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Summary 

Quantum yields for the formation of hydrogen and methane in the 
photolysis of partially deuterated methanethiol (CH,SD) have been mea- 
sured at 185 and 254 nm. The sum of the quantum yields of these two pro- 
ducts is unity, independent of thiol pressure, at both wavelengths. Adding 
n-butane or perfluorodimethylcyclobutane causes an increase in the hydro- 
gen quantum yield, a decrease in the methane quantum yield, but no change 
in the sum of the two. These results are interpreted in terms of a hot atom 
mechanism involving cleavage of the C-S and S-D bonds in the parent 
molecule. Compared with earlier work using CHsSH, replacing H by D causes 
a significant increase in the probability of C-S cleavage suggesting that the 
photodissociation process is strongly influenced by the masses of the two 
species attached to the central sulfur atom. 

Introduction 

As an extension of our previous work [l - 31 on the photochemistry 
of CHsSH, we report here studies of the primary photodissociation processes 
which occur in a partially deuterated methanethiol, CHsSD. Our goal has 
been to examine the product distribution and compare it with that obtained 
from the photolysis of CHsSH. 

Our earlier work has emphasized the importance of hot atoms produced 
by photodissociation and variations in product distribution with excitation 
wavelength. These same features are explored in this paper by examining 
data at two excitation wavelengths and data taken in the presence of therma- 
lizing gases. Quantum yields of hydrogen and methane are reported for all 
these conditions. In earlier work Inaba and Darwent [ 41 studied the isotopic 
distribution of hydrogens and methanes obtained by photolysis of CHsSD and 
concluded that H atoms in CH, were not involved in abstraction reactions. 

*Present address: Jarvis Christian College, Hawkins, Texa@, U.S.A. 



Experimental 

All experiments were performed at room temperature (298 + 3 K) 
using gas phase materials. The mercury-free high vacuum system and the 
reaction vessel have been described earlier [l] . 

The light source for both 185 and 254 run light was a low pressure Hg 
resonance lamp. The 185 line was isolated with the use of gamma irradiated 
LiF discs as described earlier [l] , The 254 nm line was isolated with the use 
of a Corning 7910 Vycor filter which has an effective cut-off at about 220 
nm. Photolysis times were chosen so that less than 1% of the reactant was 
decomposed. The reagents, CHsSD, HBr, HI, HsS, n-butane and perfluoro- 
dimethylcyclobutane (PFDMCB), were all thoroughly degassed before use 
by a number of thaw-freeze-pump cycles. An IR spectrum of CHsSD showed 
the sample to be 90% labelled. 

After photolysis the total hydrogen and methane quantum yields were 
determined using mass spectrometiy and both HBr (185 nm) and HI (254 
run) actinometry [ 1, 2 3 . The extinction coefficients for HsS, HBr, HI and 
CHsSD were determined using a Gary Model-14 spectrophotometer. The 
values used are listed in Table 1. The values reported for Has, HBr and HI 
are in good agreement with the literature [5 - 7] . 

Since extinction coefficients at 185 m-n were difficult to determine On 
our spectzophotometer, the extinction of CH,SD at 185 nm was determined 
in an alternative manner. Assuming the extinction coefficient of HBr at 
185 nm, CH,SD was used as a filter in the first compartment of a two com- 
partment cell, while HBr was used in the second compartment. Yields of H, 
in the second compartment (HBr) were determined with and without CHsSD 
in the first compartment. From these data the extinction coefficient can be 
determined once the cell pressure and length are known. The result, in good 
agreement with the value determined using the spectrophotometer, is given 
in Table 1. The extinction coefficient of H2S was determined in the same 
way- 

Results 

Figure 1 summarizes the quantum yields for hydrogen components 
(H, + HD + Ds) and methane components (CH, + CHsD) over a range of 
methanethiol-cl pressures at 185 and 254 nm respectively. At both wave- 
lengths the quantum yields of hydrogen and methane show no dependence 
on the substrate pressure. The sum of the quantum yields of hydrogen and 
methane components add to unity within experimental error at both wave- 
lengths: 0.96 * 0.04 at 254 nm and 1.03 + 0.07 at 185 nm. Comparing the 
present results for the quantum yields of hydrogen and methane at 185 nm 
(@(Ha) = 0.507 k 0.025, $(CH4) = 0.523 f 0.060) with those reported earlier 
for CHsSH at 185 nm [l] (#(CH,) = 0.70 + 0.03, @(CH,) = 0.28 f 0.02), it 
is observed that the yield of hydrogen drops by about 0.2 while the yield of 
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TABLE 1 

