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Abstract: The dependence of structural and optical characteristics on the thermal annealing of a doped poly(4-phenyl-
enediamine-co-2-aminophenol) nanostructured thin film [P4D2AP]™ as a doped polymer conductor nanostructured thin
film was studied. [P4D2AP]™ was fabricated as a thin film (100 + 2 nm) using the spin coating method. Various char-
acterization methods for [P4A2AP]™ like Fourier-transform infrared spectroscopy (FTIR), ultraviolet-visible spectro-
scopic (UV-Vis), thermogravimetric analysis (TGA), and optical characteristics have been studied. The resulted X-ray
diffraction (XRD) and scanning electron microscope (SEM) data have been employed to study interface composites. Den-
sity functional theory (DFT) was used for optimization by atomic orbital DFT code (DMol®) and Cambridge serial total
energy package (CASTEP). Spectroscopic and structural characteristics for the thin film have confirmed the chemical
composition and XRD observations revealed the same crystal structure. The fabricated film was annealed in the air for
1h at 100 and 200 °C. XRD examination of [P4D2AP]™ displayed that symmetry is an orthorhombic with a space group
(Pmen)- The optical characteristics demonstrated that the thin film has a relatively high absorbance of 95%. The calculated
energy gaps are 2.523 eV and 2.504 eV for DFT and experimental, respectively. In addition, the optoelectrical parameters
of the film have been calculated for absorption index (k())), refractive index (n())), dielectric constant, and optical con-
ductivity. CASTEP simulated values are consistent with the experimental values for optical parameters of [P4A2AP]™.
The findings of the structural and optical characteristics described the fabricated thin film can be utilized as a candidate
material for optoelectronic devices and solar cells.

Keywords: synthesized poly(4-phenylenediamine-co-2-aminophenol) nanostructured thin film, X-ray diffraction, scan-
ning electron microscope, time-dependent density-functional theory, thermal annealing, optical characteristics.

Introduction

Conjugated polymers have been interested in many research-
ers because of their different applications, and their great prop-

"To whom correspondence should be addressed.
ahmed73chem@scinv.au.edu.eg, ORCID'®0000-0001-5531-6940
©2021 The Polymer Society of Korea. All rights reserved.

541

erties including inordinate stability in the open air, corrosion
resistance, and flexibility.'"” Aniline derivatives have been dis-
played a specific reflection because of their fascinating con-
ductivity and great optoelectrical properties. Polyaniline
derivatives have several applications such as molecular elec-
tronic devices,’ batteries,® electrochromic apparatus,’ photo-
electrochemical cell.® To improve the conductivity and
solubility of polyaniline, copolymer of polyaniline derivatives
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has been carried out. Moreover, nanostructured thin films of
the resulting polymers were synthesized by using different
routes including traditional surface interfacial polymerization,
electrodeposition, spin-coating, or thermal-evaporation route.”
In addition, thin films have been fabricated from conducting
polymers have several potential manufacturing implementa-
tions like solar cell applications.® Poly(o-phenylenediamine)
(PoPD) is a semi-conductive homopolymer that can be used to
manufacture ortho phenylenediamine monomers in the acidic
aqueous medium by means of electrochemical or chemical
polymerisation.” PoPD has different applications including
electrochromic devices and sensors, microelectronics, elec-
trocatalysts.'” The thin film of PoPD is suitable for several
applications including pH-sensors, corrosion resistance, elec-
tron transport mediator, electrochemical diode, and perm selec-
tivity. On the other hand, ortho aminophenol monomer is one
of the aniline derivatives that have the feature to give numer-
ous coordination sites because of the presence of (-NH,) and
(-OH) groups connected directly to the benzene ring.!' More-
over, the electrochemical process for poly(o-aminophenol)
synthesis requires the formation of phenoxazine devices to fab-
ricate new conducting materials o-aminophenol permits the
creation of o-aminophenocazine through chemical oxidation
polymerization methods.'>"* The copolymerization of aniline
o-aminophenol was performed to enhance the solubility and
electric conductivity of poly(o-aminophenol). In particular,
copolymer synthesis has been greatly influenced by polym-
erization conditions including a concentration ratio of mono-
mers, acid levels, and possible applications.'*'> Several neat
polyaniline derivatives or copolymers of polyaniline deriva-
tives have been reported.'®'” Thermal annealing plays a major
role in change morphology for amorphous conductor polymers
specially, in the relationship among glass transition tempera-
ture (7,) and melting temperature for the polymer."® For exam-
ple, if the melting point temperature of polymer thin films is
smaller than 7,, the fabricated polymer chains are chiefly
immobile, thus maintaining the present morphology. On the
other hand, if the annealing temperature is larger than 7, the
fabricated conductor polymer thin film matrices will be stable
and fix." It has been found that the morphology can be
changed upon annealing at a temperature larger than 7, con-
sequently, change the physical properties of the fabricated con-
ductor polymer thin films will be carried out.”

