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The photodissociation processes of CH3SSCH3 at 248 and 193 nm and CH3SCH3 at 193 nm have 
been studied by translational spectroscopy. When excited at 248 nm, CH3SSCH3 undergoes a simple 
S-S bond scission to produce two CH3S fragments with an average translational energy of 33 
kcallmol. The angular distribution of the product with respect to the polarized laser is measured and 
fitted with an anisotropy parameter {3= 1.2. It indicates that the dissociation is a fast, direct process. 
At 193 nm, there is only a simple dissociation channel for CH3SCH3 , while CH3SSCH3 undergoes 
a predominant C-S bond scission with the S-S bond scission as a minor channel. No angular 
dependence for the primary products from both CH3SCH3 and CH3SSCH3 has been observed. The 
observation of si time-of-flight spectra shows that a major fraction of CH3S2, which is internally 
excited when produced, undergoes spontaneous dissociation to form slow S2 and CH3 radicals. 
Results obtained for the dissociation processes of both molecules at 193 nm are rationalized and 
comparisons with previous investigations [J. Chern. Phys. 92, 6587 (1990); 95, 5014 (1991)] are 
also included. 

I. INTRODUCTION 

Both CH3SCH3 and CH3SSCH3 moiecuies have received 
considerable interest during the past decades in connection 
with the role in the atmospheric sulfur cycle and the acid 
precipitation problem. Because of the need to assess details 
of the acid formation, increasing efforts have been made in 
the areas of spectroscopic studies 1-3 and kinetic measure
ments4,5 of the active intermediates as well as the mechanism 
of atmospheric oxidatfon6,7 of these species. 

The UV absorption spectra8- 13 of CH3SCH3 and of 
CH3SSCH3 consist of progressions of vibronic bands and 
broad continuous bands, respectively, and many active inter
mediates can be produced when the parent molecules are 
photolyzed. Callear, and Dickson14 reported from their early 
measurements by UV flash photolysis centered at -195 nm 
that a simple rupture of the C-S bond was the only important 
process for CH3SCH3 through reaction (1) 

(1) 

As for CH3SSCH3 , there were two competing dissociation 
channels 

(2) 

and 

(3) 

The dissociation product CH3S2 was not directly observed, 
but inferred from the observation of the transient species S 2, 
which exhibited a similar time dependence as the major spe
cies CH3S and CH3 • The existence of S2 was rationalized in 
that it was formed by a unimolecular decomposition of vi
brationally excited CH3S2 via 

(4) 

The relative degree of S-S to C-S scission was determined 
to be about 1.35. At about the same time, Rao et al. 15,16 

performed a similar experiment in the wavelength region 
of 200-300 nm, but observed only the processes of Eqs. (1) 
and (2). 

Direct detection of the CH3S2 radical from CH3SSCH3 
was not made until most recently by Nourbakhsh et al. I7 

using translational spectroscopy. At 193 nm, they detected 
not only the primary dissociation processes (2) and (3), but 
also the secondary dissociation channel (4) by assuming that 
the additional photon was absorbed on the basis of the ex
perimental fact that the threshold of flight time for si in the 
time-of-flight (TOF) spectrum was substantially lower than 
that for CH3Si. Thus, the formation of S2 from CH3S2 in 
the latter study was attributed to a mechanism which was 
different from the previous interpretation. 14 They also' 
observedl7

•18 this type of secondary dissociation for the pri
mary CH3S fragment produced from pulsed reactant beams 
of CH3SCH3 and CH3SSCH3 at 193 nm. 

In our present study, we also employ translational spec
troscopy to investigate the photodissociation processes of 
CH3SCH3 excited at 193 nm and that of CH3SSCH3 at 248 
and 193 nm. The product TOF spectra at several beam angles 
are taken with a cw beam system whose nozzle is at an 
elevated temperature. The possible interference of clusters is 
then eliminated in this study. It is then possible to extract a 
full product translational energy distribution peE) for the 
dissociation processes given in Eqs. (1)-(4). Apart from this 
improvement, additional information is also obtained by 
measuring the product angUlar dependence with respect to 
the polarization of laser light. The results show that 
CH3SSCH3 undergoes a simple dissociation to produce fast 
CH3S radicals anisotropically for Eq. (2) when it is excited at 
248 nm. For both molecules excited at 193 nm, products 
formed in accord with Eqs. (1)-(3) show no angular depen-
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dence, indicating that the dissociation is more complicated at 
this higher photon energy. The power dependence of the si 
TOF spectrum indicates that a large amount of slow S2 prod
uct is produced by a unimolecular decomposition of inter
nally excited CH3S2. Thus, our direct detection of CH3S2, 
S2' and CH3 fragments confirms the mechanism proposed in 
Eq. (4) by Callear and Dickson.14 

II. EXPERIMENT 

The rotatable beam apparatus and the experimental pro
cedure employed in the present study have been described in 
detail elsewhere. 19 Briefly, the reactant beam was produced 
by bubbling the helium carrier gas through a liquid sample in 
a thermostat to have a mixture of either ~ 10% CH3SCH3 or 
~5% CH3SSCH3 for a total pressure of 350 Torr. It was 
expanded through a nozzle oven at a temperature of about 
150°C with an opening slit of 0.013 cm in diameter. No 
further purification except freeze-pump-thaw degasing was 
made for both chemicals whose stated purities were 99% 
(Merck). 

