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The photodissociation dynamics of trimethylene sulfoxidgHgSO) has been studied by monitoring the
nascent SO(X=") photofragment following 193- and 248-nm irradiation by using laser-induced fluorescence
spectroscopy on the EE-—X 3= transition. Inverted vibrational-state distributions are observed, with maxima
aty'’ = 1, for the nascent SO(X") photoproduct for both photolysis wavelengths. Quantum yields for the
production of SO(XZ") are 0.344 0.05 and 0.7Gk 0.14 following 193- and 248-nm photolyses oftG-

SO. Rotational-state distributions of the nascent S&{X " = 1-5) photofragment have been measured
following photolysis at both wavelengths and can be characterized by Boltzmann temperatures. Energy disposal
into the internal degrees of freedom of the SGEX) photofragment is 9.9% and 11.3% of the total available
energy following irradiation of the parent molecule at 193 and 248 nm, respectively. Fr@ocklon and
impulsive models have been used as limiting cases for the experimentally observed vibrational-state distributions
and the internal energy content of the nascent S&¥ photofragment. These models are unable to fit the
experimental observations, if the other fragment is ground-state cyclopropane or propylene, but excellent
agreement is obtained for the 1,3-trimethylene diradical, which is believed to be produced in the triplet state.

Introduction tetramethylene diradicafs.We present here the results of our
investigation into the photodissociation dynamics of trimethylene
sulfoxide (TRSO).

The photochemistry of trimethylene sulfoxide has been
studied in flash photolysis experiments by gas chromatography

sociation, defined as the electronic excitation of the parent
molecule through the absorption of a photon followed by its mass spectrometry measurements (.)f the stable_hydrocarbon
oducts by Dorer and SaloménFor direct photolysis at 214,

spontaneous decay into the nascent pr_oducts, has been the mogtrzg or 254 nm, or triplet-sensitized decomposition, gaseous
mgeelxesrtud:jeig (;;;T?r?g %’ﬁgz forfnLergcé'fﬁgewr?:;gerﬁ:neﬁétggra _TRSO undergoes fragmentation to produce ethylene, propylene,
gy disp P 9" and cyclopropane, with the hydrocarbon distribution depending

ments following photoactivation of a polyatomic molecule o R
. Lo Y L ; ) ..~ on excitation wavelength. The hydrocarbon product distribution
provides insight into the mechanistic details of the dissociation ! : e
o3 ; L : obtained from the photodissociation of TRSO can result from
reaction?3 In particular, energy-partitioning experiments have . S
the following reactions:

been able to provide data on transition-state structures, possible
intermediates, and the nature of the interaction between the o

separating fragments in the exit channel. The advent of new, [:13/ . oy — N + CH,S0 ™
direct ultrafast pump-probe laser techniques now permits real

time descriptions of these chemical reactions and has placed

Mechanisms of unimolecular reactions, both dissociation and
isomerization, of small cyclic compounds have been described
for many years in terms of diradical intermediate®hotodis-

the diradical mechanisms under the microscope in the recent — V' + so @
scientific literature?
Internal energy distribution measurements following the |
iminati ; ; —_— + SO (3)
photoelimination of diatoms from ring compounds, e.g. carbon )

monoxide from cyclic ketones, have provided a large body of

mechanistic information about photochemical decarbonylakions.  Dorer and Salomon suggested that the cyclopropane produced
In our laboratory, we have studied the photoextrusion of sulfur in reaction 2 contains sufficient vibrational energy such that it
monoxide from cyclic sulfoxides over the last several y&drs.  can undergo unimolecular isomerization to propylene. At higher
While the cyclic sulfoxides provide an interesting analogue to pressures, the vibrationally excited cyclopropane can also be
the ketone photodissociations, the sulfur oxides provide a deactivated by energy transfer through collisions with the buffer
potentially richer photochemistry because of the existence of gas. They found that thes8¢/CoH4 product ratio depended
low-lying excited electronic states of SO that are energetically on the excitation wavelength. The lower excitation energy used
feasible for standard UV photolysis wavelength$revious in their study favored ethylene formation relative to thgHg
sulfur monoxide photoelimination studies have elucidated a pathway at pressures greater than 10 Torr. The authors
variety of interesting observations, including evidence for the concluded that the lifetime of the State of TRSO is sufficiently

