1 1 1 | , 1 1 1 1 | i ] I 1
45000 45500 46000 46500
Photon Energy (cm™)
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T T T more than three quanta in thg mode, showing an extended

o progression containing up to 15 quanta andé&SZcom-
bination band progression. These progressions are consistent
CH,X(A,") +S('D), with the large change in the C—S bond length upon excita-
tion to the A state(1.767 A-2.057 A'* Our observed fre-
quencies for the g%and %Ew transitions for CHS agree to
within +2 cm™! with those observed in previous LIF
' studies™>!' The 3 progressionsm,= 2-15, can be filt effec-

0.0 0'_*5 ].JO **1{5 5 1o tively using .Wlthlthe frequency@§=409.2t0._2 cm -, arllg

Translational Energy (eV) anharmonicity, Xx33=3.9=0.1 cm %, from Chiang et al.

The combination band progressioréB@, can be fit by in-

cluding an additional term,,=6.6+0.1 cm %, from Chiang

et al1® to describe the interaction of the, and v3 mode.
Previous fluorescence lifetime measurements reveal a

sharp decrease in the lifetime of the excited state for the 3

transition(2502-20 n9 relative to the @ transition(1130+=70

ng), suggesting the former to be the onset of predissocia-

tion.}>1>18 The PFY spectra obtained in this study indeed

shows the 3 transition to be the first dissociative transition.

The most energetic peaks observed via LIF are tﬁemﬁ

| % 2535 transitions, with lifetimes of 7230 ns and 8515 ns,

20 21 22 23 24 25 26 27 respectively. While we do observe thg Bansition, we are
Translational Energy (eV) not able to detect the 3} transition at 28 016 cmt even

FIG. 8. (@ P(Ey) distribution from excitation at 45 620 crh The maxi- thoth the reported lifetime Of_8515 ns suggests rapid pre-

mum translational energies for the GHS(P), CHs+S(ID), and  dissociation. Although extensive efforts were made to ob-

CH,+SH(IT) are marked with arrowsb) P(Ey) between 2.0 and 2.8 eV. serve both the 23 and 233 bands, the combination bands

_The e)fperir‘nentql d_ata are displayed as open circlgs V\_/hile the results of azég,g were not cIearIy observed unti= 3.
impulsive dissociation model is shown with the salie) line.

T T
CH,X('A,") +S(P)

P(E;)

CH,X(B,) +SH(TT)

P(E.)

B. CD3S photofragment yield spectra

the maximum allowable translational energy of 2.6 eV for The CD:S photofragment yield spectrum is also com-

product channel I. This distribution is structured, but mUChprised of 3 and 31)38 progressions. TheBtransitions from

less so than the(Ey) distributions for theA«—X transitions.  he current PFY spectra and LIF transitions found by Suzuki
The small feature &= 1.5 eV comprises=2% of the pho- ot 5126 can be fit using w,=402.51.0 cm® and x4

todissociation products and is most likely from dissociation_ 4 15+0.2 ¢!, The combination bands can be fit by in-

channels Il or IV, cluding a cross anharmonicitg}; of 4.0+ 0.5 cn 2.
CH3(;((2A'2/)) +S(!D)  AH,,o=4.190-0.015, (Ill) Radiative lifetime measurements of Suzekial. suggest
_ ’ the onset of predissociation occurs at thpt@nsition. We
CH,(X(3BY)) + SH(?I), AHyno=4.14£0.05. (V) have been unable to locate thé Bansition in our PFY ex-
periments and do not observe significant dissociation signal
until the 3} transition. Our inability to detect thej3ransi-
tion probably results from a combination of poor Franck—
Condon factors and small ion beam intensities.

The photofragment angular distribution is highly anisotropic
with 8=-0.98+0.10.

Attempts to determine the relative branching ratios of
the H-atom vs S-atom channels at 45 620 ¢rthrough the
use of a noncoincident time-of-flight technidfiavere un- ] o ~ ~
successful. Our ability to detect the H-atom dissociatiorC- Translational energy distributions, A 2A;—X ?E
products H{S) + CH,S(A A,) observed by Wilsort al. at
216.3 nm(Ref. 25 is extremely limited by our detector ge- The P(Eq) distributions in Fig. 5 demonstrate how the
ometry. The H-atom detection efficiency<sl% and only a  excess energy above the dissociation threshold is distributed
small fraction(<10%) of CH,S(A 'A;) fragments are ex- between the photofragments. The energy balance foJSCH
pected to contain sufficient kinetic energy to clear the 3 mnphotodissociation is described by
bear_n block used to prevent undissociated neutrals from imﬁVJr EsoCHsS) + E;ry(CHsS)
pacting the detector.

