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Hydrochloric acid doped poly ortho aminophenol (POAP) is prepared in a high acidic medium (pH~ 0.6) using
FeCl; as an oxidizing agent. The polymerization process is conducted in the presence of polyethylene glycol
(PEG200) as a soft template at 25 °C. The method pertains to the reduction of FeCl; by o-amino phenol (OAP) at
room temperature. The obtained POAP polymer is soluble in common organic solvents such as di-

methylformamide and chloroform. The resulting POAP is investigated by various analyzing techniques including
Fourier transform infrared (FT-IR), X-ray diffraction (XRD), proton nuclear magnetic resonance (*HNMR), and
scanning electron microscope (SEM). The analysis revealed that both quinoid and benzoid structures are existing
in the polymer backbone. POAP thin film is fabricated and its optical properties are also investigated. Au/POAP/
TiO,/p-Si/Al heterojunction solar cell is fabricated as well. The resulting average value of power conversion
efficiency (PCE) of Au/POAP/TiO,/p-Si/Al heterojunction solar cell is found to be 4.28%.

1. Introduction

Recently, a wide interest in the process of amino phenol poly-
merization has appeared, whether o, m-, or p-amino phenol [1-8]. This
interest is due to the important applications of aminophenol poly-
merization products in various areas, such as electrochemical sensors,
electrocatalysis, and bioelectrocatalysis. Previous studies have dealt
with aminophenol polymerization by chemical oxidation using dif-
ferent oxidizing agents, such as hydrogen peroxide [1], ammonium
persulphate [2-5], copper bromide [6] and potassium dichromate [7],
the use of different oxidizing agents at different pH values led to dif-
ferences in physical properties of the resulting polymers.

Poly (ortho-aminophenol) belongs to conjugated polymers class
which interact with light, and is obtained by polymerization of ortho-
aminophenol, its properties depends on the reaction conditions.
Polymerization in acidic solutions leads to creation of poly(ortho-

aminophenol) with a phenoxazine unit which has great pharmacolo-
gical and industrial utility [8].

There are some applications that require improved physical prop-
erties of polymers, such as electrical conductivity. The electrical con-
ductivity of polymers can be improved by utilizing a relatively small
amounts of a dopant which raises the conductivity and converts low or
non-conducting polymer to a semiconducting polymer [9,10]. The
doping process varies according to the nature of the polymer as it is in
the conjugated polymers where redox doping are used, including do-
nation of electron to a -conjugated system (n-type) or withdrawing of
electron from a conjugated system (p-type) [11]. Numerous conjugated
polymers are also well-organized electron donors and satisfactory hole
transporters through their visible-light excitation. Therefore, con-
jugated polymers owning inorganic semiconductors characteristics are
evincing more attention for electronic, photocatalytic, optical, and
photoelectric conversion purposes [12,13].
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Thin films of semi-conducting conjugated polymers can be manu-
factured for the purposes mentioned above by different techniques such
as spin coating and thermal evaporation [14]. These fabrication tech-
niques are usually applied under definite circumstances by means of
wet or dry techniques. The spin coating technique yields a good ad-
herent layer of nanocrystalline thin film with a high degree of homo-
geneity [15-17].

The purpose of the current research is divided into two parts, the
first part is to prepare hydrochloric acid doped poly ortho-aminophenol
(POAP) in a high acidic medium (pH~ 0.6) by using ferric chloride as
an oxidizing agent. The polymerization process is carried out in the
presence of polyethylene glycol (PEG200) as a soft template at 25 °C.
Various analyzing techniques were utilized to characterize the resultant
POAP. The second part is to prepare hydrochloric acid doped POAP
nanostructured thin film and to investigate its application for the first
time as a new hybrid material in Au/POAP/TiO,/p-Si/Al diode for solar
cell applications. To this end electrical conduction mechanisms of the
Au/POAP/TiO,/p-Si/Al diode was studied with its current-voltage
characteristics under dark, and at varied temperatures in the range of
298-386 K, also photovoltaic properties of POAP/p-Si heterojunction
device under various light intensities in the range of 10.1-20.5 W m ~ >
were studied.

