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" SOand vibrationally excited SO, have been detected as transient products of the quenching of electronically
excited SQ5. The SO is produced through self-que;uchmg ofa non—emlttmg meta-stable triplet state of SO, beheved

to be the A.. state and not the

Aracran

ang not ne Puu;yn\uwl—uutg Dy state as was pxcnuumy uluuyu

1. Introduction

The photochemical reactions of SO, at wavelengths
> 218 nm must involve ‘excited molecule’ mechanisms

since the absorbed energy is insufficient to promote di-

rect photodissociation. The identification of these
mechanisms has proved far more difficult than at first
anticipated since there are six low-lying excited states
of §0,, 1:3B,, 1:3B; and 1:3A, (correlating with elec-
tronic states denved from the 1z, - 2m, transition in
a linear molecule). Thus the phosphorescent ¥3B, state,
witich can be populated through collisionally induced -
intersystem crossing from the X 1B, state or alterna-
tively, by direct absorption ca. 380—390 nm, is per--
turbed by a neighbouring 3A, state and probably by
a 3B, state as well [1]. It has been suggested that the

quenching of the phosphorescence by ‘inert’ gases such
as Ar, N5, CO, etc., involves collisionally induced radi-
-ationless transitions into one or other of these states
[2]. In the singlet manifold there is a Renner interac-
tion of the zero order A lBl state and i mo-energetlc vi- .
bronic levels of the ground state [3]. )

It has become apparent that the chemical reactmty
of excited SO, need not reside solely in the optically
accessible, emitting states initially populated byUV:

‘light absorption; for example, the photooxxdanon of

CO by excited SO, is thought to involve two of per- .

 haps three distinct electronically excited states, both
: smglet and tnplet [4]. In contrast the self- photooxxda-

through self-quenching of the 3B, state alone {5, 6]
SOZ(’53B1)+SOZ >SO(X32)+50;. . a

We report here the results of flash photolyms exper-
iments with SO, at wavelengths > 225 nm, in the pres-
ence of large excesses of Ar, or CH, which, together.
with a re-appraisal of earlier resuits [6], éstablish the .
involvement of other non-emitting triplet state(s) in
the self-photooxidation. In addition transient over-pop-
ulations of vibrationally excited 802 have been photo-
graphed for the first time, produced through the quencl
ing of electromcally excited (probably singlet) mole-: -
cules. The experiments may be divided as follows: .

(1) spectrographic detection of SO in the vacuum -

uv,. o

(u) spectrographlc detectlon of v1brat10nally ex- ‘

cited SO, , and '

(iii) photoelectric momtonng of their formanon

and’ decay :

2. Results aod discussioh' : E '

(1) Mxxtures of 802 (1 torr) and argon or methane a ::
(200 torr) were exposed 1o a flash dxssxpatmg 810 ¥ in *

" .a conventional flash _photolysis system: mcorporatmg = :
S a McPherson 216 s vacuum spectrograph; all light at :
- wavelengths < 235 nm was filtered from the flash by.i -

tion of SO2 is beheved at the present time, to proceed msertmg a Sheet °f Chance 0X7 Yglass betwee the sil-
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Fig. i. Transient absorption bands of vibrztionally excited SO, produced following flash excitation under isothermal conditions:
delay. 20 psec, flash energy, 2.06 kJ, A > 225 nm. (a) PSO, = 5 torr, paAy = 500 torr; (b) Ps0, =5 torr, pg, = 500 torr.

Table 1
Transient band assignment in the isothermal flash photolysis
of §O;: A > 225 nm®)

Pobslem™) vy (em™')  Assignment

41870 41880 §04(C ~ X); (1,1,0) + (1,10
41999 41998 50;(C + R); (1,0,0) +- (1,0,0)
42265 42256 80,(€ « X); (1,2,0) - (1,1,0)
42408 42404 S0,(C + X); (1,1,0) +~ (1,0.0)
42773 42766 80+(C + X); (1,2,0) «+ (1,0.0)
43146 43142 SO, (€ «~ X): (1,3,0) ~ (1,0,0)
43510 43512 S0(C - X); (1,4,0) - (1,0,0)
54260 54260

53420 54420 SUD - %); (0,0)

54620 $4600

%) Data taken from ref. [12] for SO, ref. [13] for SO.

ica flash tube und the reaction cell. Transient absorp-
tion bands of SO were detected via the intense D « X
Rydberg systein at 18 nm.

(ii) Transient absorption bands due to vibrationally
excited SO, were photographed in the near UV using
a quartz-Littrow spectrograph (Rank Precision, type
£742), following flash excitation of SO, (5 torr)
mixed with Ar, He or O, (500 torr), see fig. 1. In this
system light of wavelength < 225 nm was filtered from
the flash (2.06 kJ) by a double thickness of polythenc
sheei. Table 1 summarises the identified band heads.
The majority is associated with absorption by mole-
cules carrying one quantum of the symmetric stretch-
ing frequency v, , though if the polythene filter were

432

removed faint absorption from molecules carrying an
additional quantum of the bending frequency v, could
be detected near the peak of the photolysis flash. The
‘hot’ bands decayed rapidly and could not be detected
photographically after delay times > 50 usec.