=Dy(CH3—9) + E1+ Ey(CHg) + ER(CHs)

+EsdS°®P)), (6)

where hv is the photon energyEso(CH;S)=0 and 260

cm ! for 2E5, and °E,, states, respectively, of the parent
Our photofragment yield experiments are the first toradical ancE;, characterizes the average rotational energy of

present resolved vibrational transitions &f-X band with  the parentE; is the measured center-of-mass translational

IV. ANALYSIS

A. CH,S photofragment yield spectra, A 2A,«— X 2E
band
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TABLE IIl. Product branching ratio for C§5—>CH3(V2=n)+S(3Pj).

v,=0 v,=1 v,=2 Fine-structure
hv ratio
Transiton (cm™) P2 PPy *Pg P, Py PPy %P, PPy 3Py 3p,:%p,:3p
33 27705 87 5 4 3 1 90:6:5
33 28082 82 6 6 L 88:6:6
33 28450 79 6 5 10 1 e e e 89:7:5
35 28810 76 6 4 1 2 1 87:8:5
3{ 29160 53 15 4 13 5 5 4 - 1 70:20:10
3¢ 30479 7 27 31 4 12 10 4 3 2 15:42:43
2333 28780 61 5 1 29 - 2 2 90:5:5
2338 29134 29 11 3 39 7 4 5 1 1 73:19:8

energy,E, andEg are the CH product vibrational and ro- CH; v, umbrella modé3** The distribution functions
tational energiesEso(S ®P;) is the spin—orbit state of the f;jn(Er), wherej labels the sulfur atom fine-structure level
sulfur atom, andD,(CHs-S) is the C—S bond dissociation and n labels the number of quanta in GH, mode, are
energy.E;,(CH3S) for a temperature of 50 K is 33 ¢rh Boltzmann distributions described by a rotational tempera-
Do(CH5—S) can be extracted from these distributions ifture T (characteristic of the Ciifragment and convoluted
we can determin&€T®, the value of the translational energy With a gaussian experimental energy resolutios
corresponding to production of photofragments with zero inFFWHM=20 meV.
ternal energy. This is marked by a vertical dashed line for ~ The total distribution is given by
each photon energy. AlthougBT® is not always obvious
from aP(Ey) distribution, it can be readily ascertained from n’
the distributions in Fig. 5 because of the steep falloff in  F(Er)= > @ ofj o Er—(hv—nw,
intensity toward highE;. Note that theP(E) distributions J=0n=0
for the § and 3, transitions show broad tails which extend —-SQ-Dy),T,d], 7
to higher translational energies th&{"®*. This “signal”
arises when the dissociation cross section is large enoughherew, is the fundamental frequency of thg mode (606
that photofragments from different dissociation events im<cm™, 75 me\J**, a; , represents the coefficient associated
pact the detector. While our data analysis allows us to elimiwith each individual distribution function and $@ the in-
nate most of false coincidences, a small contribution remaingernal energy associated with the’Bg ; o) spin—orbit levels,
when large photofragment fluxes as present. which have energies of 0, 49, and 71 m&\tespectively.
Do(CH5—S) is obtained independently at each photonThe rotational temperaturewas manually adjusted for each
energy; the resulting values are then averaged together fmeak to produce the best fit. The results of the best nonlinear
yield a value of 3.0450.015 eV. Our value oD, along least squared fits are shown as solid lines in Fig. 5. Table IlI
with the known heats of formation of GHand S determines contains the vibrational and spin—orbit distribution for each
AH;¢ o(CH3S)=1.346+0.018 eV in good agreement with data set. The rotational temperature of the;@gment var-
the value 1.3630.023 reported by Nicoviclet al*® deter- ied between 170 to 220 K for all correlated product distribu-
mined from reaction kinetic measurements and with theorettions except for the Ck+S(®P,) distributions for which the
ical values 1.346, and 1.37 é¥3” Our current value dis- CHs fragment rotational temperatures varied from 50 to 100
agrees with the values of 1.54.086, 1.530.065, and 1.48 K.
+0.065 obtained by Nourbakhst al. from molecular beam The fundamental frequency of the gidmbrella mode,
photofragmentation studies of GBH,*® CH,SSCH,*® and  v,, is =75 meV which is very close to the energy splitting
CH3SCH,,*° respectively. The discrepancy of this value with between the SP,) and SEP,) levels~71 meV. This leads
other recent literature values has been previously discusséd product states, Ciflv,=0)+S(EP,) and CH(v,=1)
by Ruscic and Berkowif? and by Nicovichet al3® +S(P,) which are nearly degenerate within the experimen-
The CH; product umbrella modew,) vibrational distri-  tal resolution of 20 meV and cannot be distinguished by the
bution and the Sg(Pj) fine-structure distribution can also be fit. This near degeneracy is removed as the number of quanta
determined from thé®(E) distributions. Since both photo- in the strongly negatively anharmonic ghmbrella mode is
fragments are detected in coincidence, this is a correlateihcreased. For product state energies separated by more than
distribution in the sense that we obtain thél&?ﬁo distribu- 15 meV, the fits were sensitive to changes in the spin—orbit
tion for each CH vibrational level. These distributions have and vibrational state distributions of more than 5%. The un-
been obtained by using a similar procedure to that employedertainty in the product state distributions for products
by Osbornet al*? for CH;O dissociation with additional CHg(v,=0)+S(P,) and CH(v,=1)+S(EP,) could not
terms included to account for the resolved fine-structurée determined.
states of the sulfur atom. The data are fit to a series of rota- The P(Ey) distributions from 3(n<6) transitions are
tional distribution functions separated by the fine-structuraemarkably similar with at least 86% of the gHroduced in
energy levels of the sulfur atom and the term energies for théhe v,=0 state. These transitions also exhibit a strong pref-