The present work aim was planned not just to modify the
synthesis and structure of [P4A2AP]™ for potential incor-
poration in optical diode but also for satisfactory the demand-
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ing essential for vision into the applicable physical methods
that characterized the charge transfer in these films. This
emphasizes the importance of controlling deficiency states in
polymer molecular crystals in order to achieve the favored
photoelectric properties. Besides, A full density function the-
ory (DFT) study of HCl-doped poly(4-phenylenediamine-co-
2-aminophenol) (P4A2AP) structures combined with Rietveld
refinement technique is applied. The experimental calculations
for a fabricated thin film of PAA2AP were compared with the
theoretical one. In the case of doped PAA2AP matrix structure
models, the synchrotron X-ray powder-diffraction (SXPD) pat-
tern was used to compare their simulated diffraction forma-
tions. The optical properties are studied for the fabricated
[P4A2AP]™ by spin coating technique at different annealing
temperatures on quartz substrate. Finally, the comparison
among the optical properties of the doped [P4A2AP]™ thin-
films and Cambridge serial total energy package (CASTEP)
computations is determined.

Experimental

Characterization. Fourier Transform Infrared Spectroscopy
(FTIR)/KBr pellets were measured by utilizing a Perkin-Elmer
FTIR type 1650 spectrophotometer (United States) in 400 <
wave number < 4000 cm™. Thermogravimetric analysis (TGA)
and DrTGA/N, gas is measured by utilizing DTG-60H Shi-
madzu simultaneous DTA/TG apparatus (Japan) at a heating
rate of 10 °C min". X-ray diffraction (XRD) of the films are
measured by XRD (Philips X' Pert-Pro MRD/A=1.5418, Neth-
erlands) utilizing Cu Ko radiation. The surface structure is
investigated by Inspect S, FEI, Holland/3.0 kV electron micro-
scope (Thermo Fisher Scientific, United States) for the fab-
ricated thin-film and annealed [P4A2AP]™. The cleaning
process has been carried out by using Scientz SB-4200DT
14.4L ultrasonic cleaner (China). The spin coating has been
carried out by using SPIN150i spin coater (Germany). The
film thickness for [P4A2AP]™ are determined by used M-2000
Ellipsometer (United States). Finally, the optical parameters
were recorded at A = 300-1100 nm utilizing SHIMADZU UV-
3101UV/vis-NIR pc spectrophotometer (Japan).

Results and Discussion

Fourier Transform Infrared Spectroscopy (FTIR). The
stretching frequency (v) and bonding vibrations of functional
groups for [P4A2AP]™ thin-film backbone are measured by
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Figure 1. Combined experimental FTIR [P4A2AP]™ spectra and simulated IR by utilizing Gaussian 09W with DFT/WB97XD and basis set

6-311G.