2. Experimental section
2.1. Materials

All chemical reagents were used without additional purification. O-
aminophenol (Across Organics: Thermo Fisher Scientific), Polyethylene
glycol (PEG200) (Shanghai chemicals), ethanol (Aldrich), anhydrous
dimethyl formamide (DMF), Dimethyl sulfoxide (DMSO): Aldrich and
anhydrous ferric chloride (Aldrich), Hydrochloric, hydrofluoric, nitric
and acetic acids (Aldrich), Single crystal of (p-Si) and perchloric acid
(HClOy), Titanium (IV) bis(acetoacetonato) di(isopropanoxylate) (98%)
were bought from Sigma-Aldrich.

2.2. Synthesis of hydrochloric acid doped-poly (o-aminophenol) (POAP)

The preparation was conducted at room temperature; typically,
4.36 g o-aminophenol was dissolved in 50 ml ethanol under magnetic
stirring at 850 rpm. 3 ml PEG200 was added to ethanolic solution of
ortho-amino phenol. Concentrated hydrochloric acid was dropped into
the mixture until the pH reached 0.25. 80 ml from aqueous solution of
FeCl; (0.5 M) were added drop by drop to the monomer solution for 3 h.
The ratio between monomer and oxidizing agent is 1:1. The pH value
for the resulting mixture was recorded and found to be 0.6. The re-
sulting mixture was left overnight at room temperature. The resulting
hydrochloric acid doped-poly (o-aminophenol) was filtrated. The
washing process of POAP was carried out for several times by using
distilled water followed by ethanol to remove any excess of unreacted
monomer, oxidizing agent, and PEG200, doped POAP was dried at
60 °C.

2.3. Solar cell fabrication

A spin coating technique (spin coater model 1001 CPSII) was uti-
lized in fabricating the Au/POAP/TiO,/p-Si/Al diode of 0.3 m? typical
area. The optical glass substrates were cleaned in a washing machine
using deionized water and then heated in an oven at 400 °C for 1 h. The
deposited layer (=200 + 3nm) was dried for 48 h in the dark and at
room temperature. The spin coating machine was spun at a speed of
1000 rpm for 15s.

The POAP was then sandwiched between TiO, and Au electrodes
(TiO5/P-Si/POAP/Au). On P-Si wafer substrates a compact layer of
thickness 100 nm (TiO,) was deposited by spin coating at room tem-
perature of the forerunner solution, titanium (IV) bis(acetoacetonato)
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Fig. 1. Chart of the fabrication Au/POAP/TiO,/p-Si/Al heterojunction diode.

di(isopropanoxylate) diluted in ethanol. Then a smooth p-type single
crystal Si wafer with (100) was deposited aligned to its surface with
1.6 x 10*>m ™2 concentration and 400 um thickness. TiO, is employed
as the n-type material in a junction for charge separation and to provide
remarkable electron transport characteristics, including a band gap at
wavelength shorter than 400 nm [18,19]. The chart of the Au/POAP/
TiO,/p-Si/Al diode configuration is displayed in Fig. 1.

2.4. Characterization

The structure of the POAP was confirmed by using A JEOL RESO-
NANCE- 500 MHz nuclear magnetic resonance (NMR) instrument em-
ploying DMSO-dg as a solvent, Fourier transform infrared spectroscopy
(Thermos Nicolet Model 6700), and X-ray diffraction (XRD).

The structure of the composites was investigated by a Philips X-ray
diffractompter (model X' pert) with monochromatic Cu Ka radiation
(1.54183 A) operated at 40 kV and 25 mA. The surface characterization
of POAP powder was performed by using (JSM 5800; JEOL SEM)
Scanning Electron Microscopy. The conductance of the synthesized
POAP thin film was obtained by Keithley four probe nanovoltmeter.
The characterization by Cyclic Voltammograms of POAP-modified
glassy carbon electrodes in different concentrations of HClO4 electro-
lyte solution were performed, the optical properties of UV spectrum of
poly(o-aminophenol) in the dimethyl sulfoxide and of the poly(o-ami-
nophenol) thin film, and the electrical properties were measured as
well. The UV spectra of POAP dissolved in DMSO solvent in
100-1400 nm wavelength were recorded on a spectrometer Perkin-
Elmer Lambda 5 UV-VIS-NIR spectra.