(iii) The rate of formation and decay of (802),,
was followed photoelectncally in an SO, (6 torr): Ar
(300 torr) mixture, via the €(1,2,0) < X(l 0,0) band
head at 233.8 nm, using the split-beam kinetic spectro-
photometer described elsewhere {7]- A band-pass of
0.12 nm was necessary to ensure adequate resolution
and to eliminate interference from scattered light dur-
ing the period of the photolysis flash. Fig. 2 shows that
the transient population in v, = 1 reaches a maximum
ca. 14 psec after the peak of the flash intensity.
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Fig. 2. Formation and decay of (SO, )y, =1 produced through

quenching of electronically excited SO, PSO, =6 torrpy, =
300 torr, flash energy, 2.0€ kJ.
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If its time dependence followed the simple expres-
sion

dfv; = 1]/dz = 8K(2) - k, 1o [SO,] [v; = 1]

this delay would correspond to a value for &, ¥y =1-0

= 1.4 X 10!! cm? mole~!sec~! which is considerably
smaller than the literature value [8]. However, the ob-
servation of a transient absorption from the (1,1,0)
level suggests that molecules in the (1,0,0) state are
not only being relaxed through collisional energy trans-
fer but are also being populated at a significant rate by
relaxation from higher vibrational levels. The absence
of detectable absorption from the lower lying {0,1,0)
and (0,2,0) levels must be due to their rapid relaxation
under the conditions employed; SO, is one of the few
molecules to display the phenomenon of double relax-
ation [9]. If the triplet yield in SO, in the range 250—
320 nm is as small as has been suggested (< 10%) [5]
the vibrational excitation is more likely to be associated
with quenching from the excited singlet state. Experi-
ments using a variety of foreign gases with different
quenching efficiencies should help to confirm this.

The rate constants for quenching of the 802(533 1)
by ‘inert’ gases are all unusually large, in the range
(5—12) X 10!0 cm3mole~lsec™!, with activation ener-
gies ca. (2.6—3.0) kcal mole™! [2]. Since SO,(33B,)
molecules in this energy range are perturbed by inter:
action with neighbouring 3A2 and possibly 3B2 states
[1}], it has been suggested that quenching involves col-
lisionally induced radiationless transfer into one, or
perhaps both of these [2]. The rate constant for self-
quenching of 302(3381) is rather larger, 3.8 X 101!

cm3moie~lsec™! and it has a slightly smaller activation

energy, (2.0 £ 0.2) kcal mole™! [2].

Self-quenching of electronically excited SO, is
known to produce SOz [5] and at the present time
it is believed that the phosphorescent 33B; state is in-
volved [S, 6] . There are two types of experiment on
which this assertion is based:

(i) Both the yield of SOz and the phosphorescence
of 80, are quenched by the addition of biacetyl {5].

(ii) The transient absorption spectrum of SO, pro-. .
duced following flash photolysis of SO, at wavelengths

longer than the dissociation threshold, continues to de- -
velop after extinction of the flash. The Kinetics corre-

spond to a bimolecular rate constant of (3.1 £ 1.0) -
X 10ll cm>®molesec!, whlch isin close agreemem

CHEMICAL PHYSICS LETTERS

T ally cxcited SOz. o

1 April 1974

with that found for self- quenchmg of the 2133I state
[6] . Self-quenching of the SO,(A 1B, ) initially popu-
lated by absorption of the flash, has a rate constant at
least two orders of magnitude greater (depending on 1ts
vibrational energy content [3]).

The first experiment is inconclusive since later inves-
tigations have shown that much of the phosphorescence
of biacetyl is sensitised through energy transfer from oth-.
er, non-emitting triplet state(s) of SO, [10]. The inter-
pretation of the flash photolysis experiment is invalid
since the SO, was diluted with Ar or He at molar ratios
= 100:1. Under these conditions almost all the :
802(5381) would suffer physical quenching by the in-
ert gas rather than self-quenching. The argument applies
with equal force in the experiments reported here, since -
the Ar or CH,4:SO, ratios were 250:1. The production
of SO under these conditions must be associated with
the self-quenching of some other triplet state of SO,
which is not quenched at a competitive rate by Ar, He
or CHy. There are two candidates, 3A, and 3B,; the
following discussion suggests that the former is the
most likely.

If the phosphorescence of SO, is quenched through
collisional transfer into one or other of these states, the
lowest triplet cannot be 3B, [2]. If it were 3B, it is
difficult to understand why it does not phosphoresce
orf why it has not been observed in absorption: the 3A2
state however, would be metastable. Direct intersystem
crossing from A 1 Bl-»'§3B 1 is forbidden in the absence
of a vibronic perturbation but there is no restriction on
the spin—orbit coupling of lBl with 382 or 3A2. A pos-
sible scheme which accommodates these competing de--
mands is shown in fig. 3. Intersystem crossing from the
A lBl state initially populates the 3BZ state and subse-
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Fig. 3. Possible state dxagram for the quenchmg of e]ectromc- :
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quently the phosphorescent 33B, state via a collisional
process. (The latter transition is vibronically forbidden
and Calvert has shown [11] that population of the
i3B, state through intersystem crossing requires a col-
lisional mechanism.) Finally, the quenching of a3B,
populates the lowest triplet state, 3A,; its electronic
configuration will include a major contribution from
structures of the type 10-S~01 which should favour
the disproportionation

S0,(3A;) + S0, = SO(X 32-) + 503. @
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