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1. Introduction

examination results characterized the samples and showed
that the prepared samples of pure and composite polymers
possess a high degree of crystallinity. The prepared
samples were also characterized by FT-IR spectroscopy,
which showed that these films had clear active groups. The
optical properties of all prepared films were also studied,
such as absorbance within the spectrum range (200 - 800
nm) as a function of wavelength, and Band gab Energy Eg,
Excitation Energy Eo, Dispersion Energy Ed, Refractive
index (no) 2, Dielectric constant at high frequencies Eo,
Moments of The Optical Spectra for Crystal M-1 M-3, The
Average Oscillator So, Third-order visual effect X*3. The
study showed that the absorbance spectrum of the films of
the materials under study is within the visible spectrum
region, where the most significant peak was recorded for
the pure and composite polymers at the wavelength of 485
- 495 nm. The study showed that the optical energy gap of
P3HT polymer (2.78 eV) and for Thiophene (2.3 eV) and
the value of the gap decreased with the doping rate
increased until it reached (1.88 eV) at the copolymer rate
of 70 % P3HT 30% thiophene. It showed varying
thicknesses ranging from approximately 49.1 to 10.2
nanometers, and the recorded roughness of the polymer
surfaces ranged from 20.7 to 5.19 nanometers.

In recent years, polymer composite devices have received considerable attention owing to their
remarkable optoelectronic, electrical, and magnetic properties, which open a great potential in

applications as light emitting diodes (LEDS) [1], [2], photovoltaic cells (PV) [3], [4], sensors [5],
[6], photo detectors [7], [8] and transistors [9], [10], [11]. Currently, many studies have been
conducted to investigate the influence of incorporation into polymer matrix on the charge transfer
process, such as charge trapping and de-trapping [12], [13] and the formation of conductive filament
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paths [14], [15]. There have been significant efforts to develop the optical properties of samples to
enable their use in solar cells And other applications [16]. Poly(3-hexylthiophene) (P3HT) and pure
thiophene materials have been extensively studied, as well as the polymeric overlay ratio (10:90,
30:70, 50:50) , because they have high solubility in organic solvents and crystallization , whose size
and shape can be controlled. There are two methods for preparing polymers: addition polymerization
and condensation polymerization [17]. The samples were prepared using the additive polymerization
method. Poly (3-hexylthiophene) (P3HT) materials have been significantly studied for their uses in
organic optoelectronics. This is because it has of their high solubility in organic solvents and
controllable crystallinity [18]. Many researchers have reported tandem and hybrid structures with
increased efficiency in absorbing sunlight in a wide spectral range [19]. Through the energy band
gap, the optical properties of inorganic and organic nanostructures, such as photoluminescence and
absorption efficiency, can be controlled through their shape, size, and properties Crystal [20].Various
synthetic, processing, and hybridization methods have been studied with different nanomaterials as a
means of tuning the optical properties of polymeric nanostructures [21]. To modify the optical
properties, copolymers from (Poly 3-hexylthiophene) and (Thiophene) were heat-treated in an
agqueous suspension, i.e., compressed in a chamber at varying temperatures [22]. After heat treatment,
depending on different temperatures, the ultraviolet and visible (UV/Vis) absorption spectra changed
significantly with the intensity and width of the features [23].

2. Materials

In this study, various materials were used as provided by suppliers. The monomer 3-
hexylthiophene, essential for light absorption, was obtained from Meryer (SHANGHAI)
CHEMICAL TECHNOLOGY CO., LTD purity. Thiophene, known for its electron-donating
properties and high charge mobility, was sourced from ORGANICS USA with over 99% purity.
Indium tin oxide (ITO), used for its transparency and conductivity, was acquired from Ossila (UK)
with a 1.1mm surface thickness. Solvents like analytical-grade chloroform and methanol were
procured from Sigma-Aldrich and Laboratory Reagent India, respectively, ensuring high purity for
device fabrication.

