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Abstract—In this work, the optical properties and optoelectronics 
parameters of binary and ternary composite films made of two 
electron acceptors, poly(L-Tryptophane) and poly(5-hydroxy-L-
Tryptophane), with an electron donor, P(TER-CO-TRI), doped 
with Sudan dyes, are comprehensively investigated. The films 
with different volumetric ratios of the components were deposited 
onto the glass substrates using spin coating technique. Results 
showed that with the help of dye doping into the binary systems of 
poly(L-Tryptophane):P(TRI-co-TER) (1:2) and poly(5-hydroxy-
L-Tryptophane):P(TRI-co-TER) (1:2), the refractive index was 
increased from 2.01 to 2.32. The nature of the electronic transition 
in the studied films was found to be a direct allowed transition, 
which was derived from Tauc’s equation. The combination of 
cyclic voltammetry technique and absorption spectroscopy was 
used to determine the molecular energy levels, HOMO and LUMO 
of the polymer samples. It was seen that the mixture of poly(L-
Tryptophane):P(TRI-co-TER):Sudan dye (1:2:2) has led to increase 
the energy gap to 2.95 eV and the real optical conductivity (σr) to 
about 433.11 S.cm-1. According to the findings, the investigated 
polymers can have a great potential for semitransparent organic 
solar cells.

Index Terms—Poly(L-Tryptophane), Poly(5-hydroxy-L-
tryptophane), P(TER-CO-TRI), Sudan dye, Energy band gap, 
Refractive index, Dielectric constant.

I. Introduction
Since the emergence of organic-material-based electronic 
devices, a variety of organic materials have been the 
subject of investigation. This can be mainly due to 
the distinctive properties of organic materials such as 
solution processability, thermal stability, lightweight, 
flexibility, high emission yield, and energy gap tuneability 
(Rajeswaran, et al., 2009; Sajid, et al., 2015; Lewis, 2006; 
Kaltenbrunner, et al., 2013). However, performance and 
operation of organic devices necessitate exhaustive studies 
of organic semiconductors (Gather, Köhnen and Meerholz, 
2011). As a result, obtaining sufficient information on the 
optoelectronic properties of the used organic materials 
under various doping situations is essential to fabricate an 
efficient optoelectronic device. The process of doping can 
be used to fine-tune the optical characteristics of a material 
to the preferred level, in which the doped material acts as 
a host for the dopant material (Basir, et al., 2021). Herein, 
the aim is to take advantage of the dopant’s significant 
features while concurrently improving the host response. 
Consequently, tris(8-hydroxyquinoline) aluminum (Alq3) and 
its counterpart, tris (8-hydroxyquinolinate) Gallium Gaq3, 
were broadly employed in the electronic devices based 
on organic materials such as light-emitting diodes. They 
are preferred due to their superior thermal stability, optical 
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performance, and optoelectronic response. In addition, 
Alq3 has been successfully engaged in the fabrication of 
organic solar cells as an electron transport layer (El Jouad, 
et al., 2016; Muhammad and Sulaiman, 2018). As a result, 
Alq3 is a potential dopant for tuning the optoelectronic 
characteristics of organic semiconductors. In addition, N, 
N’ -Di [(1-naphthyl)-N, N’ - diphenyl]-(1, 1’ -biphenyl)-4, 
4’ -diamine was used as a donor material in ultraviolet 
(UV) photodiodes (Vickers, 2017). One of the characteristic 
features of organic semiconductors is the tunability of 
electronic energy levels, which consequently leads to the 
energy gap tailoring of the active layers, thereby realizing 
photodetectors for simultaneous sensing of UV and infrared 
light (Muhammad, et al., 2017; Omidvar, 2017; Yang, et al., 
2019). Moreover, it was seen from the literature that a hybrid 
composition of inorganic and organic materials can also be 
utilized to improve UV detectors (Hu, et al., 2015; Bilgaiyan, 
et al., 2017; Garg, et al., 2019). As a result, finding a potential 
candidate for an organic composite to be used as the active 
layer of UV detectors is critical. Many researchers have made 
significant efforts to utilize inorganic-based semiconductors or 
their hybrid nanoarchitectures and have primarily undertaken 
research employing these materials (Hou, et al., 2011; Jheng, 
et al., 2020). Applications such as imaging, medical sensing, 
secure communication, and assessment of many surrounding 
surroundings are conceivable thanks to UV ray detection, and 
active research is underway (Zeng, et al., 2019).

