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microanalysis. The reaction behavior of 3 toward alkyl halides
and acetylenes is quite akin to those of some Co(II) com-
plexes.!1:12:14-16 While the reactions of olefins with divalent
cobalt complexes had not given unambiguous results, the
generation of a metal-carbon bond has been effected in the
case of divalent rhodium porphyrin as noted above. Further
studies on the properties of OEPRh(III)-H and {[OEPRW'!],
are in progress.
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The Detection of Optical Activity in
Chemiluminescence

Sir:
We have reported,! that the optically active dioxetane (—)-I
shows chemiluminescence as a result of the reaction shown:

Scheme I. Thermal Decomposition of the Optically Active 1,2-
Dioxetane (—=)- I

M@@

[=) 11t

In this equation hv represems emission from the ketones [1
and (—)-1II. Since one of the emitting species is chiral, one
expects the luminescence of this system to be circularly po-
larized. We have now succeeded in measuring this circular
polarization of luminescence (CPL).

The light induced CPL? and chemically induced CPL are
obviously closely related, the latter differing—inter alia—in
the manner in which the excited state is obtained. When op-
tically active dioxetane (—)-I' (4 mgin | mL of dodecane) was
injected into a specially constructed cell®® maintained at a
temperature close to 197 °C, light was emitted for about 10
min.

In a series of measurements reproducible data were ob-
tained; some of these are depicted in Figures | and 2. Figure
1 shows the chemiluminescence as a function of wavelength.3b
It appears that the spectrum is characteristic of ketone fluo-
rescence.?’ Apparently under these experimental conditions
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Figure 1. Luminescence spectrum from the thermal decomposition of
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Figure 2. A, Decay curve of chemiluminescence of (—)-I. Intensity inar-
bitrary units. B, Circular anisotropy, A/, of the chemiluminescence us a
function of time, A/ in arbitrary units. Both curves measured over entire
band width.

phosphorescent processes are effectively quenched. In Figure
2 two curves are shown. Curve A measures the total intensity
of the chemiluminescence as a function of time. After injection
of the solution at t = 0 the intensity grows until thermal
equilibrium is reached; afterwards curve A represents the
decay curve of the chemiluminescence at temperature 7. As
expected for the unimolecular decomposition of 1,2-dioxetanes
this curve obeys first-order kinetics. The second curve (B)
represents the circular anisotropy Af of the chemiluminescence
as a function of time,*® measured in an apparatus described
earlier.# The nonzero value of Al in the chemiluminescence
is prima facie evidence for chirality in the emitting species and
represents to our knowledge the first measurement of this kind.
A useful parameter to describe optical activity in emission is
the dissymmetry factor which equals the ratioof Al = I — Ir
to the average intensity I = '4(I + IR), i.€., Echemium = Al/L
From several experiments we find genemium = +(3 £ 1) X 1073,
Lacking the experimental g, value for the light-induced CPL
of pure (—)-1I1, an estimated value for the chemically induced
CPL may be derived as follows. Previous work?f indicates that
in a series of ketones gjun, is roughly a factor 5 smaller than
Zabs, the dissymmetry factor in the n — x* absorption band.®
We now make two assumptions: the factor 1/5 also applies to
the gum/gabs ratio of ketone (—)-III; and the ratio of excited
states of the emitting species II/( )-I11 is about 1/1. Based
on these assumptlons Zchemlum 18 expected t0 be Yiogaps = +4
X 1073, This is in qualitative agreement with the observed
value +(3 + 1) X 1073

This successful measurement represents only a first step in
the investigation of circular polarization of chemiluminescence
of this and related systems. It is evident that an area of excited
state geometry?8 and mechanism is now open to study using
this new tool. Novel may also be the implication of our obser-
vation on model system [ to similar phenomena in nature. No
mention of the possibility that bioluminescence might be cir-
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cularly polarized appears in the literature. The existence of a
new dimension in animal communication cannot be exclud-
ed.8?
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Direct Measurement of the Lifetimes of the 3B, State
of Sulfur Dioxide in Air at Atmospheric Pressure
Sir:

To date, the lifetime and rates of quenching of SO, phos-
phorescence by various gases have been measured at pressures
lower than 20 Torr.!=3 It has generally been assumed that a
linear, Stern-Volmer, extrapolation of the low pressure data
would yield reasonable values for the quenching of the triplet
SO, species under atmospheric conditions. We report here
direct measurements of the lifetimes of SO, phosphorescence
in air which show that the lifetime of the 3B, state is longer
than expected from extrapolation of low pressure data to at-
mospheric conditions.