N
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erence for the SP,) level with an average SP,.;.o) dis- ' ‘ ' '
tribution of 88:7:5 compared to a statistical distribution of ~ -0-2f
5:3:1. However, these trends change o 6. The 3, tran-
sition has a spin—orbit distribution of approximately 73:18:7,  -0.4} - 100
showing an increase in the higher enef§y and®P levels. —
This transition also shows increased vibrational excitation o =
with a vibrational distribution/,=0:1:2 0f72:23:5. The §' p-o. -
transition is dramatically different from the othef &ansi- é
tions in Fig. 5 showing a spin—orbit distribution of  -0-8 =
SCP,.1.0) of 15:42:43 and a vibrational distributiom,
=0:1:2 0f65:26:9. -1.0f -1

Excitation of the 33§ combination band transitions pro- I I l I !

2 4 6 8 10 12

ducesP(Ey) distributions with a substantial increase in the
excitation of the CH product umbrella mode, e.g., GH,
=1) is the dominant channel from excitation of thé32 FIG. 9. Dependence of the anisotropy parameeras a function of C—S
transition. Since the dissociation products, {L#3=0) stretch quantum number for the) Brogression—) and the 23} progres-
+ S(3P0) and CH%( v,= 1)+ 5(3 2) cannot be distin- sion (— — —). Error bars of+0.1, for the uncertainty in the experimental
value of 8 are shown.
guished by the fit, it was assumed that the spin—orbit distri-
butions for the 330 transitions were the same as for the
nearly isoenergetic}3 ® transitions. The spin—orbit distribu-
tions were then adjusted slightly to see if a better fit could be
produced. where c; is the fractional population for each rotational
quantum numbet]. The experimental value @ can then be
associated with a lifetime.
Equation(9) applies to diatomic molecules and to sym-
Due to spectral congestion of rotational levels in ourmetric top rotational levels witK =0. In our experiment, the
experiment, we were | unable to obtain rotationally resolve thexcitation energies correspondkd=0+K"=1 transitions;
transitions of theA— X band and therefore could not deter- the upper stateJ(,K’=0) levels can then be considered as
mine the excited state lifetime from linewidth measurementspseudodiatomic rotational levels, so that E®).is appropri-
We have therefore attempted to extract the excited state lifeate. We note that these are the most prominent transitions
times from the anisotropic photofragment angular distribupetweenk levels; most of the Ck8 X 2E population is in
tions and a defined excited state rotational distribution in gotational levels with<” = 1, and fora—e type vibronic tran-
manner similar to that performed by Blaek al*® in their sitions, AK = — 1 transitions are most inten&&>!
study of ICN photodissociation. The anisotropy paramgter A cursory inspection of Eqs(8)—(11) reveals that the
can be described classically as upper state rotational distribution is required in this analysis.
B=2-P,(cosx)g(w,T), (8) Although individual rotational lines are not resolved, it is
assumed that the excited state contains discrete rotational
levels and that the excitation laser with a bandwidth@¥.3
cm ! selects a narrow distribution of rotational levels. The
excited state rotational distribution is determined by first fit-
ting the contour of each vibronic transition using the known
rotational parameters of thé and A states”'* a laser reso-
lution of 0.3 cm! and then considering which part of the
rotational manifold is excited for eadh(E;) measurement.
) The B parameter dependence upon C-S stretch excita-
o(o.7)= 1+(w71) © tion is plotted in Fig. 9 for both 3and 253 transitions with
' 1+4(w7)? the corresponding lifetimes and uncertainties listed in Table
Equation(12) describes the dependence of angular velocn)} clearly illustrating the rapid decrease ghand in litetime
upon the rotational quantum numhr with increasing C-S stretch excitation. The uncertainty in
the lifetime increases substantially as the photofragment an-
o(3)= BcJJ+1) 10 isotropy approaches its limiting classical value e0.25
' making the lifetimes for nearly isotropic distributions such as

