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Abstract—The optical absorption and luminescence spectra of the films of natural melanin were measured.
The results are explained based on a nanocluster structure of the films. © 2002 MAIK “ Nauka/I nterperiodica” .

The natura pigment melanin plays an important
rolein living organisms, including humans. In particu-
lar, melanin acts as a UV protector and participatesin
many physiological and psychic processes. However,
the mechanism of theinteraction of thiscompound with
UV radiation, aswell as the contributions of melanin to
complicated processes, is still unknown. Knowledge of
the physical properties, including the electron structure,
of melanin is probably a key to understanding the role
this compound playsin the human organism.

Melanin, as a substance possessing semiconductor
properties, has been known since 1974, when
McGinnes et al. [1] established that this compound
exhibits the effect of switching from weakly to highly
conducting state under the action of relatively small
electric fields. Recently, Rosei et al. [2] studied the
spectral and photoelectric properties of synthetic mela-
nin and proposed a mechanism explaining the photo-
production of charge carriers.

The purpose of our study wasto measure the absorp-
tion spectra of natural melanin, the effect of UV irradi-
ation on the samples, and the photoluminescence at
room and low (liquid helium) temperatures.

The experiments were performed with melanin
extracted from raw plant material. In respect to the
structure, the extracted substance was close to synthetic
melanin based on a 5,6-indol equinone monomer [2], as
confirmed by the results of chromatographic measure-
ments and elemental analyses. The sample films were
prepared by applying a melanin solution (in acohol
possessing a complicated molecular structure) onto
quartz substrates at room temperature.

The absorption spectrum of melanin measured in
the visible spectral range (Fig. 1, curve 1) exhibit a
monotonic decrease from 375 to 800 nm. This shape of
the absorption spectrum was explained [2] as resulting
from a disordered structure of the melanin film com-
posed of elementary nanodimensional two-dimensional

clusters packed into stacks. According to this model,
the absorption spectrum of melanin is explained by the
-1t electron transitions inside nanoclusters. The
observed absorption spectrum is untypical of organic
compounds, being closer in shape to the spectra of dis-
ordered amorphous inorganic semiconductors [3].

For comparison, Fig. 1 shows the absorption spectra
of a melanin film irradiated for 1.5 h by nonfiltered
polarized light of a mercury lamp (DRSh-250-2). The
measurements were performed using a beam polar-
ized in directions parallel (curve 2) and perpendicular
(curve 3) to that of theirradiating light. As can be seen,
the irradiation does not modify the character of the
spectrum on the whole: there is only an insignificant
changeinthe slopeand asmall (5-15%) decreaseinthe
absorption coefficient in the region of 375-400 nm.
The latter decrease depends on the polarization, being
more pronounced for the spectrum measured using
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Fig. 1. The optical absorption spectra of (1) unirradiated
and (2, 3) UV-irradiated melanin films measured using
(2) pardlel and (3) perpendicular polarization of the prob-
ing beam.
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light polarized in the perpendicular direction. This
result is additional evidence of the absence of linear
structures typical of most polymers.

Using the measured absorption spectrum (Fig. 1,

curve 1), we estimated the optical bandgap width Eg™

of melanin. Thiswas done using the Tautz law, accord-
ing to which the plot of (aE)Y? versus energy E for
amorphous solids with three-dimensional electron
states must be linear. By extrapolating this plot to the

abscissa axis, it is possible to determine the Egpt value
of such adisordered substance [3].

Sincethe melanin films studied al so possessed adis-
ordered structure, it was possible formally to employ
the Tautz formula [2, 3]. However, the plots of (aE)Y2
versus energy E in our case (unlike that reported in [2])
were not strictly linear. To a first approximation, the
experimental curve could be divided into two linear

parts, the extrapolation of which yields Eg” ~ 1.4 and

~1 eV. Using an exponent of 0.3 instead of 0.5 (aswas
done, e.g., in [4]) provided a better linearization of the

experimental data, in which case we obtained Egpt =
1.2 £ 0.2 eV. This change in the exponent was justified
[4] asresulting from fluctuations (scatter) in the dimen-
sions of nanoparticles. It should also be noted that, as
was correctly indicated, e.g., in [5], the estimated
energy corresponds, strictly speaking, to a minimum
energy of the T1t* electron transition (Tt gap) [5].

According to the most commonly accepted model [6],
the dependence of the change in the optical bandgap
width (Te1t* gap) on the size of nanoparticles (conjuga-

tion length) is described by the relation AES™ ~ Cld?,

where C is a constant and d is the particle diameter.
Using thisrelation, it is possible to estimate the ratio of
the size of nanoclusters corresponding to the two esti-
mates of Eg™ : d,/d, = (Egy /Egp )°5 = 0.85. From this
we may conclude that the films studied exhibit a bimo-
dal distribution of nanocluster dimensions with two
most probabl e values (conjugation lengths).

This conclusion is confirmed by the results of mea-
surements of the photoluminescence (PL) spectra of
melanin films at 5 and 300 K (the experimental proce-
dure was described in detail elsewhere [7]). Figure 2
presents the spectra of stationary and time-resolved PL
(the latter measured at a nanosecond delay time). As
can be seen, the room-temperature stationary PL spec-
trum consists of two intense narrow bands peaking at
375 and 440 nm and a broad structureless band with a
maximum at about 660 nm (Fig. 2, curve 1). In the
time-resolved PL spectrum (measured at a nanosecond
resolution), the intensity of the narrow bands some-
what decreases and the broad band disappears (Fig. 2,
curve 2). The spectra of stationary and time-resolved
PL measured at liquid-helium temperature differ rather
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Fig. 2. The spectra of (1, 3) stationary and (2, 4) time-
resolved (ty = 3 ns) photoluminescence of a melanin film
measured at (1, 2) 300K and (3, 4) 5K.

dightly from each other (Fig. 2, curves 3, 4). In com-
parison to the corresponding room-temperature spectra,
theintensity of the band at 375 nm drops to almost zero
and the band at 440 nm exhibits a significant broaden-
ing. The band at 660 nm is absent from both PL spectra
measured at 5 K.

The results of our PL measurements can be inter-
preted as follows. The narrow emission bands corre-
spond to the excitation of nanoclusters of the two most
probable dimensions and represent the electron transi-
tions inside these clusters (between their fragments).
For this reason, these bands are observed in both sta-
tionary and time-resolved PL spectra. Note that the
ratio of the energies of these bands (0.85) coincides
with the estimate of the ratio of the most probable
dimensions of nanoclusters. The broad structureless
band, manifested only in the room-temperature station-
ary PL spectrum, probably reflects the interaction of
structural elements (clusters) with each other and isdue
to the excimer radiation. A similar pattern is observed,
for example, in many conjugated polymers where the
PL spectra contain narrow bands caused by emission
from conjugated fragments and broad structureless
bands with rather large lifetimes (>1 us) caused by
excimer (dimer) radiation [8].

At low temperatures, one (less stable) type of nano-
cluster is probably subject to irreversible breakage,
which accounts for the disappearance of the emission
band at 375 nm. A change in the structure of melanin,
manifested in an increase in the homogeneity of the
film, can be observed using an optical microscope.

Thus, the results of investigation of the absorption
and photoluminescence spectra of melanin show that a
film of thisnatural biomolecular semiconductor iscom-
posed of stacked nanoclusters (manifested by the pres-
ence of excimer radiation). This nanocluster structure
with two most probable cluster types probably deter-
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