3. Experimental

3.1. Synthesis of Poly (3-hexylthiophene) (P3HT) and Polythiophene (PT)

The synthesis of the 3-hexylthiophene polymer involved several sequential steps. Initially, 0.84
gm of 3-hexylthiophene was mixed with 50 ml of chloroform (CHCls), and this mixture was degassed
with nitrogen (N2) for approximately 5 minutes. Subsequently, 1.62 gm of iron(Ill) chloride (FeCls)
was dissolved in 50 ml of CHCls then dropwise added to the degassed mixture.The reaction mixture
was stirred continuously for 24 hours. After the stirring period, the mixture was washed in 100 ml of
methanol, causing the 3-hexylthiophene polymer to precipitate. This process successfully yielded the
desired poly (3-hexylthiophene). The same above procedure was used to prepare Polythiophene (PT)
using thiophene monomer instead of 3- 3-hexyl thiophene monomer, as shown in Figure (1a, 1b, 1c,
1d) in detail.
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PAWDER Of P3HT

Fig. 1. (d): step (4)

3.2. Preparation of Poly(3-hexylthiophene - CO-Thiophene)

Poly (3-hexylthiophene-co-thiophene) were synthesized in the same above procedure using
varying percentage ratios of 3-hexylthiophene and thiophene, Prepared by the addition
polymerization method as outlined in Table 1.

Table 1. Show abbreviation symbols of prepared polymers and copolymers.

Abbreviation symbols

Polymers and copolymers
Poly3-hexyl thiophene (P3HT) Polymer |
Poly thiophene (PT) Polymer Il
(50% P3HT-CO-50%PT ) Polymer Il1
(70% P3HT-CO-30%PT ) Polymer IV
(90% P3HT-CO-10%PT ) Polymer V

4. Preparing samples to study optical properties
A glass substrate was taken, and a layer of pre-prepared polymers was deposited on the glass

substrate.
A thickness of polymer (10.04 x 10-5 m) was obtained, after which the optical properties were
measured with an ultraviolet device, as shown in figure (2).

Polymer \

Glass \
N

Fig. 2. Shows the glass and Polymer.
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5. Results and discussion

5.1. Fourier Transform Infrared (FT-IR) spectrum of the P3HT

The infrared (IR) spectrum of poly 3-hexylthiophene (P3HT) fig (3) is depicted in the figure,
revealing several functional groups and their corresponding vibrational frequencies as follows. A
strong peak is observed at 3028 cm-1, which is attributed to the aromatic C-H stretching vibration of
the thiophene ring, indicating the presence of aromatic carbon-hydrogen bonds. Additionally, two
distinct peaks at 2885 cm-1 and 2773 cm-1 correspond to the stretching vibrations of aliphatic C-H
bonds, signifying the presence of aliphatic hydrocarbon chains. The spectrum also displays a
significant band at 1624 cm-1, corresponding to the stretching vibration of C=C double bonds, further
confirming the existence of conjugated double bonds within the polymer structure. At 1176 cm-1,
there is a distinct peak, indicating the presence of C-S stretching vibrations, characteristic of the
thiophene ring. Lastly, a peak at 833 cm-1 corresponds to aromatic C-H out-of-plane vibrations,
providing additional structural information about the P3HT molecule. The IR spectrum of P3HT
offers valuable insights into its molecular composition and structure.

1 ‘.T'"_,. M 7 0 [ K 7 .‘7 i I
| a \nll‘l\ I I I ‘|| “\ ||| \ll | I / A \I | \ |II - : Hll'i
ATV AR N AT A T A W R O A A O B VO
TR |||I al |-J.\/‘ / | ! Vo f Y
90 Voo IJ|‘ | il |1 | | / \ A R | | |
\|!J\!|,|I ‘I\ll |/ HI R Y / |
onT ISR R I R | W | \ U | |
'R T ey R | | | 1
RN ST : | L | R I
75 LU o VEsglll ) g Vg VoL |r
- Bl S S B 2 o VooF | | !
o g Ew v | =
] 3g L NRR| AN |
60 8 = el B \ 2 -
I g l\f § g II| il
& | |
||| I[ |
45 ' L
| L | )
g "Ijri
= W
30 i L
15 |
o RS S N AU S S S SN S
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
’ 1/em

Fig. 3. Fourier Transform Infrared (FT-IR) Spectroscopy of (Polymer I)

5.1.1. Fourier Transform Infrared (FT-IR) spectrum of the Polythiophene

The infrared (IR) spectrum of polythiophene, as depicted in Figure (4), showed that the peak at
3028 cm-1 is attributed to the aromatic C-H stretching vibration of the thiophene ring, a key
component of polythiophene's conjugated backbone. At 1646 cm-1, another prominent peak
corresponds to the C=C stretching vibration, indicative of the conjugated double bonds within the
polymer. The spectrum also features a distinctive peak at 783 cm-1, associated with the C-H bending
mode, specifically the out-of-plane bending of carbon-hydrogen bonds. At 694 cm-1, a peak is
observed, indicating C-S stretching vibrations in the presence of sulfur in the thiophene rings.
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Fig. 4. Fourier Transform Infrared (FT-IR) Spectroscopy of (Polymer II)

