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PREFACE

Mercury lamps were used to photolyse (CH3)282,
(CH3)28, CH3SH, CD3SH and CH3SD at 77K and 17K. The
photolyses were followed by E.S.R. and infrared
spectroscopy. Some samples consisted of the pure
solid while others were trapped in an argon isolation
matrix.

The infrared spectrum of CD3SH is presented and

analysed.

(iv)










Methanethiol

Methanethiol is known to absorb in the ultraviolet
(5). It is generally agreed that when photolysed with
various light sources the major primary photolytic
process 1s S-H cleavage(l, 6-12) although there is wide

disagreement concerning the amounts of various products.
CH3SH + hv ——> CH3S' + H ———-- (1)

It was anticipated that these two fragments pro-
duced in the matrix cage may undergo a rapid dispropor-
tionation (a radical- radical reaction which should

have zero activation energy).

CH 8" + H' —) CH,S + H, -——--- (2)

and hence thioformaldehyde monomer may be isolated in

the matrix and readily observed.

Methyl disulphide

When this compound absorbs in the ultraviolet(5)
the most important primary photolytic step is known to

be 5-S cleavage(l, 13-18).

CH4SSCH, + hu——) CH,S" + CH,S' —---- (3).












in condensed phases result in much more intense absorp-
tions in those phases. This arises because of the
hydrogen bonding causing an increased dipole moment
which can lead to larger changes during the vibration.
It is also possible for higher energy electro-
magnetic radiation to interact with vibrations if those
vibrations change the polarizability of the molecule.
If the frequency of the radiation is v and the energy
change for the vibrational transition is AE, then two

new frequencies (v') will be observed.

\)' = V F —/— e - - (i)

This is the basis of Raman spectroscopy which 1is comp-
lementary to infrared spectroscopy in that vibrations
which are weak in the infrared tend to be strong in the
Raman and vice-versa. Raman spectroscopy was of minor
importance in the present work so 1t will not be dealt

with further at this point.

Vibration-rotation spectra

The rotational energy of a molecule 1s also quantized
with quantum numbers J (referring to the total angular
momentum) and K (referring to the angular momentum along

a unique axis). The difference between rotational energy

















































































moment along the C-axis and will therefore be assigned
to type-C bands with small central Q branches. Vis Vg
vy, and Vg will produce changing dipole moments about 2°
from the B-axis and will therefore be assigned to type-B
bands with a minimum at the band origin. The other A'
vibrations will produce a changing dipole moment about
20 from the A-axis and will therefore be assigned to

type-A bands with a prominent Q branch and little or no

fine structure.

1. C-D stretching vibrations

The antisymmetrical C-D stretching vibrations vl(A')
and Vg (A") are expected to be severely overlapped in

the gas phase. The band system at approximately 2260 cm—l
is assigned to these modes. May and Pace(21l) in the

spectra of methanethiol and Harvey and Wilson(29) in the
spectra of methaneselenol have attempted to resolve these

vibrations by arbitrarily assigning v, to the most prom-

1
inent minimum and Vg to the most intense subband. Such
a procedure in the present case would place v, at 2257 cm—l
and Vg at 2260 cm—l, but these assignments must be dubious

since a most prominent minimum will be present even if
vy and v, are unresolvable. In the spectrum of CDSSH in

9
an argon matrix, two sharp absorption lines at 2254 em™t
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Calculator model 720B.

Except for the Vg and Vo modes the calculated
wavenumbers show reasonable agreement with the observed
values and provide good confirmation of the assignments
which have been made. Without the interaction force
67° Vg is calculated at 743 cm T and v, at

937 cm—l. Reference to the observed venumbers of the

constant K

methyl alcohols(30), the methaneselenols(29) and CH_,SH,

1

3
CH.SD(21) as well as of CD.SH observed at 726 cm

3 V11 3
in the present work, shows that these wavenumbers re
in the regions where they would be expected to appear
if no interactions occurred. With the one interaction

term included in the calculation, the agreement with

the observed values improves but is still rather poor.

Rotational Analysis

In the vibration-rotation spectrum of CD3SH, two
bands were well separated from other bands and showed
resolved fine structure thus offering opportunity for
rotational analysis. The bands were v, (type B) and

3

Vi1 (type C). Figure 2d shows the Vg vibration on an
expanded wavenumber scale and tables 3 and 4 show the
combination sums and differences for the K-structure

of the two bands. Since CD3SH is very close to a
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Table 7. Additional E.S.R. signals obtained from irradiated moist methanethiols.