FTIR spectroscopy. From Figure 1, the intermediate band at
3784 cm is due to the stretching v(OH) in ortho-aminophenol
(2-AP). The spectrum of [P4A2AP]™ illustrates a strong
stretching band at 3397 cm™ due to (-NH) group. The notation
recommended by Wilson is utilized for the objective of the
appointment. the [P4A2AP]™, the bands noted within the
range of 690-750, 830-950, 1350-1415, and 3050-3300 cm’'
are due to the wagging vibrations, rocking, bending, and
stretching of OH group, correspondingly. This is attributed to
the existence of H,O between the copolymer chains. At wav-
enumber around 2100-1600 cm ', the absorption bands were
detected, and this is attributed to stretching v(CH) of the aro-
matic ring.?'>* Moreover, FTIR spectroscopy reveals the char-
acteristic bands of copolymer [P4A2AP]™ thin film. The

[P4A2AP]™ thin-film spectrum demonstrated these absorp-
tions due to the H-bonding aromatic groups of [P4A2AP]™
thin-film matrix. The stretching vibration for [P4A2AP]™ thin
film at area 1600 cm™ > A >1350 cm™!, which attribute to
Vv(CH). The strong band at 1210 cm™ is a feature of
[P4A2AP]™ thin film (doped with chloride ions on the nitro-
gen atoms of copolymer chains). The simulated IR compu-
tations for the PAA2AP gaseous phase matrix at 6-311G/DFT
is demonstrated with Gaussian 09W/WBX97XD. The DFT-
Gaussian 09W vibration values are very similar to the findings
of the experiments. The theoretical IR spectrum was evaluated
to give the spectroscopic signs of the P4A2AP isolated mol-
ecule gaseous phase. Comparison among experimental and
simulated data is the small changes among the predicted and
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Figure 2. TGA and DrTGA thermogram of the doped P4AA2AP.
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measured frequencies are shown in Figure 2. The key factor
for the difference is that the count was measured in a vacuum
whilst processing for a solid-state was calibrated.”** For
P4A2AP gaseous phase of the isolated molecule, the following
equation: Acy = 0.0014Ag,, +12.41 with correlation coeffi-
cients (R* = 0.999) described the direct-correlation between the
computed (Ac,) and experimental wave-numbers (Agy,).
Thermal Analysis of P4AA2AP Powder. The thermal sta-
bility of the copolymer has been studied at a heating rate of 10
°C/min in the inert atmosphere of nitrogen. Figure 2 displays
the TGA and DrTGA curves of the copolymer powder. The
curves show several peaks at 75-700 °C. From the thermo-
gravimetric analysis, it can be observed that there are their dif-
ferent stages for the decomposition of the copolymer. The
initial degradation stage carried out within the range of 75-219
°C with the exothermic step of Tprga at 129.42 °C (7,), equal
to the mass weight loss 24%.?® The loss of mass percentage in
this stage can be attributed to removal (doped CI" + H,Ocoordinate)
from copolymer chains.”” The second degradation stage has
been carried out within the range of 219-441 °C, the mass loss

percentage is = 30% which result from the decomposition of
copolymer chains to oligomer which seems at the exothermic
stage at 366.05 °C. The third degradation stage has been car-
ried out within the range of 441-700 °C, the mass loss per-
centage is = 17%. This is due to the carbonization of the
polymer which appears at the exothermic step at 608.43 °C.

Surface Morphology and Crystalline Structure Charac-
terizations. The surface microstructure of the [P4A2AP]™
thin film was investigated by scanning electron microscope
(SEM). As illustrated in Figure 3(a-b) SEM images of the front
and side [P4A2AP]™ thin film, both sample types displayed a
dense and uniform surface microstructure. Although the
[P4A2AP]™ thin film showed low crystallinity according to
the SEM images. Since the sample displayed similar surface
morphology and a distinct microstructure could not be
observed in the SEM images, the highest crystallite-sized sam-
ple and grain size = 50-70 nm were displayed in Figure 3(a).
This result is in parallel with the XRD data of these films.
While Figure 3(d) shows that the film is a homogeneity profile.
The thickener of film calculated by the SEM process is = 96