5.1.2. Fourier Transform Infrared (FT-IR) spectrum of the copolymer

The FT-IR (Fourier Transform Infrared) spectrum of Poly (3HThiophene-CO-thiophene) in
Figure (5) provides several peaks in the spectrum that are indicative of the various functional groups
and chemical bonds present within the polymer chain. At 3054 cm-1, we observe a strong absorption
peak corresponding to the aromatic C-H stretching vibrations of the thiophene ring, confirming the
presence of this aromatic moiety in the polymer. The 2916 cm-1 and 2850 cm-1 peaks are associated
with stretching vibrations of aliphatic C-H bonds, likely originating from the methylene groups within
the polymer. The appearance of a peak at 1311 cm-1 indicates methylene bending vibrations,
suggesting a degree of conformational flexibility within the polymer chain. The absorption band at
1138 cm-1 is attributed to C-S stretching vibrations, confirming the presence of sulfur atoms in the
polymer structure. Additionally, peaks at 783 cm-1 and 656 cm-1 are observed, with the former
corresponding to vibrations related to hexyl substitution of the methylene group and the latter
associated with C-S stretching vibrations of the thiophene ring. Together, this FT-IR spectrum
provides a comprehensive fingerprint of the Poly (3HT-CO-thiophene) and aids in its structural
characterization.
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Fig. 5. FT-IR Spectroscopy of copolymer
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5.2. Scanning Electron Microscopy Analysis of P3HT Films

Fig. (6) provides scanning electron microscope (SEM) images of the copolymers. These images
visually represent the SEM measurements performed on the sample. It reveals the presence of an
intermediate layer within the heterogeneous junction. This intermediate layer displays a cross-linked
network formation throughout the active layer, resulting in a textured surface with uniformly
distributed scale-like granules. After a careful and detailed examination of the samples, the results
yielded interesting insights. The results showed that the dimensional range of the prepared samples
was within the nanoscale range of less than 100 nm, with the minimum value reaching 45.556 nm for
the sample (Polymer V). The upper limit value is 79.479 nm for the sample (Polymer II). This
nanoscale size range is crucial because it classifies the layer as having the ability to absorb a large
amount of light [24].

SEM analysis provides a visual glimpse into the structure of copolymers and valuable data on the
thickness and properties of the polymer layer, which plays an essential role in the light transmission
properties.

< - r . 3 8
SEM MAG: 100 kx Det: InBeam MIRA3 TESCANY SEM MAG: 200kx |
WD: 4.79 mm BlI: 7.00 WD:422mm |
View field: 1.04 ym |Date(m/dly): 07/12/22 |
. & b »

__ Det: InBeam MIRA3 TESCANE SEM MAG: 100.0 kx Det: InBeam MIRA3 TESCAN|
WD: 4.70 mm _ B:700  |500nm

View field: 2.08 pm | Date(m/dly): 07/12/22
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Fig. 6. Scanning Electron Microscopy of a) Polymer I; b) Polymer I1; c) Polymer I11; d) Polymer 1V; e)
Polymer V

5.3. Atomic Force Microscopy (AFM) Analysis

We used an atomic force microscope from the University Of Tehran, Iran (Newport Multimode™
Model 401). The surface properties of pure and copolymer polymers were studied, and these samples
were prepared and deposited precisely on silicon substrates. During the measurement process, an
atomic force microscope (AFM) tip mode was used. Fig. (7- 11) showed samples taken using AFM.
Each image takes a different dimension of the polymeric surfaces within (10 nm). These
measurements were conducted under standard environmental conditions.

The pictures provide interesting details. It is worth noting that the images show different
aggregates of atoms and molecules, and these differences are due to the binding energy of the
chemical bonds within the polymer's structure.

In addition, AFM imaging gives us a deep insight into the three-dimensional structure of the
polymeric membrane, providing a comprehensive examination of the thickness and roughness of the
samples as well as giving valuable information about the surface properties of the films including the
distribution of grain sizes and the presence of atomic clusters, all of which contribute to a
comprehensive understanding of the properties of the material. And potential applications.