Extinction coefficients 

Molecule E (Torr-’ cm’) at 185 nm 

From absorption From photolysis 
spectrum data 

e (Torr-’ cm-‘) at 254 mn 

CH3SD 6.18 + 0.04 X 1O-2 6.13 x 1O-2 1.97 f 0.03 x 1o-3 
HBr 3.37 * 0.02 x 1o-2 
HI - 5.82 2 0.02 x lOIa 
J32S 3.76 x 10-2* 3.60 x 1O-2 - 

*Reference 5. 
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Fig. 1. Quantum yields of hydrogen and methane produced in the photolysis of CHaSD 
at 254 and 185 nm. Circles denote hydrogen and squares denote methane. 

Fig. 2. Quantum yields of hydrogen and methane as a function of thermalizer pressure. 
At 254 nm the CH3SD pressure was fixed at 40 Torr and PFDMCB was used as the ther- 
malizer. At 185 nm the CHaSD pressure was fixed at 30 Torr and n-butane was used as 
the thermalizer except for one experiment, denoted by triangles, which was done with 
PFDMCB. Circles denote hydrogen and squares denote methane. 

methane goes up by a similar amount. Comparing the present results at 
254 nm (#(CH,) = 0.78 + 0.019, @(CH*) = 0.18 + 0.018) with those for 
CH3SH reported by Bridges and White [3] (#(CH,) = 0.83 f 0.03, @(CH4) = 
0.16 f 0.03) the yield of hydrogen is again noticed to drop, though only by 
0.05, while the yield of methane goes up by only 0.02. 

Two long-time photolyses were done for CHsSD at 60 and 55 Torr of 
initial thiol pressure for 16 and 45 h respectively. Here, as noted earlier [l] , 
a pale yellow residue was noticed which reacts with oxygen to form S02. 
These deposits are believed to be condensed thioformaldehyde as discussed 
below. 

In order to evaluate the role played by translationally excited atoms 
and other free radicals CHsSD was photolyzed with different pressures of 
added n-butane as a thermalizer. Figure 2 summarizes the results obtained 
from the photolysis of CHsSD-n-butane mixtures at 185 nm. Per cent de- 
composition of the thiol was kept below 1%. A blank run at 185 nm using 
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182 Torr of n-butane gave no products and ruled out the possibility that any 
extra hydrogen was produced by the direct photolysis of butane. Bridges 
and White [Z] have shown that the quantum yield of Hz produced in the 
photolysis of a 5: 1 mixture of n-butane and HI was not different from #(Hz) 
for pure HI, which rules out the possibility that extra hydrogen was produced 
as the result of the reactions of butyl radicals which arise upon abstraction of 
H by hot hydrogen atoms. Our results show that upon butane addition the 
yield of hydrogen goes up with an accompanying decrease in the methane 
yield. One photolysis with added PFDMCB at high pressure was also done 
and is shown in Fig. 2. It is noticed that here, as in the case of the CHsSH 
results [l] , PFDMCB is apparently not quite as effective a thermalizer as 
n-butane. An important observation from these data is that the total quantum 
yield remains constant as the pressure of the thermalizer is increased. 

Figure 2 also summarizes the results from the photolysis of CHsSD- 
PFDMCB mixtures at 254 nm. The observations are similar to the 185 nm 
results given above. 

Discussion 

Comparing the above results with those of CHsSH photolysis at 185 nm 
[l] and 254 nm [3 J , it is observed that the products of C&SD photolysis, 
hydrogen and methane, have qualitatively similar characteristics. This suggests 
that basically similar mechanisms are involved. Considering all the above 
observations, the following mechanism is suggested for CHBSD photolysis 
at 185 and 254 nm. 