Figure 3. (a) SEM image for [P4A2AP]™ at 100 nm at 25 °C; (b) at 100 °C; (c) at 200 °C; (d) side view of the same selected image with

the thickness = 100 nm.
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nm, with grain size estimated by SEM procedure is equivalent
with the determined data by the M-2000 Ellipsometer. From
SEM images (Figure 3(b) and 3(c)), it can be observed that the
size of particles is bigger in Figure 3(c) (annealed at 200 °C)
than the particle size in Figure 3(b) (annealed at 100 °C). The
annealing may cause the agglomeration of particles. The aver-
age crystallite size (D,,) of [P4A2AP] ™ increased with the
thermal annealing increment which indicates the direction of
large grain growth due to thermal annealing.

Optical Properties of [P4A2AP]™. Transmission and
Reflection Characterizations: The measurements of the UV-
Vis absorption play a significant role in the determination of
optical characteristics of any nanostructural semiconductors.
The absorbency for [P4A2AP]™ in both UV-Vis and near-IR
spectra areas was obtained at 25 °C, as shown in Figure 4. The
[P4A2AP]™ shows extreme absorption called the Soret band,
which showed up within the 375-475 nm wavelength range.
Also, the Soret band appears with an intensity that is com-
paratively higher than that of the other bands in the pattern.
Even the Soret band appears in the pattern with an amplitude
that is comparatively higher than the other bands. In addition,
it can be found that the characteristic splitting (Davydov split-
ting) is seen in this band.*** Application of model modified by
Kasha et al.,* the sharp Soret band appears at S, = 432 nm and
S, =462 nm. Which is attributed to the splitting or shifting of
the absorption band (Parallel electric dipoles).*'*

On the other hand, the band of the [P4A2AP]™ molecule,
namely Q-band seems within the range of 525-1000 nm. This
noticed Q-band contains multi weak peaks (i.e, six weak and
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Figure 4. Experimental UV/Vis spectrum for [P4A2AP]™ thin-film

of thickness 100 nm at different thermal annealing; inset figure sim-

ulated UV/Vis spectrum for P4A2AP isolated molecule using

DMOFY/DFT.
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broad bands). It is observed that the absorption peak intensity
does not depend on annealing temperature, throughout the
whole spectrum (200 nm <A <1000 nm). The peaks will usu-
ally be viewed as excitations among bonding and anti-bonding
molecular orbital molecules in terms of m-n*.*** As the elec-
tric dipoles are oriented to the opposite end and electric dipoles
cancelled, Q-band absorption transitions have diminished
oscillator powers, contributing to the lower amplitude of the Q
bands. From inset Figure 4 (simulated absorption using atomic
orbital DFT code (DMOF)/DFT method), a combination of
experimentally and DMOI*/DFT calculations a good agree-
ment of the maximum absorption with A(nm) and electronic
transition of the [P4A2AP]™ copolymer.

The fabricated film displays the highest optical-transmit-
tance and reflectance. The performance of transmittance
(T(\))% and reflectance (R(1))% for [P4A2AP]™ in the trans-
parent-area are showed in Figure 5. Additionally, Figure 5
depicts that the spectrum can be separated into three different
areas: (a): within the range of 300-375 nm, the full sum of the
R(\)% and, T(M)% is approximately equal unity (transparency-
region). (b): within the variety A=375-525 nm (absorbance-
region), the R(M\)% and, 7(1)% are almost equal to zero. The
third area is (c): at A > 530 nm, the films convert to transparent,
T(M\)% > R(\)%. These are equal to unity again. The variations
in 7(A)% and R(1)% are the outcome of light intrusion depend
on reflecting effects on the top of the film surface, and reflec-
tions on the film substrate interface. This shows that the film is
homogeneity. [P4A2AP]™ is thermal stability behaviour.