The results recorded a thickness ranging from approximately 49.1 to 10.2 nanometres [25]. The
recorded roughness of the polymer surfaces ranged from 20.7 nanometres to 5.19 nanometres, as
shown in the table (2). It was compared with some published research [25], [26]

Table 2. Table showing roughness and thickness values of Sample

Roughness nm Thickness nm Sample
11.7 25.8 Polymer |
10.4 20.6 Polymer Il
5.19 10.2 Polymer |11
20.7 49.1 Polymer IV
14.3 36.1 Polymer V
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Fig.7. Atomic force microscope (AFM) of Polymer |
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Fig.9. Atomic force microscope (AFM) of Polymer 11l
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Fig. 11. Atomic force microscope (AFM) of Polymer V

5.4. X-Ray Diffraction (XRD) Analysis

We used an X-ray diffraction device from the University of Tehran, Iran. The study used X-ray
diffraction (XRD) to examine material structures fig (12-16) to reveal several key insights. Due to
their low X-ray absorption, polymers allow minimal interference, yet even highly crystalline ones
contain amorphous regions owing to inherent structural irregularities.

Due to these complexities, achieving a completely monocrystalline polymer structure is
challenging. Broad XRD peaks indicate structural defects within polymers, while higher polymer
crystallinity necessitates high viscosity and low permeability for a more ordered molecular
arrangement. Specific XRD patterns of P3HT and Thiophene indicated crystallinity in P3HT and an
amorphous structure in Thiophene. Quantitative peak data provided crucial insights into material,
crystalline properties, enabling the distinction between crystalline and amorphous phases and offering
valuable information on material structural behaviors.

The X-ray analysis results shown in tables (3 to 6) obtained the crystal lattice parameter, which
is identical to the sources [27], [28], [29], [30], [31]. The X-ray diffraction pattern of the formed
copolymers is shown in Figures (12 to 16). Several Bragg reflection peaks were observed at values
of 20 shown in Table (3 -7); the crystal lattice parameter was obtained, and these results are identical
to the sources [27], [28], [29], [30], [31], [32], [33], [34], [35].
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Table 3. X-ray diffraction data for Polymer |
Pos. Height FWHM d-spacing [A] number of Tip Width
[°2Th.] [cts] [°2Th.] Bragg
reflection
19.73422 165.3736 2.3616 4.49884 211 2.8339
24.93554 225.3268 1.5744 3.57096 100 1.8893
38.62958 1026.05 0.246 2.33082 200 0.2952
44.84426 359.1008 0.2952 2.02119 142 0.3542
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78.39391 647.5464 0.1968 1.21986 311 0.2362
| *WI*M |
800 | M’\r ‘ ” I
J*W' YW&
i |
600 W WN ‘
i il
l iy
400 mww MFJ‘J M ‘ |
i Wr‘m“!W.e"1\!'| ,
o0 ] iy
MI‘N}L“‘HI )
m “‘\MMM"J.““vm'“wm'ﬂ'ffﬂ r‘tm'l‘n,ww|n“,ﬂj\’\m\y!«Wlh
J A A
Position [*2Theta] (Copper (Cu))
Fig. 13. X-Ray Diffraction of Polymer Il
Table 4. X-ray diffraction data for Polymer 1I
Pos. [°2Th.] Height “WH d-spacing number of Tip Width
[cts] M [A] Bragg
2Th.] reflection
30.22519 198.7349 0.48 2.95454 111 0.576
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Fig. 14. X-Ray Diffraction of Polymer IlI

Table 5. X-ray diffraction data for Polymer |1

Pos. Height FWHM d-spacing number of Tip Width
[°2Th.] [cts] [°2Th.] [A] Bragg
reflection
22.02519 193.2349 0.36 2.15454 110 0.476
800 | /V ’W (W ‘\\
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Fig. 15 X-Ray Diffraction of Polymer IV
Table 6. X-ray diffraction data for Polymer IV
Pos. [°2Th.] Height [cts] FWHM [°2Th.]  d-spacing [A] Number of Tip Width
Bragg
reflection
25.19181 230.0692 2.4 3.53229 110 2.88
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Fig. 16 X-Ray Diffraction of Polymer V

Table 7. X-ray diffraction data for Polymer V

Height _ number of _ _
Pos. [°2Th.] [cts] FWHM [°2Th.] d-spacing [A] Bragg Tip Width
reflection
19.89935 187.6678 3.1488 4.46188 211 3.7786
25.70795 290.4137 1.5744 3.4654 111 1.8893

5.5. Optical Properties

Our research, conducted with the utmost precision, utilized a UV device from the University of
Basra, College of Education for Pure Sciences, Department of Physics (Shimadzu corporation Japan,
UV-1800 240V).

