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OPTICAL AND PHOTOELECTRIC PROPERTIES OF PROPOLIS-LAYERED
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The spectra of optical absorption, photoluminescence in the spectral range 0.2 to 10 um for
thin propolis (an organic entity of biological nature) layers deposited onto various substrates,
and spectral distribution of photosensitivity of propolis-p-InSe heterocontacts are
investigated. In the optical absorption spectra measured at room temperature we have found
an abrupt optical absorption edge (3.0+3.25 V) in the short-wavelength range and some
typical absorption bands in the near IR range. In the room temperature photol uminescence
spectra a maximum at 2.88+2.96 eV was observed. It is shown that some of these structures
have photosengitivity in the infrared region of the electromagnetic spectrumat hv < 1.2 eV.
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1. Introduction

Recently much attention was paid to heterocontacts (HCs) of semiconductors with organic
substances of biologica nature [1-3]. In such structures a biological layer acts as a wide-gap
component which, like dectrolytes, is used for formation of an energy barrier in semiconductor.
Photogeneration of non-equilibrium carriers in such structures takes place at heterocontact interface
or in bulk semiconductor, i.e. at the energy of incident photons hu = E,, where Ey is the energy gap
of a semiconductor. In [4,5] we have demonstrated the possibility to prepare heterocontacts between
layered semiconductor p-InSe and propolis (P), an organic substance (produced by bees), with a
room temperature photosensitivity at hu < Eg.

In this paper we present investigations of spectral distribution of photosensitivity for p-
InSe/P HCs with thin P layers prepared in different ways as well as the results for optical absorption
and photoluminescence of these layers.

2. Experimental procedure

Heterostructures were prepared on € ectrically homogeneous layered Cd-doped p-InSesingle
crystals (p=10" cm® at 300 K) cleaved along the plane (0001). Because of the fact that the interl ayer
forces have molecular nature, mainly Van der Waals type, such layers have nearly perfect surfaces
with alow density of dangling bonds can form heterocontacts with other semi conductors with low
density of surfaces states at the interface [6]. HCs were prepared by deposition of P layers from an
alcohol solution or melt onto fresh-deaved InSe substrates with previously deposited ohmic Ag
contacts. In order to receive homogeneously thick P films (d<30 pm) a centrifugal procedure was
applied. A heterocontact between p-InSe and a P a cohol solution was realized in aspecid vessd.
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Investigations of the optical absorption spectra of thin P films on substrates of BaF,,
sapphire, and high-resistive p-InSe have been carried out in the spectral range 0.3 - 10 um.

The photoluminescence (PL) spectra were measured at excitation of the film structures with
anitrogen laser (hu = 3.69 eV).

The spectra distribution of photosensitivity of the HCs was measured in the spectra range
0.3 - 10 um at illumination with a non-polarized monochromatic light directed on both the frontal P
layer and InSe substrate. All the measurements were performed at T=300 K.

3. Results and discussion

Earlier, we established [5] that the equilibrium current-voltage characteristics of InSe/P
heterocontacts show a well-defined rectification effect and at the contact with the semiconductor the
biologica entity (P) behaves as amateria of p-type conductivity.

The spectrd dependences of the photoconversion rd aive quantum efficiency normalized to
the amount of incident photons are shown in Fig. 1 for the heterocontacts between p-InSe and 96 %
ethyl alcohal (a), p-InSe and a 10 % alcohol solution of P (b), p-InSe and a solid film of P deposited
from an a cohal solution (¢), and p-InSe and a film of P deposited from a melt (d).
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Fig. 1. Room temperature photocurrent quantum efficiency spectra for the heterocontacts p-

InSe - 96 % ethyl akohal (a), p-InSe - 10 % acohol solution of P (b), p-InSe — solid

propolis film deposited from an a cohol solution (¢) and p-InSe - a P film deposited from a
melt (d) at illumination directed at the back p-InSe side (1) and the frontal layer (2).

