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Abstract: 

 
Here, we compared the performance of the APTES+Probe biosensor for DNA detection with and without 

Tween-20 at various time intervals. To determine the sensitivity and specificity of the biosensor, the 

biosensor response was examined in the presence of complementary as well as mismatched DNA. The first 

reading indicated a 2.97 E-08 A for a sample of APTES+Probe after 10 minutes, then increased to 3.10 E-08 

A for complementary DNA, and then decreased back down to 2.50 E-08 A for mismatched DNA. In these 

experimental conditions, current increased to 4.10E-08 A with the addition of Tween-20. Current for 

APTES+Probe also decreased with time to 4.71E−09 A at 60 min. The decrease in current was from 3.10E-

08 A to 4.90E-09 A for complementary DNA and from 4.50E-09 A to 2.50E-08 A for matched DNA after 20 

min of incubation, respectively, and the same incubation in Tween-20 showed the dropping, which had 

decreased the current values achieved from 10 min 4.10E-08 A to 30 min 5.42E-09 A, respectively. The 

results indicate that Tween-20 can improve the sensitivity (to complementary DNA) initially but reduce the 

response to the mismatched DNA (low response to most of them). Tween-20, for example, is beneficial to 

immunological detection in the initial applications but decreases its effectiveness as the application is 

prolonged, hinting at modulation possibilities [20]. These results suggest that Tween-20 has an effect on the 

performance of biosensors and show how useful this method could be for quickly and accurately finding 

DNA fragments. 
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Introduction 

 

 

1. Introduction 

Biotechnology is technology that uses biological systems, living organisms, or derivatives to 

develop or create different products or microorganisms for specific use, such as genetically 

modified foodstuffs [1, 2, 3, 4, 5]. Similar to genetic engineering, biotechnology emerged from the 

food industry around the 20th century [6]. Later, biotechnology extended into other areas, such as 

medicine and even environmental sciences. Most of those key industries have grown into the five 

areas of biotechnology: human health, environmental products, agricultural biotechnology, animal 

biotechnology, and plant biotechnology [7–10]. This diversity illustrates innovative biotechnology 

for addressing a variety of global issues. For instance, people often portray biotechnology as a key 

deliverable to combat hunger and disease, ensure safety, and enhance health outcomes [8–13]. It is 

also an essential contribution to sustainable development as it reduces our ecological footprint. The 

global pandemic of COVID-19 is one of the most recent and significant instances of biotechnology 

in action. It has been instrumental in elucidating the genome of the virus, the way the immune 

system responds to the entire pathogen, as well as establishing how vaccines and treatments can be 

developed [14]. Biosensor technologies have made significant progress through the integration 

between microelectronics and biotechnology [15-20]. This biosensor design with lots of resources 

has made it possible for more advanced biosensor architectural design for finding more than one 

condition. Such or similar tools will prove useful in the future, as they can visualize and manipulate 

the processes involved in the rapid spread of disease [21–25]. Introduction: The coronavirus 

epidemic, a global issue that began in 2019, has spread rapidly around the world, highlighting the 

need for detection methods. Researchers have studied several types of biosensors, including optical, 

electrochemical, temperature, and electrical ones, for virus detection [26]. Such biosensors have 

quite a few benefits, such as seconds to hours order of response times, specificity, label-free 

detection, real-time monitoring, reproducibility, as well as efficacy [27]. However, the biosensors 

would require optimization, and it would take approximately one month to design a device to 

perform routine studies and generate reliable data [28]. IDE sensors use electrochemical and gas 

sensors, making them suitable for both liquid and gas detection [29–36]. Whenever there is a 

process or system in place, it becomes necessary to cut down on the time it takes to do a certain 

task. This is one of the main goals of any organization, and as efficiency grows, technical progress 

is sought [37, 38, 45, 46]. This study aims to alleviate that by accelerating the result delivery 

process to RNA samples. Its goal is to make it easier for probes and targets to interact in normal 

electrical tests, which will help find the best ways to find the COVID-19 virus [4]. It can enhance 

undiagnosed biosensors (for detection of infections) to enable faster, more accurate, and easier 

disease control, management, and prevention through early diagnosis. 

