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The photodissociation of deuterated dimethyl sulfide {80D;) has been studied in the first absorption
band at a laser wavelength of 229 nm. The resonance-enhanced multiphoton ionization time-of-flight technique
has been employed to determine the recoil energy distribution and the anisotropy pafharedeio study

the rovibrational state population of the nascent;Chhe observed valug = —0.9 + 0.1 (perpendicular

dipole transition) corroborates ti@&, 'B; (or Cs *A’") symmetry of the excited state accessed at 229 nm, as
assigned previously by different groups. For dissociation yielding vibrationless BB center-of-mass
translational energy is, on average, 80% of the maximum energy availabj@:<1) fragments are produced

with a rotational distribution showing a maximumpdt = 9—11. Evidence for activity of the; symmetric
stretching mode of CPis also observed. These results are compared with those obtained for deuterated
methyl iodide (ICDB).

I. Introduction Similarly to the HS molecule, the photodissociation of DMS

Dimethyl sulfide (DMS) has attracted the attention of On the first absorption band entails, at least, a secdid 1
scientists during the past decades, largely due to its implication €lectronic state which couples strongly with théBi state.
in the tropospheric sulfur cycfe3 In particular, the enhance- Manaa and Yarkorly have recently investigated in extensive
ment of DMS oxidation upon irradiation with ultraviolet (UV)  electronic calculations the role of nonadiabatic vibronic transi-
light® has motivated a series of detailed photodissociation tions during the process of DMS photodissociation. Only the
studies?8 Several experiments of this kind were performed in 1'B; — XA; valence-Rydberg transition is symmetry allowed
the early 1990s by Lee et alising molecular beam translational by one photon. In principle, the'B; state does not correlate
spectroscopy and by Nourbakhsh €t amploying, additionally, with the ground state fragments gP{2A",) + CHzS(X? E).
photoion-photoelectron coincidence spectroscopy. These ex- However, upon €S bond breaking, th€,, symmetry relaxes
periments, which focused on the 193 nm photodissociation of to C; symmetry and the two lowest-lying excitetB} and 2A,
CH3SCH, confirmed C-S bond breaking as being the dominant - states become!A” and ZA". The lower of these two adiabatic
channel taking place upon UV absorption, and showed that apotential energy surfaces (PES}AL) upon stretching of the
_substantlal part of the energy available (about 60%) is transferreds_c pond is repulsive and correlates with ground state
into translational energy of the Gkind CHS photoproduct_s. fragments, whereas the upper PESA(D is binding. The
Furthermore,.both frqgrjnent.s were fognd to pe scattered W'th.omcoupling of both!A” PESs gives rise to conical intersections
any preferential recoil direction and t.hIS was mterpreted as.belngfor nuclear configurations within the Franelcondon region
a consequence of the many excited states involved in the .

. e : of the electronic ground staté.

photodissociation of this molecule at 193 nm. ) o

We have recently undertaken the study of the photodisso- In a recent work, we reported on the photodissociation of
ciation of DMS following laser excitation at longer wavelengths CHsSCH at 227.5 nm in a molecular beghtn that study, the
(227-229 nm)® The absorption at these wavelengths is CHs fragments were detected by+2 resonance-enhanced
dominated by the first dipole allowed transitionGa, symmetry, multiphoton ionization (REMPI) through the 3fA", — X2A",
11By(9a — 3by) — X!A1.19-12 Therefore, one electron in the and 4p A", — X2A", Rydberg transitions. The vibronic
highest occupied molecular orbital (HOMO) in the ground-state spectrum corresponding to the“umbrella” mode of CH was
configuration, the 3bnonbonding orbital, which is essentially measured and products in excited states up.te= 4 were
the 3@ atomic orbital of sulfur perpendicular to the-G—C detected. In addition, from the analysis of the #dgtationally
plane? is promoted to the weakly bonding Sgulfur 4s Rydberg  resolved § band of CH, rotational temperatures were ob-
orbital. tained. One main conclusion of this work was that om§%
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In the present paper, we report on an extension of the previousments. With the aid of fast photodiodes, the measured REMPI
study on the photodissociation of DMS through the first ion signal was normalized with the pump (linearly) and probe
absorption band. In this case, we have chosen the fully (quadratically) pulse intensities (see below), which remained
deuterated isotopomer of the molecule 4SBD;, hereafter constant within 10% during each scan.

DMS-dg, since the accessible 3and 4p Rydberg states of CD The pump and probe laser beams were sent counterpropa-
via 2+1 REMPI show a significantly smaller predissociation gating into the detection chamber using two separate mirror
in comparison with CHl'* Thus, careful analysis of the systems and were focused using 50 and 25 cm focal length
rotationally state-resolved spectra can yield more reliable datalenses, respectively, at the intersection point with the supersonic
about the energy disposal into the fragments. In addition, we jet. The polarization direction of the lasers could be oriented in
have investigated the amount of the available energy after the plane defined by the supersonic jet and the detector axis
excitation which appears as translational energy of the fragmentsusing achromatic double Fresnel Rhomb prisms. For the
and the anisotropy parameter of the photodissociation processyavelength scans of the present REMPI measurements, the
by measuring time-of-flight (TOF) profiles of the GBragments ~ pump laser polarization was maintained perpendicular to the
at different polarizations of the pump and probe lasers. TOF axis, while the probe laser polarization was fixed at 54.7