Copolymer films were deposited onto a glass substrate after annealing at 50 OC for 60 min in the
wavelength between 250 - 750 nm. The central absorption wavelength region of samples Polymer I,
Polymer IV, and Polymer V is around A~ 490 nm. All films' UV- UV-absorption spectra were plotted
in Figure (17) and featured absorption bands around A~470 nm, 510 nm, and 490 nm, respectively.
While the central absorption wavelength region for samples Polymer 11 and Polymer 111 is about 390
nm-~, the ultraviolet absorption spectra of the two samples were plotted in Figure (17), and there was
a remarkable similarity in the peaks due to the high overlap ratio of Polymer Il. The central peak at
~490 nm is attributed to the n—=* transition in the n— crystal stacking structure of the Polymer |
(conjugated polymer) polymer chains [36].

Our thorough data analysis included drawing the relationship between the samples' absorption
coefficient and photon energy. The absorption coefficient value was more significant than (10 4 cm-
1), indicating that the transition was a direct electron transfer.
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Fig. 17. Absorption of Polymer (I - V) with the wavelength

Figures 18 presented illustrate the relationship between (hv) vs. (hva) 2 and the photon energy of
the samples. The energy gap was determined by identifying the intersection point of the linear
relationship with hv yielding values of approximately )2.78 eV for Polymer I, 2.3 eV for Polymer 11
and 1.88eV for Polymer Il1, and 1.9 eV for Polymer IV and 2.05 eV for Polymer V.

Table 8: Shows the energy gap values for different samples. It is worth noting that there is a clear
trend from the numbers, as the energy gap decreases when preparing the composite polymers, as it
decreases from (2.78eV) (2.3 eV) to (1.88 eV). This indicates a lower energy gap of 1.88 eV after
doping.

The decrease in the energy gap is due to the increase in the percentage of polymeric overlay. As
doping levels increase, polar states enter the energy gap, eventually leading to its contraction [37].

Moreover, the increased absorption coefficient observed with increasing polymer overlay ratio
can be attributed to the absorption of additional photons by the newly generated energy levels within
the gap. These levels multiply in number as doping levels rise, contributing to increased absorption
coefficients [38]. Analysis of optical properties, precisely the energy gap and absorption coefficients,
provides valuable insights into the effect of increasing the proportion of polymeric overlay on the
material's electronic structure, highlighting its potential applications in solar cells [39].

Table 8. The energy gap of the samples

samples symbol E.g. (V)
Poly3-hexyl thiophene (P3HT) Polymer | 2.78
Poly thiophene (PT) Polymer Il 2.3
(50% P3HT-CO-50%PTH ) Polymer Il1 1.9
(70% P3HT-CO-30%PTH ) Polymer IV 1.88
(90% P3HT-CO-10%PTH ) Polymer V 2.05
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Fig. 18. Band gab Energy Of: a) Polymer I; b) Polymer II; ¢) Polymer Ill; d) Polymer IV; e) Polymer V
A single oscillator Model can analyze The refractive index dispersion [40].

Eq+E,

2 —
n“+1= S~ (hv)? ©)

Where n is the refractive index, h is Planck’s constant, v is the frequency, (hv) is the photon
energy, Eo is the average excitation energy for electronic transitions, and Ed is the dispersion energy,

which is a measure of the strength of interbond optical transitions. From the drawing between ( n2-1)
versus (hv) 2 Fig (from 19). The oscillator parameters E o and E d values were determined from the
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slope (Eo Ed)-1 and the intercept (EO/Ed) on the vertical axis, respectively. From there, it was
determined the values of the oscillator parameters (Eo and Ed) were; a noticeable increase in the
values of (Eo) and a decrease in the values of (Ed) were observed. The oscillator energy, Eo, is related

to the optical band gap.

Tabulated in table (9). It is known that inter-material boundaries contain structural defects and
impurities. These factors have a strong influence on the absorption processes [41].

Table 9. The values of the oscillator parameters (Eo and Ed)

symbol Eo (eV) Ed (eV)
Polymer | 0.925 1.098
Polymer Il 0.944 1.049
Polymer 111 1.34 0.302
Polymer IV 1.428 0.297
Polymer V 1.471 0.199
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1.3

1.25

12+ v

1/(n?-1)

1.05 ’ ’ ’
: ¢ ®

14—

4.65 4.7 4.75 4.8 4.85
[hu(ev)]?