To address organic materials and their viability for 
potential applications, in this current work the absorption 
response, optical energy gap, refractive index, dielectric 
constant, and optical conductivity of organic composite 
systems incorporating poly(L-tryptophane) and poly(L-
Tryptophane):P(TRI-co-TER) with Sudan dye are 
investigated.

II. Materials and Methods
Poly(5-hydroxy-L-Tryptophane) and poly(L-Tryptophane) 

are electron acceptors and P(TRI-co-TER) present an electron 
donor material. The molecular structures of the used materials 
are shown in Fig. 1. The organic materials were separately 
put inside vials and dissolved in chloroform solvent 
following their stirring overnight using a magnetic stirrer. 

Later on, the solutions of poly(5-hydroxy-L-Tryptophane), 
poly(L-Tryptophane), and P(TRI-co-TER) were prepared 
with concertation of 30 mg/mL. The composite binary films 
were made by volumetric compositions of Acceptor: Donor 
through mixing poly(5-hydroxy-L-Tryptophane), and poly 
(L-Tryptophane) with P(TRI-co-TER). Then, Sudan dye 
was also used to form a ternary composite system. The area 
under the absorption curve was calculated for all volume 
ratios of binary systems, and it was determined that (1:2) 
is the optimal volume ratio. As a result, the optoelectronic 
properties of the composite at this ratio were thoroughly 
examined. The optimized system was then doped by Sudan 
dye to produce a ternary system with different ratios of the 
dye as follows 1:2:1, 1:2:2 and 1:2:3. The thickness of the 
grown films was measured using Field emission scanning 
electron microscopy (FE-SEM) technique (TESCAN MIRA3 
FEG-SEM) and the calculated values are shown in Table I. 
Furthermore, the structural investigation of the single, binary, 
and ternary films was carried out using the X-ray diffraction 
(XRD) spectra (Malvern Panalytical’s X’Pert, using CuK 
alpha radiation [1.5418]).

III. Results and Discussion
A. Photophysical Properties
The optical properties of the polymers and their composite 

systems were assessed by UV-Vis absorption spectroscopy, as 
shown in Fig. 2. Despite the fact that intramolecular charge 
transfer (ICT) occurs at the main polymer chains between an 
electron deficient and an electron rich moiety due to visible 
absorption, it is also well known that the π – π* and n − 
π*transitions of delocalized excitons occur in the polymer 
chain due to UV absorption. (Wang, et al., 2018; Shim, et al., 
2015; Kim, et al., 2018). The absorption coefficient spectra of 
the polymers were determined using the following equation 
(Alsoghier, et al., 2018; Amin, et al., 2021):

 
2 303. A
t

 
2 303. A
t

 (1)

Where t is the thickness of the film, and A is the 
absorbance of the studied sample. Noticeably, as shown in 
Fig. 2a and b, the two acceptor polymers exhibited a sharp 
absorption band in the UV region and extended to the 
visible region. The absorption band for the acceptor, poly(L-

Fig. 1. Molecular structure of poly(triamterene-co-terephthalate), poly(L-tryptophan) and Sudan dye (left to right).
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TABLE I
The Measured Thickness of the Studied Organic Films

Film Thickness 
(nm)

P (TRI-co-TER) 424
Poly (5-hydroxy-L-Tryptophane) 170
Poly (5-hydroxy-L-Tryptophane):P (TRI-co-TER) (1:2) 656
Poly (L-Tryptophane) 290
Poly (L-Tryptophane):P (TRI-co-TER) (1:2) 105
Poly (L-Tryptophane):P (TRI-co-TER):Sudan dye (1:2:1) 142
Poly (L-Tryptophane):P (TRI-co-TER):Sudan dye (1:2:2) 191
Poly (L-Tryptophane: P (TRI-co-TER):Sudan dye (1:2:3) 335
Poly (5-hydroxy-L-Tryptophane) 
:P (TRI-co-TER):Sudan dye (1:2:1)