direct production of SO(dA),” triplet ethylen€, and 1,4- short such that photodissociation occurs more rapidly than
collisional vibrational energy transfer in the pressure region
*To whom correspondence should be addressed. below 10 Torr and proposed a mechanism based on energy
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partitioning, i.e., the cyclopropane versus propylene ratio as a
function of bath gas collisions. Their proposed mechanism
involves initial rupture of a €S bond to produce a 1,4-
trimethylene sulfinyl diradical intermediate, which subsequently
fragments to yield SO(®\), SO(X3=7), and the hydrocarbons.
No other photochemical studies of TRSO have been reported
in the literature, although the electronic structure of TRSO has
been investigated both experimentally and theoreti®dllgs a D=
model for long-range through-bond electronic coupling in
dithiaspiroalkane sulfoxides.

Scala and Colon studied the vacuum ultraviolet photochem-
istry of trimethylene sulfone in a flash photolysis experiment TABLE 1: Energy Available to the Products Following
using gas chromatography to analyze the hydrocarbon prod-Photodissociation of TRSO (Cf. Figure 1)
ucts!? The major photolysis products at all three wavelengths 1 (nm) E; (kcal/mol) E' (kcal/mol) E;" (kcal/mol)
are cyclopropane, propylene, and ethylene. Addition of free- =~ 193 66 119 127
radical scavengers has a marked effect upon the relative product 248 33 86 94
yields, with both ethylene and propylene quenching observed
following the 147-nm photolysis of TRSO in the presence of first excited state of ketene, which further decomposes to yield
oxygen in the gas phase. The authors suggested that the primaryhe secondary CO fragment with a lower rotational temperature.
reaction channel during the VUV photolysis of trimethylene This study clearly shows that probing the detailed internal-state
sulfone is the elimination of SQo produce a 1,3-trimethylene  distributions of the nascent CO photofragment in light of suitable
diradical. physical models affords insight into the photodissociation