3. Results and discussions
3.1. FT-IR analysis

The FT-IR spectrum of the produced doped- poly (o-aminophenol) is
given in Fig. 2 and the corresponding band assignments are listed in
Table 1. The infrared spectrum displayed absorption bands at
3182-3337, 1336-1481, 836-897 and 696-758 cm ™%, corresponding
to hydroxide group (OH) stretching, bending, rocking and wagging
vibrations respectively, due to the presence of water molecules. The two
strong peaks at 1674 and 1555 cm ~ ! present the quinoid and benzenoid
rings stretching vibrations, respectively. The presence of these two rings
in the structure demonstrates that the poly (o-aminophenol) is com-
posed of the amine and imine units. The two bands at 1254 and
1019 cm ! are due to the stretching of the C—O—C (ether linkage), the
peak C—O—C equalized stretching vibrations are clearly determined in
POAP. The ether linkage confirms that the POAP polymer takes ladder-
type structure [3,20,21]. The bands at 953 and 787 cm ™' designate the
C—H aromatic (out —of-plane bending). Between 1300 and 1400 cm”},
the band at 1374 cm ™' can be attributed the stretching vibrations of
charge C—N* segments (~ indicates the intermediate bond between the
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Fig. 2. FT-IR of poly (o-aminophenol) (POAP).

Table 1

Vibrational frequencies and assignments for POAP.
Band (cm ™ 1) Assignment
3260-2000 The stretching of aromatic C—H and —NH stretching
2957 —CH stretching.

1674 and 1555 Quinoid and benzenoid rings stretching vibrations,

respectively.

1674 —C=N- in quinonimine units.

1374 C—N stretching vibrations of the second aromatic amine.
1254 and 1019 Stretching of the C—O—C (ether linkage) [5,22]

787 —C—H bending vibration corresponding to ortho-substituted

aromatic rings

single and double bonds). The bands are located with the range of
900-600 cm ™! related to the C—H bending of an aromatic ring sub-
stitution of the POAP. These results concords with previous statement
that the poly(o-aminophenol) synthesized contains a condensed phe-
noxazine ring in its structure. The band at 1125 cm ™' is a characteristic
of POAP (doped with chloride ion). Besides, the v(NH) vibration was
displayed at 3260 cm™!. This confirms that the polymerization was
carried out through the —NH group, in the FT-IR spectrum, supporting
the presence of (CH—NH—CH—-) functionality in the POAP. The poly-
merization mechanism of OAP can be suggested as described in the
Fig. 3.

3.2. 'H NMR spectral analysis

Fig. 4 displays the 'H NMR spectra of the prepared POAP. In this
spectrum, the chemical displacement is noticed for two hydrogen atoms

H,0

NH, NH

FeCl,
3n

HCI (pH = 0.6 / 25°
oH ( ) o

belonging to the benzene rings in the regions of 6-8 ppm. A multiplet
can be noticed referred to the aromatic protons at 7.4-7.8 8. The other
four positions of the benzene rings are occupied by substituents in the
chain of the polymer. Therefore, the peak at § 10.827 ppm presents the
OH proton belonging to the H,O molecules exist in the polymer [23].
The peak at § 7.791 ppm is attributed to —NH— present in the polymer
backbone [24]. Two peaks were detected at 2.491ppm and at
3.347 ppm corresponding respectively to the protons of —CHj3 group of
DMSO and to the protons which are existing in the residue water mo-
lecule in the polymer besides in the solvent. These results from *H NMR
spectra agree with the results provided by the FT-IR spectra mainly
concerning the NH and OH groups.

3.3. Surface morphology study

The surface morphology of the POAP powder was scanned by SEM
as shown in Fig. 5. The POAP is located in microstructure. The poly (o-
aminophenol) exhibits polydisperse and smooth particles at high
magnification (% 30,000) with particles in the 3um size range at
20.00 kv.

Fig. 5 showed the morphology of top surface of doped POAP
powder. POAP polymer had a distorted spherical-like but also had some
differences in the surface and skin layer morphologies. The size of the
doped POAP polymer microstructure displays a magnificently discrete
microscale polymer film. The resulting microparticles have a regular
plate-like shape with an average diameter range of 0.79 mm. These
microparticles are produced from the agglomeration of around 20-35
crystallites (Image J software program) [25].

o Fig. 3. Suggested scheme for polymerization of o-
Cl aminophenol (OAP) monomer.
(@) N
=z
g
No o"]n
Cl

Doped Poly(o-aminophenol) (PoAP)
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Fig. 4. "HNMR spectra of poly (o-aminophenol).

