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Abstract. In this study, the spectroscopic properties and optoelectronic 

parameters of a ternary composite containing poly(L-Tryptophane): P(TER-

CO-TRI) and Sudan dye were thoroughly investigated. Poly(L-Tryptophane) 

and P (TER-CO-TRI), the electron acceptor and donor, were solution 

processed and doped with different ratios of Sudan dye to form ternary 

composite systems. The FTIR technique, UV-Vis spectroscopy, and cyclic 

voltammetry (CV) were utilized to study the broad properties of the samples. 

Results showed that with the help of dye doping, the non-dispersive refractive 

index and energy gap of the ternary system were increased to 2.00 and 

decreased to 2.11 eV, respectively. The optical band gap, refractive index, 

dielectric constant, and optical conductivity of the samples were elaborated. 

The nature of the electronic transition in the studied samples was found to be 

a direct allowed transition, which was derived from the application of Tauc’s 

equation. The combination of CV test and absorption spectroscopy was 

successfully used to determine the molecular energy levels, HOMO and 

LUMO of the polymer samples. 

Keywords: poly(L-Tryptophane), P(TER-CO-TRI), Sudan dye, energy band 

gap, refractive index, dielectric constant. 

1.  Introduction 

Optoelectronic devices have undergone a series of significant advancements over the 

past few decades because of the intensive study into organic semiconductors. When it 

comes to making low-cost organic-based gadgets, organic materials are widely 

recognized for their flexibility, light weight and vast surface area as well as their capacity 

to be tuned optically [1]. Conjugated polymers are one of the most successful and 

promising active layers used for organic optoelectronic devices such as organic light-
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emitting diodes (OLEDs) and organic solar cells (OSCs) [2]. The contributions of organic 

materials in electronic devices [3] are well known, with the aforementioned properties, 

which are rarely seen in the inorganic materials [4]. The efficiency of organic solar cells 

(OSCs) has been steadily improved to reach about 16% in the single-junction based 

devices [5].This great achievement is in conjunction with the important developments 

that are continuously made in of the other organic electronic devices such as transistors, 

sensors, memory, diodes[6–9].  

Light interaction with materials, which allows photons to be absorbed in different 

energy levels, has become increasingly important as a result of photovoltaic and 

photocatalysis activities. [10–12]. Photodiodes are p–n junction devices that can generate 

an electrical signal via the photovoltaic effect. Photodiodes are widely used in a variety 

of fields, including health care, environmental monitoring, and data transmission. [13,14]. 

Conventional photodiodes are operated in reverse-biased mode, which means a negative 

voltage is applied to the photodiode's positive terminal and vice versa. When a photodiode 

is exposed to light energy, it produces more free charge carriers, which promotes the 

reverse current that flows through the device and is transferred to the external load. 

Because of their high photonic response, good stability, and low binding energy of 

excitons (bounded electron-hole pair), inorganic semiconductors have been widely used 

in the majority of photodiodes [15–17]. However, organic semiconductors are far more 

interesting, considering their light absorption capability, flexibility, and cost 

effectiveness. The ability to design the electrical and optical response of thiophene rings 

by replacing hydrogen atoms with certain chemical groups has been confirmed [18]. To 

create a more balanced charge carrier among the thin solid films, it is a common practice 

in device manufacturing to mix electron transporting material with hole transporting 

material in a blend to form a bulk heterojunction active organic layer [19].  

A simple solution-processed approach can be used to make a bulk heterojunction 

active thin film. For a cost-effective production process, this technology is ideal. For tiny 

organic compounds, numerous researchers have used the physical vapor deposition 

approach of thin-film creation [20–22]. Because of the significant characteristics of soft 

organic semiconductors such as low weight, absorption strength, tuneability, and 

solution-processability with common chemical solvents, the development of organic-

based photodiodes has been the focus of interest in both academia and industry [23–25]. 

Stretchable organic optoelectronics is currently a promising technique for creating user-

friendly integrated electronic systems comprising a variety of functional devices like thin-

film transistors (TFTs), light-emitting diodes (LEDs), photodetectors, and photovoltaics. 

