Journal of Photochemistry, 30 (1985) 383 - 386 383

Short Communication

Radiative energy transfer: verification of a method of correction for the
system pyrene—9,10-diphenylanthracene in benzene
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1. Introduction

Electronic energy transfer between organic fluorescent molecules in
solution may occur by a radiative or a non-radiative mechanism. The radia-
tive process consists of the absorption by the energy acceptor Z of the
radiation emitted by the energy donor Y, and therefore modifies the inten-
sities and fluorescence spectra of the donor. The non-radiative energy
transfer occurs through a resonance process and can be studied using the
fluorescence intensities of the donor.

The radiative process is often the dominant mechanism of energy
transfer and cannot be neglected in studies of non-radiative transfer. There-
fore it is very important to correct the fluorescence intensities for the
radiative energy transfer process.

In an earlier publication [1] an expression was proposed to correct
the fluorescence intensities of the donor for radiative transfer and also
for the direct absorption of the exciting radiation by the acceptor for
the geometrical arrangement (measurements in reflection) depicted in
Fig. 1.

Fig. 1. Experimental arrangement used in the reflection measurements.

The experimental fluorescence intensities Iy' and the corrected in-
tensities are related by
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where ¢y and ¢z are the concentrations of the donor and of the acceptor
respectively, uy and u, are the molar absorption coefficients of Y and Z
(u = 2.303¢, where € is the molar extinction coefficient), 7.,. and 7., are
the frequencies of the exciting radiation and the emitted radiation, 6 is the
thickness of the sample and o and 8 are the angles depicted in Fig. 1. The
exciting beam and the detected beam make the angles ' and ' respectively
with the face of the cell, which are related to the angles o and 8 by the
Snell refraction law

cosa’ cosf

= =n
cos & cos f3

where n is the refractive index of the solvent.

The aim of this communication is to verify that this simple expression
is a very good approximation for the correction of the experimental fluo-
rescence intensities in the energy transfer process from pyrene to 9,10-
diphenylanthracene in benzene.

2. Results and discussion

The experimental fluorescence spectra of degassed solutions of pyrene
and 9,10-diphenylanthracene in benzene were obtained using a home-built
spectrofluorometer which has been described previously [2]. In Fig. 2 we
present the variation of the experimental intensities of the excited pyrene
monomer at different concentrations ¢y of pyrene for different concentra-
tions ¢ of 9,10-diphenylanthracene.

The kinetics scheme that takes into account all the photophysical
processes that occur in this system has already been studied [3] and for
the intensities of the excited pyrene monomer it gives

I'y
(1 + 0zy™ez)Ty + (1 + 0zy%cz)ey
where I, is the intensity of the exciting radiation, gyy is the quantum
efficiency of the pyrene monomer, ozv™ and o,y® are the Stern—Volmer

constants for the non-radiative energy transfer process of the excited mono-
mer and the excimer respectively and

(2)

Iy = Inqmy

'y =env(1 + vy Uzvdcz)

where ¢,y (the half-value concentration for the excited monomer—excimer
equilibrium of pyrene) and -yy are characteristic constants for pyrene in
benzene,
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Fig. 2. Experimental intensities Ipsy' of the excited pyrene monomer as a function of
donor concentration cy: curve 1, cz = 0;curve 2, ¢z = 0.40 X 1073 mol I !; curve 3, cz =
0.96 Xx 103 mol I™!; curve 4, cz = 1.6 X102 mol 1™ ?; curve 5,cz = 2.0 x 10”3 mol 17!
curve 6, cz = 2.8 X103 mol 17! ;curve 7, cz = 4.0 X 1073 mol 171,

From eqn. (2) we can see that, for all the acceptor concentrations ¢z,
the intensities of the excited pyrene monomer decrease with increasing
concentration cy. From the experimental values of Iyyt, presented in Fig.
2, we can see an anomalous behaviour for high values of ¢ .

In Fig. 3 we present the corrected values of the intensities obtained
using eqn. (1) with o = 60°, 8’ = 30° and the molar extinction coefficients
of pyrene and 9,10-diphenylanthracene obtained from the absorption
spectra. The correction is particularly important for low values of ¢y since
the depth of penetration of the exciting radiation is large and it can be
noticed that the cormrected values adhere to the variation predicted by
eqn. (2).

To verify the validity of the method of correction we have also pre-
sented in Fig. 3 the variations (full line) predicted by egn. (2) with the
parameters c,y = 8.5 X107 mol 17!, vy = 0.77 (obtained from the decay
curves [3] of solutions of pyrene in benzene) and the Stern—Volmer rate
constants ozy™ =3.7X10°1 mol™! and 0,¢y% =1.1 X102 1 mol™! (also ob-
tained from the decay curves of pyrene in solutions of pyrene and 9,10-
diphenylanthracene in benzene [3]).

The differences between the corrected experimental intensities and
the ‘“theoretical intensities’’ are less than 10%. Similar results were obtained
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Fig. 3. Intensities Ipypy of the excited pyrene monomer as a function of donor concentra-
tion ¢y. The curves are labelled as in Fig. 2. The symbols represent the intensities cor-
rected using egn. (1) and the curves were calculated using egn. (2).

for the correction of the experimental fluorescence spectra of aromatic
molecules for the reabsorption process [4, 5], with equations identical
with eqn. (1).

All the parameters used to calculate the ‘‘theoretical curves’ from
eqn. (2) were obtained from a different set of experiments, and the Stern—
Volmer rate constants thus obtained were not modified by the radiative
process. We conclude that expression (1) is a very good correction for the
radiative energy transfer process in reflection measurements.
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