3.4. X-ray diffraction

Fig. 6 illustrates the XRD pattern of Au/POAP/TiO,/p-Si/Al 100 nm
thin film thickness. The existence of many diffraction peaks with varied
intensities on the spectrum is noticed, and it reveals that the thin film
form is of a polycrystalline nature. The crystallinity and orientation of
conducting polymers are very interesting, due to the higher metallic
conductive state engendered by a more highly ordered system [26].
This organization inside the polymer is displayed by the existence of
reasonably sharp peaks. The morphology of the polymer is also de-
scribed by the Bragg's peaks (20) location. The polymer exhibits the
strongest peaks at 7.02°, 13.70°, 16.44°, 17.66°, 25° and 28.04°. These
broad peaks are a sign of the crystalline domains in the amorphous
structure of POAP. 26 = 28.04° reports the Van Der Waals distances
among layers of phenylene rings of the poly aminophenol. The good

mag [

3.0 | 30000x | 7.6 mm

level of crystallinity and the ordered structure in POAP may be attrib-
uted to the hydrogen bonding intrachain linkage and electrostatic (van
der Waals) interactions through amine and/or phenolic group found in
the polymer [27,28]. Fig. 6 exhibits that the scattering of the peaks
proves the formation of Au/POAP/TiO,/p-Si/Al complex with well-
known crystallinity. The full width of the peak at half-maximum in-
tensity (FWHM) of the largest three signals allows to determine the
crystallite size (D) of the Au/POAP/TiO,/p-Si/Al complex; at
20 = 13.70°, 16.44° and at 28.04°. The average value of the crystallite
dimension (D) was 22.84 nm. The interplaner spacing d was calculated
by utilizing Debye-Scherrer method and applying Bragg's relation and
the mean value of d was 5.171 A. Peak analyzer information (Fitting
data) of POAP as-deposited thin film are shown in Table 2.

Fig. 5. SEM of doped poly (0-aminophenol) (POAP) powder.
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3.5. Optical properties

Fig. 7 displays UV-vis spectrum of POAP solution in DMSO
(0.025 g/10 ml) and POAP thin film onto glass substrate, two different
types of curves were distinguished. The first curve with various max-
imum wavelengths characterizes the POAP thin film: A max a.u (A nm)
360 (3.05), 670 (1.33), 730 (1.31), 990 (0.239) and 1210 (0.136). In
case of POAP solution in DMSO, the spectrum UV contains just the
following peaks: A max a.u (A nm) 320 (3.57), 695 (0.869). Two major
absorption peaks in the spectra were detected; the initial peak at
320 nm (3.57 eV) is related to the ;m — s« transition of the phenyl rings
derived from the extent of conjugation between them in the polymer.
While n— s+ transition among the HOMO orbital of the benzenoid ring
and the LUMO orbital of the quinoid ring is represented by the next
absorption peak at 695 nm. It is sensitive to the whole oxidation state of
the polymer [29]. The signal placed at 320 nm is more intense than that
placed at 695 nm indicating a higher oxidation of the o-aminophenol to
obtain the polymer. In the second spectra characterizing the POAP thin
film, 5 signals were recorded: the value of the wavelength and highest
intensity signal placed at (360 nm, 3.05) and a second region containing
4 weak transitions in the range between 600 nm and 1300 nm placed in
670(1.33), 730 (1.31), 990 (0.239) and 1210 (0.136), individually. This
section of the spectra comprises of the Q band, the sort and the location
of substituents on the rings change extremely the strength of Q bands.
Thus, there is a variation in the signal strengths of the Q bands with -
electrons, as vinyl groups, attached straight to the a-positions. In ad-
dition, the bands patters of the Q bands are affected by the protonation
or by coordination with any metal by the macrocycles [30,31]. As ob-
served, Au/POAP/TiO,/p-Si/Al exhibits one split signal. The higher
intensity peak corresponds to the high-energy side peak. wt-it* excitation
among bonding and antibonding molecular orbitals provide definite
categorized peaks for Au/POAP/TiO,/p-Si/Al film in the visible region
(Q-band) at 670 and 730nm [32-35]. On the other side, the other
signal with low-energy of the Q-band is interpreted, as a second m-7*
transition.