Meanwhile, ongoing research on human-skin and tissue-compatible optoelectronic 

devices has hinted at their potential in biomedical applications. Continuous, dependable, 

and accurate monitoring of physiological variables, for example, permits patients to be as 

mobile as they want without being restricted by their location. Patients can receive real-

time self-health care at home without any constraints on their regular activities by simply 

transferring the extracted medical data to certified professionals for diagnostic assessment 

[26]. The self-powered photodiode outperformed the performance of photodiodes 

described in the literature in terms of sensitivity, responsivity, and detectivity under 
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various illumination intensities [27]. The power sources for the portable non-medical and 

medical devices can be provided by the mean of self-powered organic photodiodes.  

However, before the full consideration of any organic material as active layer of the 

device, it is imperative to have a complete photo-physical information regarding the 

utilized organic semiconductors. More specifically, it is important to know how the 

absorption response of mixed semiconductors behaves in the form of binary (two 

component) and or ternary (three component) when they are illuminated by the light 

energy. The key factors of employing organic polymers in optoelectronics are 

absorptivity, and energy band gap [28]. As such, various conjugated polymers were 

simulated by researchers to explore charge transfer in the donor-acceptor systems [29].  

Additionally, the use of organic semiconductors and dyes has been extensively found in 

the electronic devices. However, to study the organic materials and their viability for 

potential applications, a comprehensive study on their optoelectronic parameters, and 

photo-physical response is necessary. Therefore, in the current work the absorption 

response, optical energy gap, refractive index, dielectric constant, and optical 

conductivity of organic composite systems incorporating poly(L-Tryptophane):P(TER-

CO-TRI) and Sudan dye are investigated.  

2.  Materials and methods 

2.1.  Synthesis of poly(triamterene‑co‑terephthalate) and Poly(L-tryptophan) 

Triamterene (2,4,7-triamino-6-phenylpteridine,6-phenyl-2,4,7-pteridinetriamine), 

99% (2.35 g) and terephthaloyl chloride flakes, 99% (2.86 g) were added into a conical 

flask fitted with an air condenser and blue silica drying tube. Pyridine (75 ml) was added 

and the solution stirred and refluxed on a hot plate for 1 h (Fig. 1). A deep orange 

suspension was produced and the solution was left to cool. The reaction mixture was 

filtered through filter paper under vacuum. The orange residue was washed with n-

hexane: acetone: ethylacetate (70:10:20, v/v/v, 100 ml). The deep yellow solid product 

was dried under vacuum at RT and yielded 4.06 g.  

The L-tryptophane (25.078 g) was introduced to a three-necked round bottom flask 

with a magnetic bar and a condenser and silica gel drying tube. Within 45 minutes at room 

temperature (RT), pyridine (80 ml) and thionyl chloride (20 ml, Acros Organics) were 

added dropwise. An extremely hot reaction occurred, resulting in a solution that turned a 

rich, dark red wine hue. In 250 ml of deionized water, the reaction mixture was added and 

a gummy product precipitated. There were repeated washings with deionized water and 

acetone:water (v/v) (1:1) before this solution was purified under vacuum. The solid 

polymeric product was dried under vacuum before being dissolved in acetone and then 

filtered. It was then dried under vacuum and cleaned by washing with water, 

dichloromethane and n-hexane: ether (9:2) and drying at 60 oC, obtaining the solid deep 

wine-brown product (13.232g). 
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2.2.  Preparation of ternary composites 

The polymer(L-Tryptophane) like acceptor, dopant P(TER-CO-TRI) like donor 

material, and Sudan dye molecular structures are shown in Figure 1. The organic materials 

were utilized to prepare the composite systems without additional purification. The 

organic materials, polymer(L-Tryptophane) and P(TER-CO-TRI), were put inside 

separate vials and dissolved in chloroform solvent following their stirring overnight using 

a magnetic stirrer. As such, solutions of polymer(L-Tryptophane) and P(TER-CO-TRI) 

were formed with concertation of 0.5 mg/ml. Then, different volumetric compositions of 

Acceptor:Donor were prepared by mixing the polymer(L-Tryptophane) solution with 

P(TER-CO-TRI)  solution having ratios of 1:1, 1:2 1:3, 1:4 and 1:5,  respectively. Finally, 

Area Under the Curve (UAC) of absorption profile was calculated for the samples of 

different donor-acceptor ratios. It was seen that AUC was highest for the 1:2 of 

donor:acceptor. Later on, the Acceptor: Donor(1:2) ratio was fixed at this optimum 

condition, followed by the addition of  various Sudan dye contents into the 

Acceptor:Donor to yield a ternary system (1:2:1, 1:2:2, 1:2:3, 1:2:4 and 1:2:5). To 

investigate the properties of the samples, and estimating the optoelectronic parameters, 

FTIR spectroscopy, UV-Vis spectroscopy and cyclic voltammetry were used. 