Figure 5 shows the spectral behavior of 7(1)% and R(1)% at
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Figure 5. The relation 7(A) and R(A) vs wavelength of the fabri-
cated film at different thermal annealing temperature.
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200 <A <1000 nm of a deposited film at various annealing
temperatures. It can be shown that the temperature of the
annealing limits the interference maximum amplitude and that
the red transmission edge changes slightly with the wavelength
of the overall transmission signal and reflection. This shows
that the annealing temperature has an influence on the energy
gap. It can be also found that for all films in the transparent
region before and after the annealing, behavior of 7(A)% and
R(\)% is the same. We assume, too, that the light is not dis-
persed, which shows that the films are smooth and homo-
geneous. This inference indicates that the film has a behavior
of thermal stability. The maximal bands of the experimental
and simulated data in the range of 400 nm <A <480 nm are
roughly in accordance.

Optical Constants and Dispersion Characterizations:
Equation by Bardeen et al. determines the transition types and
gpt)r; where, « is the
absorptivity, 4v is the photon energy, E(g:)pt is the optical
energy gap. The direct bandgaps of the [P4A2AP]™ can be

172

optical energy gap as ahv = o (hv—E

expected by plotting the (chv)™ against hv (r=1/2 allowed
direct optical transitions) and extra plotting the linear area of
the graph near small energies. When the crystal momentum of
electrons and holes in both the conductive and valency bands
is the same, the band difference is called “direct”, and an elec-
tron will emit a photon directly. The (a#2v)"* on hv for essential
and on set gaps are examined and calculated for various

amounts of % represented as shown in Figure 6.”° The rela-
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Figure 6. Relation between (a#v)"® and hv for [P4A2AP]™ at dif-
ferent thermal annealing, inset figure is the theoretical calculation
HOMO and LUMO for (P4A2AP) isolated molecule in a gaseous
phase.
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tionship between (a#v)" vs hv for the film is linear at a strong
absorption edge for essential and on set-bands. The straight-
line figures of (ahv)"* = 0 provide the optical band gap value
as represented in Figure 6. As shown in inset Figure 6, the
value of Egpt =2.523 eV was obtained by DFT calculation
using DMol® program. The computational results and exper-
imental data are in good agreement. Tauc's eq. and the
obtained Egp " can be applied effectively to assess the form of
electrical transfer and energy, respectively.”®

According to the effect of thermal annealing on the fab-
ricated film, the energy gap values are decreased Egpl =2.504,
2.489 and 2.461 eV with increasing the annealing temperatures
25, 100, and 200 °C, respectively. We also conclude that, the
thermal stability behaviour of the fabricated [P4A2AP]™
increased with increasing the annealing temperatures.

The spectral distribution of the absorption index k(L) and
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Figure 7. (a) The dispersion curve of n(A) and k()) for the thin film
at different thermal annealing temperature; (b) The simulated » and

k vs hv eV of isolated molecule copolymer by CASTEP/DFT.
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refractive index n(\) are represented in Figure 7. The com-
putations of n(X) and k(L) were specified for films of thickness
nearly from 100 nm. It shows an anomalous dispersion within
the range of 300-1000 nm (i.e., corresponding to /v ranged
from 1.24 eV to 4.00 eV) exhibiting six absorption peaks at
300 nm <A < 1000 nm, while, in the UV-visible regions it dis-
plays a normal behaviour (multi-oscillator model). The spec-
tral activity of n(A) translates to natural dispersion at a
wavelength of less than 500 nm, since the refractive index
decreases rapidly and then starts to rise again. (i.e., the rate of
increase becomes nearly strong). In the standard dispersion
area, the single oscillator model is applied, and data is utilized
to acquire dielectric feature and oscillator factors of high fre-
quency. While, in the UV-visible region the main absorption
peak has been obtaining. These are ascribed to electronic tran-
sition across m-m* orbitals. For PAA2AP isolated molecule
(Figure 7(b)), the DFT was used to assess the values of n(\)
and k()), simulated values are quite close to the CASTEP
model values achieved through DFT compared to experi-
mental values.