Bardeen et al. [36] gave a way to elucidate the transition, the fun-
damental absorption edge within the one electron theory. The following
equation expresses the relation between the absorption coefficient a

Table 2
Peak analyzer (Fitting data) of POAP as-deposited thin film.
No Area Center ~ Width  Height FWHM D (nm) d-spacing
1 131.24 7.02 0.238 440.63 0.280 28.470  12.582
2 108.24 12.54 0.357 242.23 0.420 19.055  7.052
3 176.76  13.71 0.245 576.29 0.290 27.792  6.455
4 32191 16.44 0.303 847.57 0.360 22.515 5.390
5 403.83 17.67 0.235 144.082 0.221 36.443 5.017
6 261.02 25.27 0.599 347.614 0.705 11.551 3.523
7 529.08 28.035 0.357 1182.21  0.420 19.492 3.18
8 30.281  29.67 0.326 74.191 0.383 21.450 3.011
9 32.321  32.24 0.324 79.621 0.381 21.702 2.775
10 49.73 32.86 0.353 112.413 0.416 19.950 2.723
Average 567.74 21.54 0.337 404.685 0.390 22.842 5171
4.0 T T T T T
r (320,3.57)
3.5 -
(360, 3.05)
3.0 |-
25
=}
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Fig. 7. UV-vis spectrum of POAP solution in DMSO and POAP thin film.
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and the photon energy

(w) a = a,(hv — Ep)* 1

For direct allowed transitions x = 1/2 and for direct forbidden
transitions x = 3/2, respectively. For indirect allowed transitions x = 2
and for indirect forbidden transitions x = 3, respectively. For a direct
allowed transition E; is the optical band gap and o, is a constant
[36-38]. Plotting (ahv) 2 yersus hv above the absorption edge yields
straight lines as shown in Fig. 8. The energy gaps are 2.454 eV and
2.641 eV for POAP thin film and POAP solution in DMSO, respectively.
To obtain optical band gap the linear portion of the plot to (ahv) 2 = 0
is extrapolated.

3.6. Electrical properties

3.6.1. Dark current-voltage characteristics

Fig. 9 describes the variation of dark current versus voltage for Au/
POAP/TiO,/p-Si/Al heterojunction diode operated at different tem-
peratures. The curves in the diagram explain the solar cell-like beha-
vior, as well as with the forward and reverse direction. The presence of
p p+ heterojunction can explain this behavior. The barrier at the in-
terface with p~ p+ heterojunction, where the built-in potential is de-
veloped, limits the forward and reverse carrier's flows across the junc-
tion. At low voltage range the forward current increases with applied
voltage for the junction. This increase was assigned to the presence of
the depletion region between P-Si and POAP film. An increase of cur-
rent with temperature is reported for the same applied voltage, this is
interpreted by a negative temperature coefficient resistivity. Moreover,
the rectification ratio RR, considering as the ratio of the forward current
to the reverse current at a certain applied voltage, i.e. RR = (Iz/
Ir), = constant (The value of the rectification ratio is about 60 at a bias
potential of 2.04 V).

The characteristics behavior measured experimentally for non-ideal
diode, is generally more complex than that of the ideal diode. This fact
is explained by the presence of various conduction mechanisms. To
pattern the eventual and likely conduction mechanisms, the following
expression is frequently used [38]:

11

S T T T T T T O Y
-35 -30 25 20 -15 10 0.5 0.0 05 10 15 20 25 30 35
V(V)

Fig. 9. Evolution of dark current versus voltage for Au/POAP/TiO,/p-Si/Al
heterojunction diode.

aV-IR) _
mKgT

(V = IRy)
m KT

V- IR,
+
Ra

I=Iy[exp 1] + Iy [exp? 1]

(2)

The action of parasitic series and parallel resistance present in this
equation can obfuscate the intrinsic parameters of the apparatus.
However, the plot of (Ry) versus voltage provides R and Rg,. Ry is ex-
pressed by R; = dV/dl, and is provided from the curves. It is noticed
that R; reaches a constant value of 452 at high forward bias potentials.
In a high reverse bias potential, the junction resistance reaches a
maximum value of 21.79 kQ. The cause of this shunt resistance could be
a likely local harm of the junction and/or probable waste currents at the
edges of the apparatus.

