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polyene chain, causing the departure from 
mirror symmetry, an increased Stokes 
shift, and in the extreme case (0 = 180” ) 
trans-cjs isomerization. The increase in 8 
reduces the 1 Ag* energy and increases the 
l& energy, so that when 6’ exceeds a 
critical value oc (> 0) the IB, - IA,* 
energy gap AE becomes positive and in- 
creases with 8. The fluorescence then 
corresponds to the forbidden 1 A, + 1 A, 
transition (rate k~) which derives its os- 
cillator strength by coupling to the allow- 
ed lB, 4 IA, transition (rate kA) so that 

kF = K2kAfA.E2 

corresponding to 

rF/rA = AE~~IC~ 

where K is the matrix element coupling the 
two transitions. TF and TF/TA thus depend 
on AE and 8, which are influenced by the 
solvent, temperature and polyene chain 
length. The intramolecular radiationless 
transitions (intersystem crossing, internal 
conversion, tram-cis isomerization) also 
depend on 8, and they are subject to 
similar solvent and temperature effects. 

This work was supported by NATO 
grant 630. 
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The octafluoronaphthalene (OFN) 
excited triplet is formed by flash photo- 
lysis of OFN solutions in metbylcyclo- 
hexane, acetonitrile, benzene and carbon 
tetrachloride. Formation of the triplet is 
photosensitized by phenanthrene and 
decafluorobenzophenone. The OFN trip- 
let is also formed by pulse radiolysis of 
solutions of OFN in benzene and methyl- 
cyclohexane. 

Emission from dilute solutions (lo-* - 
1O-3 M) of OFN in benzene and methyl- 
cyclohexane has been observed by photo- 
excitation and pulse radiolysis. The emis- 
sion X,, is at - 350 nm, in reabonable 
agreement with previously published data 

and is attributed to the OFN excited singtlet. 
The emission x,, shifts slowly to- 

wards the red as the OFN concentration 
is increased, in both photoexcitation ana 
pulse radiolysis studies. The magnitude 
of the shift is small (- 10 nm). The emia- 
sion spectra obtained at low4 1M OFN in 
solutions in benzene and methylcyclo- 
hexane a_re attributed to the OFN excimer. 
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The present work reports direct mea- 
surement of S + T intersystem crossing 
(ISC) quantum yield of acridine (the 
heterocyclic compound isoelectronic of 
anthracene) in different solvents using 
the third harmonic of a neodyme laser 
(352.7 nm). The system to be studied is 
exposed to a pulse of the laser light and 
the transient absorption changes in the 
system (due to triplet polulation) are 
recorded. Knowing the extinction coef- 
ficient of the triplet (ET__T) and the total 
light absorbed, an absolute value of the 
triplet yield is obtained. The number of 
photons absorbed is determined by using 
a standard for comparison. In this work 
anthracene in ethanol has been used: the 
quantum yield aT and the extinction 
coefficient of the triplet state have been 
very well established for this molecule: 
@T = 0.7 [l] and CT__T = 60.000 in 
ethanol at 4 2 1 nm. 

The method was used to determine 
triplet yields for acridine in polar and 
non-polar solvents: Benzene, tert-Butanol 
and water (pH = 12). Values of the quan- 
tum yields are given in the table. The cor- 
responding fT__T were determined by a 
light saturation technique [ 21. 

The different deactivation processes 
of the excited state S* is expressed in the 
following scheme: 

s: 
-+ so + hv *F 

:*+T 
-+ photochemical reaction @R 

S* 
*‘T 

+ So @ic 
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and the sum of the corresponding quantum 
yields of these processes is unity: tic = 
l-Qi,-*,,-a=. 

In benzene and water there is no photo- 
chemical reaction from the singlet state, 
and in tert-BuOH the yield of the reac- 
tion is very low. Acridine does not fluor- 
esce in non-polar solvents, in alcoholic 
solution its quantum yield is very low 
compared to a high yield in water [3 1. 
The various data are summarized in the 
table: 

Solvent *T ap, *F +ic 
-__- _.._ _--~- 

Benzene 0.71 - - 0.29 
tert-BuOH 0.61 0.01 0.02 0.36 
water 0.37 - 0.37 0.26 

These data imply an internal conver- 
sion frdm the first excited singlet for 
acridine in these different solvents. It is 
significant that even in water where the 
fluorescence yield is important an inter- 
nal conversion is present, contrary to the 
anthracene molecule where no internal 
conversion occurs. This different behav- 
iour may be due to the lone pair of the 
nitrogen in the cycle. ISC quantum yields 
of aromatic heterocycles have not been 
extensively studied, Hadley 14 I, however 
stated similar observations between 
quinoline and naphthalene. 
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The deactivation of triplet aromatic 
molecules in alcohols was stud ied by laser 
flash photolysis, as a function of temper- 

ature. Methanol/water and 2-methyl-2,4- 
pentanediol were used as solvents. Both 
form glasses, and a viscosity range of 
> 1012 kg m-l s-l was available. For 
exoergic transfer to other aromatic mol- 
ecules, the reactions are diffusion-control- 
led, but the rate constant falls less rapidly 
with temperature than the solvent fluidity, 
This is in agreement with published results, 
but the present data cover a wider viscos- 
ity range than has previously been report- 
ed. For transfer to metal ions, the high 
temperature rate is less than the diffusion- 
controlled value, and the temperature 
dependence of the quenching process 
itself, exclusive of fluidity effects, may 
be determined. At lower temperatures 
the mechanism changes to one of diffu- 
sion-control. A theoretical analysis of the 
effect of an exchange interaction on a 
diffusion-controlled reaction shows that 
the encounter distance increases as the 
solvent fluidity is reduced. The implica- 
tions of this to the present experimental 
results are discussed. 
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Emission from purified liquid p-dioxane 
has been observed by photoexcitation 
and pulse radiolysis. Solute emission is 
observed on pulse radiolysis of solutions 
of naphthalene in p-dioxane. At a naphth- 
alene concentration of 10e3 M the p-diox- 
ane emission is reduced by - 75%. How- 
ever, at a naphthalene concentration of 
1 1w, the solute emission is - 10 times 
greater than that at lOme M. This is attrib- 
utable to energy transfer from higher ex- 
cited states of the solvent to the solute, 
in the 1 M solution. 

Evidence has been obtained for the 
formation of the triplet excited state of 
p.dioxane, by pulse radiolysis of solutions 
of p-carotene. Formation of the solute 
triplet has been studied as a function of 
naphthalene concentration ( lop4 to 1 M) 
in p-dioxane. The dependence of the 
naphthalene triplet formation on the 
naphthalene concentration is quite similar 
to that. of the naphthalene emission. 