2
whereB is the rotational constant of thestate, and: is the the 3 and 3 transitions less reliable. While the extracted

speed of light. The anisotropy parameter as a function 0|n‘et|me values are only approximate, they agree surprisingly
lifetime, 8(), is then given by, well with the lifetime values of thé«—X band of the CES

5 radical reported by Powert al®? A more detailed compari-
1+t w) 7 ) (119  Son of the CHS and CES radicals and their excited state

1+40(J)- lifetimes will be provided in Sec. V.

C-S Stretch Quantum Number

D. Excited state lifetimes

whereP, is the second Legendre polynomigljs the orien-
tation of the transition dipole moment with respect to the
molecular axis(y=90° for a perpendicular transitiprand
d(w,7) describes the effect of molecular rotation on the pho-
tofragment angular distribution with a given dissociation
lifetime 7.%6-*8 The angular velocity of the separating frag-
ments is given byw.

For a diatomic molecule,

ﬁ(T):Z'Pz(COSX); cy
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V. DISCUSSION Molecular limit Fragment limit
A. Translational energy distributions, A 2A,« X 2E CH.S CH, XCA,") + S(3Pj)
1. Vibrational state distributions 0
The product state distributions from photodissociation 12 .
provide detailed information about the electronic surfaces BO12—N
which mediate dissociation. In this and the following section, 32 NN
we discuss how the product vibrational and fine-structure 32 \\\\\ Q
distributions provide insight into the role of the three repul- R AN AN 1 P
sive surfaces in the predissociation of thestate. A, 12 R N ’
The P(Ey) distributions for theA« X 3{(n<6) transi- sp 12 RO, 172
tions show negligible excitation of the umbrella mode in the 2 32 RN 13//22 P
CH; fragment with a slight increase {E,;,) asn increases RSN
from 3 to 6.(E,;,) rises noticeably for the Btransition even S 2
more so for the 31 transition, suggesting that a fundamental , 12
change in the dissociation dynamics occurs over this energy , §§§ P,
range. Cui and Morokunf&have performed detaileab ini- ;S ——sn
tio calculations for the predissociative surfaces of the meth- ,/'
oxy family (CH;0, CH;S, CRO, and CES). In particular, ,/
these author§ have analyzed how fast theC-O bond g 12 e
angle opens in CkD as the C—O bond breaks on both the 32

4A2 andE surfaces. They find that tité-C—Obond angle G. 10. Adiabatic correlation diagram for G8ito products ChktS(CP;)
° - ) . . 10. j
':)hpee‘?é ;]J?fI:Cglilfs:::]yoistg}éifsu?fal.acoendTﬁ;Strir:ﬁtlIr?gﬁgii? ({g" the )=1/2 levels based upon calculations of @uial. (Ref. 24.
curvature along the minimum energy path on tResurface
promotes increased vibrational excitation of the GiHoto- . 5 4 . ) o ]
fragment at higher photon energies as observed by Osbo@iVe "Az, “Az, and“E states via a spin—orbit interaction.
et al> Assuming that the same trend holds for St the ~Because of the spin—orbit coupling selection rulé§=0,
increased Chiproduct vibrational excitation observed for the A2=—AA=*1, or AE=AA2:O,54 we ”fed only consider
37 and 3! transitions is consistent with involvement of the the 2=1/2 statesA, 1), *Aza-12), *E(a-1p2) States in
“E surface in the dissociation. No calculations of this type®Ur dissociation model. _
were performed for théA, state, so one cannot assess the N the relativistic adiabatic limit, the nuclei evolve
role of this state based on the vibrational distributions alone$IoWly on relativistic adiabatic potentials all the way to the
The 2:33 and 232 transitions result in more vibrational aSymptotic products’®* Adiabatic curves with the same
excitation of the CH photofragment as compared to thg 3 vaIue_on will undergo avoided crossings, so a one-to-one
bands, with initial excitation of the Ci$ parent umbrella Mapping between the molecular electronic states and the
mode leading to population of the umbrella mode in the,CH @Symptotic fine-structure states can be performed. In the dis-
fragment. While this result is not entirely surprising, the Sociation limit, () is defined as the projection of the total
2133 results in significantly more vibrational excitation of €l€ctronic angular momentum vect@pintorbital) of the