Substrate Description of signal g and splitting  Frequency Assignment
CH,SH Quartet with intensity ratio 2.005, 2.3 mT. 9.141 CH.
3 . 3

1:3:3:1. Seen more readily
upon annealing sample.
Doublet. 2,009, 50.1 mT. 9.141 H*

CH,SD Quartet with intensity ratio 2.005, 2.3 mT, 9.139 CH:

3 . 3

1:3:3:1. Seen more readily
upon annealing sample.
Triplet with intensity ratio 2.007, 1.9 mT 9.139 'CH28D
1:2:1. Seen upon annealing
when more water present.
Doublet. 2,010, 50.3 mT. 9.139 H”
Underlying triplet. 1.998, 7.6 mT. 9.139 D’

CD3SH Weak underlying septet. Seen 2,000, 0.35 mT. 9,144 CDé
more readily upon annealing
sample.
Doublet. 2.008, 50.3 mT. 9.144 H*
Weakly underlying triplet.* Not measured.* 9,14k D’

\2
¢

# High field line only was detected. The other two lines appeared to be masked

by the broad anisotropic signal.






Figure 6b: Broad anisotropic E.S.R. signal obtained

from photolysed CH
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Spectrum 17 shows the
sample in the same position
as spectrum 1 within the
limits of experimental error.

For all spectra in
figures 6a and 6b the modu-
lation width was 0.5mT. and
g, = 1.998, g, = 2.023,

2.051.
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signal and was often difficult to see. A rapid anneal-
ing near the melting point of the sample with immediate
recooling to 77 K caused a decay of the bulk of the
anisotropic signal leaving the methyl signal at approx-
imately 1ts original intensity and hence more easily
observed. Figure 7 shows an anisotropic signal from

CD3SH with the region where CDé appears being indicated.

3

annealing. It is not possible to specifically assign

Figure 8 shows the CD] spectrum obtained after the

CDé peaks in figure 7 since a D° atom peak is expected
to be present in this region and also hyperfine splitting
of the anisotropic signal is very likely present. The CH3'

and triplet signals obtained from very moist CH38D after
annealing are shown in figure 9. In some cases a slight
increase in the CHé signal seemed to occur - perhaps
showing the formation of more methyl radicals during the
annealing process. The yellow colour formed during
photolysis gradually disappeared during the annealing
(which was normally done in several steps), and could
not be seen after the anisotropic signal had disappeared.
A comparison of the number of the hydrogen atoms
produced from sulfhydryl and methyl positions was sought.

With this aim a rough estimate of the ratio of the

number of unpaired spins associated with H® and D° atoms
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Figure 7: E.S.R. signal obtained from moist CD3SH before annealing.
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Figure 11:

E.S.R. spectrum obtained from photolysed methyl sulphide.
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3. Methyl sulphide

Photolysis of methyl sulphide produced a faint
yellow colour and the E.S.R. spectra listed in table 5.
The broad anisotropic signal (figure 11) was similar to
those observed from methanethiol and methyl disulphide
and it showed no change upon rotation of the sample.
With repeated rapid annealings the features attributed
to methyl radicals were found to decay before the aniso-
tropic signal. The yellow colour again disappeared as

the anisotropic signal decayed.

Results obtained from infrared spectroscopy

All the argon matrix experiments were carried out
in their entirety at 17 K. For the experiments without
argon the deposition was carried out at 77 K and the
window then cooled to 17 K before recording spectra and
photolysing. Results show intensity of absorptions at
different frequencies before and after photolysis for
CH,SH (table 8), CD,SH (table 9), CH,SSCH, (table 10)

3 3 3 3

and CH3SCH3 (table 11).

The lines 1in the argon matrix experiments were
generally very narrow and well defined and should in no
1

case have an experimental error greater than * 2 cm

In contrast the absorptions of the pure methanethiols
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were broad (typical of the spectra of unannealed solids)
and accordingly the uncertainty is larger; it is estim-
ated at a maximum of % 4 cm T. Figures 3 and 4 show the
two typical types of spectra. It should be emphasized
that the quoted uncertainties are an estimated maximum
and that many frequencies will be somewhat more precisely
fixed. For instance most of the new absorptions had
their frequencies checked directly against the spectro-
meter wavenumber scale and hence no error is involved in
extrapolating frequencies on the recorded spectra for
these lines.