Trimethylene sulfoxide is analogous to cyclobutanone. The mechanism of cyclobutanone. A detailed study of this nature
photodissociation of trimethylene sulfoxide produces the same has not been reported in the literature for the photodissociation
hydrocarbon products (ethylene, propylene, and cyclopropane)dynamics of trimethylene sulfoxide.
as does the photolysis of cyclobutandAé® Several studies Zewail and co-workers have applied femtosecond laser
have shown that the dissociation of cyclobutanone following techniques in conjunction with mass spectrometry to study the
excitation of the (n7*) transition involves two mechanistic  photochemistry of cyclobutanone, cyclopentanone, and their
pathways to account for the observed proddtts® One substituted analoguésThey were able to observe mass signals
channel produces CO and vibrationally excited cyclopropane, corresponding to the 1,3- and 1,4-diradical intermediates with
while the other leads to £, and CHCO. The vibrationally lifetimes on the order of 1001500 fs. These elegant experi-
excited cyclopropane contains enough internal energy to isomer-ments clearly establish the existence of the diradicals as short-
ize to propylene, unless it is collisionally stabilizéd.ee and lived molecular entities.
co-workerd>-17 have shown that the initial excitation into the In this work, we report our study of the UV photodissociation
lower vibrational levels of the Smanifold produces cyclobu-  of trimethylene sulfoxide by probing the nascent SG{X)
tanone, which may either fluoresce, undergo intersystem cross-photofragment using laser-induced fluorescence (LIF) spectros-
ing to the lowest lying triplet state (J, or internally convert to copy on the B3X~—X 3% transition. LIF spectroscopy of the
high vibrational levels of the ground statep(S The primary SO(B—X) transition has been shown previously to be an
decay channels are nonradiative since the fluorescence quantunexcellent method for measuring ground-state sulfur monoxide
yield is ~0.2%. Benzene photosensitization studies have internal-state distribution'$. The experimental vibrational- and
demonstrated that the, Btate of cyclobutanone decomposes rotational-state distributions, as well as the quantum yields, of
almost exclusively to cyclopropane and CO, while the ketene the nascent SO(X=") photofragment following 193- and 248-
and ethylene products are produced from the decomposition ofnm photolyses of TRSO are reported. There are three primary
the singlet state of cyclobutanoh@. Trentelman, et al. have SO production channels, which are energetically allowed
studied the 193-nm photodissociation of cyclobutanone by following 193- and 248-nm photolyses of trimethylene sulfoxide.
measuring the vacuum-ultraviolet laser-induced fluorescence Two of these are shown as reactions 2 and 3, and the third
spectroscopy of the CO photofragméhtThey found that the  possibility is shown below:
nascent rotational-state distribution of the C&XX) photo-
fragment in each vibrational level'( = 0—3) can be fit well 0 .
by a sum of two Boltzmann distributions with average temper- [j .y — ( + so
aturesTiow = 200 K (15%) andThigh = 3000 K (85%). These .
two rotational distributions were assigned to two distinct CO
production pathways. The vibrational, rotational, and transla- ~ An energy level diagram for the reactions represented by eqs
tional distributions of the high-temperature channel were 2—4 is shown in Figure 1, and the energies available to be
consistent with CO and cyclopropane as the primary photo- partitioned into the products at the two photolysis wavelengths
products. The low-temperature channel was in accord with CO are given in Table 1. The heats of formation for the species in
produced from the unimolecular decomposition of an excited reactions 24 were obtained directly from the tables when
ketene intermediate. In the mechanism proposed by Trentelmanavailablé® or were evaluated using thermochemical estimation
et al., cyclobutanone, populated in the Sate by 193-nm methods! We have modeled the vibrational-state distributions
photoactivation, undergoes internal conversion to thet&te, and the total energies partitioned into the internal degrees of
from which 57% intersystem crosses tg and dissociates on  freedom of the nascent SO photofragment following 193- and
the triplet surface to produce cyclopropane and a CO fragment248-nm photolyses of trimethylene sulfoxide by using a
with high rotational temperature. Another 30% of the S Franck-Condon/golden rule model and an impulsive model,
cyclobutanone dissociates directly to produce ethylene and therespectively.
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Figure 1. Schematic energy level diagram for the photolysis reactions
represented by eqs—B.
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Experimental Section 12

The experimental approach has been described in detalil
previously and will only be outlined briefly hef&. Trimeth-
ylene sulfoxide is stored neat in a glass trap, from which it is
expanded to a partial pressure 6f2 mTorr into a stainless
steel reaction chamber. The reaction chamber is equipped with 4
extension arms (with baffles inside to reduce scatted light) and
fused SiQ windows. Helium buffer gas (266800 mTorr) is
flowed across the fused quartz windows to minimize the buildup 0
of heterogeneous photolysis products. All partial and total ! - L . : :
pressures are measured at the exit of the chamber by calibrated 259 260 261 262
capacitance manometers. Wavelength  [nm]

Trimethylene sulfoxide is photolyzed by the output of a
(Lambda PhySIk LPX205 excimer laser, Operating at either 193 Figure 2. Rotationally resolved LIF spectrum on the SGIB,
nm (ArF; 6-12 mJ/cm) or 248 nm (KrF; 36-50 mJ/cm). The v'=1-X33", v'=3) transition following the 193-nm photolysis of

©
T

Intensity

Relative

SO photofragments are monitored by LIF on the—(B trimethylene sulfoxidePrrso = 0.005 Torr,Pye = 0.2 Torr, delay time
transition in the 235300-nm region of the spectrum. The probe = 1us.
laser light is generated by frequency doubliggBaB,0,) the 1.0
fundamental (476600 nm) of a Lambda Physik LPD3002 . 193 nm (a)
tunable dye laser, which is pumped by a XeCl (308-nm) Lambda £ 08
Physik LPX205 excimer laser. The two laser beams, photolysis g 0.6 1 \
and probe, are collinearly counterpropagated along the length =04
of the cell to maximize overlap in the center of the reaction 2 o2l
chamber. K ~
Fluorescence is viewed at 9felative to the laser beam axis = 0O @ e
by a high-gain photomultiplier tube (PMT) through two long- 6 1 2 3 4 5 6 7
pass filters and a band-pass filter. The output of the PMT is v
signal-averaged by a gated integrator and sent to a microcom- o 1.0
puter for display, storage, and analysis. For a fixed delay time £ osl 248 nm (b)
. & o
between photolysis and probe laser, the frequency-doubled H
output of the dye laser is scanned while collecting the total g 06
fluorescence signal to obtain a nascent LIF excitation spectrum. g 04p
Data were collected at 30 Hz, with each point representing the g 02l
average of 10 shots. The LIF intensity is found to be a linear & ool
function of the dye laser power, and signals taken over a large —
wavelength region were normalized to the dye laser power. For 01 2 3 4 5 6 7
photolysis of trimethylene sulfoxide at either 193 or 248 nm, a v