the CH, fragment than the 82 transition, with the vibra- separated atoms along the internuclear axis. Following the
tional distribution peaking at,=1. This suggests that the calculations of Cui and Morokunf4we have constructed an

adiabatic correlation diagram, Fig. 10, for the=1/2 levels
of CH;S. This diagram shows that tHAz(Q:j_/z) state cor-
relates with the’P, products, théA,_ 1) State correlates
with 3P, products, and théE,, states correlate with both
3p, and®P, products.

Comparison of Table 1l with Fig. 10 shows that for
energies below the [3and 23; transitions(i.e., photon en-

The experimentally observed sulfur atom®B() fine-  ergies <29 000 cm! for transitions originating from the
structure distributions yield further insight into the dissocia-?g,, state, the average distribution of 88:6:6 agrees rela-
tive electronic states. In this section we compare the pretively well with adiabatic dissociation on th#A, state,
dicted fine-structure distributions for an adiabatic which should yield®*P, products exclusively. At higher en-
dissociation model for the repulsiVé,, ?A,, and’E states  ergies, the spin—orbit distribution changes abruptly and ex-
to the experimentally observed fine-structure distributionshibits an increased fraction of th#; and 3P, states, with
For simplicity, CHS will be regarded as a pseudodiatomic. these states dominating tH&(E+) distribution for the 3"
The A 2A; state has angular momentum valuds=0, transition, StP,.;.0) = 14:39:46. The spin—orbit distribution
2=1/2, andQ=1/2 whereA, 3, and Q) refer to the elec- for the 36 transition of 70:20:10 suggests that while disso-
tronic, spin, and total angular momentum along the C—Siation on the’A, surface dominates, some dissociation also
axis, respectively. Thé %A, state can couple to the repul- occurs on both théA, and“E states. For theé‘% transition,

upper level of the 233 transition is also predissociated by
the “E surface. Note that the333 transition is at nearly the
same energy as the, 3ransition, the first member of the}3
progression in which théE state appears to play a role.

2. Fine-structure distributions
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the dominance of théP; and P, products and the nearly of CF,S display mode-specific behavior analogous to that
equal °P: °P, ratio indicate that the dissociation mainly opserved in ChS. The 432 transition (§+ 1354 cni?)
occurs on théE state. Due to the extensive overlap of com-possesses a lifetime of 333 ns, considerably longer than the
bination bands with the 33-3¢° transitions, we have been 3 transition and shorter than the 2.85 lifetime for the 3
unable to examine how the spin—orbit distributions changeransition ((8+ 615 cmY). The lifetimes of these combina-
between the 8and ' transitions. tion band transitions decrease rapidly with increasgex-

The interpretation of the vibrational and spin-orbit dis- citation, decreasing down to 0.9 ps for thé3% transition
tributions in terms of which repulsive states contribute to the(08+ 3082 cm?).

dissociation are fairly consistent, the main difference being
that the the spin—orbit results offers more direct evidenc
that the?A, state plays a role in dissociation following exci-
tation of the 3 transition. However, the increasing role of Photodissociation of the GJS radical following excita-
the “E state at energies above 29 000 ¢ni3.6 e\) is sup-  tion excitation at higher energy is significantly different from
ported by both sets of measurements. that observed for thé—X band. The structureless photo-
This is consistent with the strength of the spin—orbitfragment yield peak, Fig. 7, observed near 45 600 thmas
coupling between the\ 2A, state and the three repulsive @ FWHM of 270=30 cmi %, While this peak is broader than
states. Cui and Morokurfihhave calculated the spin—orbit those observed in the predissociative levels ofArgtate, it
(SO) coupling matrix elements between tie?A; surface IS not as broad as one might expect for a completely repul-
and the repulsivéA, and “E surfaces for CKS, finding  Sive surface. The “narrowness” of his feature indicates that
HSO(*A,,%A,) and HS9(*E,2A;) to be 75 and 152 cht,  the electronic state is either bound or relatively flat in the
respectively with minimum seams of crossing located at 3.5Franck—Condon region. Calculations on the doublet states of
and 3.61 eV above the ground state for fife and*E sur-  CH,S performed by Hset al* show that theB 2A, state is
faces, respectively. The SO matrix eleméit“(?A,,%2A;)  indeed flat in the Franck—Condon region, Fig. 1, due to an
was not calculated for C§$. However, based on the analo- avoided crossing between tﬁbzAz andB A, states??
gous calculations for CD, we expecH3%(%A,,%A,) to be The P(E;) distribution obtained from excitation at
approximately 20% less thah>(*A,,2A;). These trends in 45 600 cm %, Fig. 8b), is considerably broadgE00 meV)
Hso~arise because the dominant electronic configurations fognd less structured than tie(E,) distributions obtained
the A ?A, state and théA, and “A, states differ by two  from excitation in theA«—X band. The fine-structure distri-
spin—orbitals while the’E state differs by one spin— pution could not be resolved in tiR{E+) distribution. How-
orbital?***In any case, the stronger coupling to fliestate  ever, since the dissociation ha=2.6 eV available for trans-
state suggests that it should dominate the dissociation onggtion, we have assumed that the fine-structure distribution
the crossing seam is energetically accessible, and the calcftom this?A, state can be described within the diabatic limit
lated energy minimum of the crossing seam lies very close tesulting in a statistical fine-structure distribution of 5:%1.
the experimental value at which both the vibrational andAssuming the excited state to be repulsive, we have at-