The absorptions at 993 cm™ 1 and 987 em™! in the
CH38H spectra are similar to those at 783 cm—l and 779
cm-l in the CDSSH spectra. They may well be features of
one vibrational mode showing an isotopic shift. The
weaker 987 cm—l absorption which appears upon photolysis
of methyl disulphide and methyl sulphide is quite possi-

bly present in the CH_SH spectra (i.e. two absorptions

3

may be produced at 987 cem™d in the CH,SH spectra).

The spectra of pure solid CD3SH show considerable

crystal-field splitting of the Ve vibration before

photolysis (figures 3 and 12). Upon photolysis a new
absorption grows between the two main peaks of the Ve

mode, and upon warming the sample the new absorption
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Figure 12: The Ve band of solid CD3SH.

(1) Before photolysis (ii) After 1% hours

photolysis with L.P. Hg lamp.

(111) After a further % hour (iv) As sample was warmed

photolysis with H.P. Hg lamp. after photolysis.

In all the diagrams transmittance is the vertical
axis and wavenumber is the horizontal axis. The left
absorption peak is at 982 cm_l and the right absorption

peak at 962 em™ L.
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decays before the v, mode. Accordingly table 8 shows

6

370 cm_l (approximately) as a new species with 982 and

962 cm—1 attributed to the Ve mode of CD3SH.

67



DISCUSSION

Assignment of E.S.R. spectra

Assignment of E.S.R. signals to hydrogen atoms,
deuterium atoms, and methyl radicals has already been
made easily and without ambiguity. Methyl—d3 radicals
are expected to show a seven line spectrum with inten-
sity ratios 1:3:6:7:6:3:1. The spectrum in figure 8
attributed to CD3' shows seven lines whose intensity
ratio is close to this but cannot be measured exactly

due to underlying signals. There is 1little doubt that

this assignment is correct.

The anisotropic signal

The broad anisotropic signal which appears in all
present experiments always has the same g-factors within
the limits of experimental error and is similar to sig-
nals observed by other workers (12, 13, 34, 35, 36) and
attributed to thiyl radicals. The present signal is
accordingly attributed to CD3S' (CD3

CH38' (all other experiments). Reports of signals

attributed to HS+ and DS radicals have been made (37).

SH experiments) and

Since both of these appear in the same region as the
thiyl radicals, the possibility of their presence in

the methanethiol experiments cannot be excluded.
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The three line spectrum from methyl disulphide

The three lines obtained in the methyl disulphide
experiments are interpre ed as an anisotropic signal
but are very close to an 1isotropic triplet. By cleavage
of a C- S or C~- H bond (by direct photolysis or an
abstraction reaction) the disulphide would give rise to
CH3SS' or CH3SSCH2' radicals respectively. The possi-
bility of either of these species being carriers of the
three-line spectrum will therefore be considered.

Radicals which have the spin of the unpaired electron
concentrated on a sulphur atom are expected to show spin-
orbit coupling resulting in a g-factor approximately 1%
higher than the free spin value (38). The observed
signal was centered at g= 2.001 * 0.008 which is not
consistent with the predicted g-factor of 2.02 for a
sulphur radical such as CH,SS".

3
An alkyl radical such as CH_,SSCH. however would be

3 2
expected to give rise to a signal near the free spin
g-factor. Hyperfine interaction would be expected to
occur with the two a-protons and this would be expected
to show both 1sotropic and anisotropic components of
comparable magnitude (39). With a randomly oriented

sample the anisotropic interaction results in line

broadening and the observed spectrum appears to arise
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mainly from the isotropic interactions (40). The
assignment of the three-line spectrum to CHgSSCHZ'
therefore seems reasonable. It may be noted that
Windle, Wiersema and Tappel (13) have interpreted

8-1line spectra centered at g= 2.003 as alkyl radical

signals where the alkyl radicals were of the type

H H H
b
} !
and contained sulphur atoms. Their work would seer to

support the present assignment.

The triplet obtained from very moist CH3SD.