275

Poly (5-hydroxy-L-Tryptophane) 
:P (TRI-co-TER):Sudan dye (1:2:2)

274

Poly (5-hydroxy-L-Tryptophane) 
:P (TRI-co-TER):Sudan dye (1:2:3)

227

Tryptophane) was prolonged to 424 nm, while that for 
poly(5-hydroxy-L-Tryptophane) was extended to 503 nm. 
The absorption band for the donor, P(TRI-co-TER) was 
continued till 468 nm, while the absorption band for the 
composite of poly(L-Tryptophane):P(TRI-co-TER) reached 
474 nm. Noteworthy, on the addition of Sudan into the 
donor-acceptor system (Fig. 2c and d), the ternary composite 
structure has led to extending the absorption edge. This 
indicates that the strength of electronic transitions from π – 
π* has increased which is brought about by the addition of 
Sudan dye.

B. Optical Energy Gap and Transition Types
In optoelectronic applications, the measurements of the 

optical energy gap of the conjugated polymers and the type 
of electronic transitions are imperative. Hence, from the 
absorption spectra, it is plausible to measure the optical 
energy gap (Table II) and optical transition using Tauc’s 
equation shown as Equation 3 (Muhammad and Sulaiman, 
2011; Hamad, 2013). Alternately, the optical energy gap can 
be determined from the absorption spectrum by measuring 
the absorption edge of the spectrum, λonset as follows (Leonat, 
Sbârcea and Bran̂zoi, 2013):

Eg
onset


1242


 (2)

However, the nature of the transition can be assigned 
directly by Tauc’s equations in addition to measuring the 
optical energy gap. Therefore, by taking the natural logarithm 
and derivation of Equation 3:

 hv hv Ego
s ( )  (3)

dln hv
d hv
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where αo is an energy-independent constant, Eg is the 
energy gap, ν is the frequency of the incident wave, h is 
Planck’s constant, and the value of s defines the type and 
nature of the transitions. If the value of s = 2, the transition 
is an indirectly allowed transition, s = 3 for indirectly 
forbidden transitions, s = 1/2 for directly allowed transitions 
and s = 3/2 for directly forbidden transitions. Fig. 3a depicts 

Fig. 2. Absorption coefficient spectra (a and b) of the studied polymers and binary films, and (c and d) ternary films.

a

c d

b
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TABLE II
Determined Energy Gap for Thin Film of the Polymers and Ternary 

Composites

Materials Eg
Tauc (eV)

P (TRI-co-TER) 2.66
Poly (L-Tryptophane) 2.61
Poly (L-Tryptophane):P (TRI-co-TER) (1:2) 2.85
Poly (L-Tryptophane):P (TRI-co-TER):Sudan dye (1:2:2) 2.95
Poly (5-hydroxy-L-Tryptophane) 2.34
Poly (5-hydroxy-L-Tryptophane):P (TRI-co-TER) (1:2) 2.89
Poly (5-hydroxy-L-Tryptophane): 
P (TRI-co-TER):Sudan dye (1:2:2)

2.60

the plots of ( hv)
( )

dln
d hv

  versus hv for all the samples and from 

which the approximate value of energy gap, hv = Eg was 
taken at the peak value. Hereafter, the estimated value of Eg 
was employed for plotting  ( hv)ln   versus  ( )ln hv Eg  and 
from the slope of the curves the value of s was determined 
and it was found to be 1

2
, which is the evidence of the 

occurrence of a direct allowed transition between the 
intermolecular energy bands of the polymers. Henceforward, 
the accurate values of the energy gaps were determined by 
plotting ( )hv 2 as a function of (hv) and taking the 
extrapolation of the linear portion at ( hv) 2 = 0, as shown in 
Fig. 3b.

