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This investigation explores the impact of natural dye extract from the Lanata Kamra plant 

on the electrical conductivity of pentacene (PE) polymer thin films. Films of pure PE 

were spin-coated with a 1:1 dye ratio, and their characteristics were examined using X-

ray diffraction. The results highlighted the presence of a dominant PE peak in the 22th-

28th range, a grain size of 0.341 nm for the pure PE, and 0.491 nm for the dye-doped 

polymer. The uniformity of the membrane surfaces suggested a regular arrangement of 

polymer units. The morphology of the films was further investigated with Scanning 

Electron Microscopy (SEM) at 200 nm and 500 nm resolutions, revealing the formation 

of surface fractures due to polymer shrinkage during production. The SEM analysis also 

indicated strong inter-chain interactions during membrane formation, resulting in 

spherically shaped crystals. Electrical properties, including current-voltage 

characteristics, were assessed using a Keithley Series 2400 source meter, operating 

within a voltage range of 1-100 V and a temperature of 30℃. The results demonstrated 

an increase in electrical conductivity with increased dye doping. Optical properties were 

examined over a wavelength range of 300-780 nm, suggesting the potential applicability 

of this model to photosensitization processes. 
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1. INTRODUCTION

Because of its contribution to resolving environmental and 

human health issues, green renewable energy is becoming 

increasingly important. One of the topics that has contributed 

to global warming reduction is the use of natural dye extracted 

from plants for optoelectronics applications. Pollution of the 

environment, the role of semiconductors can also be stated. 

have properties such as low cost, ease of manufacture and light 

weight, which qualifies them to be used in many scientific 

applications, including sensors (chemical, temperature, 

pressure), light emitting diodes, transistors, rechargeable 

batteries and solar cells and electro chromic displays Science 

has also tended to doping polymers with several doping, 

including natural or synthetic dyes [1, 2]. Edible dyes and bio-

polyelectrolytes are generally utilized in food manufacturing 

[3, 4]. The application of dyes Along with proteins, has found 

widespread use in biological research. Recently,  inkjet 

printing has used dyes contained within polymer nanoparticles 

[5]. Polyelectrolyte membranes are also commonly employed 

for dye separation,  by tinkering with polyelectrolyte-dye 

interactions [6]. In each of these instances, materials are 

created by investigating the molecular interactions of dyes and 

polyelectrolytes. Understanding these interactions is thus 

required before designing such materials.  With the desired 

characteristics several research teams have attempted to 

investigate them. Case-by-case interactions for example, the 

effect of charge concentrations and molecular weight. The 

influence of dye structures on polymer interactions as [7]. The 

characteristics of dye-impregnated polymer films were 

investigated and enhanced [8]. Pentacene is a polycyclic 

aromatic hydrocarbon composed of five benzene rings 

connected linearly and conjugate, belongs to the acnes group; 

It is an organic semiconductor that is blue/black in hue, 

strength of the dye-doped pentacene films was investigated. 

The electrical characteristics of pentacene and its potential 

usage in transistors were studied [9, 10]. Doping also increased 

the conductivity properties of pentacene [11]. The purpose of 

this research is to create an electrical, optical material 

combination of dye and polymer and to improve their optical 

properties. We start by extracting valuable natural dye from 

Lanata Kamra flowers, which is later used as a filler in 

conjunction with pentacene. The natural's electrical and 

optical conductivity. 

Dye-doped polymer was systematically characterized in 

both solution and powder forms. The findings presented in this 

paper should help to advance the development of applications 

that use organic/inorganic electronic and optoelectronic 

devices. 
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2. MATERIALS AND METHODS 

 

Flowers for this study were gathered from local gardens in 

Iraq. The petal layers were washed under running water first, 

to get rid of any dust particles. These petals were then dried at 

room temperature in the shade for seven to ten days before 

being ground with an electric grinder. Following this, we 

engulfed the powder in distilled water in a closed glass 

container (2 g)  crushed flower petals were dissolved in (200 

ml) of distilled water and placed in a water bath for 

approximately 30 minutes of continuous immersion.  The 

extracts were then filtered through 55 g/m2 medium speed 

filter paper with 0.33 mm diameter fish and allowed to cool 

completely. The extracted dye is stored in suitable glass 

containers at 4℃ for future experiments [12]. Pentacene was 

produced as a pure solution by dissolving (0.01 g in 10 ml) of 

chloroform. As well as to the solution of Pentacene doped with 

dye, the same weight of dye was added, 0.01 g+0.01 g in 10 

ml of chloroform and placed in an airtight glass container and 

placed on the magnetic stirrer for 3 hours, then left for 24 hours 

to ensure complete dissolution, after which the solution was 

filtered and the molar ratio was calculated according to the 

following law [9]: 

 

𝑀 =
𝑊(𝑔)

𝑊𝑚 (
𝑔

𝑚𝑙
)

×
1000

𝑣(𝑚𝑙)
 (1) 

 

where, W and Wm stand for weight and molecular weight, 

respectively. 