!inear dependence on pump Ias_er fluence was obsgrved, indiCati:igure 3. Experimental @) and calculated £) vibrational-state

ing that Fhe I?round-state SO is produced by a single-photon distributions of the nascent SO, /') photofragment following

progess In all cases. . . . (a) 193-nm and (b) 248-nm photolysis of trimethylene sulfoxide.
Trimethylene sulfoxide was prepared by oxidation of tri-

methylene sulfide (Aldrich) according to the method of Kondo (X 35, v'=0—6) from the 193- and 248-nm photolyses of

and Negish?? The purified compound was identified by NMR  yiethyiene sulfoxide. LIF signals, assignable to the SO (B

analyse¥’and was subjected to three freezrimp-thaw cycles 3¥~—X 3%7) transition, have been recorded under collision-

prior to use. Sulfur dioxide and helium (Air Products, 99.9%) ¢.qq conditions, where the probe delay time is less than 100
were used without further purification as a calibrant and a buffer o the LIF spectra were measured at longer probe delay

gas, respectively, in the qu_antum yield meas_urements. time (i.e., 1us) in order to avoid the interference of the emis-
The vapor pressure of tnmeth_ylene sulfoxm!e at room tem- ;o1 induced by the photolysis laser. Approximately two gas

perature was measured by a calibrated capacitance manometfinetic collisions occur prior to detection of the SO fragment.

in a glass vacuum system. The UV absorption Spectrum was nqer these conditions, the relaxation of the nascent vibra-

measured by using a HP 8452A diode-array spectrophotometer;;nai_state distribution of the SO(%=") photofragment is

at room temperature. negligible, while the rotational-state distribution is partially

relaxed?> The relative vibrational state populations of the

SO(X 3=7) photofragment in the vibrational levels = 0—6
Nascent SO(X=") photofragments are produced following were obtained by integrating the transition bands terminating

both 193- and 248-nm photodissociation of trimethylene sul- on thev' = 1 level of the B state and correcting them for

foxide. A portion of a typical LIF excitation spectrum is shown the corresponding FranelCondon factord® The observed

in Figure 2. The assignment of the vibronic transition bands vibrational-state distributions of SO(X=~) photofragment

of the LIF excitation spectrum of SO ~—X 3%7) transition following 193- and 248-nm photolyses of trimethylene sulfoxide

in the region of 237300 nm was made by using the calculated were found to be inverted with maximaat = 1, as shown in

bandhead positions from the spectroscopic constants in theFigure 3.

literature?* The LIF excitation spectra of the SO —X The rotational-state distributions of the SO{X") fragment

337) transition in the region of 237300 nm has been used to  were obtained from rotationally resolved laser-induced fluores-

determine the vibrational-state distributions of the nascent SO- cence excitation spectra of the SO §B~—X 3=7) transition

Results
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Figure 4. Boltzmann plot of the near-nascent rotational-state distribu-
tion of SO(X 3=, v"'=3) resulting from the 193-nm photolysis of
trimethylene sulfoxide and a linear least-squares fit to the data. The
slope of the best fit line corresponds to a rotational temperature of 960
+ 170 K. The error is statistical ).