The velocity distribution of the cw reactant beam was 
always measured before and after the photoexperiments with 
a spinning disk housed in front of the detector entrance slits. 
The measured speed profile of reactant species was then fit
ted to an assumed functional form20,21 f(v) 
-v 2exp[ -(v - vo)2/at], where Vo is the most probable 
speed and a is a measure of the width of speed profile. These 
constants were determined to be vo= 1.32X 105 crnls and 
a=1.55XI04 cmls for CH3SCH3 , and vo=1.35X105 crnls 
and a= 1.35 x 104 for CH3SSCH3 , respectively. 

The particle detector consisted of an electron impact ion
izer, a quadrupole mass filter, and a Daly ion counter. The 
ionizer, normally operated at 120 eV, was located 36.6 cm 
away from the photon-molecule crossing region. A multi
channel scaler of 1024 channels, interfaced with a PC, re
corded the arrival time of the ion signal relative to the pho
tolysis laser pulse to obtain a TOF spectrum. A dwell time of 
2 or 1 f.LS per channel was typical. For the product TOF 
measurements, an ion intrinsic time inside the detector t r had 
to be subtracted to get a real time for the actual flight of the 
photofragments. The ion flight time in this study was deter
mined to be 4.0m1l2 in units of microseconds, with m being 
the detected ion mass in amu. 

The light source was an excimer laser (Lambda-Physik 
LPX 100), which had an average output of 100 mJ/pulse for 
KrF running at 100 Hz and 75 mJ/pulse for ArF at 55 Hz, 
respectively. The laser beam was focused with a fused silica 
lens to a size of -0.1 XO.3 cm2 at the center of the photon
molecule crossing area. For the measurements of product 
angular distribution, the size of the laser beam was first re
duced by an iris diaphragm and then polarized by a stack of 
eight quartz plates set at the Brewster angle. At 248 nm, this 
linearly polarized light was then rotated in 20° increments by 
a half-wave retarder. At 193 nm, the product angular depen
dence was measured with the electric vector € of the linearly 
polarized light either parallel or perpendicular to the detec
tion axis. The average power in angular dependence mea
surements was adjusted until no saturation effect was ob-
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FIG. 1. TOF spectra (0) of CHt and CH3S+ when CH3SCH3 is photodis
sociated at 193 nm. The solid lines were obtained from the peE) curve 
shown in Fig. 2. 

served for each ion fragment. The degree of polarization for 
the present setup was determined experimentally to be 85%. 

III. RESULTS AND DISCUSSION 

A. CH3SCH3 at 193 nm 

1. TOF spectra of CHaS and CHa 

From the TOF measurements, the relative kinetic energy 
of the fragments in the center-of-mass (c.m.) coordinate sys
tem E t can be deduced. By the law of the conservation of 
energy 

Eavl=hv+ W int - Do=Et + E int , (5) 

where h v is the photon energy, Wint is the internal energy of 
the reactant, and Do is the dissociation energy for the ground 
state reactant, we can determine the partitioning of the avail
able energy Eav into product translational energy E t and in
ternal excitation energy E int • 

ForCH3SCH3 photodissociated at 193 nm, TOF spectra 
were collected for CHt ions at 10° and for CH3S+ ions at 
beam angles ranging from 10° to 30°. Figure 1 depicts the 
typical spectra of CHt and CH3S+ at 10° and 20°, respec
tively. The measured values are given in open circles, while 
the solid curves were derived from a PCE) distribution for 
Eq. (1). A forward simulation method21- 24 was used for the 
curve fitting procedure. This was done first oy transforming 
an assumed P(E) function to the laboratory coordinate and 
followed by convoluting with the experimental functions, 
such as beam velocity, beam angular divergence, viewing 
angle for the detector, and effective length of the ionizer. The 
simulation procedure was iterated until a best fit to the mea-
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FIG. 2. Deduced peE) distribution for the photodissociation of CH3SCH3 at 
193 nrn. 

sured data was obtained. Figure 2 shows the resultant PCE) 
distribution with an average energy of 43 kcallmol and a full 
width at half-maximum of 27 kcallmol. 

