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Synopsis. A photochemical intermediate possibly
attributed to linear Sqy has been found with a flash-photolysis
technique and a rigid-glass technique. The decay behavior
of transient in ethanol at room temperature between 10 and
100 ms may be interpreted in terms of the dimerization and
polymerization of the linear Sg.

Since a very early work by Lallemand,) several
groups? have studied the phenomenon of photopoly-
merization of sulfur in solution. Previously, the photo-
product has been explained in terms of allotropes and
called “photosulfur”. However, no studies on its
reaction mechanism and intermediate species have
been published so far. In the present work we con-
sidered it interesting to study the primary process of
the formation of photosulfur in solution by means of a
flash photolysis technique as well as a low-temperature
UV-irradiation technique.

Experimental

Sulfur (Wako Chemical 99.9999%,) was recrystallized from
carbon disulfide. Low temperature photolysis experiments
of sulfur were carried out in EPA glass (2 :2 :5) by UV
light in the region 250—350 nm using a high-pressure mercury
lamp combined with a filter system which consists of an
aqueous NiSO, solution and a Toshiba UV-D25 glass filter.
In the low-temperature experiments, absorption spectrum
measurements were carried out with a Cary Model 15 spec-
trophotometer, a quartz cell of 1-cm path length being used.
Flash photolysis experiments were carried out with degassed
solutions of sulfur in ethanol at room temperature using a
flash photolysis apparatus described previously® and using
a quartz cell of 15 cm long.

Results and Discussion

Sulfur in EPA glass at 77 K shows absorption peaks
at 262 and 278 nm (e=~6 X 1031/mol cm), as shown by
Curve 1 in Fig. 1. When an EPA glass containing
sulfur (4x10-*M) at 77K was irradiated by the
250—350 nm light for about 2—3 min, the absorption
spectrum shown by Curve 2 was obtained, indicating
a new absorption band peaking at 420 nm with an
optical density of 0.15 which disappears by warming.?
Meyer et al*-%) have recently published the visible
absorption bands of S,, S;, and S, photolytically pro-
duced from S,Cl;, S;Cl,, and S,Cl,, respectively, in
rigid matrices. The photo-induced 420 nm band in
Fig. 1 more or less differs from those of S,, S,, and S,.
As far as each Sg molecule is trapped in EPA glass at
77 K, it may be difficult to consider that a further
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Fig. 1. Electronic absorption spectra before and after
the Hg-lamp irradiation of sulfur in EPA glass at 77 K,
shown by Curves 1 and 2, respectively. Curve 3 is
the spectrum obtained when the irradiated glass was
warmed up to room temperature.

dissociation forming S—+S,, Sy+Sg, S3+S;5, or 25, takes
place in the 77-K matrix. Therefore, the photo-
induced spectrum (Curve 2, Fig. 1) may be assigned to
the linear Sg biradical formed by ring opening.

hy
Sg — -Sg- (linear) (1)

The flash UV-irradiation of a degassed ethanol solu-
tion of sulfur (1x10-3 M) at room temperature gave
rise to the transient spectra shown in Fig. 2 in which
the upper spectra (Curves 1—3) were obtained within
about 30 ps after flash, while the lower spectrum
was obtained at 10 ms that resembles the low-temper-
ature spectrum (Curve 2, Fig. 1). However,
transient spectra taken within about 30 us are some-
what complicated, suggesting several short-lived tran-
sients. Under non-degassed conditions, no transients
were detected (possibly because of quenching by oxygen).

The second- and first-order plots of the absorbances
of the transients against the time (t) at various wave-
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Fig. 2. Transient absorption spectra obtained by the
flash photolysis of degassed ethanol solutions of sulfur
at room temperature. a) The spectra obtained with
a photographic method within about 30 us after
flash. b) The spectrum obtained photoelectrically at
10 ms. The concentrations of sulfur are (a) 1x 10~ M
and (b) 2x10-5 M.
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Fig. 3. Second-order decay plots of the transient absorb-
ances obtained at various wavelengths at room tem-
perature under degassed conditions. (An ethanol
solution of 2x 10~ M sulfur was used.)
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Fig. 4. First-order decay plots of the transient absorb-

ances obtained at various wavelengths at room tem-

perature under degassed conditions. (An ethanol
solution of 2x 10~ M sulfur was used.)

lengths are shown in Figs. 3 and 4, respectively, sug-
gesting that the 350—450 nm absorption may be
ascribed to a single species in the time scale 10—100 ms
with a minor contribution from other species. The
rate of second-order decay obtained from the plots of
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the 350—380 nm and 440—450 nm absorptions in Fig.
3 is Cyky=75=x10 571, where C, is the initial concentra-
tion of the transient species. (There is some anomaly
in the region 390—430 nm) Similarly, we obtained
the rate of first-order decay £;=16s"1, using the
plots of the 350—380 nm and 440—450 nm absorptions
in Fig. 4.

From the present experimental results, it may be
suggested that the intense flash irradiation of sulfur in
ethanol solution gives rise to the linear Sg; as well as
its some decomposed species (such as S and S;) which
decay much faster than the linear S;. The observed
second- and first-order decays in the range 10—100 msec
may be interpreted in terms of the dimerization and
polymerization of the linear S,

28y —— Sie (2)
Sg + Sgp — Ss(n+1) (3

where n>2. Such mechanisms seem to be consistent
with the formation of photosulfur which has been
understood as a polymeric substance of sulfur for a
long time.?

The main conclusion obtained here is that the decay
of transient species around 10—40 ms may be inter-
preted mainly in terms of the dimerization of the
linear Sg biradical, whereas the decay observed after
about 40ms may be explained mainly with the
polymerization of the linear Sg.
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