TABLE 2: Rotational Temperatures of the Nascent SO(X
3¥~, v"") Photofragment Observed Following 193- and
248-nm Photolyses of Trimethylene Sulfoxide

rotational temperature (K)

vibrational level 193-nm photolysis 248-nm photolysis

1 990+ 200 880+ 90
2 1130+180 14404+ 200
3 960+ 170 910+ 180
4 820+ 150 1030+ 180
5 800+ 180 900+ 160
for v = 1-5. The intensity of each assigned rovibronic

transition was measured within each vibrational level and
converted to the relative population by correcting for tHeHo
London factof” and the rotational degeneracy. We found that

all the observed rotational-state distributions can be characterizedshort-lived SO-containing diradical intermediate.

by a corresponding rotational temperature. The rotational
temperatures are obtained by fitting a straight line to a plot of
In[P("", N")/(2N" + 1)] vs B,»N"'(N" + 1), whereB,- is the
rotational constant corresponding to vibrational lex¥&él The
Boltzmann plots for 193-nm photolysis are shown in Figure 4.
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TABLE 3: Best Fit Parameters Resulting from the
Franck—Condon/Golden Rule Calculation of the
Photodissociation of Trimethylene Sulfoxide

photolysis wavelength 193 nm 248 nm
bond length 1.501 A 1.535A
bond strength 1100 cm 1100 cn1?
available energy 64 kcal/mol 33 kcal/mol

Discussion

Our experimental results indicate that trimethylene sulfoxide
undergoes photoelimination of an SOX™) photofragment
following 193- and 248-nm irradiation. The vibrational-state
distributions of the nascent SOfX-) photofragment following
193- and 248-nm photolyses of trimethylene sulfoxide are found
to be inverted with maxima at' = 1. For a photodissociation
process in which two bonds are broken, the issue of concerted
versus stepwise cleavage needs to be considered. If the two
bonds break in a single kinetic step, the reaction is concerted.
A stepwise cleavage is defined as one which occurs in two
kinetically distinct steps via an intermediate. The criteria for
distinguishing between concerted and stepwise mechanisms is
the lifetime of this intermediate. A lifetime equivalent to (or
longer than) a single rotational period for the intermediate is
the accepted criterion for labeling a photodissociation process
as stepwise. The inverted vibrational-state distributions sug-
gest that the photodissociation of trimethylene sulfoxide, at
both 193 and 248 nm, proceeds via a concerted bond cleavage
process in which two €S bonds break faster than energy
redistribution, i.e. less than a rotational period of the 1,4-
trimethylene sulfinyl radical, to yield the SO photofragment.
We cannot however conclusively rule out the possibility of a
Previous
observations of inverted SO(¥") vibrational-state distribu-
tions following the UV photolysis of several SO containing
compound¥ have been attributed to a concerted bond cleavage
mechanism.

Further insight into the photodissociation mechanisms of

The rotational temperatures of the SO photofragment are |iSt€‘dtrimethy|ene sulfoxide can be obtained by comparing the

in Table 2.

We have also estimated the quantum yields of SCXX)
production at both photolysis wavelengths by comparison with
the photolysis of S@ We have used the LIF signal of a given
transition By(13) of the (1, 1) band to measure the quantum
yield. We recorded the LIF signal intensity originating from
SO(X 3=7) following the photodissociation of trimethylene
sulfoxide and S@ respectively, under the same conditions
except for the photolysis laser fluence (10 m¥a@h 193-nm
photolysis and 42 mJ/ctnat 248 nm photolysis). The LIF

experimental data in light of predictions from physical models.
We have employed two approaches: (1) a Frarckndon/
golden rule model; and (2) a modified impulsive model, to
simulate the total energies partitioned into the SGX)
photofragment following the 193- and 248-nm photodissociation
of TRSO.

The Franck-Condon/golden rule model has been used
extensively to model inverted vibrational-state distributions of
nascent products from elementary reactit#a$:2¢ This model
calculates the transition probability between the “dressed”

intensities were averaged over 200 points and corrected to thediatomic oscillator, i.e. SO in the parent polyatomic molecule,
corresponding absorption cross sections, the relative vibrationaland the free SO(X=") photofragment. If a sudden transition

populations in the' = 1 vibrational level, and the laser fluences
to yield the relative quantum yield8® By comparing the
relative quantum yields of SO(X=~) from the photolysis of
trimethylene sulfoxide at both 193 and 248 nm with the relative
quantum yield of SO(€=") from the 193 nm photolysis of
SO, we obtain the absolute quantum yields of SGEX): 0.34

+ 0.05 and 0.70+ 0.14 for 193- and 248-nm photolyses,
respectively. The errors are statistical, on the basis of multiple
measurements.