                        

 
Figure 1. Molecular structure of poly(triamterene‑co‑terephthalate), poly(L-tryptophan) 

and Sudan dye (left to right). 

3.  Results and discussion 

3.1.  Spectroscopic analysis of P(TRI-CO-TER) and poly (L-Tryptophane) 

FTIR spectroscopy can be used to reveal molecule structure and environment via 

vibrational modes, which are a feature of FTIR [30]. Figure 2(a) and 2(b) show the FTIR 

spectra of the synthesized polymers, P(TRI- CO -TER), and poly (L-Tryptophane) with 

the main IR characteristic modes. The absorption bands around 1200 to1500 cm−1 are 

assigned to C–H stretching for the aromatic rings and N–H stretching for normal vibration 

of the pyrrole rings, respectively [31,32]. In addition, these bands are broad and weak for 

P(TRI-CO-TER). This could be because the intensity of an absorption band depends on 
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the size of the change in dipole moment associated with the vibration and on the number 

of bonds responsible for the absorption. Moreover, the formation of cyclic dimers due to 

the presence of the carboxylic group, which consists of a proton donor and a proton 

acceptor group, can lead to the presence of an intermolecular hydrogen bond of the 

carboxylic acid with pyridine and an intramolecular hydrogen bond of the proton donor 

N–H with oxygen [30]. The band at 1700 cm−1 was attributed to the stretching vibration 

of the carboxylic group C=O. The out-of-plane bending mode for C–H in the spectral 

region from 700 to 1000 cm−1 could be due to the benzene ring because of the 

polymerization process [33]. The IR spectra as follows, λ = 1743 cm−1 (C=O stretch); 

1327 cm−1(C–N stretch) and the pheny l 1500, cm−1(C=C stretch), 713 cm−1 (C–H bend 

aromatic). The IR bands at λ=3403 cm−1 (N–H stretch, pyrrole ring); 1589 cm−1 (C=O 

stretch); the aromatic group 1456 cm−1 (C=C stretch); 1355 cm−1 (C–N stretch) and 

7410 cm−1 (C–H bend).  

 
(a) 
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(b) 

Figure 2. FTIR spectra of P(TRI-co-TER) (a) and poly (L-Tryptophane) (b). 

3.2.  Photophysical properties 

Using UV–VIS absorption spectroscopy, the photophysical characteristics of polymer, 

binary, and ternary solutions were determined. It is known that the UV absorption bands 

can be attributed to the π – π* and n − π* transitions of of delocalized excitons in the 

polymer chain, while the visible absorption bands are attributed to intramolecular charge 

transfer (ICT) between electron-rich and electron-deficient moieties in the main chain 

[34]. The polymers' absorption coefficient spectra were calculated using the following 

equation [35]: 

 𝞪=
2.303𝐴

𝑡
  (1) 

where t is the thickness of the cuvette (1cm) and A is the absorbance of the studied 

sample. The two polymers exhibited a sharp absorption band in the UV region, and 

extended to the visible region. The absorption band for the acceptor poly(L-Tryptophane) 

was prolonged to 424 nm and the absorption band for P(TRI-co-TER) continued till 428 

nm, whereas the absorption band for their mixed composite reached 430 nm. Noteworthy, 

upon the addition of sudan dye into the donor-acceptor system, the ternary composite 

structure has led to extend the absorption tail to about 593 nm.  These results indicate that 

the transitions of delocalized excitons from π – π* and n − π* occur in the polymer 

backbones, whereas the differences in the length of the bands in the visible region for 

polymers are due to the degree of intramolecular charge transfer (ICT), which is related 

to the transition of excitons between benzenoid and quinoid rings [36].  
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Figure 3. Absorption coefficient spectra for the two synthesized polymers and their 

binary system (a) along with the binary and ternary composite systems (b). 