CHsSD + hv + CH,S* + D* 11) 
CHsSD + hv + CH,* + SD* (2) 
D* + CH3SD -+CHs+DzS (3) 

and/or + CHsD + SD 

D* + CHsSD + CHsS + Ds 

CHs* (or CHs) + CHsSD + CHsS + CHsD 

SD*(or SD) + CHsSD + CHsS + DsS 

D + CHsSD -f CHsS + Ds 

D* +M +D+M 

CHs* + M +CH,+M 

SD* +M -+SD+M 

CH,S* + M + CH3S + M 

2CHsS --f CHsSSCI& 

14) 

(5) 

(3) 

(7) 

(3) 

19) 

(IO) 

(11) 

(12) 

(13) 

M is taken to be CH,SD, C4H1e and/or PFDMCB. The species bearing aster- 
isks represent energetic non-Boltzmann species. A steady state analysis of 
the proposed mechanism furnishes the following relations: 
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TABLE 2 

Quantum efficiencies of primary processes 

Molecule A+=) $1 #J2 

CH&H 186 0.79 0.21 
CH@H 254 0.93 0.07 
CHaSD 186 0.62 0.38 
CH$JD 254 0.81 0.19 

4@2)= 
bJCH3SW + k9 WI 

(~,+W[CH,W +k,[W 
91 

#WH,W = 42 + 
k, ICH,SDl 

(k, + WWWDI + k, WI 
61 

(14) 

(15) 

#~U32)+4(CH3D)=#l+#2=1 (16) 

where the subscripted symbols refer to the reactions in the mechanism and 
#I denotes quantum yields. 

In these expressions $r and $2 are the quantum efficiencies of reactions 
(1) and (2) respectively. The values for $I and q2 can be estimated by using 
eqns. (14) and (16) and the data from Fig. 2. Equation (14) predicts that the 
hydrogen quantum yield approaches #I when M is large (M other than CHsSD). 
Figure 2 suggests that #1 is 0.62 and 0.81 for 185 and 254 nm respectively. 
Using these values and eqn. (16), by difference we can estimate that 4b2 is 0.38 
and 0.19 at 185 and 254 nm respectively. These values and the values of #1 
and d2 for CH3SH photolysis at 185 nm [l] and 254 nm [3] are given in 
Table 2. 

When samples were photolyzed for extended periods, a yellow deposit 
appeared at the walls of the reaction vessel. This material is believed to be 
polymeric thioformaldehyde formed by the photolysis of dimethyl disulfide 
which is known to have a large extinction coefficient [S] and which produces 
CHaS when photolyzed [9]. The decomposition of excited CHsS radicals to 
form thioformaldehyde and a hydrogen atom may also occur to some extent 
in our system. However, the quantum yield must not be very high, otherwise 
we should observe a total quantum yield (methane plus hydrogen) greater 
than unity. The concerted photoelimination of H2 and CH2S is not significant 
according to the flash photolysis work of Collear and Dickson [9]. 

The most interesting feature of the results reported here is the large 
change, at 185 nm, in the ratio of C-S to S-H bond cleavage which occurs 
when CHsSH is replaced by CH3SD in the photolysis. The shift can be under- 
stood in terms of a model which focuses on the repulsive character of the 
excited state that is populated upon photon absorption and along which 
photodissociation occurs. The absorption spectrum of methanethiol [l] shows 
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no structure in the range 185 - 254 nm which is attributable to bound states. 
It is also clear that different excited states are involved at these two wave- 
lengths [IO] . 

Excitation of either CHsSH or CHaSD will lead to very nearly the same 
region of the excited state potential energy surface. Significant repulsive 
character must exist along both the C-S and S-H directions of this surface 
in order for both cleavages to occur with significant probability. On such a 
surface the effect of replacing SH with SD is to be found by considering the 
dynamics of the dissociative trajectories, since the shape of the surface does 
not change. In simplest terms, an H atom can be accelerated much more 
readily than either a D or CH3 group. The determining features in such dynam- 
ical arguments are the masses of the particles being accelerated and the 
steepness of the potential energy surface in the region of the excitation. A 
dissociation involving a steep surface and a light atom will predominate over 
a steep surface and a heavy fragment because the light fragment can move 
to regions of lower potential energy more rapidly. Doubling the mass of the 
light atom will make the heavy fragment more competitive. This model will 
account for our observations at 185 nm. 

As the repulsiveness of the surface decreases in the region populated by 
absorption, the relative importance of the masses of the particles involved 
may be overshadowed by differences in the slope of the surface along the 
S-H and C-S directions. This is apparently the case at 254 nm. 
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