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Excited complexes with charge transfer are produced in molecular crystals
and solutions when an exciton or an electron-excited molecule collides with an
impurity that has donor or acceptor properties. The fluorescence of singlet-
excited complexes is one of the ways of deactivating them, and the competing
processes are dissociation into free ion radicals or intercombination transitions
to a triplet state of the complex, It was shown earliert!=2] that the singlet S and
triplet T states of a complex can be mixed by an external magnetic field, This
mixing of the spin states, due to the presence of g-factors of the ion radicals
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FIG. 1. Magnetic resonance spectrum of excited complexes of rubrene, Ordi-
nates—amplitude of signal from the output of the photomultiplier at the micro-
wave-power modulation frequency.

of the pair, manifests itself in the quenching of the fluorescence of molecular
crystals containing impurities,m and in a change in the photoconductivity. 2
The effect exerted on these parameters by weak magnetic fields (10—100 Oe)
has shown that the singlet and triplet excited states of the complexes coincide
in energy and that during the lifetime of the complex the spin-lattice relaxation
does not manage to establish an equilibrium distribution over the Zeeman sub-
levels of the ion-radical pair: in a magnetic field H>> 10 Oe, only the mixed
sublevel (S— Ty turns out to be activated. Under these conditions one can ex-
pect that realization of resonant transitions between the levels (S— Ty and T,
or T_ will lead to a decrease of the population of the (S— Ty level and will mani-
fest itself in an additional resonant quenching of the fluorescence of the excited
complexes, The possibility of realizing such transitions was indicated earlier
int1=51, In contrast to the know method of optical detection of magnetic reso-
nance (ODMR) on triplet particles, ] where the difference between the popula-
tions of the Zeeman sublevels is the result of the low temperature of the sam-
ple, in the present case this difference is due to dynamic polarization of the
spins.

We investigated the fluorescence of thin (3—5 1) polycrystalline layer of
rubrene (tetraphenyltetracene) of area 0.3 cm?, deposited by vacuum sublima-
tion of a quartz substrate and placed in the resonator of the ODMR spectrome-
ter. The impurit[y in the rubrene was molecular rubrene perioxide produced by
photo-oxidation. %4} The magnetic components of the microwave field in the
resonator was perpendicular to the direction of the constant magnetic field of
the spectrometer. The microwave oscillations were generated with a 10-W
klystron at 9500 MHz and modulated 50% in amplitude at a frequency 10° Hz,

The fluorescence was excited with a 100-watt incandescent lamp in the spec~
tral range 360 <A <520 nm. The excitation intensity was 4 x10% quanta/cm? sec,
The fluorescence quantum yield of the excited rubrene complexes was 0, 1, The
fluorescence was registered in the wavelength range A >540 nm with an FEU-55
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FIG. 2. Scheme of transitions in photoexcitation of rubrene. Explanations in the
text.

photomultiplier screened against the influence of the stray magnetic fields, The
signal at the modulation frequency was fed from the photomultiplier output to a
tuned amplifier with a synchronized detector and automatically plotted as a func~-
tion of the spectrometer magnetic field intensity. The noise signal at the re-
corder, at a registration time constant 10 sec, was 10-% of the total fluores-
cence intensity. Since the sample was not force-cooled, turning on the micro-
wave power heated the sample to a temperature 50 °C, determined by measuring
the temperature quenching of the fluorescence. Figure 1 shows the ODMR spec-
trum registered under these conditions. It consisted of two broad lines spaced
8H=150 Oe apart. The change in the intensity of the excited light or of the
microwave power caused a proportional change only in the ODMR signal ampli-
tude. The measurements have shown that the phases of the signal from the
microwave receiver differed by 180°, i.e,, an increase of the microwave
power in the resonant magnetic field causes a decrease in the fluorescence in-
tensity. The resonant character of the observed influence of the microwave
radiation on the fluorescence intensity excludes the possibility of explaining the
observed effect as being due to the thermal action of the microwave power. The
observed signal is apparently connected with the resonant transitions (S —T')

— T, and (S— Ty —T_ due to the microwave power. The waveform of the signal
in Fig. 1 corresponds to the waveform of the ESR signal observed from radical
pairs isotropically distributed in the matrix, 71 This waveform is natural also
for short-lived pairs of ion radicals that determine the fluorescence of the
complexes in the rubrene. The observed splitting of the signal is apparently
connected with the magnetic-dipole interaction in the complexes and makes it
possible to estimate the distance between the ion radicals of the complex at
r=(3gp/6H)/3=5.8 A,

Figure 2 shows the transition scheme in the investigated system and explains
the observed effect. Here D is the rubrene donor molecule, A is the rubrene~
peroxide acceptor molecule; the labels on the left identify the multiplet charac-
ter of the state; G is the excitation intensity, L is the registered fluorescence
intensity and 2(H) is the rate constant of the intercombination transitions and in~
creases with the increasing intensity of the external magnetic field, The decay
of the triplet state of the complexes *(D*A-)* leads to the formation of triplet
excitons of rubrene 3D*. “1 The observed resonant quenching of the fluorescence
L is determined by the transitions ggH; and ggH,.

It should be noted that when the magnetic resonance is registed by means of
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the fluorescence at room temperature, an exceedingly high sensitivity to the
number of spins in the sample is obtained. Thus, the signal of Fig. 1 corre~
sponds to 107 particles in a sample with a lifetime 5x10-? sec at a signal to
noise ratio 20, This ratio can be increased by approximately one order of mag-
nitude by using a cooled photomultiplier. The use of single-crystal samples
increases the sensitivity by one or two more orders of magnitude as a result of
narrowing of the ODMR lines,

The described results suggest the feasibility of experimentally investigating
other short-lived ion-radical or radical pairs in the condensed phase, which
play an important role in photochemical and radiation-chemical processes. It
becomes possible in principle to register magnetic resonance not only with the
aid of fluorescence, as described by us, but also with the aid of the resonant
influence on other macroscopic characteristics of the investigated system,
such as photoconductivity, the yield of triplet excited states, or the rate of the
chemical reaction.
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