In previous experiments of the photodissociation of cyclic
sulfoxides, direct confirmation for the production of the hydroxy
radicaf and indirect evidence for the formation of SO@A)
has been found. In the experiments reported here, no evidence
for the production of either OH or SO(\) was observed,
despite efforts made to observe these products.

is assumed, the transition probability is proportional to the
product of the density of the final states and the square of the
corresponding FranekCondon factor. The density of states

is dependent upon the choice of available energy and, therefore,
the chemical pathway. In the application of this model, we use
Morse oscillator wave functions for the initial state of the
“dressed” oscillator and the final state of the free SGEX)
photofragment. The bond length and strength of the “dressed”
oscillator are treated as adjustable parameters in fitting the
calculated vibrational distributions to the observed data. The
best fit reveals the bond length of the “dressed” SO moiety
immediately prior to fragmentation. The best fits of the
calculated vibrational-state distributions to the experimental data
are shown in Figure 3, and the parameters are summarized in
Table 3.
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TABLE 4: Comparison between Experiment and the Z
Impulsive Model for the Energy Disposal into the Internal +
Degrees of Freedom of the Nascent SO(XE") : Y
Photofragment Following 193- and 248-nm Photolyses of | /’ o)
Trimethylene Sulfoxide VC\ ,/
photolysis experimental C S'/ / X
wavelength E/Ea Er/Eay Evir/Ean impulsive model ———-6L, Vs———>X
(nm) (%) (%) (%) Ev+r/Eav (%)  x (deg) ~— C //
193 6.7 3.2 9.9 10.7 34.5 / /
248 6.4 4.9 11.3 10.7 41.6 Vc /

) ] ) ~ Figure 5. Geometry of trimethylene sulfoxide used in the application
In Table 3, the available energies correspond to eq 4 in which of the impulsive model.

the SO(X 327) photofragment is produced together with a

diradical species, i.e. 1,3-trimethylene diradical. If we use If the angle between the SO bond and theS=-C plane isy,
available energies corresponding to the formation of the stable by analogy to the impulsive model for triatomic molecules, we
hydrocarbons (cyclopropane and propylene), then the Franck have

Condon model cannot adequately fit the experimental data.

Within the context of this model, this reveals that the SO(X E, = Ey,r COS i (6)
337) photofragment is decoupled from the hydrocarbon skeleton
before the stable products are formed, consistent with a Er=E/.r sir? X (7)

concerted mechanism.

Although the SO(X3Z™) photofragment is formed with a By using egs 6 and 7 as well as the observed valuds @ind
distribution of internal energies, it is useful to evaluate the Er, We can evaluate the angle between theOSbond and the
average energies partitioned into the internal degrees of freedom-_g_¢ plane,y, in the transition state of the photoactivated
of the SO(X°27) photofragment for comparing with calculated  imethylene sulfoxide. The results are also listed in Table 4.
energy partitioning based on a generalized impulsive mbdel.  The internal energy distributions of the nascent SGEX)

The average energy in the rotational degree of freedom can beypotofragment from TRSO, when taken in light of the two
evaluated from the rotational temperature by usiag= 3 ¢, physical models applied here, suggest that the photodissociation
(keT.)/3>.C,, whereT, is the rotational temperature observed  of trimethylene sulfoxide following irradiation at either 193 or
in the vibrational level'", c,~ is the fractional population in 548 nm proceeds via a concerted fragmentation process to
v". The average energy contained in the vibrational degrees y;qquce SO(®=-) and the 1,3-trimethylene diradical. The best
of freedom can be evaluated as the sum of the energy partitionedj; pong lengths of the dressed SO molecule are found to be
into each vibrational level, i.&&y = 5 ¢,/(E, — Eo)/3c,, where different in the 193- and 248-nm photolyses. Also the values
E, = (" + 12)we + (" + 12Fweyeis the vibrational energy  of the angley in the transition state of the trimethylene sulfoxide
of level v andEo is the zero-point energy. The ratios of the e gifferent in the two photolysis wavelengths. This result
average energies partitioned into the internal degrees of freedomy ggests that the dissociation of trimethylene sulfoxide may
of the SO fragment to the available energies are listed in proceed on different electronic surfaces or at the different
Table 4. _ . . positions on the same electronic surface following 193- and 248-
We have used the same available energies as we used in they photolyses, i.e. following either internal conversion or

