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exception to this Hirayama rule (n = 8)
published to date is the 1,4-di-(1-naphthyl)
butane, where a weak emission ascribed to
an intramolecular excimer was observed,
but only at low temperatures (Chandross
and Dempster [2]). Studies of dinaphthyl-
propane [ 2] and of bicarbazolylpropane
[3 - 5] essentially confirmed the gener-
ality of the n = 3 rule.

In order to clarify the factors gover-
ning the generality of the Hirayama rule,
the fluorescence of a series of ¢, w-di-(3-
pyrenyl)-alkanes, Py(CHj),, Py, with n =
2,...,16 and 22 was studied. It was felt
that the steric and statistical reasons which
have been invoked to explain the Hiraya-
ma ruie could be less important than the
magnitude of the stabilization energy of
the intramolecular excimer. Pyrene was
chosen because of its large excimer stabil-
ization energy. For Py—(CHsy ), ~Py, in
methylcyclohexane(MCH) solution (1.0 X
10_5M) at room temperature, intramole-
cular excimer emission was observed for
all dipyrenylalkanes investigated, except
for n = 7. Thus in contrast to the systems
previously investigated, excimer fluores-
cence is clearly not restricted to the case
where n = 3.

The intensity of excimer emission
shows a minimum for n = 7, 8, in a pat-
tern reminiscent of i.a. the cycelization
yield of w-oxy acids as a function of chain
length, as reported by Stoll and Rouvé in
1935, see [6].

In the series of «,w-di-(3-pyrenyl)al-
kanes a variation of the energy of the ex-
cimer emission maximum with the length
of the CHs-chain is observed.

An investigation of the time depen-
dence of the monomer and excimer fluor-
escence after pulse excitation (Ng-laser),
reveals i.a. a non-exponential decay when
the monomer fluorescence of e.g. Py-
(CH3)4Py and Py(CHs)gPy is studied at the
zero-zero transition at room temperature.
This behaviour can be explained by assum-
ing that the repopulation of the monomer
from the initially formed excimer is an
important process for Py(4 )Py and Py(9)
Py at room temperature, For 1,3-di-(9-
phenanthryl)propane, Phen(CHg )3 Phen,
an emission from an intramolecular ex-
cimer could not be observed over a large
temperature range, in contrast to Phen-
(C=0)—(CHgj )2—Phen where a new emis-
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sion at longer wavelength could in fact be
measured.
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Photophysics of diphenylpolyenes
J. B. BIRKS and D. J. S. BIRCH
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Manchester, Manchester (U.K.)

Observations have been made of the
fluorescence lifetime (7) and quantum
vield (¢ ) of the first four all-trans di-
phenylpolyenes (¢trans-stilbene, diphenyl-
butadiene, diphenylhexatriene and di-
phenyloctatetraene) in seven solvents
from —50 to 50 °C.

The radiative lifetime 7 (= 7/¢p ) ex-
hibits several anomalies.

1. 7p exceeds the theoretical radiative
lifetime T4 calculated from the integrated
absorption spectrum.

2, 7§ [TA increases with the polyene
chain length.

3. Tp /T A increases with the degree of
departure from mirror symmetry between
the fluorescence and absorption spectra.

4. Ty /7 5 increases with the Stokes shift
between the absorption and fluorescence
maxima.

5. Tr depends markedly on the solvent.

6. TF increases with increase in temper-
ature.

Similar anomalies occur in the retinol po-
lyenes.

The following model is proposed to
account for the behaviour. A polyene has
al A, ground state and 1B, and 1 Ag(lAg*)
excited states which are adjacent. After
Franck—Condon excitation of the all-trans
configuration (6 = 0°) by the allowed 1B,
<1 Ag absorption transition, molecular
relaxation occurs. The phenyl groups rot-
ate through a relative angle & about the
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polyene chain, causing the departure from
mirror symmetry, an increased Stokes
shift, and in the extreme case (0 = 180°)
trans—cis isomerization. The increase in 8
reduces the 1A * energy and increases the
1B, energy, so that when 0 exceeds a
critical value 8, (> 0) the !B, — 1 A"
energy gap AE becomes positive and in-
creases with 0. The fluorescence then
corresponds to the forbidden ! A, - 1Ag
transition (rate kp) which derives its os-
cillator strength by coupling to the allow-
ed 1B, —» 1A, transition (rate k,) so that

kg = K2k 5 |AE2
corresponding to
TrlTa = AE2 K2

where K is the matrix element coupling the
two transitions. T and Tp /7 thus depend

on AE and 0, which are influenced by the
solvent, temperature and polyene chain
length. The intramolecular radiationless
transitions (intersystem crossing, internal
conversion, trans—cis isomerization) also
depend on &, and they are subject to
similar solvent and temperature effects.

This work was supported by NATO
grant 630.
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Formation of the Excited Triplet, the
Excited Singlet and the Excimer of Octa-
fluoronaphthalene in Solution
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The octafluoronaphthalene (OFN)
excited triplet is formed by flash photo-
lysis of OFN solutions in methyleyclo-
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.

Emlssxon from dilute solutions (10~ 4.

M) of OFN in benzene and methyl-
cyclohexane has been observed by photo-
excitation and pulse radiolysis. The emis-
sion A,y is at ~ 350 nm, in reasonable
agreement with previously published data
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and is attributed to the OFN excited singilet.

The emission Ay ,, shifts slowly to-
wards the red as the OFN concentration
is increased, in both photoexcitation and
pulse radiolysis studies. The magnitude
of the shift is small (~ 10 nm). The emis-
sion spectra obtained at 10°* M OFN in
solutions in henzene and methylcyclo-
hexane are attributed to the OFN excimer.
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Direct Determination of the Triplet
Quantum Yields of Acridine in Polar and
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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 {o 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 (ép_g) 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 P and the extinetion
coefficient of the triplet state have been
very well established for this molecule:
®p =0.7 [1] and ep_p = 60.000 in
ethanol at 421 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 ep_q were determined by a
light saturation technique [2].

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

S* hd So -+ hV (I)F
S* —» photochemical reaction $g
S - T CI)T

S* d So q)ic