As can be seen clearly from Fig. 2, our results produce a 
P(E) distribution to give a full account of the slow (or in
ternally excited) fragments, which were missing in the re
sults of Ng and his colleagues.18 This difference stems frorp. 
the fact that they used a high concentration of reactant flux 
via a pulsed valve, whereas we applied a continuous beam 
with a nozzle at an elevated temperature. Thus, the cluster 
interference is absent in the present work and we are able to 
measure the product TOF spectra at smaller beam angles so 
no slow moving fragments could escape detection. On the 
other hand, Ng and his co-workers had better signal-noise 
ratio in TOF spectra for the determination of the maximum 
kinetic energy. Apart from these differences, the major fea
tures of both P(E) curves are essentially identical to each 
other. 

Having had a complete description of the P(E) distribu
tion, further insight into the partitioning of the excess energy 
for the reaction can be readily exploited. Using the C-S 
bond energy of 75 kcallmol,18,25 the fraction of the transla
tional partition of the total available energy it is calculated to 
be 59% if the internal energy Wint of the parent molecule is 
neglected in Eq. (5). Thus, the dissociation products may be 
excited internally as much as 30 kcallmol. Furthennore, this 
amount of energy has to be widely distributed among the 
various internal modes of the products as expected from the 
broad P(E) distribution. Although the geometry of CH3S 
does not change appreciably from the molecule to the free 
radical, one expects that CH3S should be excited vibra
tionally as the C-S bond length is first lengthened by about 
0.04 A at the excited states9,10 and followed by a decrease of 
about 0.04 A when the radical is produced.1 Similarly, vibra
tional excitation is also expected for the fonnation of a pla
nar CH3 radical. In addition, since the C2u symmetry is pre
served during the transition,9,lO the products should also be 
rotationally excited by a torque exerted onto the fragments as 
they move apart. Consequently, there must exist a strong 
coupling between the translational and internal modes on the 
exit channel for the product fragments in Eq. (1). 

Besides the major dissociation process [Eq. (1)], we 

have found no evidence of other photofragments for 
CH3SCH3 excited at 193 nm. On the contrary, Ng and his 
co-workers18 observed not only the dissociation channel of 
CH3SCHr -+CH3SCH2+H, but also a secondary process of 
CH3S+hv (193 nm)--+CH3+Sep,lD) at the laser energies 
of 90-120 mJ/pulse. With a large ambient background of 
m + / e = 1 in the detection chamber, we have decided to mea
sure CH3SCHi at a 10° beam angle. At this beam angle, we 
should be able to observe this ion species on the basis of the 
translational energy derived for this dissociation channel 
(Fig. 7 of Ref. 18). Despite a careful search, however, we 
have failed to collect the CH3SCHi signal. Neither have we 
observed the evidence of sequential two-step dissociation 
process from the CHt or S + TOF spectrum. The absence of 
these minor dissociation processes, whose quantum yields 
were estimated to be less than 10%, is attributed to the con
sequence of low laser energy of 75 mJ/pulse employed in the 
present study. 

2. Polarization effect on the formation of CH3S 

The angular distribution of the dissociating products in 
the c.m. coordinate has the functional fonn26 

I( e)~ 1 + ,BP2[cos( e- eo)], (6) 

where e is the angle between the electric vector € of the laser 
light and the product c.m. recoil direction, and P 2(COS e) is 
the second degree Legendre polynomial. The anisotropy pa
rameter ,B contains all dynamical infonnation about the dis
sociation process; it equals 2 for a pure parallel transition 
and -1 for a pure perpendicular transition. The constant eo is 
defined as an angular shift for each beam angle selected in a 
rotatable beam apparatus.21,24 Its magnitude depends on the 
reactant speed v 0 and the speed of recoiling fragment in the 
c.m. coordinates. With vo=1.32X105 cmls measured for 
CH3SCH3 and 1.36X 105 cmls for the CH3S fragment, which 
is equivalent to the average energy of 43 kcallmol obtained 
in the P(E) determination, eo is estimated to be about 20° if 
the CH3S+ TOF spectrum is taken at a 20° beam angle. Since 
this value is far from the magic angle (54.7°) of the P 2(cos e) 
function, by simply varying the electric vector € of the laser 
beam either parallel or perpendicular to the detection axis, 
we should be able to observe the polarization effect if the 
dissociation proceeds rapidly. Accordingly, the polarization 
measurements for CH3S + were perfonned at a 20° beam 
angle with a laser energy of 25 mJ/pulse. At this energy, the 
total integrated counts of TOF spectra was linearly propor
tional to the laser energy. 

Within the limits of our experimental accuracy, results 
for these measurements produced no variation in the total 
integrated counts of the TOF spectrum. It indicates that for 
CH3SCH3 excited at 193 nm, the dissociation products recoil 
without preferential direction. The present observation is not 
totally unexpected as there are so many excited states in
volved in the transition. The absorption spectrum for the 
CH3SCH3 at 193 nm is rather congested, consisting of Ryd
berg transitions with extensive vibrational progressions rest
ing upon a broad underlying continuum.8- 12 The transition in 
this region has been assignedlO,ll as the promotion of an 
electron from an ns (3b 1) orbital to either a 4pb 1ctA 1) 
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FIG. 3. TOF spectra (0) of CH3S+ ion at three beam angles when 
CH3SSCH3 is photodissociated at 248 run. The solid curves were derived 
from the peE) distribution given in Fig. 4. 