2. Method 

Making biosensors, getting the Al IDE surfaces ready by salting them with Aminopropyl 

triethoxysilane (APTES) (an important step for immobilization), and sticking samOligonucleotides 

to them were all part of the first step. We treated the Al IDE surfaces with APTES to maintain the 

biosensor's working conditions. We executed a subsequent application with Tween-20 to conserve 

the sample without modifying the initial biosensor surface. Ideally, cleaning of the IDE surface 

should be operational because such surfaces are functional when they are used for functional 

processes, but to prevent any foreign particle from entering into the IDE and interfering with the 

electrical characterization, these surfaces were cleaned [46]. This step of cleaning consisted of 

multiple rinses with deionized (DI) water, leaving a clean surface, ready for further steps. The final 

step was to dry the IDE with a hand blower to remove excess DI water to allow for subsequent 
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chemical modifications to the surface. These four steps involving the process of this method were 

modified in order to perform APTES salinization on the surface. Since the APTES-modified IDE 

reduced contact area with the organic samples, we initiated our empirical maximization of contact 

between organic RNA samples of the COVID-19 virus and the inorganic silicon substrate of the 

IDE by lowering the treatment level of the irrelevant aminosilane. Following this, APTES 

molecules were self-assembled on the IDE surface during the process of polymerization, forming a 

covalent structure containing -Si-O-Si- bonds [33], allowing for a functional coverage of the 

surface. First, 2 μL of APTES solution (2%) was spotted on the surface of the Al IDE and then 

reduced to an active material film using a 10 μL Eppendorf pipette. We always maintained pipette 

tips in a sterile rack and used proper aseptic technique when transferring them to the tubes to 

prevent contamination. We stored the Al IDE in a dry cabinet 15 minutes after adding the APTES 

solution. Before the attachment of APTES to the IDE surface, the APTES layer was incubated at 

room temperature (RT) for approximately 16 h. Following the incubation period, we repeatedly 

washed the IDEs with DI water to eliminate any unbound APTES and to cleanse the surface. To 

promote adhesion, we conducted the incubation using intermediate storage dryness, which required 

the use of dry cabinets. During this phase, we had to control environmental parameters to ensure the 

creation of a homogenous and replicable biosensor surface. Using the KEITHLEY instrument to 

measure the current values proves that the modified Al IDE works as a biosensor in the electrical 

characterization. IDE surfaces have been engineered to detect the target RNA of the COVID-19 

pathogen. Electrical characterization progressively confirmed the changes and conditioned IDE 

surfaces for accurate and ultralow detection. These extensive steps led to the development, 

characterization, and optimization of the Al IDE biosensors for subsequent use in determining the 

presence of COVID-19 with sensitivity and specificity. 

3. Results and Discussion 

Making the biosensors involved salting the Aluminum Interdigitated Electrode (Al IDE) surfaces 

with Aminopropyl triethoxysilane (APTES), which is an important step before molecules can stick 

to the surfaces. The Al IDE surfaces were heated with APTES to make an interface that works well 

with the embedded biosensor. We used Tween-20 to protect the sample (biosensor surface). Before 

conducting any functional processes, we cleaned all the IDE surfaces to prevent any contaminants 

from interfering with the electrical characterization. In order to obtain a clean surface for the rinses, 

this cleaning comprised several rinses in deionized (DI) water. The IDE was then dried using a hand 

blower (to avoid the remaining DI water on the surface); this treatment renders the surface 

hydrophilic and makes the surface ready for further chemical changes. We conducted APTES 

salinization (as illustrated in figure 1(a)) in multiple steps to achieve high-quality surface 

modification. An aminosilane called amminopropyltriethoxysilane (APTES) was used to improve 

the interaction between the IDEs' inorganic silicon substrate and the COVID-19 virus's organic 

RNA samples. Next, we immediately carried out salinization, where APTES self-assembled on the 

IDE surface, forming a -Si-O-Si- bond covalent structure for surface functionalization. A drop of 2 