The ideality factor (n) has a great influence on the precision of the
temperature value. The apparent measured temperature will change
with modifying the diode ideality factor. If a remote diode sensor with a
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nominal ideality factor, nyominal, is used to display the temperature of a
diode with a different values of n acwa the following expression was
used in order to correct differences in ideality factor:

AN
Tactuat = Theasured xﬁ 3)
and the following relation:

n, = 16.963 — 0.0266 T “4)

Further analysis was executed to verify that the thermionic emission
is the operating conduction mechanism. According to the thermionic
conduction, the saturation current was calculated from the following
equation [39].
Py

IyaT?%exp(— p

BT)

5)

The thermionic mechanism was confirmed by the straight line,
which acquired from the curve giving the variety of T against .
Fig. 10 indicates that the values of ¢}, relating to the complex Au/
POAP/TiO,/p-Si/Al heterojunction diode increase linearly with the
temperature. This increasing of @, with T is confirmed by the following
relation:

@, = 0.4258 + 3 x 107*T (6)

Another mechanism occurs in the range of forward voltage:
—2V-1.1V. According to the Fig. 11, the current follows a relation of
the form I ~ V™. The slope of the curve In(I) vs. In(V) is approximately
3, explaining that the forward biased current is space-charge-limited
current (SCLC) commanded by a single dominating trap level. To con-
firm this result, isolate SCLC measurements were conducted for speci-
mens like Au/POAP/TiO,/p-Si/Al and it is under processing with other
studies. I-V parameters of Au/POAP/p-Si/Al heterojunction solar cell
are tabulated in Table 3.

The I-V characteristics under reverse bias for the Au/POAP/TiO,/p-
Si/Al diode in the temperature range 296-371K are presented in
Fig. 12. The plot is under the form of natural logarihmic plot of (In I) vs.
(V®3). The current under a reverse bias, is lower compared to the for-
ward bias. The Schottky effect or the Poole-Frenkel effect and the dark

12

-0.5
LnV (V)

Fig. 11. Variation of current versus the potential for Au/POAP/TiO,/p-Si/Al
heterojunction diode.

Table 3
I-V parameters of Au/POAP/p-Si/Al heterojunction solar cell.

T, K KT/Q n IL,x1077 ®p

296 0.0255 8.888 4.300 0.457
311 0.0268 8.422 9.600 0.461
326 0.0281 8.685 19.90 0.465
341 0.0294 8.555 43.80 0.466
356 0.0307 7.259 95.20 0.465
371 0.0319 6.822 190.0 0.466
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Fig. 12. Reverse bias In (I) versus V°° characteristics for the Au/POAP/TiO,/p-Si/Al heterojunction diodes in the temperature range 296-371 K.

I-V expressions for these processes can explain the presence of distinct
regions in the diagram, and expressed by the following equation [40]:

. (038 Be V
I = AA'T? exp(——% - (Z)°5) and I,
exp( kBT)eXp(kBT(dS) ) an o
and for the Poole-Frenkel effect
Ber V
Ir = J FPE ¢ 7 \0.5
LF * EXp(kT (ds) ) ®)

Fig. 13 shows the behavior of the Series Resistance Rg versus tem-
perature for Au/POAP/TiO,/p-Si/Al heterojunction diode. On the dia-
gram the series resistance (Rs) decreases with an increase of tempera-
ture. The expression explaining the relationship between temperature
and the concerned resistances is:

Ry = 2.0 x10%xp (—0.057T) 9
o777 T T T T T 1
) N

m

x

[0}

2 : \ o, : : : :

§ afb R N e
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Fig. 13. Variation of series resistance versus temperature for Au/POAP/TiO,/p-
Si/heterojunction diode.
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under the form

Rs = Ry exp (Bs T) (10)
where B is a coefficient specific to the semiconductor material (Bs = 0)
and Ry is the initial condition resistance [41].