Rydberg orbital or a 4sat/9ateBt) orbital. In other words, 
these excited states are of the mixed Rydberg-valence con
figurations. In view of the excited states involved in the en
ergy of interest, we suggest that the present results of insen
sitivity to the polarization of the laser light could have arisen 
either from an excitation to a long-lived Rydberg state or 
from a mixture of parallel and perpendicular transitions, fol
lowed by the crossing to the nearby unknown predissociating 
state. 

B. ChaSSCHa at 248 nm 

1. TOF spectra of CH3S 

Figure 3 depicts the typical CH3S+ TOF spectra col
lected at 10°_30° beam angles for CH3SSCH3 photodissoci
ated at 248 nm; the open circles are the measured values, 
while the solid curves are derived from the peE) distribution 
for Eq. (2) shown in Fig. 4 by the same forward convolution 
method.22.23 The resultant peE) distribution led to an aver
age kinetic energy of -33 kcallmol with a maximum thresh
old energy at 47±2 kcallmol. The uncertainty was calculated 
from the averaged value of four separated runs for the beam 
angles from 10° to 50°. With this improved accuracy, the 
S-S bond strength for CH3SSCH3 can be evaluated from the 
threshold energy of the peE) distribution and the internal 
energy Wint in Eq. (5). 

Following the usual treatment used for a supersonic 
beam, we only consider the vibrational contribution to Wint 
and ignore the rotational effect. For a nozzle temperature 
kept at 150°C, Wint was calculated to be 2.7 kcallmol with 
vibrational frequencies taken from Ref. 27. Accordingly, a 
maximum energy of 70±2 kcallmol for the S-S bond in the 

CH3SSCH3 molecule was obtained. This value is in good 
agreement with the published data o( 67.8±2 (Ref. 25) and 
72.4± 1.5 kcaUmolP 

Besides the CH3S+ ion signal, we have also detected 
CH2S+, S+, and CHt TOP spectra at a 10° beam angle. 
These ion signals were treated as the daughter fragments 
from the CH3S radical in the ionization chamber since they 
all appeared about the same time as the CH3S+ signal. How
ever, neither a CH3Si nor a si ion was detected. Since the 
S-S bond is stronger than the C-S bond in CH3SSCH3 by an 
amount of about 15 kcaUmoI,17 the absence of these two ion 
species implied that the dissociation occurred via a bond
selective process. These results are markedly different from 
the conclusion of Kumar et at., 28 who probed the time
resolved absorption spectra of the transient species produced 
in a static cell. They claimed that two major dissociation 
channels CH3S+CH3S and S2+C2H6 had taken place when 
CH3SSCH3 was photolyzed at 248 nm or by a CO2 laser with 
-40% of the total yield attributed to the second process. Our 
direct detection of the dissociation product, however, gave 
no evidence for this dissociation channel. 

2. Anisotropy of CH3S 

A whole angular distribution was measured for a CH3S+ 
ion at a 10° beam angle and with a laser energy of 15 rnJl 
pulse by varying the angle of the polarization of the laser 
light at a 20° increment. Figure 5 shows the measured re
sults; it is plotted as the normalized total integrated counts 
for each TOP spectrum vs the polarization angle with respect 
to the detection axis, where 0° is defined as the polarization 
of the laser light parallel to the detection axis. 

A forward simulation21
•
24 was employed to determine the 

anisotropy parameter f3 in Eq. (6). The simulation procedure 
was carried out with the known peE) distribution in Fig. 4 to 
reproduce the TOF spectrum taken at each polarization angle 
by an assumed f3 value. The computation was iterated until 
the best fits to all TOF spectra with a common f3 value were 
found. The fitted curves shown in Fig. 5 were obtained with 
,8= 1.2±0.2 and with angular shift eo adjusted to 10°. It 
clearly indicates that CH3SSCH3 undergoes a fast S-S bond 
rupture after the excitation via a parallel transition. Further-
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FIG. 4. Deduced peE) distribution for the photodissociation of CH3SSCH3 
at 248 run. 
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more, based on our calculated bond strength, it is found to 
be 70%, which is about the same order of magnitude (68%) 
predicted by a simple impulsive mechanism.29,3o The posi
tive 13 value combined with a large it value strongly support 
that the dissociation for CH3SSCH3 at 248 nm [Eq. (2)] is a 
rapid, bond-selective process. 