The paper is organized as follows. Sections Il and Ill are (magic angle) with respect to the pump polarization. A series
dedicated to a brief description of the experimental setup and of experiments with different orientations of the probe laser
data analysis employed in this study, respectively. The results polarization were performed in an attempt to detect angular
are shown and discussed in section IV and the most relevantmomentum alignment in the GOragments. The angle of the

conclusions are presented in section V. probe laser polarization did not have any detectable effect on
the relative intensity of the rotational branches of thesCD
Il. Experimental Section REMPI spectrum, or on the shape of the TOF profiles of the

fragments measured on the Q branch of;@&ee section V).
The experiments with ICPwere performed with a single
laser, which dissociates the parent molecule and also ionizes

the CD; fragments by 21 REMPI (pump = Aprobe = 285.7~
287 nm). In this case, the laser polarization was kept parallel
to the TOF axis and it was possible to resolve the contributions
to the Cy" yield arising from the ground state?Rs;;) and

The REMPI-TOF apparatus employed in the present experi-
ments is an upgraded design of the setup employed in earlier
investigations:1°

A pulsed free jet of CBSCD; (Aldrich, 99.0% D atom) was
formed by expanding 170 Torr of pure DM$-vapor through
a pulsed valve (nozzle diameter 0.4 mm, 3@0aperture time
gate) at room temperature. Additional experiments were also

. 3 It Y b
carried out with a free jet of pure IGIAldrich, 99.5% D atom) spin—orbit excited IPy,2) iodine .channelé. _
under similar conditions at a stagnation pressure of 140 Torr. 1N€ pulsed valve and both Nd:YAG lasers were synchronized

The laser radiation interacts with the parent molecule and at a repetition rate of 10 .HZ using a home-made digital delay
the photofragments 53 mm downstream along the flow axis of generator. The optimum “”ﬁe de!ay between the pump an probe
the expanding jet at the midpoint between the ion repeller and lasers in the DM34 photodissociation experiments was found
extraction plates of a WileyMcLaren type ion source. These to be~10 ns. The pulsed molecular beam was triggered to have

plates are separated by a distance of 1 cm and are followed bythe Iaser. pulses intera.ct.ing with the early edge of the gas pylse
a (grounded) acceleration plate at 1 cm from the extractor. The Platéau in order to minimize the formation of clusters, while
ion source was operated under space-focusing conditions byStI” achieving an effective cooling of the internal degrees of
applying acceleratiorEac, and extractionEey, electric fields  reedom of the DMSis molecules.

satisfying the ratidEacdEext ~ 4. Typical fields wereEey = 80

V/iem and Eacc = 320 V/cm. In some experiments, higher . Data Analysis

voltages were used, still maintaining the space-focusing condi-
tions, but no effects on the measured spectra were observed
The system of plates accelerates the photoions atv@th

A. Recaoil Velocity Distribution. The methodology followed
to extract recoil velocity distributions of the fragments origi-
. . : . nating in the photodissociation of a given molecule in REMPI-
respect to the jet axis toward the detection chamber which host OF measurements has been described by different authors (for

th_e time-of-flight tube (20 cm field-free flight path) and the recent work, see for instance refs-119), and only those aspects
microchannel plate detector (Hamamatsu F2225-21S, 42 MM iavant to the present study are discussed here.

diameter). The ionization and detection chambers are evacuated h o fil o h di ional
by turbomolecular pumps keeping working pressures during the T € REMPI'T F profi es are sensitive to the one-dimensiona
projection on the detection axisz, of the three-dimensional

experiments below 5 10°% mbar. _ :
velocity vector of the neutral photofragments. For a direct two-

The pulsed UV laser beam used for dissociatibip = body photodissociation process from an isotropically oriented
229 nm) was produced in & Nd:YAG-dye system (Quanta-Ray parent molecule, the distribution of the velocity component along

PRO-200/Continuum ND60) operated with LDS698 dye. The the detecti ‘s § inal edof a gi P ¢
687 nm dye fundamental was doubled to 343.5 nm in a KDP € detection axis for a singie speedpt a given fragment can
be expressed by

crystal and both wavelengths were mixed in a BBO crystal to
produce up to 1 mJ/pulse of the third harmonic 229 nm. A ;
separate Nd:YAG dye laser system (Continuum N¥20/ ‘z

ND60), operated with an optimized mixture of Rhodamines 590 9(v2) 01+ Fen(0.0) PZ( U) @

and 610, was used to probe the £fiagments by 21 REMPI

through the 4p?A"'; Rydberg statel(rope= 285.7-287.0 nm). where P,(x) denotes the second Legendre polynomial. The
The wavelength of the probe laser can be automatically scannedeffective anisotropy parametef.x(6,a), is related with the
using an auto-tracking system. Both lasers have time andactual spatial anisotropy paramejgrand with the fragment
frequency widths of 6 ns and0.1 cnT?, respectively, and are  angular momentum alignment moments with respect to the recoil
linearly polarized. The pump and probe lasers were attenuatedvelocity through a complicated analytical expressidmhich

to 0.1 mJ/pulse and 0.3 mJ/pulse, respectively, for the experi-involves the angle between the electric field vector of the
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dissociation laser and the detector a®isand the angle between
the electric field vectors of the dissociation and ionization lasers,
o.
In the absence of angular momentum alignment of the
fragments or if alignment effects are negligibfkg ands are
related by the simple expressidn

Beit = BPy(c0s0) )

In such case, for a given speed distribution of the neutral
fragments in the center-of-mass (CM) frarg&;), the projected
velocity distribution on the detector axis observed experimen-
tally is given by7:18.26-22

O} (_)

f(v,,0) = fm\ > {1 + B Py(cos0) P\t v (3)
wherevmaxis the maximum speed allowed by energy conserva-
tion.