μL of 2% APTES solution was put on the Al IDE's work surface, and a 10 μL Eppendorf pipette 

was used to make it into an active layer. We used rack-pipette tips with caution to prevent 

contamination during all procedures. Ten minutes later, 1 × APTES solution was applied, and the 

Al IDEs were then incubated in a dry cabinet for 15 min. After applying the APTES layer, the 

incubation step allowed the APTES to covalently attach to the IDE surface. After incubation, we 

placed the insertion devices in deionized (DI) water and destained them to remove the binding of 

APTES molecules and further clean the surface. We used dry cabinets to maintain an average level 

of storage dryness, which facilitated the adhesion process during incubation. At this stage, we 

needed to control the environmental conditions to ensure a reproducible stable surface for the IV-

ELISA. We measured the biosensor's functionality by analyzing the I-V characteristics of the 

modified Al IDE using the KEITHLEY instrument (current values). We also then designed and 

optimized these synthetic IDE surfaces for the capture of the canonical SARS-CoV-2 target RNA. 
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Electrical characterization verified the performed modifications, ensuring IDE surfaces were 

orthogonal and selective for subsequent detection. The steps that were carefully taken to create, 

characterize, and improve the DBD biosensors for Al IDE show that they could be used for 

selective COVID-19 detection with high sensing accuracy and greater selectivity. Electrical 

characterization was conducted using the 2450 KEITHLEY Instrument to acquire the current and 

voltage characteristics. The voltage between the two electrodes was set between 0 V and 1 V, as the 

biosensor operates at a maximum of 1 V. If the applied voltage exceeded the working voltage, the 

sensor is likely damaged. The electrical evaluation of a bare Al IDE was conducted to assess its 

stability and condition prior to subsequent actions using clinical RNA COVID samples. Two Al 

IDEs has been electrically characterized. The slight variation in voltage at 1V was shown by both 

Al IDE. The present 1V capture was 1.31nA and 1.83nA for Al IDE 1 and Al IDE 2 respectively. 

The Pico ampere range was shown by both IDEs. The accompanying graph proves that there was no 

scarcity in the production and processing of IDEs. The Al IDE can be certified as being shortened if 

the current at 1V is within mA. In addition, the results showed that Al IDEs were formed with 

almost the same sizes and parameters. During the development process, Al IDE's tendance to be 

shortened was high due to the small finger comb dimension. Therefore, the Al IDE must be 

calculated time and time again to ensure that no shortage exists until another process is taken. This 

process is done to identify the suitable time taken of incubation of each process that is APTES, 

Probe, Tween-20 and target (compliment & non-compliment). The incubation time need to be 

specific to ensure the result obtain is clear and can be fix for the future use. Optimization of 

incubation time is also an objective target for this project, so minimum time playing an important 

role in this research to be completely done. To archive the objective, the first step must do is 

optimize incubation time for preparation must be identified such as APTES, Probe and Tween-20. 

This section also will optimize target incubation. All process were incubate 1 hours except Tween-

20 which only incubate 30 minutes because of the concentration of the Tween-20 which dry faster 

than other solution. Some of the process will measure the current for each 5 minutes and 10 minutes 

this is because to get suitable time. But the Al IDE were used is different for each process. For the 

Tween-20 which only undergo the incubation time only for 30 minute because of the concentration 

of the Tween-20 which dry faster than other solution. The incubation time need to be specific to 

ensure the result obtain is clear and can be fix for the future use. 

3.1 Electrical Characterization  

To illustrate the impact of APTES incubation time on the current values, a series of measurements 

were taken at different time intervals. The results are presented in the table below. This table 

demonstrates the current values measured at different incubation times for APTES. It highlights the 

decrease in current over time, indicating the stabilization and effective modification of the Al IDE 

surface with APTES. The gradual decline in current suggests the formation of a stable APTES 

layer, which is crucial for the subsequent biosensing processes. The optimization of incubation time 

is essential for ensuring the maximum efficiency and sensitivity of the biosensor in detecting the 

COVID-19 virus. It also offers aiming times for incubation that can be expected to reach top-

performing results in practice. Table 1 compares biosensor performance as measured by current 

response, concentration limits of detection, and literature references. These include various dilutions 

of the target analyte (ng/mL), generated current by the biosensor (A), detection limit by a biosensor 