 

2.1 Prepare electrical sample 

 

Following the cleaning process, glass bases were used. A 

wire with a diameter of 0.015 mm connected them to the 

plastic pieces. The high-purity aluminum electrodes were then 

fumigated. The wires were pulled after fumigation. As a result, 

we obtain models with equal areas of all electrodes and lengths 

of films, giving accurate measurement results. The prepared 

solutions were then poured with spin coating [13]. 

 

2.2 Prepare optical sample 

 

We begin by cleaning the glass slides with distilled water 

and then leaving them for 15 minutes in a container containing 

pure acetone, after which they are washed with distilled water 

again and then left for 5 minutes at a temperature of 70℃ in a 

thermal oven, after which the clean bases are preserved in 

suitable containers, and finally the films for the intended 

materials are deposited. To investigate it, the glass slides are 

placed on the spin coating device's rotating base, and the 

material is poured onto the glass slide with a single-use 

medical syringe for a number of cycles (1000 revolutions per 

minute). The sample is then removed from the rotating base 

and placed on a (hot plate) for a period of time. 

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Synthetic results (X-ray) 

 

To detect the crystal structure of the produced Sample, X-

ray diffraction (XRD) was utilized as a basic method. X-ray 

diffraction has been used to examine the prepared samples of 

undoped and doped pentacene polymer Within the angle range: 

(2=20-400 with wavelength=0.15406 nm). Figures 1-2 

displays a strong peak in the X-ray spectra, indicating that the 

membranes are polycrystalline. In general, adding the dye (PE) 

to the polymer enhanced the composition of the indoor unit as 

a rigid unit [14]. The grain size was also determined using 

Scherer's equation [15]. Table 1 displays the values of 

reflection angles, half-wave height averages, brown distances, 

and relative intensity. 

Grain size was also determined using Scherer's equation: 

 

𝐿 =
0.94𝐿

𝛽𝐶𝑂𝑆𝜃
 (2) 

 

(L): Indicates the granule size (ʎ) wavelength of the 

employed x-rays is 0.15406 nm. (β): the width of the summit's 

mid-height. (θ): angle of diffraction.  

 

 
 

Figure 1. X-ray diffraction of pure polymer 

 

 
 

Figure 2. X-ray diffraction of doping polymer  

(Dye-Pentacene) 

 

Table 1. Values of reflection angles, half-wave height 

averages, brown distances, and relative intensity 

 

Sample 
Pos. 

(degree) 

Grain 

Size 

(nm) 

FWHM 

(degree) 

D-

spacing 

(nm) 

Rel. 

Int. 

(%) 

Pentacene 28.668 0.3421 0.482 0.31113 100.00 

Dye-

Pentacene 
28.686 0.492 0.335 0.3109 100.00 

 

3.2 Scanning electron microscopy (SEM) 

 

SEM images were used to characterize the shape of the 
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membranes. Figures 3-4 displays images of the SEM in 

different modes at 200 nm and 500 nm, as it shows the creation 

of fractures on the surface of pentacene owing to polymer 

shrinkage during production, and it indicates the presence of  

strong contacts between polymer chains in the formation of 

films, the crystals have the shape of a ball [16]. 

 
 

 
 

 

 
 

(a) (b) 

 

Figure 3. SEM (200 nm) of (a): pentacene; (b): lantana camara-pentacene 

 
 

 
 

 

 
 

(a) (b) 

 

Figure 4. SEM (500 nm) of (a): pentacene; (b): lantana camara- pentacene 

 

3.3 Electrical properties 

 

3.3.1 Current-voltage (I-V) characteristic 

The characteristic current-voltage must be examined to 

explain the mechanism of conduction in polymeric films. The 

current-voltage characteristic has indeed been calculated. 

Using the Keithley Series 2400 source meter and operating 

within the voltage of 1-100 V and temperature of 30℃. 