The TOF profiles of the CPfragment were measured tuning
at the rotational Q-branch of the Aﬁg band. As pointed out
recently by Eppink and Parker in velocity map imaging
experiments on the photodissociation of €324 at the
Q-branch of the g)band of the CRfragment alignment effects

Martinez-Haya et al.

()

In the above expressions,and u represent the ratios of the
fragment recoil energy and velocity, respectively, to the
maximum values allowed by energy and momentum conserva-
tion, xo and Ax are fit parameters, and, N' are normalization
constants.

B. Rotational Populations of CD;s. Rotational state popula-
tions of nascent Cphave been determined from the measure-
ment of the 4p 08 rotationally state-resolved+2l REMPI
spectrum. IfN"" andN' denote the rotational quantum numbers
of the ground and intermediate resonant states, respectively, and
K represents the projection of the rotational angular momentum
vector on theC; symmetry axis of Ck the intensity of each
(N',K) — (N",K) REMPI rotational transition is given by

| —F Sivk 1 =
N'N" K —ZN"—i—l_DN,’K N K

9(v) = NUP(U?), U= /v,

(8)

wherePy k is the relative population of each'(,K) rotational
level of ground-state CRincluding the nuclear spin degeneracy;
Sunr k are the two-photon line-strength factors for each rotational
transition?” and F is a global scaling factor. FinallyDy

are much weaker than in the other branches. In our case, everficcounts for the predissociation of electronically excitec,CD

if alignment effects still remain in the photodissociation of DMS-

which for the 4p 2A"", state in the ground vibrational state is

ds, they are not sufficiently strong to cause significant changes dominated by rotation-translation Coriolis couplitg.

in the CD;" TOF profiles within the signal-to-noise ratio of
our experiments as the probe laser polarization angleas
rotated.

The measured TOF profile is the result of the convolution of
the instrumental response function ov¥er,0) given by eq 3,
wherev; is related to the ion arrival time, by the following
expression valid for space-focusing ion source condiffons

v, = JE (1) (4)
whereg/m is the charge-to-mass ratio of the detected B

is the extraction electric field, artg is the mean flight time of
the ion.

The speed distributiog(v) and the anisotropy parametgr
were obtained from the simultaneous fit of TOF profiles
measured at three different configurations, iGe= 0°, 54.7,
and 90. The fit procedure begins with the analysis of the TOF
profile measured at the magic angle, where fcos 0)
polynomial vanishes, thus resulting irfaindependent expres-
sion for thew; distribution:

Umax M

> dv

f(v,,54.7) = f‘ (5)

vzl

The § parameter is finally determined from the fit of the
measurements & = 0° and 90, which also constitute a
consistency check for the best-fi(v) distribution and for the
methodology employed. We recall thivalues for prompt axial
recoil range from—1 (perpendicular dipole transition) to 2
(parallel dipole transition).

We have built the speed distributiag(v), from a CM recoil
energy distributionP(E;edEmay), modeled by a modified Gauss-
ian function of the form

X — Xo\?
P(X) = NX(l - X) exy{—(w) ]* X= Erec/Emax (6)

Hence

Predissociation decreases the lifetime of the electronically
excited states, which leads to a state-dependent loss of ionization
efficiency of the form#428

D —1+AW‘N'N'+1 K? 9
NK ™ A_Wh[ ( ) ] ()

In addition, predissociation induces a natural frequency
broadeningAw, in the REMPI transitions which can be cast
as*

AW, = AW, + AW[N'(N' + 1) — K7 (10)

where Awy, = 0.4 cnt! and Aw; = 0.012 cm! define the
homogeneous and heterogeneous predissociation line broaden-
ings, respectively. Their values have been obtained from the
best-fit of the widths of individual N”,N',K) lines in the
spectrum and are in good agreement with those obtained in
previous REMPI experiments on the photodisociation of J&D

Note that predissociation of GDn the 4p state is much less
important and has a smaller heterogeneous contribution than in
the case of Cglt416

Each individual transition was simulated with a peak of
Lorentzian shape with full width at half-maximum (fwhmwv,
given by eq 10. The calculated spectrum was convoluted with
a Gaussian function of fwhmMwe, = 1 cmt to account for
the instrumental contributions to the measured line width.

The energies of the rotational levels of théAX, ground
state and the 4p?A"; electronic excited state of GDwere
calculated using the oblate symmetric-top exparfSiavith
constants taken from ref 14.

