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a T state, whose origin lies about

1100 cm™! above the B state. Both

the vibrational relaxation rate (strongly
temperature and isotopic mass dependent)
and v’ = 0 lifetime of a 4 X are monitor-
ed in this manner. A superficially random
variation of B state lifetimes among
12¢12¢-, 12¢13C7, and 13C13C reflects
accidental coincidences with high levels
ot the AZ]] state. The purely radiative
lifetimes are near 65 ns in Ne, 40 ns in Ar,
38 ns in Kr, and 34 ns in Xe.

The formation of “stable” ions in
1216 A photolyzed, acetylene doped
rare gas lattices is shown to be consistent
with single photon ionization schemes
using dielectric physics ideas. A long
range electron tunnelling from the ex-
cited B state of C5 in Ne to a nearby
(ca 10 -15 A) cation is observed. The
rate is K; =~ 103 571 and increases with
vibrational level.

Fluorescence and radiationless transi-
tions in Bra and Cl, have also been studied,
In Brgy, the emitting state is identified
by its excitation spectrum as the B 3[I(O}),
and the lifetimes in different matrices
suggest a gas phase v = 0 radiative lifetime
of 11 + 1 psee. In Cl,, the emission fol-
lowing either B 3I1(O}) or 1T1; excitation
occurs from a long-lived (~100 ms) elec-
tronic state lying 620 em ™1 helow the B
gtate. We tentatively assign this state as
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V1 (Invited Lecture)
Chlorocarbon Compounds and Strato-
spheric Ozone

F. S. ROWLAND
Department of Chemistry, University of
California, Irvine, Calif, 32664 (U.S.A.)

Twa chlorofluoromethane compounds,
CF3Clgy and CFClg, are widely used in cur-
rent technology as aerosol propellants, re-
frigerants, solvents and in the blowing of
polyurethane foam. These uses led in 1974
to the release to the atmosphere of approx-
imately 5 X 10% and 3 x 10° tons, respec-
tively, of these gases. Since the molecules
are normally inert chemically, biologically
unreactive, insoluble in water and transpar-
ent and visually near u.v. radiation, they
have long environmental lifetimes and are
accumulating in the earth’s atmosphere.
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The present levels are in the vicinity of 1
part in 1010 by volume for each,

Both molecules are decomposed by ul-
traviolet light with A less than about 2200 A,
releasing one Cl atom; the subsequent reac-
tion of the residual radical with Og releases
another chlorine entity (either C10 or Cl).
Since such hard u.v. radiation is absorbed
well by both O and O3 in the atmosphere,
the chlorofluoromethanes must rise into
mid-stratosphere (>20 km) hefore any ap-
preciable photodecomposition occurs in
the atmosphere. The chlorine atoms re-
leased between 20 - 35 km initiate a chain
reaction with Og in which the most impor-
tant reactions are (1) to (5),

Cl + Og—~> ClO + Ogy (1)
ClO+0—>Cl+ Oy (2)
ClO + NO = NOj, + Ci (3)
HC1 + OH - H,0 + Cl (4)

Cl + RH(CH,4, Hp, HO3) > HCl1 + R (5)
and for which the chain-length hefore even-
tual termination is >10%. Detailed calcula-
tions indicate a present average depletion
of the ozone layer approaching 1%, and
future steady-state depletions of 10% or
more for continued release of CF3Clg,
CFClg, and other halocarbons at the 1973
rates. Depletion of the Og layer has many
possible biological and climatic conse-
quences.

The slow upward diffusion of molecules
in the stratosphere ensures a delay between
ground-level release and the full effect on
the ozone layer — the maximum depletion
for molecules released in 1974 will occur in
1985 - 1990. In addition, the estimated at-
mospheric lifetimes for these molecules are
so long (40 - 150 years) that approximate-
ly a century will be required for the ozone
depletion to decrease to one-half its maxi-
mum value.

Other halocarbon compounds are also
present in the atmosphere, some of natu-
ral (e.g. CH3Cl) and many of anthropo-
genic origin. In general, molecules contain-
ing C — H bonds or C = C bonds have much
less stratospheric hazard per molecule be-
cause they are largely removed by tropo-
spheric reactions with OH radicals. Mole-
cules such as CCly, CCigFg, etc., also are
expected to react predominantly in the
stratosphere,

Current estimates indicate that the
average ozone level of the stratosphere will
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eventually be depleted by 1% for every
30,000 to 50,000 tons of anthropogenic
chlorine atoms released in the stratosphere
per year. Accurate estimates of the Strato-
spheric Hazard Index are required for all
chlorine-containing molecules in order to
establish appropriate world-wide legal limi-
tations on the atmospheric release of the

various volatile anthropogenic chlorocarbon

molecules. Similar estimates will also be re-
quired for bromine-containing molecules,
although current technological levels for
these are much lower than for the chloro-
carbons,
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The C1O radical, first identified [1]
in 1948 by observation of the A2[T-X211
system in emission, is an important inter-
mediate in photochemical systems. For
example, it is readily observed [2] in the
flash photolysis of Cla + Og mixtures,
and is a chain carrier in the photodecom-
position of the chlorine oxides. It has
recently been suggested [3] that C10
will play an increasingly important part
in stratospheric chemistry, and consider-
able effort is already being made to detect
low concentrations of ClO in the strato-
sphere. The technique of laser-induced
fluorescence is being evaluated in several
laboratories. However, a rotational con-
stant for the X2II ground state is known
{4, 5] only for the v = 0 level and
rotational constants and vibrational term
values are not available for the lowest
vibrational levels of the A state. Hence it
is not possible at present to perform
calculations of realistic potential energy
curves and accurate vibrational transition
probabilities.

The A2]I-X21I emission spectrum of
ClO from a Hgp /O3 /Cly diffusion flame
at atmospheric pressure has been recorded
at high resolution. Preliminary rotational
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analyses have been made for several bands,
and rotational constants for v’ = 0 and for
several ground state vibrational levels have
been found for the first time. The analysis
is being extended to other bands of the
system.

The interpretation of the high resolu-
tion absorption data [4] on ClO is known
[6] to be in error. In the present work,
new assignments are made which lead to
a rotational constant Bg in good agreement
with the result from microwave spectro-
scopy [5].

The accepted vibrational numbering
in the A2II state is based on the band-head
analysis of Pannetier and Gaydon [1].
Evidence will be presented to show that
this numbering requires revision.

RKR potential energy curves and
numerically calculated Franck-Condon
factors for the A€ X system of ClO are
reported for the first time.
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V5
Photolysis of Ethyl Chloride At 147 nm
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The current interest in the photo-
decomposition of Freons 11 and 12 lead-
ing to the possible large scale removal
of ozone from the stratosphere has
stimulated this laboratory to investigate
the primary processes in the Ca-Freons,
not because they pose the same environ-
mental threat as the C, -Freons, but
because it has become apparent that there
is a definite need for photochemical



