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This article provides an analysis of the electronic structure of O, oxygen molecule. The mechanism of
guenching of aromatic hydrocarbons luminescence affected by an oxygen molecule is analysed. Since the
interaction of triplet oxygen with singlet organic molecules is not possible, an analysis of interaction at
excited singlet states is carried out. The interaction of the oxygen molecule with complex organic molecules
at excited electron states has a number of interesting effects, the reason of which is not completely clear. It is
particularly important in nanostructures, when the size of the particle interaction area is comparable to the
size of the reagents. The main parameters obtained by calculation, confirming the mechanism of the spin-
orbital interaction are cited.
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Currently it is established experimentally that oxygen molecules have an effective quenching
effect on the excited singlet (S;) and triplet (T;) states of aromatic hydrocarbons molecules and
dyes. Quenching of excited states of luminophore by oxygen:is in accordance with schemes (2) and

(3) [1-61:

sl+325 (Oz)—>SO+1Ag (0,) (1)
S+°Z,(0,)—=T,+A,(0,) (2)
$,+°%,(0,) —>T, +°%,(0,) (3)
T +°35(0,)—S, + °Z,(0,) (4)

3y - 1 i ; ; ;
where °> and’A are the basic (triplet) and the lowest excited (singlet) states of the oxygen

molecule. During the processes (1) and (2) of oxygen molecules at the singlet state (1Ag) are
formed, some of them can react with the T-centers that haven’t lost their integrity:

T1+1Ag (Oz)—>Sl+3Z§ ©6,) (5)

Oxygen in the air is composed of O, molecules mainly at the triplet state, which corresponds to
the electron configuration

v = (1o, P o, P (20, f (20, (3o, 07, ) 1z, P (6)

There are four possible quantum states with a definite spin (S) and orbital (L,) angular
momenta, depending on the location of the two outer electrons on two degenerate 17 - molecular
orbitals (MO).

The occurrence of excited singlet states with low energy (Fig. 1), as well as the intrinsic
magnetic momentum of the spin at the ground state of oxygen basically determines almost all the
particular characteristics of the 0, molecule, as the major biochemical and photochemical agent in
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nature [3-6]. Symbols a, b, X are used in spectroscopy by convention and taken into consideration
for further notations.

Singlet oxygen is not spin-forbidden for reactions with singlet (diamagnetic) molecules and
therefore exhibits great chemical activity in contrast to ordinary triplet oxygen.
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Fig. 1. The scheme of the.excited states of O, molecules.

Most often, singlet oxygen is generated due to photoactivation (transitions {1}, {4}-{5} in Fig.
2), that is, the energy transfer from the excited state of the molecule sensitizer to O, (329-). Many

dyes that absorb light in the visible range may be used as a sensitizer, in particular the widespread
natural substances, such as chlorophyll, protoporphyrin and other derivatives of porphyrin.
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Fig.2. The scheme of the excited states of the molecule and the collision complex with
the dye and the solvent of O,
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Singlet-excited state of the dye (S;), resulted from the absorption of a photon (transition {1},
Fig. 2), usually in nonradioactive way rapidly transfers (transition {4}, Fig. 2) to a lower energy
triplet-excited state (T1), which is long-lived due to spin-forbiddance for a complete quenching
(transition Ty — Sy to the Sp ground singlet state of the dye). Singlet state can disintegrate into
products without spin-forbiddance (transition {5}, Fig. 2):

T, + 302 — S+ 102 (8)
[PI0TT+ LU — [+ LI

This energy transfer from the triplet excited dye to the singlet oxygen is very effective and
limited by diffusion. The transition rate depends on exchange intermolecular interactions. Collisions
not only activate 0, for transformation into singlet oxygen (*O,) due to the effect of light, but they
also cause deactivation of 'O, (quenching, transitions {6}-{8} in Fig. 2).

Among the many optical effects an increased intensity of absorption at the"S, — T, transition of
the dye, quenching its luminescence and a number of cooperative transitions can be distinguished.
Owing to the collision of the excited dye molecule with O, (3Zg-), a short-lived collision complex
with the close to zero equilibrium constant is formed. In this case, as a result of mixing of the
excited states of the complex and an electron-vibration relaxation, processes of the fluorescence
quenching in the S, — S, transition of the dye molecule can occur.

S;+30, — T1 +°0, 9)
S1+°0; > T1+'0, (a'A, mn b'Xy) (10)
S1+°0; — Sp + '0p(a'A, um b'Sy) (11)

Here Sy and S; are ground and excited singlet states of the dye molecule. Measuring of the
output of the triplet states (T1) of pyrene, anthracene and its perfluoro analogue molecules showed
that the fluorescence quenching followed the.reaction (9) and products of energy transfer were not
observed [7].

Reaction (5) is spin-forbidden. The process of direct quenching S; + *0, — T; + 30, does not
depend on the specific intermalecular interaction associated with the paramagnetism of oxygen,
since no change of the spin in particular molecules is required, it should not differ from quenching
by ordinary diamagnetic molecules and therefore is ineffective.

All the interaction features between open shells of oxygen and solvent molecules are clearly
reflected at the strengthening of radiation transitions. This accounts for many optical effects caused
by the collision of oxygen molecules and the organic dye [8-9].

Thus, the interaction of an oxygen molecule and excited electronic states of complex organic
molecules cause a humber of interesting effects, the reason of which is not completely clear. This is
particularly significant in nanostructures, when the size of the particle interaction area is
comparable to the size of the reagents themselves.
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