C. Electrochemical Properties
In designing and optimizing electronic devices based 

organic materials, several parameters should be revealed that 
define the nature of charge transfer and charge collection. 
To this end, the position of electronic energy levels 
(HOMO and LUMO) of organic semiconductor materials 
can be determined by electrochemical study before device 
fabrication. Therefore, cyclic voltammetry (CV) is a worthy 
technique to estimate energy levels for the relevant materials 
from the oxidation and reduction potentials. Hence, the 
oxidation and reduction potentials are infer from the onset 
potential, which is defined as the potential, where electrons 

or holes are initially injected into the LUMO and HOMO 
levels, respectively, and the rise of anodic or cathodic current 
becomes obvious (Johansson, et al., 2003). Thus, the position 
of the HOMO and LUMO levels was first estimated by 
measuring the optical energy gaps from Tauc’s equation, as 
was discussed previously. Then, from the equations below, 
the HOMO and LUMO levels were estimated using ferrocene 
as the reference couple (Cardona, et al., 2011) (Alqurashy, 
et al., 2020):

EHOMO = −)E(onset,oxvs.Fc+/Fc) + 5.39) (eV) (5)
ELUMO = −(E(onset,redvs.Fc+/Fc) + 5.39) (eV) (6)
Eg

Tauc = EHOMO – ELUMO (7)
Where E(onset,oxvs.Fc+/Fc) and E(onset,redvs.Fc+/Fc) represent the 

onset potential of the oxidation and reduction potential, 
respectively. The value of 5.39 represents the formal 
potential of the Fc+/Fc redox couple versus vacuum. Fig. 4 
shows the CV spectra of the polymers versus Fc/Fc+, while 
their corresponding electrochemical parameters are shown 
in Table III. The HOMO level is influenced by the type 
of substituents (whether electron withdrawing or electron 
donating species) and it can be seen that P(TRI-co-TER) 
experienced a high HOMO level compared to poly(L-
Tryptophane) polymer. This could be due to the presence 
of the indole N–H group (Huang, et al., 2015). In addition, 
the LUMO level of P(TRI-co-TER) is 2.78 eV but LUMO 
levels of the acceptors, namely, poly(L-Tryptophane) and 
poly(5-hydroxy-L-Tryptophane), are 2.87 eV and 3.19 eV, 
respectively.

D. Optical Constants
Optical constants reveal the nature of interactions between 

organic materials and the electromagnetic spectrum. For 
instance, the loss of the incident photon due to scattering 
and absorption within the film is ascribed by the extinction 
coefficient (k). In addition, another constant entitled 
the optical dielectric constant (𝜀), which is a frequency 
dependent parameter, demonstrates the electronic response 
of the material when interacts with photons. Meanwhile, the 
dielectric constant is a complex function and its real part is 
assigned to polarization on the impact of an electromagnetic 

Fig. 3. Plot of ( hv)
( )

dln
d hv

  versus hʋ (a), and ( hv) 2 versus E (b) for the representative films.

a b
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TABLE III
Electrochemical and Optical Data for All Synthesized Polymers

Polymer Eonset,ox 
(V)

Eonset,red 
(V)

EHOMO 
(eV)

ELUMO 
(eV)

Eg 
(eV)

P (TRI-co-TER) 0.312 -1.24 -5.70 -2.78 2.92
Poly( L-Tryptophane) NA -2.52 -5.39 -2.87 2.52
Poly (5-hydroxy-L-Tryptophane) 0.14 -2.20 -5.53 -3.19 2.34

field, while the imaginary part illustrates the optical loss. The 
following equations were sequentially used to calculate the 
optical parameters of the studies films (Fariq, Shujahadeen, 
and Hussein, 2015).

n
R k R R k

R

    



2 1 4 16 4

2 1

2 2 2

( )
 (8)

k 

4

 (9)

   r ii  (10)

r n k 2 2  (11)
i nk 2  (12)
Tan i r   / �  (13)
Where 𝜀r represents the real part, 𝜀i is the imaginary part 

of the dielectric constant, n is the refractive index, k  is the 
extinction coefficient, and R is the reflectance. Figs. 5 and 6 
shows the real and imaginary dielectric constant spectra of 
the investigated films, while Fig. 7a and b shows the 
extinction coefficient in the wavelength range from 200 to 