Polymer IV; e) Polymer V

The long wavelength refractive index (noo ), average oscillator wavelength (Lo), and oscillator
length strength So can be estimated by the single oscillator model given by [42].

o1 ©)

n?-1 A2
noo Value was obtained from the linear parts of (
plotted are given in Table (10). Eq. (6) becomes:-

— ) and. (—) Figure (20) from the curve

/12
7
> ™

S0 = (n o -1)/A2 is the average oscillator parameter which is the strength of the individual dipole
oscillator. The So value was estimated using Eq. above and is given in table (10).
The M-1 and M-2 moments of the optical spectra are expressed as [43].

n?—1=2=

3
EZ=E} == ®)
1
The M-1 and M-3 moments were estimated using the above equation and are in Table (10). The
M-1 and M-2 moments changed due to the formation coordination of the complex. The third-order

nonlinear susceptibility (y 3) has been calculated from the following equation (8) and tabulated in
Table (10).

3 _ EoEq
X [(47T(E2—(hv)2) ] (4n)4(n2 1)* ©)

It is noted from Table (10) that the values of the refractive index no2 decrease with the decrease
in Ed and the increase in EO, and the increase in the dielectric constant g0 when the wavelength
decreases.

Likewise, a decrease in the values of the average strength of the position of the oscillation SO
was observed. In contrast, the values of the average position of the oscillation Ao increased with the
decrease of Ed and the increase of EO.

The provided table encapsulates essential optical properties of diverse materials and
compositions at distinct wavelengths and energy levels. Each entry delineates parameters crucial in
understanding the materials' response to light, encompassing nonlinear optical behavior (Third-order
visual effect X3, The Average Oscillator So), energy-related characteristics (Moments Of The Optical
Spectra For Liquid Crystal M-3, Moments Of The Optical Spectra For Liquid Crystal M-1, and key
optical traits (refractive index, energy dissipation, band gap energy). For instance, P3HT showcases
moderate values across parameters, indicating its potential in specific electronic applications with a
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band gap energy (Eg) of 2.78 eV for Polymer I. Conversely, Polythiophene demonstrates differing
optical traits, notably with an Eg of 2.3 eV for Polymer II. Furthermore, it showcases sensitivity to
compositional changes. These findings suggest potential applications in optoelectronics and
photonics, implying materials with specific band gap energies may suit distinct uses like solar cells
or light-emitting devices. However, further analysis and experimentation are warranted to unravel
these materials' full implications and applications based on their intricate optical properties [44].
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Table 10.Parameters some optical properties.

Symbol no2 £00 M-1 M-3 So10’ X310* 2o (nm)
Polymer | 1.4 1.0728 0.923 0.769  47.9 9.6 442.93
Polymer II 1.382 1.0954 056  0.714 13.25 7.52 603.23
Polymer III 1.21 1.26 0211  0.165 4.2 2.819 952.698
Polymer IV 1.153 1.271 02 01443 384 2.08 1095.94
Polymer V 1.132 1297 0151 0.0887 1.9 2.04 1099

6. Conclusion

This study aims to investigate tthe effect of the copolymer ratio on the optical properties
that can be used in solar cell applications. The copolymers were prepared by additive
polymerization. The samples were diagnosed, and the X-ray examination showed that the
samples prepared from pure and composite polymers possess a high degree of crystallinity.
The above models were also characterized by FT-IR spectroscopy, which showed that these
films have clear active groups. The optical properties of all prepared films were also studied,
such as absorbance within the spectral range (200 - 800 nm) as a function of wavelength,
energy gap, dispersion energy, single oscillation energy, refractive index, dielectric constant
at high frequencies Eco, and momentum coefficients M-1 M-3. , the visual impact of the third
degree x3. The study showed that the absorption spectrum of the films of the materials under
study falls within the visible spectrum region, where the highest peak was recorded for pure
and copolymers at the wavelength of 485 — 495 nm. The study showed that the optical energy
gap for the P3HT polymer is (2.78 eV) and for thiophene (2.3 eV), and the value of the gap
decreases with increasing doping rate until it reaches (1.88 eV) at the copolymer rate of 70%
P3HT and 30%. The thickness of the film varied from 49.1 to 10.2 nm, and the recorded
roughness of the polymer surfaces ranged from 20.7 nm to 5.19 nm.
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