Dielectric Characterization and Optical Conductivity of
[P4A2AP]™ Thin Films: The dielectric constant optical
parameter ¢ as the resonant modes or band configuration of
any substance gives a dielectric constant spectral difference.
The value of ¢ is related to the nature of optoelectronic instru-
ments.”” The complex of dielectric constant is characterized by
the €q.: € = Gew— i&m;; Where, &, is real dielectric constant,
&m 1S imaginary dielectric conductivity. &, (or &) and &, (or
&) components of the dielectric constant are linked to 7(A) and
k(L) by the formula: g.u=n(L)—k(L)* and &= 2n(L).k(R).
The real component of the dielectric constant is connected to
the attenuation of light speed in the material, while in this
imaginary component the energy is consumed by an electrical
energy field.®® Differences of the real and imaginary com-
ponents of the complex of dielectric constant &, &w; With sv
for [P4A2AP]™ are represented in Figure 8. It observed that
throughout the whole spectrum of photon energy ranged from
1.25 V to 4.13 eV, &> &m;- Unsimilar patterns of the two
components of the dielectric constants, particularly in /v range
from 2.50 to 6.0 eV, since both & and &, have different
behaviours, that illustrates the association between electrons
and photons from the light that shows a substantial rise in both
curves as a result of the increasing polarization of the thin film
at high or low energy wavelengths. Moreover, the diagram is
identical to that for the refractive-index graph to the actual
dielectric component vs. energy. Based on these interactions,
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Figure 8. (a) The ¢, and &, vs hv of [P4A2AP]™ of 100 nm thick-
ness at different thermal annealing temperature; (b) Simulation
dielectric function for P4A2AP by utilizing CASTEP technique.

the shapes of & and &, lead to the creation of peaks or
downs in the dielectric spectra that based on the kind of mate-
rial structure. In the real dielectric component, a maximum
peak is observed at 1875 eV. The anomalous dispersal of the
refractive index contributes to this. The imaginary dielectric
component is shown to increase intensively to 2725 eV. Both
& (M) and &(A) calculations using CASTEP technique have a
maximum value of =60 at a different frequency (eV) =6 as
demonstrated in Figure 8(b). The results of the experimental
and simulation dimensions for the average &,(\) and &,(\) val-
ues are found to be in the frequency range of 1.25-4.13 eV. The
DFT was used to assess the values of &;(X) and &,(A), the sim-
ulated values which calculated by the CASTEP model are in
good accordance with the experimental parts for the film.
Real conductivity (o7) and imaginary conductivity (o3) com-
ponents of the dielectric constant may be used to measure real
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Figure 9. (a) #v dependence of both and of the film of thickness 100
nm at different thermal annealing temperature; (b) Simulation opti-
cal conductivity function for the film by utilizing CASTEP tech-
nique.

and imaginary optical behaviour. They are correlated to the
complex dielectric constant and can be given by eq.”: &=
O Ti0s; 01 = W& &m; and 0, = W& &ea; Where J is the complex
optical conductivity, w is the angular frequency, and ¢, is the
permittivity of free space. &.. and &; in v range 1.24 to 4.13
eV as revealed in Figure 9(a), 9(b). From Figure 9(a), the pat-
tern can be divided into two sections: section(I) ranged from »
1.25 to 2.40 eV both o and o have the same behaviour char-
acterized by six peaks. Section (II) after v > 2.50 eV the spec-
tra demonstrate an opposite tendency of the two components
of optical conductivity, since o; has its maximum broadband in
hv range from 2.40 to 3.10 eV. After, v > 3.1 eV, o, begins to
increase slightly with the increase of /v. On the other hand,
after hv>3.1 eV, o, rapidly increases with the increase of /v

up to 4.5 eV it starts to increase slightly. The imaginary-com-
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Figure 10. SELF and VELF functions on /v for the film at different
thermal annealing temperature.

ponent of (o) has a larger value that corresponds to the real
component of the dielectric constant. After #v=3.25 eV, with
enhancing /v, a frequent increase of &. This ascending is
because of the electrons excited by Av. The source of an
increase due to some differences in the film structure caused
by the charging effect.

