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Production, Application, and Electro-Optical Characterization of Biosensors 

Based on P3HT:PLA Composite Material 

 
A R T I C L E  I N F O  

 
A B S T R A C T  

 

In this study, having focused on biosensor production, three different 

experimental sets were produced: a control group (substrates based on pure 

poly (3-hexylthiophene) and polylactic acid composite materials), samples 

exposed to pure water, and samples interacting with drug molecules. The 

electrical and optical behavior of these biosensors was then systematically 

investigated. P3HT/PLA blends were coated on glass substrates at ratios of 

33-66% and 66-33%, respectively, to obtain sensing surfaces. Current-

voltage (I-V) and UV-Vis spectroscopy measurements were conducted on the 

prepared samples at room temperature. Following the stabilization process 

following the addition of pure water and drug, repeated measurements 

revealed changes in the I-V characterization and UV-Vis measurements of 

the drug-treated samples. The change in the electrical and optical behavior of 

the P3HT/PLA-coated glass substrate resulting from the biochemical 

interaction with the drug is considered a promising development in biosensor 

technology. 
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1.  Introduction 

Organic semiconductor materials have gained 

prominence in electronic and optoelectronic devices 

in recent years due to their advantages, including 

flexibility, low-cost production, and environmentally 

friendly processing techniques, compared to 

inorganic materials (Chiguvare et al., 2003; Hoppe & 

Sariciftci 2004). Among these materials, regioregular 

poly (3-hexylthiophene) (P3HT) is a conjugated 

polymer that stands out due to its high charge carrier 

mobility (~0.1 cm²/Vs), light absorption, and solution 

processability (Özmen, 2014). P3HT is used in 

various applications, including organic photovoltaics 

(OPVs) (Wu, 2007), Schottky barrier diodes (SBDs) 

(Kumar et al., 2006), and field-effect transistors 
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(OFETs) (Lin et al., 1997). In particular, a mixture of 

P3HT and [6,6]-phenyl C61 butyric acid methyl ester 

(PCBM) has achieved approximately 5% energy 

conversion efficiency in photovoltaic devices, 

primarily due to enhanced charge separation 

efficiency at the donor-acceptor interface (Liv et al., 

2005). However, limitations in air stability and 

mechanical strength of these systems necessitate the 

design of polymer composites (Cho et al., 2018). 

The integration of biodegradable polymers with 

organic electronics has become a crucial aspect of 

sustainable materials development efforts (Ali et al., 

2024; Lee et al., 2018). PLA is a biopolymer 

produced from renewable resources, is non-toxic, and 

is widely used in biomedical applications (Cho et al., 

2018). PLA is frequently preferred in medical 

applications due to its biodegradable and 

biocompatible properties (Davachi & Kaffashi, 

2015). PLA's ability to form thin-film surfaces 

provides a structure that can enhance sensor 

performance when combined with organic 

semiconductors (Quintero et al., 2014). Studies on 

P3HT/PLA composites have demonstrated that, while 

maintaining charge carrier mobility in OFETs, they 

also enhance surface morphology and prolong device 

life (Cho et al., 2018). Blending PLA with P3HT 

provides both mechanical flexibility and increased 

stability against environmental conditions (humidity, 

UV light). However, the electrochemical responses of 

these composites to chemical and biological stimuli 

have not yet been systematically studied. This 

deficiency represents a critical research gap in 

applications such as biosensors and environmental 

monitoring systems. 

In this study, P3HT/PLA composite materials with 

two different ratios, 33-66% and 66-33%, were 

produced. The resulting materials were coated on a 

slide to create a bio-organic material-based biosensor 

surface. The electro-optical properties of the 

completed biosensor were investigated for their 

response to hydrophilic and pharmaceutical stimuli. 

Current-Voltage (I-V) and UV-Vis characterizations 

were performed. This research aims to analyze how 

varying the doping concentration of organic and 

biomaterials affects the sensitivity and stability of the 

biosensor. Thus, the critical importance of doping 

ratios in biosensor production has been scientifically 

proven, and further research in this area is possible. 

2.  Material and Methods 

The most crucial aspect of biosensor production is 

selecting the right materials to respond sensitively 

and consistently to the analyte. Composite structures 

can then be created using materials that possess new 

properties to enhance the efficiency of this response. 

This allows for more meaningful interpretation of the 

data obtained at the end of the study. This provides a 

promising roadmap for future studies. In this study, 

P3HT was selected as the organic material, and PLA 

was selected as the biomaterial. The P3HT/PLA 

ratios (33:66 and 66:33) were selected based on both 

literature and preliminary experimental 

considerations. Similar ratios have been commonly 

used to investigate the transition between P3HT-

dominated and PLA-dominated behavior in blended 

systems (Cho et al., 2018). Additionally, preliminary 

trials demonstrated that these ratios yield 

homogeneous, mechanically stable films with 

reproducible electrical responses. The explanation 

has been clarified in the revised manuscript. The steps 

we followed to obtain a bio-organic material-based 

biosensor are shown in the flow diagram in Figure 1. 