3.3.  Optical energy gap and transition types 

In optoelectronic applications, it is essential to quantify the optical energy gap and the 

type of optical transitions in conjugated polymers when evaluating the polymers' potential 

application. Using Tauc's equation, it is feasible to determine the optical energy gap and 

optical transition from the absorption spectrum. In addition, the absorption spectrum's 

absorption edge has been utilized to measure the optical energy gap, thereby quantifying 

𝛌onset as follows [37]: 

 

 Eg = 
1242

λ𝑜𝑛𝑠𝑒𝑡
 (2) 
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Despite detecting the optical energy gap, Tauc's equations can be applied to 

determine the nature of the transition by taking the natural logarithm and deriving Eq. 3, 

 

 𝞪hv =𝞪o(hv-Eg)n (3) 

 

 
𝑑𝑙𝑛(𝛼ℎ𝑣)

𝑑(ℎ𝑣)
 = 

𝑛

ℎ𝑣−𝐸𝑔
 (4) 

 

where Eg is the energy band gap, h is the Planck’s constant, ν is the frequency of the 

wave, 𝞪o is a constant, and the exponent n describes the type of electronic transitions [42]. 

When n = 2, the transition is an indirectly allowed transition, n = 3 for indirectly forbidden 

transitions, n = 1/2 for directly allowed transitions and n = 3/2 for directly forbidden 

transitions. Figure 4(a-c) shows the absorption onset of the polymers and their equivalent 

optical energy gaps, which were calculated from 𝛌onset (Eq. 2) and are listed in Table 1. 

The plots of d
𝑑𝑙𝑛(αhv)

𝑑(ℎ𝑣)
versus hv for all samples are shown in Fig. 4(e) and the approximate 

value of hv = Eg was taken at the peak value. Hence, the estimated value of Eg was 

employed for plotting 𝑙𝑛(αhv) versus ln (hv − Eg) and the value of n was determined 

from the slope of the curves and was found to be 
1

2
 , which shows the occurrence of a 

directly allowed transition between the intermolecular energy bands of the polymers. 

Then, the accurate values of the energy gaps were determined by plotting (αhv) 2 as a 

function of (hv) and taking the extrapolation of the linear portion at(αhv) 2  = 0 . The 

positions of the energy gaps are depicted in Fig. 4(f) for all the polymers.  

 

Table 1. Determined energy gap of the polymers and ternary composites from 

absorbance data. 

Materials Eg
𝛌onset (eV) Eg

Tauc؛s (eV) 

Donor  P(TRI-co-TER) 2.70 2.97 

Acceptor poly(L-

Tryptophane) 

2.92   3.12   

Acceptor:Donor (1:2)       2.79 2.94   

Acceptor:Donor:Sudan dye 

(1:2:3) 

2.11 2.19 
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Figure 4. Absorbance spectra for the polymers, binary and ternary systems (a-d), plot of 

𝑑𝑙𝑛(αhv)

𝑑(ℎ𝑣)
 versus hʋ (e), and plot of (αhv)2 versus E (f). 

3.4.  Electrochemical properties 

Charge transmission and charge collection at the active media and electrodes are just 

two of the many characteristics that should be taken into account while building and 

optimizing organic photovoltaic systems. When it comes to determining the HOMO and 

LUMO levels of organic materials, electrochemical studies can help. The oxidation and 

reduction potentials of the relevant materials can be used to determine energy levels by 

cyclic voltammetry (CV). Anodic and cathodic currents can be inferred from the onset 

potential, which is defined as the potential where holes or electrons are first injected into 

the HOMO and LUMO levels, respectively [39]. First, optical energy gaps were 

computed using Tauc's equation to get the HOMO and LUMO levels, as previously 

discussed. Finally, using ferrocene as a reference couple, HOMO and LUMO levels were 

calculated [40]: 

 

 EHOMO = −)E(onset,oxvs.Fc+/Fc) + 5.39) (eV)                             (5) 

 

 ELUMO = −(E(onset,redvs.Fc+/Fc) + 5.39) (eV) (6) 
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 Eg
Tauc = EHOMO – ELUMO (7) 

 

Figure 5(a-c) depicts illustrative CVs of the two polymers versus Fc/Fc+, whereas 

Table 3 displays the related electrochemical parameters. The HOMO level is affected by 

the type of substituents (either electron-withdrawing or electron-donating species), and it 

can be observed that P(TRIco- TER) had a higher HOMO level than poly(L-

Tryptophane). This could be because of the indole N–H group. In addition, P(TRI-co-

TER) has comparable molecular energy levels, and the LUMO level of P(TRI-co-TER) 

is 2.92 eV, whereas the LUMO level of poly(L-Tryptophane) is 2.87ev (estimated from 