We have evaluated thél(,K) state distribution of the CP
fragment by means of a least-squares fit of the measured REMPI
spectrum. The population distributid®x was expressed as

Pk = p(N")p(K/N™) (11)

where the overall population probabilities of tHeé statesp(N'"),
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were taken as least-squares fit parameters. Three simple trial os
functions were used to represent the conditional probability
distribution p(K|N") in order to describe different types of
propensities for the orientation of the angular momentum of

the CD; fragments: 04

p1(KIN") = C G (1 + 2|K|/N')
(highK values favored) (12)

Absorbance

0.2
po(KIN") = Cy\. G (3 — 2|KI|/N")
(low K values favored) (13)

pa(KIN") = C\.Gx  (noK propensity) (14) N N I

205 210 215 220 225 230 285 240

The nuclear spin degeneracy fact@, is equal to 1 and 10

for N even and odd, respectively, ad= 0, whereas it follows Figure 1. Gas phase absorption spectrum of dimethyl sulfide measured

with a low resolution spectrophotometer. The arrow indicates the

the progression 8,8,11,8,8,11...., féif = 1,2,3,4,5,6,..|K| = excitation wavelength of the present photodissociation study.
N'").2° The constaniCy normalizes to unity the conditional
distribution within eachN""-manifold. For the analysis of the T T T —T T T
4p, 08 rotational spectrum of the ICGDphotodissociation ) =286.7 nm co, CD,SCD, 3)
experiment, the only additional requirement was the conserva- E =250 wlpuise f\
tion in the CDy fragment of the 11/16 ortho/para ratio of the scp
parent moleculé® x1 e, Mg scD.
SinceK is a measure of the projection of the rotational angular pa— — HJ e = "
momentum on theC; symmetry axis, thepy(KIN") function werem " b
given by eq 12 implies a tendency of the £fitagment to rotate E = 80 uJipuise
around an axis close to tt&; one, whereag,(K|N'") given by
eq 13 corresponds to the preference for a “tumbling” rotation )
around an axis close to the @Plane. Theops(K|N") function S x10 ) " -
of eq 14 describes products with uniform probability forkll ° ! —— } + t
values, except for the nuclear spin degeneracy. = | »=220mm c)
In previous investigations on the photodissociation of }&D % E =80 uJ/puise
and CHSCH;,® a modified Boltzmann function was employed ®
to model the rotational distributioRy« of the CD; or CHs 5 <10
products in which the population of th¢ andN" states was . ] . I WY
parametrized by means of two effective “temperatuiBsand © oemm ' ) ! ’ ' d)
Tk in such a way that fofx > Ty, T« < Ty or Tk & Ty, similar E 00 wpuse O || | P2
behaviors as those obtained by using g{&|N"), i = 1,2,3, Ko = 286.7 N
functions of eqs 1214, respectively, can be modeled. It is E = 300 pJipulse 42 a4
important to notice that, apart from the nuclear spin statistics, x0.1 S‘CD CD,SCD,
a true Boltzmann distribution would implicitly favor higk 1 n 1 i T x —
values within eac\N" manifold, since the rotational energy 2 4 6 8
., . . . . ion flight time (us)
E(N",K) is a decreasing function &f for an oblate symmetric
top. Figure 2. Time-of-flight mass spectra obtained from the multiphoton
ionization of CI3 SCD; with single laser pulses at 286.7 nm (panels a
i ; and b) and 229 nm (panel ¢) and with two overlapping, 10 ns time
IV. Results and Discussion delaygd lasers at 22S§pand 28)6.7 nm wavelengths (F:)F;ngl d). The scale
A. Absorption Spectrum of Dimethyl Sulfide. Figure 1 in panel d is 18times greater than those in panels b and ¢ and 10

shows the gas phase absorption spectrum of DMS measured irfimes greater than in panel a.
a low-resolution spectrophotometer at room temperature. The . N _
spectrum reproduces closely the features observed in higherbranch of the 4p0; transition of CR) and different laser pulse

resolution measurements by other grotipg?.12.30 energies (Figure 2ac). The bottom panel (Figure 2d) displays
According to recent investigations based on magnetic circular the TOF spectrum obtained in a pump-probe experiment with

dichroism? the absorption of the molecule in the 24230 nm overlaping 229 nm and 286.7 nm lasers. All these TOF spectra

range is assigned to the first dipole allowed transitiéBy {9a; were recorded with the polarization of both lasers perpendicular

— 3by) — X!A;, whereas at wavelengths shorter than 214 nm to the TOF axis. Notice the different sensitivity of the mass

is associated with the more energetic transitidB,210a ~— spectra shown in the four panels.

3by) — X1AL The one-color mass spectra are dominated by the parent ion

As already mentioned, the focus of our experiments is on mass, in good agreement with similar measurements by Morgan
the photodissociation of GJ3CD; at 229 nm, this wavelength et al3! As the laser intensity increases, the fragmentation of
lying on the red edge of the first absorption maximum (see the parent ion becomes more extensive and the contribution of
Figure 1). CDst and SCQY" to the mass spectrum is considerably larger

B. REMPI-TOF Spectra. Figure 2 depicts one-color TOF  (see panel 2a in comparison with 2b).
mass spectra produced by multiphoton ionization (MPI) of  The two-laser spectrum of Figure 2d was measured with a
CD3SCD; at the laser wavelengths 229 nm and 286.7 nm (Q- detection sensitivity 10 times lower than the single-laser mass



10154 J. Phys. Chem. A, Vol. 104, No. 45, 2000 Martinez-Haya et al.

T —T T T T T T T
AN
/ \
\
4r (] \ 7
x Ay \
g v [\ \
w AV N \
~o / / \ \
3 / / \ \
L / / \ \
@ g i N\
= / I \ \
c L / / \ Vo
S 2 / ] \ \

