
178 

Wave Numher (cm-’ I 
25000 25200 25400 25600 

I 1 I i I 1 ( I , , 

Wave Length (nm) 

Figure 2. Reflection spectra of anthracene 
crystal before (I) and after (2) photo- 
oxidation. 

T6 
Vibrational Relaxation in Condensed 
Media 
S. H. LIN, H. P. LIN and D. KNITTEL 
Deportment of Chemistry, Arizona State 
University, Tempe, AZ. 85281 (U.S.A.) 

A master equation approach has been 
developed to describe the vibrational 
relaxation and a model for calculating the 
rate constant of vibrational relaxation in 
condensed media based on the assumption 
that the short-range repulsive portion of 
the intermolecular force is responsible 
for inducing the vibrational relaxation 
has been presented [l, 21. 

In this investigation, we are concerned 
with the temperature effect on vibrational 
relaxation and the vibrational energy 
transfer from the vibrationally excited 
donor to the acceptor. For the temper- 
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ature effect, we present numerical results 
to show the temperature dependence of 
the rate constant of vibrational relaxation 
and to discuss the validity of the rate 
constants obtained from the use of the 
weak coupling approximation and the 
strong coupling approximation. It is 
shown that although the temperature 
effect is extremely large over the tem- 
perature range T = 0 to T = eE, the 
Einstein temperature of the medium, for 
the temperature range T = 0 to T = 0.3 &, 
the rate constant varies slowly with tem- 
perature. 

For the vibrational energy transfer, 
we derive the master equation to describe 
the time dependent behavior of the ex- 
cited donor, and the expression for the 
rate constant of vibrational energy trans- 
fer. The master equation is solved to study 
the temporal behavior of the excited 
donor as a function of the acceptor 
concentration, Numerical results are 
presented to demonstrate the theoretical 
results. 

1 G. R. Fleming, 0. L. J. Gijzeman and 
S. I-I. Lin, J. Chem. Sot., Faraday Trans. 
II, 70 (1974) 37. 

2 S. H. Lin, J. Chem. Phys., 61 (1974) 
3810. 

T8 
C; Molecular Ion: Long Range Electron 
Tunnelling and B2Xt * a 4X; htersystem 
Crossing in Rare Gas Lattices 
V. E. BONDYBEY 
BeEE Laboratories, Murray Hill, N.J. 07974 
(U.S.A.) 

The B 2Zz fluorescence of C!, displays 
an extreme Personov effect - narrowing in 
emission of an inhomogeneously broad- 
ened absorption spectra excited by mono- 
chromatic light. The temperature depen- 
dent single site emission spectra are con- 
sistent with Rebane impurity spectra 
theory and quadratic electron--phonon 
coupling. C, appears to be a substitution- 
al guest in Ar, Kr, and Xe, and to displace 
two or more atoms in Ne. The principal 
vibrational relaxation pathway within 
the B state involves sequential steps 
through two vibrational levels of the 
previously predicted (yet unobserved) 
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a *ZC; state, whose origin lies about 
1100 cm-l above the B state. Both 
the vibrational relaxation rate (strongly 
temperature and isotopic mass dependent) 
and Y’ = 0 lifetime of a *z; are monitor- 
ed in this manner. A superficially random 
variation of B state lifetimes among 
12Cf2C-, 12C13C-, and 13C13C- reflects 
accidental coincidences with high levels 
ot the A2n 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 Cz in Ne to a nearby 
(ca 10 - 15 A) cation is observed. The 
rate is K, X lo3 s-l and increases with 
vibrational 1eveI. 

Fluorescence and radiationless transi- 
tions in Bra and Cl2 have also been studied. 
In Brp, the emitting state is identified 
by its excitation spectrum as the B 3n( 0: ), 
and the lifetimes in different matrices 
suggest a gas phase v = 0 radiative lifetime 
of 11 + 1 psec. In Clz, the emission fol- 
lowing either B 3n(Oi) or lnl excitation 
occurs from a long-lived (-100 ms) elec- 
tronic state lying 620 cm-l below the B 
state. We tentatively assign this state as 
3rl2. 

VI (Inuited Lecture) 
Chlorocarbon Compounds and Strato- 
spheric Ozone 
F. S. ROWLAND 
Department of Chemistry, University of 
California, Irvine, Calif. 92664 (U.S.A.) 

Two chlorofluoromethane compounds, 
CFzCl2 and CFC13, 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 lo5 and 3 x lo5 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. 

The present levels are in the vicinity of 1 
part in 1O1’ by volume for each. 

Both molecules are decomposed by ul- 
traviolet light with h less than about 2200 A, 
releasing one Cl atom; the subsequent reac- 
tion of the residual radical with 02 releases 
another chlorine entity (either Cl0 or Cl). 
Since such hard U.V. radiation is absorbed 
well by both 02 and 03 in the atmosphere, 
the chlorofluoromethanes must rise into 
mid-stratosphere (> 20 km) before any ap- 
preciable photodecomposition occurs in 
the atmosphere. The chlorine atoms re- 
leased between 20 - 35 km initiate a chain 
reaction with 0, in which the most impor- 
tant reactions are (1) to (5), 

c1+03+c10+0~ (11 
Cl0 + 0 + Cl + 02 (21 
C10+NO’N02+C1 (3) 
HCl+OH-+H20+C1 (4) 
Cl f RH(CH4, H2, HOz) -+ HCl + R (5) 

and for which the chain-length before even- 
tual termination is > 104. Detailed calcula- 
tions indicate a present. average depletion 
of the ozone layer approaching l%, and 
future steady-state depletions of 10% or 
more for continued release of CF$Zlz, 
CFC13, and other halocarbons at the 1973 
rates. Depletion of the 03 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. CH&l) and many of anthropo- 
genie 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 CC14, CC13F3, etc., also are 
expected to react predominantly in the 
stratosphere. 

Current estimates indicate that the 
average ozone level of the stratosphere will 