 
Figure  1 : Flow diagram of the biosensor fabrication and 

characterization process. 

 

In the first stage of biosensor fabrication, 30 mg of 

P3HT and PLA were separately dissolved in 1.5 mL 

of chloroform in two vials. The solutions were 

magnetically stirred at 45°C and 100 rpm for 2 h to 

obtain homogeneous solutions. Subsequently, 

P3HT/PLA blends with weight ratios of 33:66 and 

66:33 were prepared (Figure 2). The mixtures were 



 
 

Taş at al.  (2026).   J Inno Sci Eng 10(2):271-278 

273 

 

then further stirred at 45°C and 80 rpm for 

approximately 20 h. 

         
Figure  2 : Mixing ratios used to coat biosensors with 

biomaterial and organic material (a) 33% P3HT-66% 

PLA, (b) 66% P3HT-33% PLA. 

 

Glass slides (14 mm × 24 mm) were used as 

substrates for the fabrication of biosensors. Six slides 

were ultrasonically cleaned in 60% distilled water at 

45°C for 10 min and subsequently dried on a heating 

plate using filter paper. After preparing P3HT/PLA 

solutions with weight ratios of 33:66 and 66:33, the 

cleaned slides were grouped in sets of three and 

coated with the solutions using a micropipette, as 

shown in Figure 2. The coated slides were dried 

(annealed) at 45°C to evaporate the solvent, a 

temperature selected to avoid structural degradation 

of P3HT and PLA. Finally, silver paste was applied 

to form electrical contacts, allowing for positive and 

negative polarization during electrical 

characterization. Images of the fabricated bio-organic 

sensors are presented in Figure 3. 

 
Figure  3 : Fabricated bio-organic sensors (a) 33% P3HT-

66% PLA. 

 

After coating and contacting processes, the 

classification of sensors according to the testing 

method is shown in Table 1. 

 

Table 1 : Different biosensors coated with 

materials prepared at different percentages 

and their testing methods. 

Organic-Biomaterial 

ratio (P3HT-PLA) 
%33-%66 %66-%33 

Testing method 

Device Device 

Water Water 

Herbicide Herbicide 

 

As shown in the table, three identical sensors were 

prepared for each ratio. The first was labeled 

"Device" and was used for control purposes. The 

second was labeled "Water." Water was dripped onto 

this sensor to examine its response to water. The third 

was labeled "Herbicide". Herbicide was dripped onto 

this sensor to examine its response to herbicides. The 

herbicide used in the experiments was glyphosate. 

Glyphosate (N-(phosphonomethyl) glycine, 

C₃H₈NO₅P) was used as the model herbicide due to 

its high water solubility and widespread use 

worldwide (Gillezeau et al., 2019). The herbicide 

solution was prepared at a concentration of 1:20, as 

recommended on the product container. A volume of 

40 µL was used for the tests. 

The fabrication and characterization procedures of 

the prepared sensors are summarized in Figure 4. 

Electrical characterization of the six fabricated bio-

organic sensors was performed using I–V 

measurements in the voltage range of −3 to +3 V at 

room temperature, with a Keithley 2450 source meter. 

Optical characterization was conducted using an N4S 

UV–Vis spectrophotometer. 

 

Figure  4 : Graphical summary of the biosensor fabrication 

and characterization process. 

3.  Results and Discussion 

I-V measurements were initially performed for the 

electrical characterization of the bio-organic sensors. 

Figure 5 shows the responses of the biosensor 

fabricated using organic (P3HT) and bio (PLA) 

materials to the same type of tests, along with changes 

in doping ratios. The biosensor, manufactured 

primarily from organic material, exhibits a complex 

response when dripped with water and herbicide 
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compared to its device state. Under normal 

conditions, the expectation is that the current flowing 

through the device, i.e., when nothing is dripped, will 

be less than in other testing methods. In the case of 

the device, since there is no interference with the 

material's structure, it will exhibit resistance and limit 

the current passing through it. However, when water 

or an herbicide is dropped onto the biosensor, there 

will be some deterioration in the material structure; 

that is, the material resistance will weaken, and the 

amount of current passing will increase. 

 

Figure  5 : Normalized electrical characterization analysis of the response of the biosensor produced using P3HT-PLA         

with (a) 33% P3HT-66% PLA and (b) 66% P3HT-33% PLA ratio to the device, water, and herbicide. 