1000 nm for composite systems. Noticeably, it can be seen 
that the real part of the optical dielectric constant spectrum 
reflects the spectrum of refractive index (Fig. 8) because of 
the small value of k, while the spectrum of the imaginary 
part is essentially related to the spectrum of the absorption 
coefficient (see Eqs. 9, 11 and 12). Table IV shows that the 
real dielectric constant for the poly(L-Tryptophane), poly(5-
hydroxy-L-Tryptophane), and P(TRI-co-TER) is lower than 
those of their mixed structures in the binary and ternary 
forms (Rahim, et al., 2022)

Fig. 8a and b shows the refractive index of the studied thin 
film in the wavelength range from 200 to 1000 nm. Therefore, 
it was perceived that refractive index follows an inconsistent 
dispersion in both UV and near visible region, while a non-
dispersive response observed in the IR region (transparent 
region). In addition, the infinite refractive index (n∞) can be 
experimentally extracted from the non-dispersive/flattened 
portion of the refractive index spectrum and its values for 
the investigated films were shown in Table IV. Hence, the 
refractive index values are shown in Table IV, which were 
obtained from the plateau region of the spectra shown in 
Fig. 8a and b. It was observed form Fig. 8a that the P(TRI-
co-TER) (n = 1.82) and poly(L-Tryptophane) (n = 1.62) 
are lower than that of the mixed A: D (1:2) (n = 2.01) and 
A: D:Sudan dye (1:2:2) (n = 2.32). Interestingly, with the 
help of poly(L-Tryptophane) (n = 1.62) dopant, it is possible 
to increase the refractive index of P(TRI-co-TER) from 
1.82 to 2.01 and to 2.32 in the binary and ternary systems, 
respectively. Similarly, as shown in Fig. 8b, with the help 

Fig. 4. The cyclic voltammetry of (a) P(TRI-co-TER), (b) poly(L-Tryptophane), and (c) poly(5-hydroxy-L-Tryptophane).

a

c

b
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Fig. 5. Dielectric constant spectra, (a) real part and (b) imaginary part, for the poly(L-Tryptophane), P(TRI-co-TER), their binary and ternary systems.

Fig. 6. Dielectric constant spectra, (a) real part and (b) imaginary part, for poly(5-hydroxy-L-Tryptophane), P(TRI-co-TER), their binary and  
ternary systems.

Fig. 7. Extinction coefficient spectra of poly(L-Tryptophane), poly(5-hydroxy-L-Tryptophane), P(TRI-co-TER), their binary and ternary systems.

TABLE IV
The Optoelectronic Parameters of the Investigated Thin Films

Materials n εr 𝜎r (S.cm−1)
P (TRI-co-TER) 1.82 3.29 89.67
Poly (L-Tryptophane) 1.62 2.61 56.86
Acceptor: Donor (1:2) 2.01 3.99 145.19
Acceptor: Donor: Sudan dye (1:2:2) 2.32 5.02 433.11
Poly (5-hydroxy-L-Tryptophane) 1.79 3.19 36.09
Acceptor: Donor (1:2) 1.98 3.85 132.91
Acceptor: Donor: Sudan dye (1:2:2) 2.32 4.98 439.07

of dopant poly(5-hydroxy-L-Tryptophane) (n = 1.79), the 
refractive index was increased to 1.98 and 2.32, the binary 

and ternary systems, respectively. This trend was found to 
be consistent with those described in the literature (Holzer, 
Penzkofer, and Hörhold, 2000). Consequently, it was found 
that the refractive index and real optical conductivity (Fig. 9) 
are increased with the addition of the second and third dopant 
components into the polymers. This can be ascribed to the 
increased conjugation bonds and better packing compact 
between the molecular arrangements of the structures, 
thereby reducing the speed of the incident light waves by a 
larger degree.

