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ABSTRACT. Resonance energy transfer takes place when a food dye, curcumine (Curcuma
longa), is excited in the presence of a thiazine dve, methylene blue. In solution the energy
transfer between curcumine and methylene blue does not obey Stern-Volmer kinetics, but
using limiting slopes, a rate constant (k) of 7.11 x 10" L mol " and a critical distance (R)
of 56.1 A are obtained. In cellulose acetate polymer films, the rate constant of energy
transfer is found to be 45 x 10" L mol" s with R, =39+2 A The consequence of energy
fransfer when this donor-acceptor pair is excited in the presence of oxygen is singlet oxygen
('0;) production. This is observed from the enhancement of the quantum vyield of
photodegradation of the singlet oxygen acceptor, 2,5-diphenylfuran and by quenching of
singlet oxygen by 1,4-diazabicyclo[2.2.2]octane.

INTRODUCTION

Resonance energy transfer refers to the donation of excitation energy from an excited donor
chromophore (D) to the acceptor (X), resulting in the promotion of the accepror to an excited
electronic state [1] .

DD+ X-D + X (1)

This process, together with the radiative mechanism (trivial), plays an important role in
many photochemical and photobiological processes [1-9]. The Forster equation (2) adequately
describes this process which has been useful in the understanding of the nature of reactive
excited states, their energies, efficiency, and in attempts to simulate the light harvesting
processes in photosynthesis [S, 9-12].

8.8x107%K*®, _F,(V)e,(v)d(v)
kpex = Dfo - = 2)

nit RS

In equation 2, ¥ is the wave number (in cm™), Fy (v ) is the spectral distribution of the
donor emission (in quanta, expressed as a function of wave number and normalized to unity),
ex( v ) is the molar extinction coefficient for the acceptor absorption, 7 is the refractive index
of the solvent, K* is an orientation factor which is equal to 2/3 for a random distribution of
molecules, @y, is the quantum vield of the donor emission, T, is the donor emission lifetime (s)
and R is the distance (A) between the donor and aceeptor molecules. k. _, is the rate constant
of energy transfer and is related 1o R, by equdtion 3.
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Figure 4, Quenching of the CUR-MB energy transfer sensitized photooxidation of DPF by
DABCO in solution.

Quantum yields in the films are generally higher than the yields in solution, because
rigidization of molecules by dissolving in a polymer enhances intersystem crossing efficiency
(higher triplet quantum yields) and thus, greater singlet oxygen production [64, 65]. The
involvement of singlet oxygen in the photodegradation of DPF was further confirmed by
irradiating samples at the CUR peak in the presence of varying amounts of DABCO, The
results (Figure 4) show that with variation of DABCO concentrations, plots of [DPFO,|" versus
IDPF]" give straight lines, with same intercepts but with different slopes. This therefore
confirms that the intermediate species in the photooxidation of DABCO by this method of
singlet oxygen sensitization is the same [49]. The quenching constant (k) of DABCO was
determined as 4.3 x 10° M"'s™, in agreement with the literature value of 6 x 10° M-'s’! [68].

Thus, excitation of CUR in the presence of MB results in energy transfer by resonance, and
this, when it occurs in the presence of oxygen, leads to sensitization of singlet oxygen. This
phenomenon is believed to be similar o the light harvesting process that occurs in
photosynthesis [3, 8, 9]. The increase in the quantum vields of singlet oxygen sensitization with
increase in quenching of CUR fluorescence as observed in this work could in principle be
useful for enhancing processes that take place via singlet oxygen sensitization.
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