T. Higher excitation energies

spin—orbit distributions change. tempted to model the product state vibrational distribution
using the sudden approximation.
B. Excited state lifetimes and mode specificity In the sudden limit, the dissociation is sufficiently rapid

) o so that there is minimal coupling between the translational
Our excited state lifetime measurements as well as preang viprational degrees of freedd The CH, umbrella

vious LIF radiative lifetime measuremeftsshow that the mode vibrational distribution is obtained by a Franck—
predissociation of CkS is mode specific, with the; mode  condon projection of the CHgroup of the excited state
more strongly coupled to the dissociation coordinate than thﬁnethylthio radical onto the CHphotofragment. We assume
v, mode. The excited state lifetime decreases from32ns  he geometry of the excited state in the Franck—Condon re-
for the 3 transition down to 22 ps for the § transition  gion to be the same as the ground state geometry, i.e., a
over an energy range of approximately 180 meV. The life-ertical transition. The ground stateHCS of 107.8°, de-
time of the 37 transitions is longer than the nearly isoen- rived from ~ HCH=111° from the calculations of Janousek
ergetic %+3 transitions and shorter than th% Fansitions et a|_18 is projected onto the p|anar Q}-fragment, corre-
indicating that the umbrella mode is not completely decousponding to~ HCS=90°. Figure &b) shows the results of
pled from the dissociation coordinate, but is more weaklythis calculation convoluted with a statistical fine-structure
coupled than the C-S stretch. 5 distribution, an instrument resolution of 40 meV, and a;CH
_Similar effects have been reported for th®°A;  Boltzmann rotational distribution with a temperature of 350
«—X 2E electronic band of CIS based on fluorescence K. This model provides a reasonable fit to the experimental
depletion spectroscopyFDS) linewidth measurementS.  data with a vibrational distribution peaking ab=2 and
The A state of CES demonstrates a sharp reduction in life- showing excitation up ta,=5.
time with increased C—S stretch excitation. The lifetime de-  The photofragment anisotropyg=—0.98, is consistent
creases from 38 ns for the first predissociative transiti§n, 3with a perpendicular electronic transition indicating that the
located 1211 cm' above the origin, down to 1.1 ps for the excited state is either of eith@A; or A, symmetry. The
38 transition, over an energy range of approximately 150P(E+) distribution, Fig. &), shows ground state products,
meV. The lifetimes of the @‘{38 combination band transitions CH;+S(P) to be the dominant dissociation channel



J. Chem. Phys., Vol. 110, No. 2, 8 January 1999 Bise et al. 815

(=98%. The B 2A, state correlates adiabatically to these Contract No. DE-AC03-76F00098. We would like to thank

ground state products. Our results are in contrast to previousr- Qiang Cui for providing ground and excited state geom-
photodissociation experimeAtsat 193 nm(51 800 cm?Y) in  etries, frequencies, and normal coordinates.
which SED)+CH; was found to be the primary product

; .g(3p) = Qg5- is-
Cha.nn.el with SJ(D)S( P)=85:15. It appears that phthdIS !R. Schinke,Photodissociation Dynamigcd st ed.(Cambridge University
sociation at this energy occurs on a different electronic sur- press, cambridge, 1993

face than at 45 600 cnl. Ab initio calculations performed  2L.J. Butler and D. M. Neumark, J. Phys. Cheb®0, 12801(1996.