 

When the Current-Voltage characteristics of the 

sensors are examined, changes in the amount of 

current occur depending on the voltage, due to the 

effect of the herbicide water on the sensor material's 

resistance. The sensor response varies depending on 

the concentrations of P3HT and PLA. The interaction 

of the sensor containing 66% P3HT with pure water 

increased the material resistance of the sensor. In 

contrast, the interaction of the sensor with 33% P3HT 

in pure water resulted in a decrease in material 

resistance. It has been estimated that water molecules 

dropped onto the film penetrate the P3HT regions, 

disrupting the polymer chain order and thereby 

disrupting the conductive channels of the P3HT, 

which increases the overall circuit resistance (von et 

al., 2010). On the other hand, PLA is a biodegradable 

but insulating polymer (Nakagawa et al., 2003). A 

high PLA content creates an insulating matrix in the 

film, thereby increasing the overall resistance to heat. 

After water is dropped onto the sensor, the 

hydrophobic structure of PLA can limit water 

penetration into the film, thereby preventing direct 

contact with the P3HT phase (Bao et al., 2008). On 

the other hand, water can cause partial plasticization 

of PLA chains (Pantani et al., 2016). This increases 

the flexibility of the polymer matrix, allowing the 

P3HT phase to exhibit a more regular morphology. 

The regular network structure of P3HT increases 

circuit conductivity and reduces resistance (Obrzut & 

Page, 2009). It was observed that the resistance of the 

two sensors dipped with the addition of herbicide, and 

the current they passed increased. It can be concluded 

that the chemical structure of herbicide induces 

changes in the biochemical structure of PLA, thereby 

increasing conductivity by strengthening the P3HT 

network structure. 

Figure 6 shows the absorption spectra of a P3HT:PLA 

thin-film sensor prepared at %66-33 and %33-66 

ratios. In a 2021 study, Salih and colleagues reported 

that the addition of P3HT to PLA increased 

absorption (Salih et al., 2021). The results are 

consistent with the literature. While the absorption of 

thin-film sensors with a high PLA ratio increased 

when water and herbicide were dropped, the opposite 

was true for thin-film sensors with a high P3HT ratio. 
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Figure  6 : Normalized UV-Visible absorption analysis of the response of the biosensor produced using P3HT-PLA with (a) 

33% P3HT-66% PLA and (b) 66% P3HT-33% PLA ratio to the device, water and herbicide. 

 

Dropping water molecules onto a thin film sensor 

with a high P3HT ratio can cause the molecules to 

penetrate between the P3HT chains, causing 

microscopic stresses and distortions in the film 

morphology (Parnell et al., 2016). It was evaluated 

that this situation reduces the absorbance by 

disrupting the electronic structure of the π-conjugated 

system. On the other hand, water molecules dropped 

onto a thin film sensor with a low P3HT content were 

observed to partially swell the PLA chains, increasing 

flexibility and causing the P3HT islands to realign 

into a more regular morphology.  As a result, it was 

evaluated that the regular structure formed increased 

the absorbance. 

Figure 7 shows the transmission spectra of the 

P3HT:PLA thin film sensor prepared at ratios of 

66:33 and 33:66. A 2021 study conducted by Salih 

and her colleagues reported that the addition of P3HT 

to PLA reduces transmission (Salih et al., 2021). It 

has been evaluated that water molecules dropped onto 

the thin film sensor with a high P3HT ratio penetrate 

between the P3HT chains and cause disorders in the 

π-conjugated system, which disrupts the crystal 

structure of P3HT, reduces its absorption ability, and 

increases transmission. It has been found that water 

dropped onto the thin film sensor with high PLA 

density causes partial swelling of the PLA chains and 

increased flexibility, leading to the rearrangement of 

the P3HT islands into a more regular morphology, 

which in turn reduces transmission.

     

Figure  7 : Normalized UV-Visible transmission analysis of the response of the biosensor produced using P3HT-PLA with 

(a) 33% P3HT-66% PLA and (b) 66% P3HT-33% PLA ratio to the device, water and herbicide. 
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In this study, basic descriptive statistical measures 

were employed to evaluate the current values 

obtained from the sensors. For each concentration 

ratio, the current measurements corresponding to the 

reference device, water, and herbicide applications 

were analyzed separately. The statistical parameters 

used in the analysis included the arithmetic mean, 

median, standard deviation, and relative change 

ratios. 

The arithmetic mean ( 𝐼 ̅) was calculated by dividing 

the sum of the measured current values by the number 

of measurements: 

𝐼 =
1

𝑛
∑ 𝐼𝑖

𝑛
𝑖=1                        (1) 

Here, 𝐼𝑖 represents each individual measured current 

value, and 𝑛 denotes the number of measurements. 