Figure 5 depicts the relationship between voltage and 

current for the pure polymer model (pentacene), 

demonstrating that current increases with increasing voltage 

and that this relationship is ohmic, which is the expected 

behavior as well as the same behavior when the polymer is 

impregnated with the dye Figure 6, explains why this growth 

occurred. In general, the electrical conductivity (σ) of 

polymers is determined by the concentration of free carrier 

concentration (n*) and the mobility of the carriers (µ), 

polymers must be doped to increase the number of charge 

carriers (n*), doping in polymers refers to polymer oxidation 

or reduction. When polymers are oxidized (i.e., an electron is 

removed from a double bond), a positive radical ion is 

produced on the polymer chain, and through this positive ion 

and the distortion around it, we get what is known as the 

positively charged bipolaron, which is unstable and quickly 

bonds with the negative ion in the impurity and is a P-doped 

polymer (That is, the observed change in conductivity is due 

to an increase in mobility and/or carrier density. Increased 

mobility of charge carriers (holes) between neighboring 

pentacene molecules may be facilitated by improved 

molecular stacking [17].
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Figure 5. Current-voltage of pure pentacene  

 

 
 

Figure 6. Current-voltage of lantan camra-pentacene 

 

3.3.2 Electrical conductivity 

 

Table 2. Electrical conductivity and activation energy of 

prepared samples 

 
Sample σ (S/cm) Ea. (eV) 

Pentacene pure 19.3*10-3 0.61 

Dye-Pentacene 3.8*10-2 0.42 

 

Table 3. The absorption coefficient, refractive index, and 

optical energy gap values for wavelengths in the visible 

region 

 

Wavelength 

Absorption 

Coefficient α 

*104 (cm-1) 

Refractive 

Index (n) 
Eg. (eV) 

500 0.014353025 1.021873549 3.05 

600 3.232348305 1.376120385 3.052 

700 0.009936709 1.021873547 3.07 

 

Electrical conductivity was estimated using the following 

formula [13]: 

 

𝜎 =
𝐼

𝑉
∗

𝐴

𝑑
 (3) 

 

I: The current in the circuit is measured (Amper). 

V: Denotes the circuit voltage (Volt). 

A: The pole's data are calculated (cm). 

d: Thickness of the film (cm). 

The electrical conductivity values of pentacene and (Dye-

Pentacene) polymer dye doped are shown in Tables 2-3. 

 

3.3.3 Optical properties 

The study of optical properties of materials is significant 

because it is the one that changes or influences the 

characteristics of the light passing through it by changing the 

direction of propagation or intensity. Their calculation on the 

wavelength or frequency allows them to know the absorbance 

a function of the wavelength. Figure 7 shows the absorbance 

curve as peak operating at wavelengths of 300-780 nm. This 

model can be applied to photosensitization processes [18] . 

 

 
 

Figure 7． Absorbance curve as a function of wavelength 

for the pentacene doping with the dye 

 

3.3. 4 Absorption coefficient 

It is calculated from the following relationship as the ratio 

of the decrease in the energy flux of incident radiation with 

respect to the unit distance in the direction of wave 

propagation within the medium: 

 

𝛼 = 2.303 (𝐴 𝑑⁄ ) (4) 

 

A: absorbance, d: thin film. 

Figure 8 shows the curve of the absorption coefficient 

values of the dye mixture with the polymer, and it has direct 

transmission allowed according to the relationship 𝛼 ≥ 104 

[19]. 

 

 
 

Figure 8. Absorbance coefficient curve as a function of 

wavelength for the pentacene doping with the dye 

 

3.3.5 Refractive index 

It is the ratio of the speed of light in a vacuum (c) to the 

speed of light inside matter (v), as calculated from the equation: 
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𝒏 =
(𝟏+𝑹)

(𝟏−𝑹)
+ √

(𝟒×𝑹)

(𝟏−𝑹)𝟐 − (𝑲)𝟐  (5) 

 

Figure 9 shows that the refractive index values are between 

2 at 300 nm and then decrease with increasing wavelength [20]. 

 

 
 

Figure 9. Refractive index curve as a function of wavelength 

for the pentacene doping with the dye 

 

3.3.6 Optical conductivity 

It expresses the optical response of a medium primarily 

through the investigation of optical conductivity, which is 

determined by the relationship between conductance and 

absorption coefficient. 

 

𝝈𝒐𝒑𝒕𝒊𝒄𝒂𝒍 =  𝜶 𝒏 𝒄 𝝐𝟎 (6) 

 

where, 𝛼: absorption coefficient, n: relative index. 
If C: velocity of light=3*108, 𝜖0 =8.85×10-12 F/m. 

We can see from the Figure 10 that the optical conductivity 

values of the doped polymer films are in the visible spectrum. 

Within wavelengths 400-650 nm, it begins to decrease until it 

reaches close to zero at 800 nm. 

 

 
 

Figure 10. Optical conductivity curve as a function of 

wavelength for the pentacene doping with the dye 

 

 

4. CONCLUSIONS 

 

A common thread across these applications is the profound 

significance of understanding the molecular interactions 

between dyes and polyelectrolytes. Researchers have strived 

to investigate these interactions extensively, considering 

factors such as charge concentrations, molecular weight, and 

dye structures. This comprehensive exploration has led to 

advancements in the properties of dye-impregnated polymer 

films, exemplified by our study's examination of pentacene, an 

organic semiconductor. 
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