The CH3SSCH3 molecule has a C2 symmetry31,32 and its 
absorption band12,31 shows a maximum at 250 nm, a shoul
der -220-230 nm, and a comparatively sharp band at about 

0.5 
>-
!:: 
(/) 
z 
UJ 
I-
Z 

UJ 
> ). f= 
:3 

.0 
b) 52+ 6:<0 

UJ ::, 
~ 

?: " 0.5 
~ 

'" <? 
QI> 

a 120 240 360 480 

195nm. The first band has been attributed to the promotion 
of a nonbonding electron on the sulfur atom to an antibond
ing orbital localized on the S-S bond uis<-ns with a partial 
4s<-ns Rydberg transition. Thus, the observation of the an
isotropy parameter 13= 1.2 is consistent with these assign
ments and the dissociation could have arisen directly from 
the excited 1 B state. The present results obtained for 
CH3SSCH3 excited at 248 nm are quite similar to those 
found for H20 2 photodissociated at 266, 248, and 193 
nm?3,34 Both molecules are observed to undergo a direct 
dissociation process with a large fraction of the total avail
able energy released as product translation. While the paral
lel transition for CH3SSCH3 is observed in this study, vibra
tionally unexcited OH radicals are produced from H20 2 with 
a transition moment perpendicular to the 0-0 bond. 

C. CH3SSCH3 at 193 nm 

1. TOF spectra of primary products 

We measured the TOF spectra for CH3Si, si, CH3S+, 
S+, and CHt ions when CH3SSCH3 was excited at 193 nm. 
Figure 6 depicts the typical spectra collected for CH3Si , si , 
CH3S+, and CHt at a 20° beam angle; the open circles are 
the normalized experimental data. These TOF spectra show 
clearly that there exist a single ion peak for CH3Si and si, 
two for CH3S+, and three for CHt with the appearing time 
properly matched to one another. Thus, the dissociation pro
cesses of Eqs. (2) arid (3) can be uniquely identified; for 
instance, the three major peaks of the CHt ions in Fig. 6(d) 

d) CH3+ 

o 120 240 360 480 600 

MICROSECOND 

FIG. 6. Product TOF spectra collected for CH3SSCH3 photodissociation at 193 nm and a 200 beam angle. Two competing dissociation channels [Eqs. (2) and 
(3)] were clearly identified: (a) TOF spectrum of CH3S2 , a product of Eq. (3), (b) the major signal of Si produced from CH3S2 , (c) the first peak produced 
from CH3S of Eq. (2) and the second peak from CH3S2 ; and (d) the second major peak from Eq. (2), while the other two peaks produced from the coproducts 
of CH3 and CH3S2 of Eq. (3). Each individual line was derived from the peE) distributions presented as solid curves in Figs. 7(a) and 7(b) (see the text for 
discussion). 
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FIG. 7. The P(E) distributions for CH3SSCH3 dissociation- processes at 193 
nm. (a) The solid curve for CH3S production ofEq. (2). (b) The solid curve 
obtained from the simulation of the CH3Sr spectrum of Fig. 6(a) for Eq. (3), 
while the dashed line obtained from the best fits of the first peak of CHj 
spectrum of Fig. 6(d); the hatched area indicates the uncertainty. (c) The 
P(E) curve for the formation of S2 and CH3 from CH3S2 ; the hatched area 
was shown with the stated uncertainty in (b) as well as those introduced in 
the secondary process. 

are produced by the electrons of 120 e V in the ionizer, and 
they can be associated with the photoproducts of CH3, CH3S, 
and CH3S2 in the order of appearance. To ensure that these 
ion signals were free from the cluster interference, experi
ments were repeated with the nozzle temperature lowered 
from 150 to 66°C. At the latter temperature, additional ion 
signals showed up at -360 f.LS for CH3S+ TOF spectra col
lected at the beam angles of 10° and 20°. We also observed 
similar signals at about the same time for other ion masses at 
a 10° beam angle, indicating that there was the interference 
of the clusters at this low temperature. We therefore conclude 
that the TOF spectra collected at a temperature of 150 °C in 
Fig. 6 are real. 

To find out the peE) distributions for the dissociation 
processes of Eqs. (2) and (3), a similar forward convolution 
procedure, as described in Sec. III A, was employed. The 
P(E) distribution for Eq. (2) was first found from the best 
fits to the first peak of CH3S+ in Fig. 6(c) and the second ion 
signal of CHt in Fig. 6(d). Figure 7(a) depicts the peE) 
curve with an average kinetic energy of 33 kcal/mol, which 
is equivalent to It=41 % by using the S-S bond energy de
rived earlier in this work. It is noted that the average kinetic 
energy is the same as that found at 248 nm, hence a large 
amount of CH3S must be internally excited at this high pho
ton energy, as shown in Figs. 4 and 7(a). 