Surface energy loss function (SELF) and volume energy loss
function (VELF) are significant considerations when analyzing
the rate of energy loss in high-energy electrons that pass
through a substance and record the followmg equations:***!
VELF= &/¢ -5 and SELF= & /(&+1Y—&. The hv
depends on the surface energy and volume loss functions for
the film with 100 nm shown in Figure 10. The figure indicates
the energy loss by the free charge carriers when transferring
the surface particularly for relatively smaller energies with the
same efficiency through the bulk material.* Furthermore, there
is no important variation among SELF and VELF at lower and
higher Av but the SELF decreases more than at the VELF spe-
cific peaks.

The loss factor (tan 8) of film has been calculated using this
equation: tan § = &/g from the values of & and &. Since loss
coefficient is directly proportional with & and inversely pro-
portional with &. From the figure it is clear that tand is
approximately has the same trend as &. The effect of the real
dielectric constant on tan & could be negatable. The difference
in the loss factor tan & with photon energy (ranged from 1.25
to 4.13 V) for the samples of [P4A2AP]™ is shown in Figure
11. The loss coefficient is defined by an essential sharp peak in
hv ranged from 2.50 to 3.25 eV. The simulated values obtained
by CASTEP/DFT which calculated tan & are in good accor-
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Figure 11. Loss factor (tan8) with photon energy (hv) for
[P4A2AP]™ at different thermal annealing temperature. Inset figure
is the theoretical calculation loss function for P4A2AP isolated mol-
ecule in gaseous phase by using CASTEP/ DFT computations.

dance with the experimental amounts for the [P4A2AP]™ (Fig-
ure 11).

Finally, the dependency of the complex dielectric constant,
optical conductivity, and loss factor parameters for the
[P4A2AP]™ after annealing at 100 and 200 °C for 1 h has been
studied. It is observed that the values of the optical parameters
are increasing with increasing the annealing temperature on the
fabricated film. This rise in optical parameters can be caused
by electrons stimulated by photon energy incident. Any changes
to the film structure caused by the charge order effect may be
the cause of the rise.

Conclusion

Poly(p-phenylenediamine-co-o-aminophenol) has been syn-
thesized by chemical methods using oxidative polymerization
method in high acidic medium using ferric chloride as an oxi-
dizing agent. Thin-film with = 100+ 2 nm of the considered
copolymer has been fabricated by spin coating method. Thin-
film was annealed at different temperatures. Different char-
acterization techniques for the thin film-like FTIR, UV-Vis
spectroscopy and optical properties have been studied in detail.
The resulted XRD data have been employed to study the inter-
face. DFT was used for optimization by DMol® and CASTEP.
Spectroscopic and structural characteristics for the thin film
have confirmed the chemical composition and XRD obser-
vations revealed the same crystal structure. Combined between
experimental and TDD-DFT data, the average crystallite size

and composite interface are 71.87 nm and orthorhombic sym-
metry (a=7.38(2); b=18.09(6); c=26.09(4) A and o=p=y=90")
with space group (P,) for the thin film. The calculated by
DFT and experimental were found to be 2.523 and 2.504 eV
for as-isolated crystals and the thin film of the copolymer,
respectively. The electronic transition of the thin film was
found a direct allowed transition. The optoelectrical parameters
have been calculated for the film including refractive index,
extinction coefficient, dielectric constant, and optical conduc-
tivity. Increasing the annealing temperature, the optical band
gap values are decreased, that may be leads to an enhancement
thermal stability of the lattice parameter. CASTEP simulated
values are consistent with the experimental values for optical
parameters of the thin film. Based on these results, the fab-
ricated thin film can be used as a candidate material for opto-
electronic devices and solar cells.
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