Franck-Condon calculation, which correspond to the reaction jntersystem crossing. We found that the rotational temperatures
shown in eq 4. The observed fraction of the available energy gjightly increase with the increasing vibrational quantum
partitioned into the internal degrees of freedd®,r/Eav, IS number. The trends of the rotational temperature varying with
in good agreement with the value calculated by the impulsive e yiprational levels are the same for both 193- and 248-nm
model as shown in Table 4. In the impulsive model calculation, photolyses. It is reasonable to assume that the dissociation of
the available energy is assumed to be localized on the dissociayhe trimethylene sulfoxide occurs at different positions on the
tive coordinates and the bonds break rapidly so that all the same electronic surface following 193- and 248-nm photolyses,
available energy beco.mes 'Fhe' initial kinetic energies of the atomsgg that the elimination of the ground-state SO at both photolysis
on the ends of the dissociative bonds and the two photofrag- yayelengths produces the same hydrocarbon product, i.e. the
ments decouple prior to energy redistribution between the { 3-trimethylene diradical.

photofragmentg. For a concerted dlssoc[atlon, the tweSC By choosing the available energy in the Frar€ondon and
bonds break simultaneously so that the direction of the recoil impulsive model calculations, we have shown that the SO(X
velocity of the S atom must be along the bisection of the 3y-) photoelimination from trimethylene sulfoxide produces the
C—S—Cangle. By conservation of energy and momentum, the 1 3 trimethylene diradical. We cannot answer the question,
total energy partitioned into the internal (vibrational and paseq solely on these two model calculations, whether the 1,3-
rotational) degrees of freedom of the SORX') photofragment  imethylene diradical photofragment is produced in the singlet

can be represented by (see Figure 5) or triplet states. Theoretical calculations have shown that the
singlet-triplet separation of the 1,3-trimethylene diradical is
2m. cod? only about 0.8 kcal/moi®3! This difference in energy is smaller
Ey.(SO)=[1— Ms 2 E. (5 than the uncertainties of these experiments and/or the physical
VAR mg + My ms + 2m, co§Q avi models. The UV absorption spectrum of trimethylene sulfoxide
2

in the gas phase shows that the absorptions at 193 and 248 nm
belong to different absorption ban#isAbsorption of a 248 nm
wherems andmg are the masses of sulfur and oxygen atoms, photon promotes the trimethylene sulfoxide to the first excited
respectively. 6 is the C-S—C bond angle, and its experimental singlet surface § while photoexcitation at 193 nm excites the
value?® was used in the calculatiorE, is the available energy.  molecule to a higher singlet stételf the dissociation proceeds
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on the $ surface following 248-nm irradiation, photoelimination
of the SO(X3X") fragment from the trimethylene sulfoxide
should produce the 1,3-trimethylene diradical in its triplet state
by the conservation of spin angular momentum. To form the
final hydrocarbon products, the triplet diradical must first
undergo intersystem crossing (ISC) to the singlet sufa8ce
part of the available energy is partitioned into the trimethylene
diradical fragment, further fragmentation of the trimethylene
diradical is also energetically allowed:

kg
E—

T |+ on,

(®)

A
7

\)y

(9a)

(e

(9b)