Next we discuss the more complicated problem of the 

___ search for a peE) distribution for the dissociation process 
given in Eq. (3). The simulation was done initially by fitting 
the CH3Si spectrum shown in Fig. 6(a) with a peE) distri
bution displayed as the solid curve in Fig. 7(b). However, 
this peE) distribution produced a poor fit to the first ion peak 
of Fig. 6(d), which was attributed to the coproduct CH3 in 
Eq. (3); the calculated values were appreciably smaller than 
the measured data at the late times -100 fJ-s. Thus, the fail
ure of finding a single peE) distribution for the dissociation 
process of Eq. (3) has to be checked if a fraction of nascent 
CH3S2 fragments undergoes a secondary dissociation in ac
cord with Eq. (4). More si TOF spectra were measured at 
various laser powers to confirm the existence of Eq. (4). In 
these measurements, the dependence of the integrated si ion 
. signal with respect to the hlser energy was obse~ed to be 
linear at 20 mJ/pulse. Figure 8 depicts the typical spectra 
with laser energy at 75 and 10 mJ/pulse shown as solid and 
open circles, respectively. It clearly indicates that almost 
85% of the slow Sz ion signal at high laser power originated 
from the same mechanism as that at low laser power, or the 
major source of the slow si ions was the spontaneous 
decomposition14 of CH3SZ • We shall return to this subject in 
the following section. 

Consequently, the peE) distribution for Eq. (3), obtained 
by using the CH3Si TOF spectrum of Fig. 6(a) has to be 
corrected. The simulation was then repeated by assuming 
that the first peak of the CHt spectrum in Fig. 6(d) was 
produced entirely from the coproduct CH3 in Eq. (3). The 
peE) distribution resulted from this simulation is displayed 
as the dotted curves in Fig. 7(b); the hatched area represents 
the range of uncertainty due to the incompleteness in resolv
ing the first ion peak from the second in the CHt spectrum. 
The corresponding fit to the measured data is given as the 
dash-dot curve in Fig. 9(a), where the measured data were 
reproduced from Fig. 6(d). The simulation process for Eq. 
(3) was arrested at this point and the final peE) curve pro
duced an average kinetic energy of 30±3 kcal/mol. Taking 
55 kcal/mol for the C-S bond strength in CH3SSCH3 P we 
obtainedlt =32% and an average amount of 63 kcal/mol was 
partitioned into internal excitation. 
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FIG. 8. Power dependence of sr TOP spectra produced from photodisso
ciation of CH3SSCH3 at 193 nm (the solid circles are for 75 mJ/pulse and 
the open ones are for 10 mJ/pulse). 
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FIG. 9. The overall best fits of product TOF spectra collected for 
CH3SSCH3 photodissociated at 193 nm and,20° beam angle. The' measured 
spectra CO) were the same as for Figs. 6(a)-6(d): (a) CHj; (b) si; and (c) 
CH3S+, The symbols for the calculated curves:---generated from the solid 
peE) curve in Fig. 7{a) for ,Eq. (2);---from the solid peE) curve in Fig. 
7{b);-·-·-from the dot curve in Fig. 7{b);-· ·-··-from the s,olid 
curve in Fig. 7{c); and-obtained from Eq. (7) of producing an elec
tronic excited CH3S radical. 

2. Secondary dissociation of CH3S2 

As discussed above, the product internal excitation of 63 
kcallmol in Eq. (3) was calculated directly from the dotted 
curves of peE) distribution shown in Fig. 7(b). This value 
should be corrected, when applied to the secondary dissocia
tion process in Eq. (4), by the difference between the solid 
and the dotted curves that represents the fragments actually 
participating in the secondary dissociation. This gave an av
erage internal excitation of about 80 kcallmol rather than 63 
kcallmol for the CH3S2 reacted in the secondary dissociation. 
Taking 47.5 kcallmol as the C-S bond energy recommended 
for the CH3S2 radical,35 it is more than sufficient to undergo 
a spontaneous dissociation if most of the available energy is 
deposited into this radical. On the other hand, the S:-S bond 
scission in CH3S2 is not expected since it has a bond energy 
of 83 kcallmol.35 Thus, the conclusion in the last section that 
CH3S2 undergoes a spontaneous decomposition is justified. 

A similar forward simulation method22,23 was also em
ployed for this secondary process. However, the computation 
becomes more complicated and less accurate than the pri
mary process because now the velocity distribution of the 
parent beam has to be replaced by a distribution function 
obtained from the difference between the solid and the dotted 
curves in Fig. 7(b). Besides, since the uncertainty associated 
with the hatched area in Fig. 7(b) is rather high, the com
bined effect of these two factors would introduce, at least, an 
equivalent amount of uncertainty in analyzing the secondary 

dissociation of CH3S2 fragments. The peE) distribution de
rived from the' fits to the Sr spectrum is shown in Fig. 7(c), 
where a similar uncertainty is shown by the hatched area. 
The corresponding fits are given by the dash-dot-dot curve 
in Figs. 9(a) and 9(b). As was shown in Fig. 7(c), a unimo
lecular decomposition of CH3S2 is correctly reflected by the 
peE) distribution with high probability density function at 
low energy; It mustbe noted, however, that the simulation 
was carried out on the basis of experimental data without 
considering the differentiation of the unimolecular decompo
sition and the possibility of a minor two-photon process. 
From the difference between the calculated fits of the dotted 
curve and the dash-dot-dot curve in the spectrum in Fig. 
9(b), we estLmated that approximately three quarters of the 
CH3S2 radicals would react in the secondary dissociation 
process. 