Volman et al. investigated the photolysis of
methanethiol in aqueous solution at 77K using a hi;
pressure mercury lamp (12). They obtained a triplet
similar to that obtained from very moist CH3SD in 1 e
present work. They did not report a g-factor, but
judging by its position relative to the methyl sigr .1
the triplet which they observed is 1in approximately
the same position as the present one and the splittings
are similar. Their assignment of 'CH28H seems rea: mn-
able and supports the assignment of the present tr: rlet
to 'CH28D (which is expected to have the same E.S.T .
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The unassigned lines produced upon photolysis of the
undeuterated species have therefore been designated by

a capital letter according to which species they arise
from. Table 12 shows the designations used in tables

8, 10, and 11. These unassigned lines will be discussed

further at a later stage.

Table 12: Designations used for the unassigned

absorptions appearing in tables 8, 10, and 11.

When absorption arises from Designation used
CH3SH, CH388CH3 and CH38CH3 A
CH3SH and CH3SSCH3 only B
CH38H and CH3SCH3 only C
CH38H only D
CH388CH3 only E
CH3SCH3 only I

Decomposition mechanisms

At this point it must be emphasised that

i) Most of the infrared results were obtained from
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argon matrix experiments whereas the E.S.R. experiments
had no inert matrix present.

ii) In some of the infrared experiments a low pressure
mercury lamp was used whereas a high pressure mercury
lamp (providing more energetic radiation) was used in
all the E.S.R. experiments. Moreover when a high
pressure mercury lamp was used in the infrared experi-
ments i1t was a different lamp and possibly had a
different distribution of wavelengths.

1ii) The optical arrangements for photolysis differed
in the two series of experiments.

iv) All the E.S.R. experiments were run at 77K, all
the infrared experiments were at 17K.

Due to the differences between the two series of
experiments, it is possible that when two or more
decomposition paths can occur the one which predominates
in the E.S.R. experiments may be of minor importance
in the infrared. Care must therefore be taken in any
attempt to combine results from the two series of
experiments.

The full decomposition mechanisms are obviously
very complex with secondary photolysis and various
chemical reactions occurring. This section will suggest

some processes which occur within the full mechanisms.
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Decomposition mechanism of methanethiol

Methanethiol has been subjected to various types
of radiation in the gaseous and solid phases (1, 6-12).
It is generally accepted that S-H cleavage is the most

important primary photolytic step

CH3SH + hv —) CH38' + H® & e e (1)

although some workers (11, 12) do not exclude the
possibility of some primary photolysis being via

cleavage of the C-S bond

CHSH + hv  ——3) CH ' + HS' —-oom-mee- (7)

In any event since only three different kinds of

bond are present in the substrate, the primary photoly-

sis must yield H® atoms (S-H cleavage), CH3' radicals
(C-S cleavage), H® atoms and 'CH2SH radicals (C-H
cleavage) or some combination of these. In the present

E.S.R. experiments on pure dry methanethiol none of
these are detected so that whichever is produced must
undergo some rapid reaction. Since experiments with a
trace of water present show both H® and CH3' it 1is
likely that they are both produced in perfectly dry

methanethiol (although not necessarily both by a primary

7hH



photolysis) but undergo a rapid abstraction reaction

with substrate molecules (42)

. : _ -1
CH,SH + H' ——) CH,8" + H,, AHp = -73 kJ mole = -—----

CH,SH + CH," ——3Y CH,S" + CH,, AH, = -73 % 17 kJ mole

3 3 R

where AHR for these and all subsequent equations is the
heat of reaction calculated from standard heats of

formation (at 298K) available in the literature (u43).

The effect of water

The observation o: CHS' and H' in samples with a
trace of water would then indicate that the abstraction
reactions could not occur so readily in this case.
Volman et al (12) observed CH3' and H® in photolysed
aqueous solutions of methanethiol. They suggest that
the water hydrogen bonded with the sulfhydryl groups of
the substrate molecules and so prevented the abstraction
reactions. Whether there was sufficient water present
in the current experiments to impede thus the abstrac-
tion reactions sufficiently to make CH3' and H-

observable 1s dubious, since the CH3' and H® signals
could be observed when a sample of methanethiol was
taken from a commercial bottle and distilled in vacuo

before use. Further, it must be expected that hydrogen

75
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atoms in the lattice will be guite mobile and hence
rapidly able to locate a free sulfhydryl group if some
exlsted. However it is difficult to offer an alterna-
tive explanation of this phenomenon at the present
time.