. / / v\
D / ’ v\
24 / / v\
~ / / v\
= / ’ v !
g // // ' ‘I

\
. 0 1 n 4 — == 1 " 1 "
D"’ 0.0 0.2 0.4 0.6 0.8 1.0
O ETEC/E"'IBX

Figure 4. Best-fit recoil energy distributioRP(E..d/Emay (solid curve)

for the 229 nm photodissociation of GBCD; as a function of the
ratio between the recoil enerdy., and the maximum energy available,
Emax The distributions given by the dashed curves still provide an
acceptable fit to the REMPI-TOF profiles and represent the uncertainty
of the distribution. See text for details.
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The analysis of the TOF profiles yields a best-fit anisotropy
parametepp = —0.9 £ 0.1. This value, which is very close to
Figure 3. REMPI-TOF profiles (open circles) of the Glragments the limiting value—1, |n_d|cates thgt the d|SSOC|{at|ng ak_)sorptlon
originated in the photodissociation of GBCD; at 229 nm measured ~ Of CDsSCD; at 229 nm is predominantly associated with a pure
in the Q-branch of the 403 band at three different angles between Perpendicular dipole electronic transition, and hence the ob-
the dissociation laser polarization and the TOF detector 8xis54.7 served anisotropy parameter is consistent with the previous

(upper), 90 (middle), and © (bottom). The solid curves through the  assignment of the transitiodB; — XA, as being responsible
symbols represent the best-fit simulations to the measured TOF profiles.for the first absorption band of DM5%-12

See text for detalls. Figure 4 depicts the best-fit CM recoil energy distribution

. . P(EredEmay (eq 6) of the C[X(v=0) products. The dashed curves
spectrum of panel 2a (notice the weaker MP! signal at the SCD  jj, the figure denote distributions that still provide a reasonable

and parent ion masses). The intensesCDesonant peak it 1o the three TOF spectra of Figure 3 and illustrate the
observed in the spectrum becomes negligible in this scale whenyncertainty that affects the present determination. Note that the
either the pump or probe laser is turned off. In contrast to the ¢\ energy distribution represented in Figure 4 can be inter-

single peak observed for this fragment ion in the one-color preted from momentum conservation as eitheg @oil energy

spectra (see inset in Figure 2a), the purppobe TOF CR™ (g (CD;) = 152.5 kd/mol), CBS recoil energy Ema{CDsS)

peak displays a double-maximum structure (inset in Figure 2d) — 54 9 kJ/mol), or as relative recoil energy for the SCB

characteristic of the spatial anisotropy of the £itagments CD; fragments EmaCDsS—CDs) = 207.4 kJ/mol).

originated in the photodissociation of DM&-(see below). The best-fit recoil distribution shown in Figure 4 yields an
We have measured the dependence of thg'Glilynal with

: ot the L witl average energy fractidi= [EredEmax = 0.8, which indicates
the pump and probe laser energles. Theion Slgnal varies I|near|ythat a substantial amount of the energy release in ﬂ'@ch

with the dissociation laser energy and shows a quadratic dgissociation is channeled into product translational energy of
dependence with the probe laser energy, as expected folLa 2

the fragments. This value is significantly larger than that
REMPI process. obtained in previous C#$CH; photodissociation experiments
C. Fragment Recoil Energy Distribution and Anisotropy at the shorter wavelength of 193 fmwhere, without final
Parameter. The angular and recoil velocity distribution of the  state selection in the methyl fragment, an average valugof
products originating in the photodissociation of §30D; at

= 0.6 was obtained.
229 nm was investigated by measuring TOF profiles of the

D. Rotationally State-Resolved CRQ REMPI Spectra. We
CDs(v=0) fragments on the Q-branch of thezéqg band. TOF have investigated the rotational state distribution of thg(GE0)
profiles were taken with the pump laser polarization at three fragments produced in the 229 nm photodissociation ofSTID;

different angles with respect to the TOF axis, namély 0°, by measuring the 4;1)8 band. A typical REMPI spectrum is
54.7, and 90, and the probe laser polarization was kept shown in Figure 5 along with the best-fit simulation obtained
perpendicular to the TOF axis. In addition, the detection at the following the procedure outlined in section I1IB.
broad Q-branch of Cpfavors that all velocity groups are A series of scans were carried out at several configurations
observed with the same sensitivity. Special care was taken inof the probe laser polarization, and no systematic effects on
the measurements to ensure that the Q-branch signal was nothe relative intensities of the lines of the different branches were
saturated. observed. These results indicate that angular momentum align-
Figure 3 shows the experimental @DOF profiles recorded ment has a weak effect on the determination of the rotational
for the three pump laser polarizations together with the populations of the CBfragments from the measured REMPI
corresponding best-fit simulations. As can be seen, the two- spectrum.

parametepg(v) function given by eq 7 and a simple anisotropy The Q-branch in the spectrum of Figure 5 is largely enhanced
parametef; provide a satisfactory fit to the measured profiles due to theAK = 0 selection rule for a parallel two-photon