Furthermore, Figs. 9 and 10 exhibit the spectra of the 
optical conductivity of both composite systems and the real 
and imaginary components of optical conductivity 

a b

a b

a b
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(σ* = σr+iσ)  * �� �� r ii  can be investigated by means of the 
following formulas:

  r o i   r o i  (14)
  i o r   i o r  (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 ). 

Figs. 9a and 10 reveal that, at long wavelengths, the values 
of real optical conductivity for both composite systems 
remain constant (non-dispersive). Figs. 9a and 10a reveal 
that, at long wavelengths, the values of real optical 
conductivity for both composite systems remain constant 
(non-dispersive). This indicates that the change in optical 
conductivity is directly related to the variation of excited 
electrons due to the absorption of photon energy by the 
thin film.

Therefore, the increment in the optical absorption of 
the obtained samples in the UV region is a consequence 
of increased optical conductivity and vice versa. 
Figs. 9b and 10b shows the imaginary optical conductivity 
for poly (L-Tryptophane), poly (5-hydroxy-L-Tryptophane), P 
(TRI-co-TER), along with the binary and ternary systems. In 
addition, the dissipation factor (DF) is a measure of loss-rate 
of energy of a mode of oscillation (mechanical, electrical, or 
electromechanical) in a dissipative system. It is the reciprocal 

of quality factor, which represents the “quality” or durability 
of oscillation. It was seen from Fig. 11a and b that the DF 
for the donor system is larger than that of the other samples. 
Furthermore, a comparison between the major optoelectronic 
parameters of some polymers from literature and those 
achieved in the current study was carried out, as shown in 
Table V.

E. Morphological Properties
FE-SEM is a widely used technique to investigate the 

surface morphology, microstructure, grain size, and shape of 
the films. Fig. 12 depicts the FE-SEM images of the films, 
in which the shape of grains is found to be of different 
sizes and randomly distributed along the substrate surface. 
The average particle size on the surface of the acceptors 
and donor films was increased significantly compared to 
the binary and ternary films. It was seen that the number of 
pores increased when dopant concentration was increased 
(Trinh, et al., 2011).

F. Structural Properties
The X-ray diffraction patterns were used to characterize 

the structure of the studied films deposited on the glass 
substrate. Poly(L-Tryptophane) and poly(5-hydroxy-
L-Tryptophane) acceptors and P(TER-CO-TRI) donor 
mixed with Sudan dye thin films were coated on the glass 
substrates and their XRD patterns were recorded in the 

Fig. 8. (a and b) Refractive index spectra of poly(L-Tryptophane), poly(5-hydroxy-L-Tryptophane), P(TRI-co-TER), their binary and ternary systems.

Fig. 9. Optical conductivity spectra of poly(L-Tryptophane) and its composite systems; (a) real part and (b) imaginary part.

a b

a b
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Fig. 10. Optical conductivity spectra of poly(5-hydroxy-L-Tryptophane) and its composite systems; (a) real part and (b) imaginary part.

Fig. 11. Dielectric lost tangent (dissipation factor) spectra of poly(L-Tryptophane), poly(5-hydroxy-L-Tryptophane), P(TRI-co-TER), their binary and 
ternary systems.

Fig. 12. The field emission-scanning electron microscopy image of (a) P(TER-co-TRI), (b) Poly(L-Tryptophane), (c) poly(L-Tryptophane):P(TER-
CO-TRI) (1:2), (d) Poly(L-Tryptophane):P(TER-co-TRI):Sudan dye (1:2:2), (e) Poly(5-hydroxy-L-Tryptophane), (f) Poly(5-hydroxy-L- 

Tryptophane):P(TER-co-TRI) (1:2) and (g) Poly(5-hydroxy-L-Tryptophane):P(TER-co-TRI):Sudan dye (1:2:2).

a b

a b

b ca d

e f g
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TABLE V
Comparison between Some Polymers and the Investigated Thin Films in 

Terms of the Main Optoelectronic Parameters.