by Hsuet al}* imply that excitation at 193 nm accesses the °P- L. Houston, J. Phys. Cher00, 12757(1996.
= 2 hich i . . I3 “R. J. Charlson, J. E. Lovelock, M. O. Andreae, and S. G. Warren, Nature
boundC “A, state which is predissociated by a repulstize (London) 326 655(1987).

state that correlates to §) + CH; products. The combina-  SA. B. Callear, J. Connor, and D. R. Dickson, Natgtendon 221, 1238

tion of our PFY spectrum, the GHvibrational distribution, (1969.

| trib . . . .
and the observation of ground state products indicates thati’ézcé('iggg'k'”g' G. B. Eliison, and W. C. Lineberger, J. Chem. Po§s.

dissociation at 45 600 cnt occurs on theB 2A, state. 7S. Moran and G. B. Ellison, J. Phys. Che®®, 1794(1988.
8B. K. Janousek and J. I. Brauman, J. Chem. PRgs694 (1980.
Y. Endo, S. Saito, and E. Hirota, J. Chem. PH85.1770(1986.
10
VI. CONCLUSIONS Y. P. Lee, PI’QC. SPIEl:858 44 (1993.
11K, Ohbayashi, H. Akimoto, and I. Tanaka, Chem. Phys. LBf, 47

In this study, we have investigated the photodissociation),1977- o
. ~ ~ ~ ~ ~ o~ G. Black and L. E. Jusinski, J. Chem. Soc., Faraday Trar2 2143
of CH,S via theA«— X andB+«+ X bands. For thé\«— X band, (1986.

we have obtained a structured PFY spectrum containing eX2G. Black and L. E. Jusinski, J. Chem. Phg§, 5379(1986.
. . 14 H H
tended 3 and 23{ progressions and have determined the,, Y-"C- Hsu, X. Liu, and T. A. Miller, J. Chem. PhyS0, 6852(1989.

. - o 155..Y. Chiang and Y. P. Lee, J. Chem. Ph5, 66 (1997).
onset of predissociation to occur for thé Bansition. 16\, Suzuki, G. Inoue, and H. Akimoto, J. Chem. Phg, 5405(1984.

Measured photofragment anisotropi@s; —0.2t0 —1.0  7p_ Misra, z. Xinming, and H. L. Bryant, Jr., Pure Appl. Op. 587
+0.1, have been obtained, consistent with the expected per<{1995.

; - . - 18 ;
licular tr it inol t. The measured anisotr _9Y.-Y. Lee, S.-Y. Chiang, and Y.-P. Lee, J. Chem. P§&.4487(1990.
ies h been used to estimate the excited state lifetimes, PP Taap VS Y % P el '
pies have Phys. Lett.198 406 (1992.

which decrease rapidly with increased excitation of the 2G. D. Bent, J. Chem. Phy82, 1547(1990.
mode. 2IR. Fournier and A. E. DePristo, J. Chem. Phg8, 1183(1992.

. . . . 22 . .
Translational energy(E-) distributions have been ob- gh;,\s/'sr;s%zgélzi;;a;'z X.Ma, P. J. H. Tjossem, and C. Y. Ng, J. Chem.
tained with sufficient resolution to observe the {fthgment 25 ¢ curtiss, R. H. Nobes, J. A. Pople, and L. Radom, J. Chem. Bfys.

vibrational and S?Pj) fine-structure distributions. The fine-  6766(1992.
structure distributions and vibrational distributions allow us>'Q. Cui and K. Morokuma, Chem. Phys. Le263, 54 (1996.

. . 25 H .
to assess the relative importance of ttfe,, ?A,, and“E ?'S:é(slé\é\g'son' M. N. R. Ashfold, and R. N. Dixon, J. Chem. Pl

repulsive electronic surfaces in the predissociation of thesg g continetti, D. R. Cyr, R. B. Metz, and D. M. Neumark, Chem. Phys.
A 2A, state at various photon energies. At photon energies Lett. 182, 406 (1991).

_ . . . . . 27
<29 000 cm?, the vibrational and fine-structure distribu- 1D6;-2L:§‘£‘(3’1'9%3L- Osborn, D. R. Cyr, and D. M. Neumark, J. Chem. Phys.