The lifetimes were measured using a single photon counting
instrument. The details of the apparatus are described else-
where.® Excitation was into the excited singlet state of SO, at
3159 A. The phosphorescence emission was isolated from
scattered exciting light and cell emission by an interference
filter. Emission spectra obtained over the pressure range of
lifetime measurements were found to be identical with those
previously attributed? to the 3B state of SO,.

Low intensity prohibited the measurement of accurate
lifetimes in air for SO; pressures below 20 Torr. This neces-
sitated obtaining data as a function of SO, pressure to permit
an extrapolation to the low pressures of SO, which are of at-
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Figure 1. Phosphorescence decay rate of SOz in air. Circles are in 760 Torr
of dry air; triangles are in 745 Torr dry air plus 15 Torr of water vapor.
The dashed line shows values calculated from low pressure rate con-
stants.’

mospheric interest. One set of experiments involved a constant
760 £ 10 Torr of dried laboratory air, a second set involved 745
+ 10 Torr of dried air with 15 Torr of water vapor added, and
a third set involved 600 % 10 Torr of dried laboratory air. In
each of the above the SO, pressure was varied between 20 and
300 Torr. In a final set of experiments the water vapor pressure
was varied from O to 20 Torr while the SO, pressure was
maintained at 130 Torr and the pressure of dried air was
maintained at 760 £ 10 Torr. In all cases the laboratory air was
dried by passage through a dry ice trap. The pressure and
lifetime measurements were made at temperatures of 24 + 2
°C.

The rates of phosphorescence decay are plotted as a function
of SO, pressure for the first two sets of data in Figure 1. The
extrapolated low pressure SO phosphorescent lifetime in 760
Torr of dry airis (6.3 & 0.3) X 10™7 s, and the lifetime in 760
Torr of air containing 15 Torr of water vapor is (4.5 & 0.3) X
10~7 5. For comparison, the dashed line shows the decay rates
calculated for 760 Torr of dry air by extrapolation of the low
pressure data of Calvert and co-workers®> assuming Stern-
Volmer behavior. Clearly, the observed lifetime is about twice
as long as would be expected from low pressure data.

For the sake of clarity, the last two sets of data are not in-
cluded in Figure 1. The decay rates in 600 Torr of dry air are
uniformly slightly lower than in 760 Torr. The extrapolated
lifetime at low SO, pressure is (7.1 £ 0.3) X 10~7 s. This
represents an | 1% decrease in decay rate for a 21% decrease
in the air pressure. Thus the air pressure dependence of the
lifetime is about half as great as that predicted from Stern-
Volmer behavior. When the water vapor pressure was varied
holding the SO; and air pressure constant, a water quenching
rate of (6.9 £ 1.4) X 108 L mol~! s~! was obtained. This is
quite close to the value of (8.9 & 1.2) X 108 L mol~! s=! ob-
tained by Calvert and co-workers? at low pressures.

The lifetime of the 3B, state of SO; in air is longer than
expected because quenching of this state by many gases shows
strong deviations from Stern-Volmer behavior. In particular,
inert gases like Nj and CO,; quench by collision induced in-
tersystem crossing to the ground state, and this process is found
to saturate at high pressures, with the lifetime becoming in-
dependent of quencher gas pressure. Quenching by SO, itself
partially saturates. The effects of O, and H,O are more
complicated; quenching by O, at least does not appear to sat-
urate. To our knowledge, this is the first report of pressure
saturation of intersystem crossing in gases. Deviations of
quantum yields at high pressures have been observed by other
workers,”8 but were interpreted in other ways. Pressure sat-
uration of intersystem crossing has been predicted theoreti-
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