Eox and Eg due to the faint observation of Ered on the CV plot) (Table 2) [41]. 
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Figure 5. The Cyclic Voltammetry (CV) spectra for all synthesized polymers. The 

irreversible oxidative processes observed in the CVs are likely due to the oxidation of 

adventitious water in the DMSO solvent 

 

Table 2. Electrochemical and optical data for all synthesized polymers 

Polymer Eonset,ox 

(V) 

Eonset,red 

(V) 

EHOMO 

(eV)    

ELUMO 

(eV) 

Eg  

(eV) 

P(TRIco- TER)   0.312 -1.24 -5.70 -2.78 2.92   

poly( L-

Tryptophane)     

NA -2.52     -5.39    -2.87     2.52 

3.5.  Optical constants 

Before applying the materials in photovoltaic devices, optical constants such as 

refractive index and extinction coefficient and their derivative parameters such as 

dielectric constant and optical conductivity must be addressed. Examining the refractive 

index reveals the electromagnetic wave's propagation within the material and the change 
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in speed inside the substance relative to the vacuum. In addition, it is a complex variable 

whose imaginary component represents the amount of energy lost due to the medium and 

is known as the extinction coefficient. Using Equations 8 and 9, absorbance 

measurements were utilized to compute the refractive index (n) and extinction coefficient 

(k) [42]. 

 

 n =
−2(𝑅+1)−√4𝐾2𝑅2+16𝑅−4𝐾2

2(𝑅−1)
  (8) 

 

 k=
𝛼𝜆

4𝜋
  (9) 

where 𝞪 is the absorption coefficient and R is the reflectance. They were calculated 

using Eq. 4 and the following equation: R = 1 − T − A, where A is absorbance and T is 

transmittance and estimated from T = 10−A . Figure 6 and 7 show the variation of 

refractive index and extinction coefficient, respectively as a function of wavelength from 

200 to 1100 nm. Results show that the P(TRI-co-TER) and poly(L-Tryptophane) have a 

wider dispersion region between 230 and 480 nm and 249 nm to 431 nm than that for this 

mixed Acceptor: Donor(1:2), which was extended from  281 nm to 427 nm and for the 

Acceptor:Donor:dye (1:2:3) from 209 nm to 600 nm. In addition, the extinction 

coefficient (k) represents the photon loss caused by scattering and absorption within the 

medium. Notably, the variance of (k) is nearly equivalent to the corresponding absorption 

coefficient (Eq. 9) [43]. All samples exhibit a UV absorption peak that extends to varying 

degrees into the visible spectrum. The optical dielectric constant (𝜀) is a frequency-

dependent quantity that represents the material's electrical reaction to an incident photon. 

In the meantime, the dielectric constant is a complex function whose real component 

corresponds to polarization under the influence of an electromagnetic field, whilst its 

imaginary part represents optical loss and is given by the following equations [44]. 

 

 𝜀=𝜀1+i𝜀2  (10) 

 𝜀1=n2-k2 (11) 

 𝜀2=2nk                               (12) 

 Tan𝛿=
ε2

ε1
                             (13) 

where 1 represents the real portion of the dielectric constant and 2 represents the 

imaginary portion. Figures 6(a) and 6(b) illustrate the variation of the optical dielectric 

constant vs wavelength from 200 to 1100 nm. Due to the tiny value of k, the real portion 

of the spectrum of the optical dielectric constant reflects the refractive index, but the 

imaginary portion is mostly based on the absorption coefficient (see Eqs. 9, 11 and 12). 

demonstrate that the poly(L-Tryptophane) and P(TRI-co-TER) concentrations are greater 

for this mixed Acceptor: Donor (1:2) and this mixed Acceptor: dye Sudan (1:2:3) 
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Figure 6. Dielectric constant spectra for the polymers, binary and ternary samples; (a) 

real part, and (b) Imaginary part  
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Figure 7. The extinction coefficient spectra of the polymers and composite systems. 