For the heterocontacts between p-InSe and ethyl alcohol, when the light beam is directed to
the alcohal film, we have found the “window effect” typical for a semiconductor — dectrolyte
contact and the long-wave ength edge hu 1.2 €V is in agreement with the vaue of E4 for InSe
(curve 2 in Fig.1a). When the semiconductor side is illuminated, there appears a narrow peak with
an abrupt short-wave ength edge (curve 1 in Fig.1a) caused by the increase of the optical absorption
in the range of InSe direct band-to-band transitions at hu>1.2 eV. For the p-InSe/P heterostructures
some photosensitivity is observed at the energy of incident photons hu< Eg. Its spectral distribution
and magnitude depend on the way of preparing the frontd layer, i.e. the state of aggregation of P
films (Figs. 1b-1d). For the heterocontacts of p-InSe with solid state P films the long-wave ength
edge and photosensitivity maximum are shifted to the low-energy range and for the heterocontact
between p-InSe and a solid state P film deposited from alcohol solution (Fig. 1c) photosensitivity
takes a value of 10* V/W. The shape of the spectral characteristics (Fig. 1d) and their coincidence at
hu<1.2 eV a illumination both the P and InSe sides indicate that photoexcitation occurs in the
organic layer.The existence of such essentid photosensitivity in this spectral range cannot be caused
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by photogeneration from impurity states in the energy gap of p-InSe which have a small cross-
section of optical absorption.

Fig. 2 shows the spectra dependences of the optical transmission of solid state P films
deposited onto sapphire substrates from a cohaol solution (curve 1) and melt (curve 2).
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Fig. 2. Spectral dependences of optical transmission coefficient T* for propolis films
deposited from alcohal solution (1) and melt (2). Ininsert - extrapolation to zero of the
curve representing the function (ahv)? = f(hu) (3). T=300K.

In the short-wave ength spectra range, corresponding to the dectron transitions we have
found an abrupt change of the absorption coefficient — the intrinsic absorption edge typical for
organic semiconductors. From the absorption edge, the highest occupied molecular orbital (HOMO)
— lowest unoccupied molecular orbital (LOMO) gap (corresponding to the band gap in
semi conductor) was eval uated to be E/™ [13.07 eV (Fig. 3, curve 3) by using a simple and ysis with
the assumption of a direct band gap, that is from the (ahv)? vs photon energy (hv) plot, where a is
the absorbance.

From the measurements of conductivity of P films it is established that their dark
conductivity is low and at T=300 K varies between 10 and 10" Ohm™*cm* depending on the state
of aggregation. The temperature dependence of conductivity has an activaeted behaviour and in the
temperature range 280 — 300 K is described by an activation energy of about 2.9 eV dloseto Eg™.

In the spectra range 0.5<A<10 pm the propalis films are transparent with a transmission
coeffident T*[B0 % at d<30 um. The wide absorption bands typical for vibrational spectra of
condensed molecular media were observed in the spectral range AA = 2.8 - 3.6 um.
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Fig. 3. Spectra distribution of photoluminescence (&) of propolis acohol solution at
different concentration of P, %: 1-10, 2-5, 3-2.5, 4-1.25 as well as PL intensity L (5) and
maximum of PL peak location (6) vs propolis concentration in solution. T = 300 K.
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The spectral dependences of photoluminescence of different propolis acohol solutions are
shown in Fig. 3a (curve 1 — 4). The concentration dependences of PL intensity L and PL peak
location are shown in Fig. 3b (curves 5 and 6, respectively). As follows from the figure, the PL
intensity increases with increasing propolis concentration and is the highest for the films deposited
from acohol solution (Fig. 3b, curve 5) with the largest concetration of P. For the amorphous
sampl es of propolis being applied as theinitial materid at preparing P films (Fig. 4, curve 2) and for
the P films deposited from a cohol solution (Fig. 4, curve 1) the PL maxima coincide. The solution
concentration dependence of PL peak location (Fig. 3) can be caused by a fied induced by the
solvent mol ecul es on the mol ecul es of P components.
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Fig. 4. Photoluminescence spectral distribution for initial composition of P (2) and films
deposited from acohol solution (1). T = 300 K.

4. Conclusions

From the measurements of dectrical, optical, and photod ectri ¢ properties of p-InSe/propalis
heterocontacts it is established that propolis, a molecular organic substance of biological nature,
behaves itsdlf in these structures as a p-type semiconductor with the energy gap E;=3.0-3.1 eV at
T =300K.

Photogeneration in amorphous or quasi-crystaline films of propolis occurs because of the
absorption of light by its molecules, formation of molecular Frenkel excitons and their subseguent
dissipation at structural defects and impurity centers. Additionally, the direct photoionization of the
impurity centers located in the energy gap is possible. The local trap leves in the energy gap of
organic molecular systems have a structurd origin. Therefore, the observed spectrd distribution of
the photoconductivity at hu<1.2 eV depends on biological nature of propolis as wel as method of
preparing heterocontacts.
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