. . . . 4

tions Sques_t that th_e dlssouathn ta_kes place_ On e 28D, L. Osborn, H. Choi, D. H. Mordaunt, R. T. Bise, D. M. Neumark, and

surface, while the increased vibrational excitation and c. M. Rohlfing, J. Chem. Phy4.06, 3049(1997.

change in fine-structure distributions at higher energies poirftD. L. Osborn, D. J. Leahy, D. R. Cyr, and D. M. Neumark, J. Chem. Phys.
) - 3 4 - 104, 5026(1996.

to dissociation on théE surface. The g33 and 235 transi-  5,°% °" Bakkes. 3. Phys. B, 7851673,

tions lead to a larger fractional populgmon of the é]lrag- 313 M. B. Bakker, J. Phys. &, 364(1974.

ment umbrella mode than the nearly |soenerge@F6 3ran-  32D. P. de Bruijn and J. Los, Rev. Sci. Instrub8, 1020(1982.

sitions, suggesting that the umbrella mode does not couple f3JANAF Thermochemical Tabled. Phys. Chem. Ref. Datk4 (Supple-

. oS . _ ment No. 2 (1985.
the dissociation coordinate as well as the C—S stretch. s " 7218 Vol Photochert, 1 (1972.

Photodissociation of C§$ at 45600 cm' shows ¢’ Anastasi, M. Broomfield, O. J. Nielsen, and P. Pagsberg, Chem. Phys.
CH3+S(3P2,1,Q) to be the dominant product channel, with Lett. 182 643(1992.

. . et . 36 H i i i
most of the available energy being partitioned into transla-"J: M- Nicovich, K. D. Kreutter, C. A. van Dij, and P. H. Wine, J. Phys.

. 97 o - Chem.96, 1992(1992).
tion. We have modeled this dissociation using the sudde@;s_ Lias, J. E. Bartmess, J. F. Liebman, J. L. Holmes, R. D. Levin, and W.

approximation to describe the vibrational distribution and the G, mallard, J. Phys. Chem. Ref. Datd, Supplement No. 11988.
diabatic limit to describe the fine-structure distribution. The*s. Nourbakhsh, K. Norwood, H. M. Yin, C. L. Liao, and C. Y. Ng, J.

; _ Chem. Phys95, 946 (1991).

prOdUCt Channelf photofragment anisotropys 0'9.8' and 393, Nourbakhsh, C.-L. Liao, and C. Y. Ng, J. Chem. P92 6587(1990.
photofragment yield spectra suggest that the excited state isg \ourbakhsh. K. Norwood. H. M. Yin C. L. Liao. and C. Y Ng, J
the B 2A, state. Chem. Phys95, 5014 (1992.

41B. Russic and J. Berkowitz, J. Chem. Ph9g, 1818(1992.

42D, L. Osborn, D. J. Leahy, and D. M. Neumark, J. Phys. Chend.04
ACKNOWLEDGMENTS 6583(1997).

“3H. W. Herman and S. R. Leone, J. Chem. PH6.4759(1982.

: : : . 44C. H. Yamada and E. Kawaguchi, J. Chem. PH8.5256(1981).
This research is supported by the Director, Office of En 53 F. Black, J. R. Waldeck, and R. N. Zare, J. Chem. PBgs 3519

ergy Research, Office of Basic Energy Sciences, Chemical ;g9
Sciences Division, of the U.S. Department of Energy undertc. Jonah, J. Chem. Phys5, 1915(1971).



816 J. Chem. Phys., Vol. 110, No. 2, 8 January 1999 Bise et al.

47s. Yang and R. Bersohn, J. Chem. Ph§%. 4400(1974.
48R, Bersohn and S. H. Lin, Adv. Chem. Phy, 67 (1969. Lett. 235, 484 (1995.

“M.-C. W. Yang and J. M. Miller, J. Mol. Spectrost86, 1 (1997). 54H. Lefebvre-Brion and R. W. FieldPerturbations in the Spectra of Di-
50D, E. Powers, M. B. Pushkarsky, and T. A. Miller, J. Chem. PH@s, atomic MoleculegAcademic, Orlando, 1986

6863(1997). 5D. E. Powers, M. Pucharsky, and T. A. Miller, Chem. Phys. |24, 548
51X. Lui, C. P. Damo, T. D. Lin, S. C. Foster, and P. Misra, J. Phys. Chem. (1995.

93, 2266(1989. %63, J. Singer, K. F. Freed, and Y. B. Band, J. Chem. Pigs5060(1983.
52D, E. P. Powers, M. B. Yang, and M-C. Miller, J. Phys. Chem1@{, 5’R. D. Levine and R. B. Bernsteiriolecular Reaction Dynamics and

9846(1997). Chemical ReactivityOxford University Press, New York, 1987

53p. L. Osborn, D. J. Leahy, E. M. Ross, and D. M. Neumark, Chem. Phys.