The standard deviation (𝜎) was calculated using the 

following equation in order to quantify the dispersion 

of the measurements around the mean: 

𝜎 = √
1

𝑛
∑ (

𝑛

𝑖=1
𝐼𝑖 − 𝐼)2                  (2) 

The median value was defined as the middle value 

obtained when the measurement results were 

arranged in an ascending order. The relative change 

in sensor responses with respect to the reference 

device was expressed by the following ratio: 

𝑅 =
𝐼sensor

𝐼reference
                                  (3) 

At the 2:1 (66% P3HT-33% PLA) concentration 

ratio, the current measured from the reference device 

was 𝐼ref = 1.21107 × 10−8 A. Under water 

application, the measured current was 𝐼water =
6.55568 × 10−9 A, while under herbicide 

application, the current value was determined as 

𝐼herbicide = 1.93634 × 10−8 A. 

The arithmetic mean of these three measurements was 

calculated as: 

𝐼2:1 =
1.21107 × 10−8 + 6.55568 × 10−9 + 1.93634 × 10−8

3
 

 

𝐼2:1 = 1.26766 × 10−8 A 

The standard deviation was approximately calculated 

as: 

𝜎2:1 ≈ 5.24 × 10−9 A 

 

The relative current ratios with respect to the 

reference device were found as: 

𝑅water =
6.55568 × 10−9

1.21107 × 10−8
≈ 0.54 

 

𝑅herbicide =
1.93634 × 10−8

1.21107 × 10−8
≈ 1.60 

 

At the 1:2 (33% P3HT-66% PLA) concentration 

ratio, the reference device current was measured as 

𝐼ref = 3.15638 × 10−10 A. The current values 

obtained under distilled water and herbicide 

applications were 5.34149 × 10−10 Aand 

9.27244 × 10−10 A, respectively. 

The arithmetic mean of these measurements was 

calculated as: 

𝐼1:2 =
3.15638 × 10−10 + 5.34149 × 10−10 + 9.27244 × 10−10

3
 

 

𝐼1:2 = 5.92344 × 10−10 A 

 

The standard deviation was determined as: 

𝜎1:2 ≈ 2.53 × 10−10 A 

 

The relative current ratios were calculated as: 

𝑅water ≈ 1.69;  𝑅herbicide ≈ 2.94 

 

The statistical evaluation indicates that herbicide 

application is associated with higher sensor current 

responses compared to the reference device and water 

at both concentration ratios investigated. A relatively 

larger increase in current was observed at the 1:2 

concentration ratio, suggesting that the sensor 

response may remain detectable at lower 

concentrations. 

Changing the doping ratio of P3HT and PLA 

materials altered the absorption and transmission 

characteristics. When the studies in literature were 

examined and compared with the experimental 

results, it was observed that the biosensor produced 

with a P3HT:PLA composite coating at a doping ratio 

of 33-66% gave an accurate and stable response. 

Consequently, it was concluded that the electrical and 

optical analysis results of the bio-organic material-

based biosensor were consistent with each other. 
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4.  Conclusion  

This study presents an exemplary investigation into 

the optical and electrical responses of polymer and 

organic material mixtures to environmental stimuli. 

The biostructure of PLA and organic P3HT structures 

were measured optically and electrically in different 

mixing ratios, as well as in the presence of water and 

herbicides. The data obtained from these 

measurements were analyzed using a simulation 

program. When the graphs were examined, it was 

concluded that the biosensor with a doping ratio of 

33-66% exhibited a sensitive and stable response. 

P3HT/PLA composites have demonstrated adaptive 

electro-optical responses to environmental and 

chemical stimuli, demonstrating their versatile 

application potential in both electronics and 

biotechnology. The decisive role of mixing ratio on 

morphology and performance highlights the 

importance of precision design in materials 

engineering. 

Health technologies are of great importance both in 

terms of their impact during the pandemic and in 

improving people's living standards. One of the most 

important shares among these technologies belongs to 

biosensors. Biosensors have gained critical 

importance as many fatal cases can be prevented 

through early diagnosis. The production of the bio-

organic material-based biosensor and the 

compatibility of the results from both I-V and UV-Vis 

characterization demonstrated that the testing process 

of biosensor sensitivity and stability was completed 

successfully. A significant gain has been achieved by 

identifying herbicides that pose an environmental risk 

to human health. As a continuation of this work, 

biosensors that can detect antibiotics added to food or 

chemical pollution in wastewater released into areas 

such as dams and seawater, which cause 

environmental pollution, should be developed. 

Additionally, future studies should focus on 

industrial-scale production and clinical validation of 

this system. 
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