Direct observation of the 1,3-diradical by Caldwell and co-
workers? has yielded an intersystem crossing ratéqeé = 7
x 107 s71. kp can be estimated by RRK theo¥. A typical
value for theA factor for a simple fission of a €C bond is
10717 s7121 Assuming no barrier above the endothermicity,
the activation energy for reaction 8& = 31 kcal/mol?! The
maximum available energy following photolysis of TRSO at
248 nm isk = 33 kcal/mol. Thus, only the trimethylene

diradicals produced in concert with ground vibrational state SO-

(X 3=, v/'=0) have enough energy to overcome the activation

barrier of reaction 8 and can undergo further fragmentation. By

RRK theory,ky = 6.8 x 10° s71.3% This fragmentation rate
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and similar. Good agreement between the experimental distri-
butions and physical models has led us to postulate that the
photoelimination of sulfur monoxide from these two compounds
proceeds in a concerted manner in which the tweSthonds
break simultaneously to yield SOG&™) and unstable hydro-
carbon fragments. On the other hand, the photodissociation of
tetramethylene sulfoxiden(= 5), which yields a statistical
vibrational-state distribution of SO(X~), most likely occurs

via a stepwise process in which one of the £bonds breaks
first to form a sulfinyl diradical intermediate, which subse-
quently dissociates to give sulfur monoxide. On the basis of
these experimental results, it is clear that the ring size of the
cyclic sulfoxides can affect the photodissociation mechanism.
One plausible explanation may be ring strain. Thermochemical
methods have shown that the ring strain for ethylene episulfoxide
and trimethylene sulfoxide are ca. 83 kJ/mol, while the ring
strain in the five-membered ring is only 8.5 kJ/n3al.

Summary and Conclusions

We have reported here the first studies of the detailed
dynamics of the photodissociation of trimethylene sulfoxide.
Our results and analysis are summarized as follows.

1. The nascent SO(X=") vibrational state distributions
following 193 and 248 nm photolyses of3l@:SO show
significant excitation in the diatomic photofragment (uputb
= 6) and are both inverted with maxima at = 1. The
nonstatistical nature of the vibrational-state distributions of SO-
(X 327) most likely results from the concerted cleavage of the
two C—S bonds.

2. Two physical models, FranelCondon and impulsive,

constant is about 2 orders of magnitude larger than the reported’@ve been used to model the distribution of internal energy in

value for kisc. This result suggests that essentially all the
trimethylene diradicals produced in conjunction with the SO(X

3%~ v''=0) fragments decompose to produce ethylene molecules

and methylene diradicals (cf. eq 8). The fractional population
of SO(X37) in /' = 0 vibrational level indicates that 32% of
the 3C3H; diradicals can undergo further fragmentation. The
remaining 68% of the triplet trimethylene diradicals, produced
in conjunction with vibrationally excited SO(X=-, v/'>1),

undergo intersystem crossing to the singlet state and decay

rapidly to produce the g products, i.e. cyclopropane and

the SO(X32") photofragment. Both models demonstrate that
a reasonable fit to the experimental data is obtained only when
the other product of the photolysis is the 1,3-trimethylene
diradical, and not propylene or cyclopropane.

3. Comparison of the SO(X=~) quantum yields with pre-
vious hydrocarbon product distribution measurements suggests
that the trimethylene diradical is initially produced in its triplet
state.

4. The 248-nm photolysis promotes the trimethylene sul-
foxide to its first excited singlet state.SApproximately 70%

propylene. Since the absolute quantum yield of trimethylene ©Of the photoactivated molecules dissociate in a concerted manner

is 0.704+ 0.14 following the 248-nm photolysis of TRSO and
reaction 9 is the only pathway to produce thgHg products,
the quantum vyield of the s products should b&,44CsHg)

= 0.47 + 0.11. Other reaction channels, i.e. eqs 1 and 8,
produce ethylene, and their sum leadsbtog(C,Hs) = 0.52 £
0.11. This analysis results in a product ratio ofH@/C,H4
produced by 248-nm photolysis of trimethylene sulfoxide of

on the 3 surface to produce SO(X=") and triplet 1,3-
trimethylene diradical fragments: 67.8% of the diradf@yHs
undergo intersystem crossing to diradi2JHe, leading to stable
products, propylene and cyclopropane. The remaining triplet
diradicals decompose to produce ethylene molecules.
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We have studied the 193- and 248-nm photodissociation

dynamics of (CH),SO [wheren = 2, 3, and 4] by monitoring
the vibrational energy distributions of the nascent SGEX)
photofragmeng.” The nascent SO vibrational-state distributions
resulting from then = 2 andn = 3 structures are both inverted
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