3.6.2. Photovoltaic properties

Fig. 14 shows the evolution of the current versus voltage for Au/
POAP/TiO,/p-Si/Al heterojunction diode in dark and under the illu-
mination intensity of 25, 50 and 75W/m> The following equation
provides the solar cell-diode parameters [42].

FF=Vy In/Voc Isc 11)

The current and potential at maximum power point were expressed
by Iy and V) respectively. The following expression gives the max-
imum power given by the cell.

Py=Vm In=FF X V. I 12)

The experimental power conversion efficiency (PCE) of the solar cell
(EES) is defined as.

PCE= Py/Pn = [(FF. Voc. Jsc/Pin) X 100%] as)

P,, is evaluated at 25, 50 and 75 W/m?. The short current density by
Jsc = Isc/A. A being the cell active area. Figs. 15 and 16 exhibits the
variation of current versus voltage characteristic of the maximum
power section for Au/POAP/TiO,/p-Si/Al heterojunction solar cell
under illumination state. Photovoltaic factors of Au/POAP/p-Si/Al
heterojunction solar cells at diverse illumination power are recorded in
Table 4. The value of solar cells fills factor based on inorganic materials
is higher than the present average fill factor value (FF = 0.15). How-
ever, the obtained average value of experimental power conversion
efficiency (PCE) is 4.28%. The results presented in Table 5 designate
that efficiency of the solar cells be influenced by the type of material
utilized for light harvesting and type of formed junction (homojunction
and heterojunction). The field dependent nature of the charge photo-
generation process or high series resistance of the organic layer could
be the essential reason of this effect.
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Table 4

Photovoltaic parameters of Au/POAP/p-Si/Al heterojunction solar cells.
Illumination power Vm Im Vo Lee FF PCE
25 0.08 4.23E-05 0.28 8.67E-05 0.139 1.50
50 0.09 1.06E-04 0.3 2.27E-04 0.140 2.12
75 0.1 2.89E-04 0.32 5.87E-04 0.154 4.28

Table 5

Parameters of some organic solar cells.
Solar Cell Construction Vo Jse FF PCE Refs
PET/PANL:CNT 0.73 68.5 0.45 2.27 [42]
P3HT/PCBM 0.61 106 0.67 4.37 [43]
ITO/PEDOT:PSS 0.60 21 0.41 5.40 [43]
Au/TPP/p-Si/Al 0.297 27.60 0.37 2.45 [44]
Au/POAP/p-Si/Al 0.32 6.52 0.15 4.28 Present work

TPP = tetraphenylporphyrin, PET substrates like PET, PANI polyaniline. CNT
carbon nanotubes. P3HT/PCBM = poly(3-hexylthiophene): 6,6-phenyl-C61-
butyric acid methyl ester. PEDOT: PSS = poly(3.4- ethylene dioxy thiophene)
and poly(styrene sulfonate).

4. Conclusions

Hydrochloric acid doped-poly (o-aminophenol) with ladder-type
structure was synthesized using a modified chemical oxidative poly-
merization method. The energy gaps of doped -poly (o-aminophenol) in
thin film and in DMSO solution are found to be 2.454 eV and 2.641 eV
respectively. The doped-poly (o-aminophenol) exhibits polydisperse
and smooth particles with microstructure. The doped-poly (o-amino-
phenol) thin film has crystallinity nature. Au/POAP/TiO,/p-Si/Al was
fabricated as planar heterojunction for solar cell applications.
Photovoltaic characteristics of under different intensities revealed that
the thin film exhibited a PCE of =~ 4.28% with an average filling factor
of 0.15. Based on the promise PCE value, the efficiency of the solar cell
can be enhanced by increasing the absolute temperature of the film
layers.
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Nomenclature

d Interplanar spacing

E, Band gap

e Activation energy

FF Filling factor

hv Photon energy

h, k1 Miller indices

I Junction current

10 Reverse saturation current

Isc Short circuit current

Kp Boltzmann constant

JLF Lower-field current density

n Diode quality factor

Pin Mlumination intensity impinging on the cell
Rs Series resistance

Rsh Shunt resistance

RJ Diode junction resistance

T Temperature

@b Barrier height

\Y Voltage

Voc Open circuit voltage

a Absorption coefficient

e Constant

Brr Poole-Frenkel field-lowering coefficient
By Schottky field-lowering coefficient
Dy Schottky depletion height
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