Materials Eg (eV) n εr References
P (TRI-co-TER) 2.92 1.82 3.29 This work
Poly( L-Tryptophane) 2.52 1.62 2.61 This work
Poly (5-hydroxy-L-Tryptophane) 2.34 1.79 3.19 This work
Polyvinylpyrrolidone (PVP) 2.40 1.49 3.60 Shubha, Manohara 

and Gerward, 2017
PHPMIVP 1.85 1.60 3.80 Barrillon, et al., 2023
Poly (ethylene oxide) PEO 2.60 1.45 2.20 Abd El-Kader and 

Elabbasy, 2020
Polyisoprene 1.04 1.52 2.50 Fan, et al., 2020

Fig. 14: Photoluminescence spectra of the investigated films in binary and ternary composite forms.

range of 2θ between 10° and 90°. Fig. 13 shows the XRD 
diffraction patterns of the films. The poly(L-Tryptophane) 
and poly(5-hydroxy-L-Tryptophane) along with the binary 
and ternary films they all showed abroad bump in the 
low angle of diffraction, which indicates their amorphous 
nature. However, the dopant P(TER-CO-TRI) films showed 
a single sharp diffraction peaks at 24o, which corresponds 
to a d-spacing of 3.72 Å. Furthermore, its low intensity 
could be used as indicator for the small particle size (Al-
Dulaimi, et al., 2017). Therefore, this peak indicates the 
intermolecular distance between two neighboring planes, 
which is obtained by Bragg’s equation:

n λ = 2d sinθ (16)
Where n (an integer) is the “order” of reflection, λ is 

the wavelength of the incident X-rays, d is the interplanar 
spacing of the crystal and θ is the angle of incidence (Kato, 
Ito and Hoshino, 2020).

G. Photoluminescence (PL) Properties
To investigate the PL spectrum of the films, they were 

excited by 355 nm exciting laser. the PL spectra of Poly(L-
Tryptophane),Poly(5-hydroxy-L- Tryptophane), binary and 
ternary films are illustrated in Fig. 14a and b. All films 
showed a typical UV emission peak centered at about 
350 nm, near the band edge of binary and ternary. The charge 
transfer behavior of the acceptor and donor (A/D) between 
layer and acceptors layer is examined by the PL spectroscopy 
measurements. One can notice from Fig. 14a and b that the 
peak position of the emission is red shifted for the binary 
system compared to that of the single film. Furthermore, the 
peak position for the ternary film is red shifted compared to 
that of the binary film. This red shifting is a clear evidence 
of the change in the electronic distribution of the system with 
the addition of the second and third components, implying 
the change in the energy band gaps, as was explained in the 
previous sections. Another feature of the PL peak is that its 
intensity has decreased in the ternary films compared to that 
of the binary ones. This indicates the more efficient charge 
transfer between the moieties of the acceptor and donor 
components on the absorption of light by the electronic 
states.

Fig. 13. The X-ray diffraction pattern of (a) P(TER-co-TRI), (b) 
Poly(L-Tryptophane), (c) poly(L-Tryptophane):P(TER-CO-TRI) (1:2), 

(d) Poly(L-Tryptophane):P(TER-co-TRI):Sudan dye (1:2:2), (e) Poly(5-
hydroxy-L-Tryptophane), (f) Poly(5-hydroxy-L- Tryptophane):P(TER-

co-TRI) (1:2) and (g) Poly(5-hydroxy-L-Tryptophane):P(TER-co-
TRI):Sudan dye (1:2:2).

a

c

e

g

f

d

b
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IV. Conclusions
In this work, a broad investigation on the optical properties 
and optoelectronic parameters of P(TER-CO-TRI), poly(L-
Tryptophane), and poly(5-hydroxy-L-Tryptophane) along 
with their doping with Sudan dye was successfully performed. 
Optical spectroscopy was seen to be highly effective to 
measure the optoelectronic parameters of the binary and 
ternary composites made from the polymer materials and 
the dye. It was concluded that with the help of doping 
process, different values of energy band gap, refractive index, 
dielectric constant, and optical conductivity are achieved. 
This tuning achievement of the optoelectronic parameters 
plays a key role in shaping the possible applications of these 
materials in organic electronics, photodiodes, and photovoltaic 
devices. The nature of the electronic transition in the studied 
samples was confirmed 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.
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