(see section IlIA). transition and to the congestion of rotational states and favorable
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Figure 5. Top: measured-21 REMPI spectrum of the 4/, band Figure 6. Same as Figure 5 but for the one-color photodissociation

of the CDy(v=0) fragments arising from the photodissociation of DMS-  (Ayump = Aprobe = 285.7-287 nm) of ICQ} into 1(?Py;) + CDs(v=0)

ds at 229 nm. Rotationally state-resolved lines are observed at both products. The least-squares simulation shown at the bottom of the figure
sides of the intense Q-branch and are assigned to the two-photonwas calculated with th&-state distributionp,(K|N") of eq 13.

allowed O, P, R, and S 'N— N" branches as indicated. The 1

vibrational band of the. stretching mode is also observed. Bottom: — T T T T T T 1
least-squares simulation obtained as described in section IlIB using
the K-state distributiops(K|N") of eq 14.

line strengthg? In addition, O, P, R, and S resolved transitions
from product rotational states witN'" = 0—12 are neatly
observed within the two-photon energy interval covered by the
measurement. The spectrum presents relatively integs®R

lines at 69 846-69 900 cnt?, which indicates that states with

N" = 6—12 receive an important fraction of the population.
These REMPI lines are also broader than those associated with
lower rotational states due to the larger numberKo$tates
contributing to theN"" manifold.

The production of rotationally excited G@=0,N"=6—12)
corresponds o a transfer of as much =28 klfmol of the Figure 7. N" rotational distributions of the Ciw=0) products
T e Aot gy n i photdscoan f GO, 280 s

D - and in the photodissociation of IGat 286.7 nm (circles) obtained
energy (4%), it is significantly larger than that observed in  from the best-fit simulations shown at the bottom of Figures 5 and 6,
other photoinitiated processes yielding £Buch as the pho-  respectively. The latter rotational distribution is compared with that
todissociation of ICE'® or the Cl+ CD, reaction3? obtained from the two-temperature model usiiig= 400 K andTx =

In order to compare more rigorously the present results with 200 K (dash line).

the benchmark ICPA-band photodissociatiol;?42°we have o
performed single laser experiments with this moleculg.{, S can be seen in Figure 7, nascentsiB-0) fragments from

= Lprobe™ 286.7 nm). The CB(v=0) REMPI spectrum for the the photodissociation of DM8s show a rotational state
predominant dissociation channel yielding sparbit excited distribution biased toward the larger quantum states observed

I(2Py5) formation is depicted in Figure 6. This spectrum shows (N = 9—11). The anomalously small probability &t = 10
significant differences with respect to that obtained for DMS- resulting from the least-squares fit in comparison to the neighbor

ds (Figure 5). As can be seen, the lines associated with the rotational states\" = 9, 11 is related to an actual lack of

4
[N

0 2 4 6 8 10 12 14
N" rotational state

highestN" states are much less intense, especially theRR intensity of the Ro. This r_esult is, however, to some extent
and Ry lines. In contrast, the relative intensity of lines associated Uncertain due to the partial overlap of theoRnd R lines
with the lowestN" states, such as the Ry, R, or the S are with the more intense Sine.

markedly larger. Therefore, th’ state population distribution In contrast, the CB{y=0) fragments originated in the

of the CD; fragments arising from the photodissociation of D  photodissociation of ICPat ~286.7 nm show a broad and
appears to be significantly cooler than that from the photo- smooth rotational distribution peaking &' = 6—8. This
dissociation of CBSCD:;. distribution can be well reproduced with the modified Boltzmann
From the best-fit simulations of the spectra shown in Figures functionality used in previous studiéith fit parametersTy
5 and 6, we have obtained rotationally state-resolved distribu- = 400 K andTx = 200 K (dash line in Figure 7). These values
tions of the CR(v=0) products. As discussed below in more 0of Ty andTk are somewhat larger than those obtained in ref 28
detail, the conditionaK-state distribution functiongs(K|N'") for the dissociation of ICRin a molecular beam with CD
andp2(K|N") provide the best overall fit to the measured spectra detection via the 3pband.
for CDsSCD; and ICDy, respectively. The resulting least-squares ~ The average rotational energies of the £GB-0) products
N"-state population probabilitiep(N'""), for the CD; fragments are 330 cm? (4.0 kd/mol) and 255 cn (3.0 kd/mol) for DMS-
are shown in Figure 7. Notice tha{N'"), as defined by eqs  ds and ICD;, respectively, which in both cases represeo
11-14, includes implicitly the R + 1 rotational degeneracy.  of the total available energy. Therefore, in average, the relative
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Figure 8. Comparison of the CPREMPI spectrum measured in the
photodissociation of CEBCD; at 229 nm with the least-squares
simulated spectra obtained by using the thkestate distributions
p3(KIN') (top), p2(KIN'") (middle), ando(K|N'") (bottom). See text for
details.

efficiency for CD; rotational excitation is similar in the

photodissociation of both molecules.
We concentrate now on the analysis of Kistate envelopes

Martinez-Haya et al.
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Figure 9. K-state distributions for th&l" = 9 rotational state from
the three models used in the present work (egs14@). Top: pi(K|N'")
(solid squares) and a Boltzmann distributionTat= 400 K (open
circles). Middle: p(K|N") (squares) and a two-temperature model
distribution with Ty = 400 K and Tx = 20 K (circles). Bottom:
p3(KIN'") (squares) and a two-temperature distribution Wigh—= 400

K and Tx = 400 K (circles). The distributiongs(K|N"") and p2(K|N'"")
provide the best-fit to the CDREMPI spectra measured in the
CDsSCD; (Figure 6) and ICR (Figure 7) photodissociation, respec-

and intensities of the S and, especially, the R branches in thetively.