As far as the curve fitting is concerned, the peE) distri
butions obtained from the dissociation processes of Eqs. (2)
(4) are not sufficient for the slow ion signals to be observed 
-260 f-ts in the CH3S+ spectrum shown in Fig. 9(c). There 
must exist another dissociation channel which is responsible 
for such additional signal. Since the S-S bond scission of 
CH3S2 is already regarded as an unlikely process, the follow
ing process which yields one of the CH3S radicals in its first 
electronic state from the parent molecule in reaction (7) 

(7) 

becomes the only choice. For the S-S bond energy of 70 
kcallmol derived in the present work and the first excited 
state energy of 76 kcallmol (Ref. 1) for CH3S*, the one
photon dissociation process of Eq. (7) at 193 nm is still pos
sible. Assuming that Eq. (7) indeed takes place, we have 
obtained a satisfactory fit to these slow ion signals which 
appeared mainly in the CH3S+ TOF spectra shown as the 
long dashed curves in Fig. 9(c) with a peE) distribution 
corresponding to an average kinetic energy of -3.3 kcall 
mol. Figure 10 depicts those ion signals Sr, S+, CH3S+, and 
CHt , taken at a 10° beam angle, to show the equally good 
fits produced from all dissociation processes discussed 
above. 

The present results that CH3S2 undergoes predominantly 
a unimolecular reaction to produce CH3+S2 do not contra'
dicfthe previous findings of the two-photon, two-step disso
ciation process by Nourbakhsh et ai., 17 who carried out their 
experiments at high laser energies of 100-130 mJ/pulse. As 
discussed in the last section, the secondary dissociation pro
cess of CH3S2 by absorbing additional photon was also evi
dent in the Sr TOF spectra of Fig. 8 as we increased the laser 
energies from 10 to 75 mJ/pulse. Thus, there is no doubt 
about the presence of the second photon effect at high laser 
power, while our present results uniquely explain the fact 
that the CH3S2 fragments produced at 193 nm are very active 
and can be decomposed spontaneously to produce CH3 +S2 . 

On the other hand, we have observed no clear evidence of 
the secondary process of CH3S+hv (193 nm)-+CH3+S 
from both CHt and S+ TOF spectra shown in Figs. 9 and 10. 
As they were taken at low laser power, it is not surprising 
that there is no second photon effect. 
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FIG. 10. TOF spectra for CH3SSCH3 photodissociated at 193 run and at a 100 beam angle. Similar to Fig. 9, satisfactorily good fits t9 the measured spectra 
were obtained by the peE) curves shown in Fig. 7 and Eq. (7) (see the figure captions in Fig. 9 for the symbol used in each individual curve). 

3. Branching ratio between C-S and S-S bond 
scissions 

Our discussion over experimental results has confirmed 
the dissociation processes of Eqs. (2)-(4) for CH3SSCH3 at 
193 nm. In addition, a minor process of Eq. (7) in producing 
CH3S* in its first electronic excited state is also included. It 
will be of interest to determine the branching ratio for the 
C-S and S-S bond scissions. The procedure involves the 
deduction of the ion signals in the laboratory coordinate by 
transforming to the c.m. coordinate to obtain the true signals. 
The TOF spectra of CH3St, st, CH3S+, S+, and CHt ions 
taken at the same experimental conditions 16-20 mJ/pulse 
and a 100 beam angle are used with a computation scheme 
given by Lee and his colleagues.36,37 The atomic polarizabil
ity data necessary for the calculation were taken from 
Ref. 38. 

The branching ratio for the fission of the C-S bond over 
the S-S bond was first calculated to be about 1.04 by ignor
ing the secondary dissociation of CH3S2 • This ratio was 
based on the CH3S+ TOF spectrum of Fig. lO(c) with the 
fast component attributed to CH3S produced from Eq. (2), 
while the second component was attributed to CH3S2 from 
Eq. (3). An identical result was also obtained based on the 
S+ spectrum of Fig. lOeb). When the fraction of CH3S2 that 
undergoes secondary dissociation was included, this ratio'in
creased to 4.0. On the other hand, a direct computation based 
on the first two ion peaks in the CHt spectrum to reduce the 
uncertainty introduced by the secondary dissociation yields a 
value of 1.6. Thus, we obtain a range of 1.6-4.0 for the 
branching ratio evaluated from two different approaches. The 
variation arises mainly from the uncertainty introduced in the 
calculation for the peE) distribution in Fig. 7(b) and the 

deconvolution procedures of several composite TOF spectra. 
Although the uncertainty is large, we recommend the relative 
degree of C-S to S-S bond scission to be 2.8± 1.2 and con
clude that the formation of CH3S2 and CH3is a predominant 
process when CH3SSCH3 is excited at 193 nm. This is in 
sharp disagreement with the results of Callear and Dickson14 

who carried out the flash photolysis experiments with a 
broad bandwidth of 185-205 nm. The result of this early 
measurement yielded a different conclusion that the dissocia
tion was dominated by the formation of CH3S radicals. 