 Figure 8 shows the refractive index of the studied solution in the wavelength range 

from 200 to 1000 nm. It was observed that refractive index follows an anomalous 

dispersion in the UV and near Vis wavelength (absorption region) and a non-dispersive 

response in the far Vis and IR wavelengths (transparent region). The non-

dispersive/flattened property of refractive index is called infinite refractive index (n∞). Its 

value for the investigated solution is shown in Table 2. According to the results, the 

refractive index of P(TRI-co-TER) (n = 1.39) and poly(L-Tryptophane (n = 1.95) is lower 

than that of the dopant mixed Acceptor: Donor(1:2) (n = 1.99) and lower than that of the 

dopant mixed Acceptor1:2 Donor and mixed Acceptor: Donor: sudan dye(1:2:3) (n = 2), 

which is consistent with those reported in [45]. Intriguingly, poly(L-Tryptophane) (n = 

1.95) dopant can raise the refractive index of P(TRI-co-TER) from (n = 1.39) to (n = 1.99) 

and to (n = 2) in the Acceptor: Donor(1:2) system, in comparison to the Acceptor: Donor: 

sudan dye (1:2:3) system. Notably, the peak of the refractive index shifts to the blue as 
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the poly(L-tryptophan) concentration rises, reflecting the expectation that the energy gap 

will reduce proportionally. 
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Figure 8. Refractive index spectra of the pristine of the polymers and composite 

systems. 

    Table 3. The studied optoelectronic parameters of the poly(L-Tryptophane), P(TRI-

co-TER), Acceptor: Donor (1:2) and Acceptor: Donor:sudan dye (1:2:3) by solution. 

 

solution n   εr 𝜎r × 10−4 (S cm−1) 

Donor  P(TRI-co-TER)    1.39      2.77   2.51      

Acceptor poly(L-Tryptophane) 1.95   1.95      3.40 

Acceptor1:2 Donor      1.99   2.82 2.61       

Acceptor1:2 Donor: 3Sudan dye       2.00 2.63 2.30                    

 

Furthermore, the real and imaginary components of optical con ductivity (σ* = σr + 

iσi) can be investigated by means of the following formula: 

 σr =ωεoεi  (14)  

 σi =ωεoεr   (15) 

Where σr is the real optical conductivity, σi is the imaginary optical conductivity, ω is 

the angular frequency and εo is free space permittivity (8.85 × 10-12  F m- 1). Figure 9(a) 

shows the σr spectra of the investigated Acceptor: Donor (1:2)   and Acceptor: Donor: 

sudan dye (1:2:3). One can notice from the figure that the value of real optical 

conductivity is getting constant/non-dispersive at the high wavelengths. The graphs 

reveal that the value of real optical conductivity becomes constant and non-dispersive at 

longer wavelengths. This demonstrates that the variation in optical conductivity is directly 

proportional to the variation in the number of excited electrons caused by the solutions' 

absorption of photon energy. Therefore, the increase in UV-region optical absorption of 

the examined solutions is a result of enhanced optical conductivity, and vice versa. Figure 

9(b) depicts the imaginary optical conductivity of the solution of Acceptor:Donor (1:2) 

and Acceptor:Donor:sudan dye (1:2:3). Results indicate that σi decreases exponentially 

with increasing wavelength. Doping the Acceptor:Donor (1:2) with poly(L-Tryptophane) 

results in a significant drop in σi notably in the UV spectral region. However, the 
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Acceptor: Donor: Sudan Dye (1:2:3) exhibits a greater σi than the other samples, which 

can be attributed to the enhanced π-π stacking and decreased band gap energy. The 

dissipation factor for the ternary system is greater than that of the other samples, as seen 

in Figure 10.  
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Figure 9. Optical conductivity spectra for the polymers and composite systems; (a) real 

part, and (b) imaginary part 
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Figure 10. Dielectric lost tangent (dissipation factor) spectra for polymers and 

composite systems. 

4.  Conclusions 

A thorough examination of the spectroscopic characteristics and optoelectronic 

parameters of a ternary composite containing poly(L-Tryptophane):P(TER-CO-TRI) and 

Sudan dye was accomplished. Using FTIR, UV-Vis spectroscopy, and cyclic 

voltammetry (CV), the optical band gap, refractive index, dielectric constant, and optical 

conductivity of the materials were investigated. The non-dispersive refractive index and 

energy gap of the ternary system were enhanced to 2.00 and lowered to 2.11 eV, 

respectively, with the aid of dye doping. The application of Tauc's equation revealed that 

the nature of the electronic transition in the investigated samples was a direct permitted 
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transition. Using a combination of the CV test and absorption spectroscopy, the HOMO 

and LUMO molecular energy levels of polymer samples were successfully determined. 
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