measured DMSk REMPI spectrum. Figure 8 depicts three

different least-squares fits of the REMPI spectrum in the range

In our previous study on the photodissociation of$SBH;

69 950-69 800 cn1?, each one obtained by assuming a different @t 227.5 nm in a molecular bedthe analysis of the CH

propensity for theK-state population distribution;;(K|N'")
(highK values favored, i.eC; rotation),p2(K|N") (low K values
favored, i.e. “tumbling” rotation) angs(K|N'") (no K propen-
sity). In particular, folN"" = 9, one of the most populated and
best resolved states, the three best-fit distributi@(is|N"), i
=1, 2, 3, are shown in Figure 9. The(K|N") distribution is
compared with a Boltzmann distribution®t= 400 K, whereas
the p2(KIN'") andps(K|N") distributions are compared with those

REMPI spectrum showed that a modified Boltzmann function
with temperature3y = 325 K andTx = 125 K produced the
best-fit simulation, indicating a preference for rotation of the
CHs; fragment around an axis perpendicular to @ In the
present work, we have analyzed the £REMPI spectrum
obtained in the photodissociation of @CH; at 229 nm (not
shown), measured exactly in the same experimental conditions
as the one for DMSJ, and we have found that the lo

obtained using the two-temperature model of refs 8 and 28 with Propensity distributiom(K|N") provides the best-fit simulation

parameter§y = 400 K, Tx = 200 K, andTy = Tx = 400 K,
respectively.

to the measured spectrum. It must be noted, however, that the
4p, Rydberg state of Chlis subject to a much larger predis-

The spectrum shown in the upper part of Figure 8 was sociation than that of CPasN' increases. Therefore, the €H

simulated using the model distributign(K|N""), which corre-
sponds to a uniform probability distribution for all stat€és=

REMPI spectrum is made of only a few lines from states with
N < 48 and yields little or no information about the population

—N", ..., N" (except for the nuclear spin degeneracy). This Of the higherN" states.

particular function seems to provide the best overall fit to the

In summary, from the above considerations it seems that a

measured spectrum, and, in particular, it reproduces satisfactorilypopulation distribution with ndk propensity is more adequate

the K-state envelope of the best resolved lines, suchgzeng
Ri1. The fits obtained by using1(K|N'") and p2(K|N'") are
somewhat less satisfactory. ThgK|N'"") model, favoring the
higherK values (middle curve in Figure 8), yields a good fit
for the higherN" lines, except for a too narrowgHine shape

to simulate the DMS experimental data for the higher rotational
statesN" = 5 of the Cy(v=0) photofragments, whereas the
low K propensity model describes better the lines of the lowest
rotational states. This apparent difference in the population of
theK levels for the highN'"" states in comparison to the law/

in comparison with experiment, but underestimates the relative states might indicate dynamical differences in the photodisso-

intensity of several loWN" lines, e.g. the $and S lines. The
low K propensityp2(K|N'") model (lower curve) fits best the
lower N states but yields a worse fit for the hig\t, leading
to a slight but appreciable shift of the;RR;; lines toward
greater energies and also to an overestimation of th&R%
intensity ratios folN'" = 5—7.

ciation process in each case.

Previous experiments on the A-band photodissociation of
ICD3 cooled in a molecular beam agree with our observation
that the CIR3 fragment is produced predominantly in loy
state€533-35 This is confirmed by the analysis of our GD
REMPI spectrum of Figure 6 where the simulation performed
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with the low K propensity distributionp,(K|N) (also shown in
Figure 6) provides the best overall fit to the experiment.

The DMSds molecules in the present experiments were
cooled in a free jet under similar conditions as KCDherefore,
we can rule out the possibility that the population of high
levels in the largedW" states of the nascent GiEhat originated
in the photodissociation of DM8s emerges from the conserva-
tion of the initial rotation of the methyl group in the parent
molecule, as found previously for warm IGRPrepared in an
effusive leakt®

E. Vibrational Excitation of CD 3. In a recent experiment
in our group on the photodissociation of €3CH; at 227.5
nm$ CHs; products with up to four quanta of vibrational
excitation in they, “umbrella” mode were detected. It became

J. Phys. Chem. A, Vol. 104, No. 45, 20000157

of the DMS parent molecule, and thus to a large translational
excitation of the fragments. In fact, as pointed out in section
IVC, the energy disposal into product translation is larger at
229 nm than that found in previous experiments at 193 Am.
The higher complexity of the excited states accessed at 193 nm,
presumably mainly d&A; state? allows for a more effective
coupling to the internal energy of the fragments in comparison
with the more direct dissociation process which takes place on
the first absorption band.

A similar situation has been found in previous experiments
on the photodissociation of43 on the first absorption band,
which yields HS fragments with little vibrational and rotational
excitation3® In H,S, as in DMS, the first dipole-allowed
transition excites the molecule to th&B} excited state, which,

apparent that a significant amount of energy is channeled towardas the S-H bonds stretches, strongly mixes with thié\1 state
thev, mode and, possibly, to other undetected modes. However, (both*A” states inCs symmetry)?” The calculations of Manaa

no activity of thev; “symmetric stretch” mode could be ob-
served within the signal-to-noise ratio of the REMPI measure-

and Yarkony? for CH;SCH; show that the &S—C angle
changes from 105%5equilibrium value in the ground state) to

ments, although the spectral region accessible to the experiments©112” (in the vicinity of the conical intersection). In addition,

included the i 3p, REMPI transition at~59 898 cn?,
detected by Eppink and Parkém the CH; fragment from the
dissociation of ICH associated with the production off&y,).