The detection of "CH,SD radicals from a very moist

2

sample of CH,SD would be explained by Volman et al (12)

3
as arising from an alternative abstraction process
involving substrate molecules whose sulfhydryl groups

were strongly bonded to water:

CH," + CH,SD ——) CH, + "CH,SD ------ (10)
H' + CHSD ——) H, + "CH,SD -------- (11)

No thermochemical data 1s available for these reactions
but they are expected to be energetically feasible.

Again no alternative explanation can be given.

The observation of deuterium atoms from moist CD3SH
indicates cleavage of a C-D bond. It 1s likely that
this also occurred in the perfectly dry compounds used
in E.S.R. experiments. The observation of CS in the
methanethiol infrared experiments indicates that all

C-H or C-D bonds were broken in that case. It is unlikely
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that C-H cleavage occurred as a primary photolysis so
the following mechanism is proposed as the route to CS

in all experiments.

CH4SH + hv  ——) CH,S8™ + H -——- (1)
CH38' + HW —) CHZS + H2, AHR = =239 % 24 kJ mole—l -———— (2)
CH,S™ + hv — CH,S + H® ------ (12)
CH,S + hv ——) CS + H, =------ (13)
The ultraviolet spectra of CH38' and CHQS (1) indi-
cate that photolysis of these species may occur. Reac-
tion 13 may take place in two steps via CHS®. For the

E.S.R. experiments at least it i1s preferred as written
since (i) no signal attributed to CHS® was observed

(a doublet similar to the CHO® doublet with a 13.6 mT.
splitting (46) would be expected), (ii) the sulfhydryl
to methyl hydrogen atom ratio of 2:1 indicates fewer
methyl hydrogens than would probably arise 1f reaction
13 occurred in two steps. With the lower energy radia-
tion of the low pressure lamp (used in some infrared
experiments) however, a two step process becomes more
likely. Concerning reactions 2 and 12, it is probable
that the disproportionation is more important in the

matrix isolation experiments than in the pure solid.
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Carbon disulphide and methane are identified as
products in all the infrared experiments. It is
extremely likely that they are also formed in the E.S.R.
experiments. Methyl radicals were observed in moist
methanethiol and are expected to be present as a
precursor to methane in all experiments. The carbon
disulphide i1s expected to arise by carbon monosulphide
acquiring a sulphur atom which may be a free atom or
may be abstracted from some other species. It is noted
that the solid phase photolysis of carbonyl sulphide
failed to produce an E.S.R. signal attributed to sulphur
atoms (44). In that work it was concluded that sulphur
atoms were present, but were small enough to be very
mobile and hence able to dimerize rapidly (33, uu).
Since a similar situation may well apply in the present
case, two possible mechanisms for the formation of

carbon disulphide and methane are now given.

Mechanism I
After reactions 1, 2, 12 and 13 have produced H°

and CS, the following reactions may occur:

CH,SH + hv —) CH," + HS®  ----- (7)

. . . _ -1
HS® + H ——) S* + H,, AHp = -80 % 17 kJ mole -—= (14)
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L = -386 % 24 kJ mole T ———- (15)

Cs + s° — CSz, AH

437 + 7 kJ mole ¥  ——oo- (16)

CH," + H® —) CH,, AHp +

3

CH," + CH,SH —) CH,S" + CH,  ----------- (9)

Reaction 14 has recently been proposed in the flash
photolysis of methanethiol (1). However, it is diffi-
cult to explain its occurrence rather than the much more

exothermic reaction

HS® + H' —) H,S, AHp = -378 * 13 kJ mole T ——cuo ¢ 7)

The production of sulphur atoms by a photolytic step may

be more likely.

Mechanism II

Again reactions 1, 2, 12, and 13 are proposed for

the production of H® and CS as well as CH3S'. Then

CH,S' + CS —3) CH,® + CS,, AHp = -92 % 38 kJ mole & --- (18)
CH,” + H" —) CH,  —ommomomomomoo- (16)

CH,® + CH,SH ——) CH 8" + CH,  =-=-----oo- (9)

Reaction 18 require some mobility of CS in the latti :.

If CHQS is substituted for CH3S' the reaction 1s still
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energetically feasible for the production of CSQ.

It is possible that both of these mechanisms
contribute to the formation of carbon disulphide and

methane, although mechanism II i1s sounder thermodynami-

cally.