Finally, as in the discussion for CH3SCH3 at 193 nm, our 
results of the peE) distributions [Figs. 7(a) and 7(b)] give a 
complete description of the slow products, which were miss
ing in the results of Ng and his co-workers. 17 The observa
tion of these slow particles provides not only the necessary 
information for the estimation of the relative degree of C-S 
and S-S bond scissions of CH3SSCH3 , but also the conclu
sion of spontaneous dissociation of the primary product 
CH3SZ' 

4. Polarization effect 

The product angular dependence for CH3SSCH3 excited 
at 193 nm was measured for CH3St, st, andCH3S+ ions at 
100 beam angle. At this beam angle, the constant 00 in Eq. 
(6) was estimated from the peE) distributions in Figs. 7(a) 
and 7(b) to be 10° and 18°, respectively, for CH3S and 
CH3S2 . Thus, it is worthwhile to run the polarization effect 
experiments. In these experiments, the laser energy was 
maintained at about 16-20 mJ/pulse. The results show that 
the TOF spectra of both CH3S+ and CH3S; produce no 
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change in the total integrated counts, within our experimental 
limit of accuracy, for both parallel and perpendicular polar
ization directions. 

The absorption spectrum12,31 of CH3SSCH3 has a strong 
broad band peaking at 196 nm. This band has been assigned 
to u;'t-ns and u:st-ns transitions,31 suggesting that the ex
cited states at the wavelengths of interest are in fact the re
pulsive states. The observation of no polarization effect for 
the major ion signals arising from the primary dissociation 
processes suggests that mixed parallel and perpendicular 
transitions could likely be involved. On the other hand, since 
we observed a large branching ratio in favor of the bond 
fission of the weaker bond C-S bond against the stronger 
S-S bond, the dissociation process could have lasted a pro
longed period of time to allow the energy randomization. In 
other words, a coupling between the translation and the in
ternal modes of the dissociating molecule could take place 
such that the P(E) distributions for the two major primary 
processes have a substantial fraction in the low energy range, 
as shown in Figs. 7(a) and 7(b). These P(E) distributions are 
significantly different from the one derived for a direct dis
sociation process of CH3SSCH3 excited at 248 nm, as shown 
in Fig. 4. 

It would be of interest to make a remark here on the 
observation of the polarization dependence of the si spec
trum. There appeared a slight decrease in slow si signals 
when the laser light was polarized parallel as compared with 
those taken unpolarized or polarized perpendicular. This ob
servation is indirect evidence of a minor dissociation process 
for CH3SSCH3 by breaking up the two C-S bonds simulta
neously when the available energy for the reaction is in ex
cess of about 40 kcal/mo1.17 However, since the difference in 
the total integrated counts of the polarization dependence is 
small and since more assumptions must be involved for ana
lyzing the triple products, no further effort is attempted on 
this additional primary process. 

IV. CONCLUSION 

The major concern of this work is to elucidate the dis
sociation dynamics of CH3SCH3 and CH3SSCH3 from the 
observation of product TOF spectra and the angular depen
dence with respect to the polarization of the laser light. For 
CH3SCH3 photodissociated at 193 nm, only a single disso
ciation channel is detected with CH3S and CH3 as the prod
ucts, which carry away an average translational energy of 43 
kcallmol. The polarization measurements for the CH3S+ 
spectra show that the products recoil isotropically. These re
sults are discussed by a predissociation process from mixed 
Rydberg-valence states. 

For CH3SSCH3 excited at 248 nm, we have observed a 
simple bond rupture of the S-S bond to produce two CH3S 
radicals. The anisotropy parameter f3= 1.2±0.2 is determined 
with a product translational energy of 33 kcallmol. This 
amount of energy is equivalent to It=70%, which is in good 
agreement with the prediction by classical impUlsive mecha
nism and, therefore, it is treated as a direct dissociation pro
cess. At 193 nm, the dissociation processes for CH3SSCH3 
become complicated; two primary dissociation channels re-

suIting from either the C-S or the S-S bond scission are 
observed with a branching ratio of about 2.8 in favor of the 
former case. About 80% of the CH3S2 fragments produced 
from the primary process contains sufficient internal energy 
to undergo a spontaneous dissociation into S2 and CH3 radi
cals. No polarization dependence has been observed for these 
major primary products and the dissociation processes are 
rationalized by mixed parallel and perpendicular transitions 
or an energy randomization prior to the dissociation. 
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