The present investigation does provide evidence for activity
in the v1 mode of the CB fragment of CRSCD;. As can be
seen in Figure 6, a differentiatedzéni band is observed in the
CD3; REMPI spectrum at~69 710 cmi! with an intensity
comparable to the most intense rotational transitions of ghe 0
band. Interestingly, the detectebl Hdand intensity is of similar
magnitude to that observed in theR§,) + CDs; channel of
the A-band photodissociation of IGEnot shown), in agreement
with what was found in ref 16. In contrast, nq activity is
observed in the ¥P12) + CDs channel yielding spirorbit
excited iodine (see Figure 7), in accordance with previous
works16.24

F. Energy Disposal and Dynamics of the Photodissociation

the S-C—H angle varies significantly, which suggests that
geometrical changes in the @8l fragment may play an
important role when the surface of conical intersection is
reached, implying internal excitation in this fragment.

The rotational distributions of Cjpy=0) obtained from the
photodissociation of DMSIs (perpendicular transition) is
sensibly hotter than that obtained from Igparallel transition).
However, on average, the amount of rotational excitation of
the fragment is similar for both molecules. Therefore, it seems
that the DMS photolysis mimics the promptCHsz bond-
breaking process as far as the transfer into translational energy
of the fragments is concerned and in spite of the different
geometries and mass ratios involved in each system. However,
the propensity observed for alignment of the £tational
angular momentum vector perpendicular to @geaxis in the
photodissociation of ICBPis not so clear in DMS¥.

of CDsSCD;. From the results and analysis discussed above \; conclusions

for the photodissociation of GJSCD; yielding CDs(v=0)

products, we conclude that about 80% of the available energy

In this work, the photodissociation of the fully deuterated

appears as translational energy of the fragments, whereas onlysotopic variant of dimethyl sulfide, G43CD;, from the lowest

about 2% appears as rotational energy o&@B0). Thus, the
remaining 18% of the available energy (i.e., 37 kJ/mol) is
channeled into rovibrational energy of the §Dfragment in
the electronic ground state. This is in agreement with the

dipole-allowed transition'B; (9a < 3hby) — X*A; was studied

at 229 nm. The REMPI-TOF technique was exploited to
characterize the angular and recoil energy distributions of the
nascent CB fragment. In addition, the rotational distribution

considerations presented in our previous investigation on the of CD3(¢v=0) was obtained from the analysis of the rotationally

photodissociation of CkBCHg,® in which, in addition, a low
vibrational excitation of the CHv», umbrella mode was also
observed (ca<5% of the available energy). Therefore, the

state-resolved 4p08 2+1 REMPI spectrum.
The analysis of the measured €DOF profiles yields an
anisotropy parameter ¢f = —0.9 & 0.1, close to the limiting

dynamics of the photodissociation of dimethyl sulfide on the value of—1 for a pure perpendicular dipole transition, and an
first absorption band seems to imply an inefficient internal average value of the fragment recoil energy of 80%, sensibly
excitation of the nascent methyl fragment and a preferential larger than that obtained in previous experiments on the

channeling of the available energy into recoil translation of the
fragments and, to a less extent, into the internal modes @SCD
Within the Cs symmetry, the 229 nm dissociation of DMS
takes place via a superposition of tH&T and 2ZA" electronic
states which become coupled by the initial excitation of the
C—S—C asymmetric stretch in the parent molectiélthough

photodissociation of DMS at 193 nm (60%).

In DMS-ds, the Cy(v=0) rotational distribution obtained
from the analysis of the REMPI spectra peaks at the lafgést
values, in strong contrast with the same distribution measured
in the photodissociation of IC{at~286.7 nm, which peaks at
N" = 6—8. However, on average, the amount of the total

the 2ZA" state cannot dissociate adiabatically upon absorption available energy that appears as rotational energy of the CD
at 229 nm, it can decay into the ground state fragments fragment is very similar for both molecules.

CH3(X?A") 4+ CH3S(X?E) via the conical intersection of both

A detailed analysis of th&-state envelopes and intensities

1A" excited states. Second-order CI-SCF calculations by Manaaof the differentN” lines in the rotationally resolved GQv=0)

and Yarkony? indicate that the region of conical intersections
is located within the FranckCondon range of the transition
and that it involves excitation of the-€5—C asymmetric stretch,
eventually leading to an impulsive breaking of the-&€ bond

REMPI spectrum arising from the photodissociation of DMS-
ds reveals that a population distribution with nig-state
propensity is the one which reproduce best the measured
spectrum for the largel’ states, whereas a lok propensity
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distribution is the more adequate for the lowBkt states, the
latter in agreement with our previous study on the photodisso-
ciation of CHHSCHs. This is, however, at variance with a similar
analysis of the CE(z=0) fragments arising from the photo-
dissociation of ICR, in which the best-fit simulation of the
CDs(v=0) REMPI spectrum is obtained using a I&apropen-

sity population distribution for alN'" states.
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