When CH3' radicals were observed in the moist

methanethiol experiments, they were found to persist

far longer than the CH38' radicals upon annealing and,

in some cases, the CH3 signal seemed to show a slight

increase. The decay times of CH,  and CH3S' in the gas

3

phase are known to be comparable (45) and further the
present methyl sulphide experiments did not show a

longer persistence of the methyl signal. Therefore

3

stable than CH38' in the present methanethiol experi-

ments and the longer persistence of the CH

there is no apparent reason why CH should be more

3

must be attributed to the formation of more CH3'

radicals during the annealing process. This will arise

signal

when the mobility of CS in the matrix 1s increased at
the higher temperature thus facilitating the formation

of CH3' by

CH38 + C5 — CH3 + C82 —————— (18)
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The annealing effect therefore offers strong evidence
for mechanism II given above.

Although by no means conclusive, tables 8 and 9
seem to indicate a tendency for the ratio CHH::CS2 in
the products to increase (i) with the use of a low
pressure mercury lamp rather than a high pressure lamp,
and (11) when no inert gas matrix was used. If correct,
(1) could be due to a larger proportion of the primary
photolysis being via C-S cleavage (the weaker bond)
with the low pressure lamp. Observation (ii) would be
explained by reaction 18 occurring more readily when no
isolating matrix was present, since the reacting species
would not be so well separated in this case and mobility
would not be such a problem. Assuming all CH3' radicals
formed lead to methane, the proportion of methane should
then be larger than if more CH,S® radicals were subjected

3

to secondary photolysis by reaction 12.

Decomposition mechanism of methyl disulphide

Production of carriers of the E.S.R. siggals

Cleavage of the S-S bond is accepted as the major
primary photolytic process in the solid, liquid and
gaseous phases (1, 13-18), with the disulphide molecule

first being raised to an excited state
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higher energy radiation will produce more energetic
CH3S'* radicals which will abstract hydrogen atoms more

readily. This explanation of the production of CH3SSCH2

is preferred.

Formation of CH,SH, CS and CS

The infrared matrix experiments clearly show
the formation of methanethiol. Reaction 20 is not
expected to account for this since the CH3S' radicals
should be well isolated from substrate molecules and

both are too large to be mobile in the matrix. A

disproportionation reaction in the cage is preferred.

CH388CH3 + hv ——) CH3S' + CH3S ————— (3)

CH3S + CH3$ ——) CHgSH + CHQS, AHR = =172 * 45 kJ mole

Both the methanethiol and the thioformaldehyde would be
expected to undergo secondary photolysis as discussed
under decomposition mechanism of methanethiol.

However it will be noted (tables 8 and 10) that
the CS absorption in the disulphide experiments 1s muc
less than that in the methanethiol experiments, althou h
more carbon disulphide is formed in the disulphide

experiments. This 1s presumed to be due to two sulpht

83
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containing species being close neighbours in the disul-
phide experiments. Any CS which is formed will then
easily locate a species containing a sulphur atom which
can be abstracted without any mobility of CS from its
cage being necessary. It is also possible that a
species containing two sulphur atoms will form before
degradation to CS has occurred. Many infrared absorp-
tions (designated E) were observed in only the disul-
phide experiments and were therefore probably carried
by species which contained two sulphur atoms. Some of
these absorptio~s were relatively intense compared with
other absorptions produced by photolysis, perhaps
indicating that the most important route to C82 is via
species containing two sulphur atoms rather than via CS.
Further evidence for this type of mechanism possibly
arises from the failure to detect CH,® in the E.S.R. and

3
from the failure to make conclusive CH), assignments in
the infrared. These observations indicate that reaction
18 is of much less importance in the photolysis of the
disulphide than in the photolysis of the thiol, and a
route to CS, via species containing two sulphur atoms

2

i1s a natural alternative.
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Decomposition mechanism of methyl sulphide

The primary photolytic process upon photolysis of

this compound is known to be (1, 18, 19, 20)

CH,SCH, + hv —) CH, 8" + CHy'  ------ (5)

Signals attributed to CH3S’ and CH3' were observed in

the present E.S.R. experiments. In the argon matrix
experiments (and possibly in the pure solid of the E.S.R.
experiments) this would be followed by a disproportion-

ation in the 'cage'.

. : i} -1
CH,S' + CH " —) CH,S + CH,, AH, = -238 % 31 kJ mole -

Methane was observed in the infrared, and the thioformal-
dehyde would be expected to undergo secondary photolysis

as described previously.

The unassigned infrared absorptions

It is now possible to make tentative suggestions
of possible carriers of these spectra (table 13). The
classification into groups A to F however must be
regarded as suspect since (1) in some cases the absorp-
tions are so weak that it is difficult to decide in
which experiments they appear, and (ii) some of the
weaker absorptions may be produced from these impurities.

(i11) two different species may have absorptions at the
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same frequency within the limits of experimental error.

Table 13. Tentative suggestions on the origin of

unassigned infrared lines.

Absorptions designated Possible carriers

A CH,S', CH,S.

B Species derived from CH38H

D Same as B or impurity.

E Species derived from CH388'
or other species containing
two sulphur atoms.

F Impurity

Since CHgS' and CH2S are the only species with
unassigned absorptions which are suspected to be present
in all experiments it is suggested that one or both of
these produce the absorptions designated 'A'. The
absorptions common to the methanethiol and methyl
disulphide experiments (designated 'B') possibly arise
from products of methanethiol molecules since the latter

are known to be present in both experiments. Two very

weak lines (designated 'D') at 2868 em™t and 3024 cm7t
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appear only from methanethiol. It is possible that
these did not appear in the disulphide experiments
because they were too weak. Alternatively they may
arise from impurity since CO was known to be formed
in the methanethiol experiment and other oxygen
containing species may also be formed.

Many lines appear only in the disulphide experi-
ments and several of them are relatively intense. The
only species which are not expected to be formed from
the other compounds are species containing two sulphur
atoms. These may arise by C-S cleavage in the primary
photolytic step (18) or by recombination of two frag-
ments after S-S cleavage has occurred in the primary
photolysis. C-S cleavage in the substrate would
produce CH3SS’ from which CH3SSH or CHQSS etc. may form.
The formation of CH3SSCH2' from the substrate is not
considered since (i) C-H cleavage as a primary photoly-
sis 1is unlikely, and (ii) the abstraction reaction 20
is not expected in the argon matrix since CH,S" should
be well separated from the substrate molecules and 1is
not expected to be mobile. One absorption at 2090 em™ T

appears only in the methyl sulphide experiments. This

may be due to an impurity.
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Rotation effect on E.S.R. spectra from m

ethanethiol

The change in the spectrum of thiyl radicals in
methanethiol is ascribed to the radicals having a
preferred orientation in the sample. If radicals have
preferred orientations in a single crystal, the spectra
will vary with the orientation of the crystal in the
magnetic field in a manner which reflects the anisotropy
in the g- and hyperfine tensors. Since the present
samples were polycrystalline, such an effect would not
normally be expected, but consideration of the following
points may be of value. A single crystal of methane-
thiol (at least in its high temperature phase) is known
to have all the C-S bonds close to the same direction
(24). Also since the methyl thiyl radical is large, it
is unlikely to move significantly from the position and
orientation of its parent molecule. Accordingly the
radicals should have preferred directions in a single
crystal and an orientation effect is expected in that
case. Photolysis in the solid state 1s sometimes
arrested because one or more of the products may absorb
the actinic light more effectively than the parent
material, thus acting as an "inner filter" (46). Both
CH,S® and CH,S are known to absorb in the ultraviolet

3 2
(45) so that S-H bond fission in the substrate may well
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occur only at the surface of the solid. This view is
supported in the present experiments in that the
methanethiyl spectrum reached a maximum intensity after
approximately twenty minutes photolysis (the intensity
could be increased further by photolysing new positions
on the sample). The photolysis lamp was focussed to
illuminate only a small area of the sample. If this
surface area showed a preferred orientation of the
crystals, or if only a few crystals received the bulk
of the light energy, an orientation effect may be

observed.

Suggestions for further work

It may be possible to obtain more specific
assignments of some of the infrared absorptions by
checking on the relative rates of decay of the different
absorptions when the matrix was subjected to wvarious
annealing processes. An easier way to obtain more
specific assignments may be to extend the work to
different systems - e.g. photolysis of (i) CH, and COS,

and H.S with or without

(ii) CH,N, and COS, (4iii) Cs, 5

272
an argon matrix.

If a suitable i1nert matrix could be found for CH3SH

in the E.S.R. experiments (or better still if the argon
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matrix techniques could be used with the E.S.R.

spectrometer) better correlation between the E.S.R. and

infrared data might be available.

Finally an extended use of isotopes such as C13

33 34

(E.S.R. and infrared) and S (E.S.R.), S (infrared)

would help in assigning further spectra and in confirm-

ing some assignments already made.
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