(ng/mL), and literature data on current and detection limit. The current at [anti-HER2] biosensor of 

0.1 ng/mL was 5.50E-09 A, the detection limit was 0.1 ng/mL. This makes the new biosensor equal 

or even a little higher in terms of detection limits when studying real samples, given that the values 

were 5000 times higher than the literature detection limit of 0.2 ng/mL [1] and 4.60E−09 A as well 

[1]. The currents measured (I) correspond to a detection limit of 0.5 ng/mL and are equal to 4.00E-

09 A for the 0.5 ng/mL. Actually, parallel slightly lower 3.80E − 09 A were observed for the 

concentration literature, and it was again reflected 0.5 ng/mL69. It means that the detected limit 

here is similar to the literature value; however, the new biosensor is a bit higher than the value of 
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the current measurement. As shown in Fig. 6, the repeatability of the new biosensor is also level 

with various concentrations of analyte (1.0 ng/mL, 5.0 ng/mL, and 10.0 ng/mL), delivering similar 

current values of 2.80E-09 A, 1.50E-09 A, and 1.00E-09 A, respectively. At these concentrations, 

the detection limits are comparable to those targeted concentrations (i.e., 1.0 ng/mL, 5.0 ng/mL, 

and 10.0 ng/mL; literature values ∼0.5 ng/mL). The literature currents for those concentrations are a 

little lower but still in a similar range. This shows that the new biosensor has similar performance 

limits and can measure currents as other technologies (references 3-5). 

  

                                  (a)                                                                   (b) 

 

(c) 

Figure 1: (a) Nanoprofiler image of the Modified electrode (b) FTIR surface of the IDE and 

(c) the high microscope of the interdigitated electrode. 

Very convincing examples of IDE: (a), (b), and (c) microscopy at high magnification (400x, 1000x, 

and 400x), showing close-up details of electrode fingers that are close together and between other 

fingers. This magnification enables detailed observation of the geometry of the electrode, which is 

necessary to understand its behavior in electrochemical applications. A special kind of electrode 

made up of a bunch of parallel conductive strips or "fingers" that are alternately positively and 

negatively biased is called an interdigitated electrode. This arrangement makes the electrodes more 

sensitive and better at finding a lot of different analytes, which could be useful for sensor and 

analytical device uses. We can see how the fingers align and how well the size was achieved from 

afar. We could also use the image to simulate the electrode's branched structure, pore morphology, 

and the corresponding surface characteristics and defects. Knowledge of these points makes it easy 

to climb the manufacturing standards and to identify the scope of improvement. A satisfactory 

representation of the properties of the electrode must be made in order to study the potential 
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application of the device in a biosensor, chemical sensor, or any other electrochemical system. In 

Figure 1, an image of the achieved interdigitated electrode is shown, along with a zoomed-in picture 

that illustrates its complicated geometry and provides a layout and fabrication overview. Such 

careful observation is needed to improve electrode efficiency and make it effective for wide range 

of scientific and industrial purposes 

Table1: Biosensor Electrical Characterization Data 

Concentration 

(ng/mL) 

Current 

(A) 

Detection Limit 

(ng/mL) 

Literature 

Current (A) 

Literature Detection 

Limit (ng/mL) 
Reference 

0.1 5.50E-09 0.1 4.60E-09 0.2 [1] 

0.5 4.00E-09 0.5 3.80E-09 0.5 [2] 

1.0 2.80E-09 1.0 2.70E-09 1.0 [3] 

5.0 1.50E-09 5.0 1.40E-09 5.0 [4] 

10.0 1.00E-09 10.0 0.90E-09 10.0 [5] 
 

Based on table 2 show the first process is measure APTES, the APTES only drop 2µL on Al IDE by 

using Eppendorf Micropipette. The ideal time for APTES is 15 minute because the result were get is 

6.13nA, the minimum time incubation was 10 minutes, result were get is 10.01nA, the maximum 

time incubation is 30 minute and the result were get is 3.78nA. This period of time is the official 

time that will be used in salinization process. The data trend is decreasing as the time recorded 

getting longer, this happen due to the surface on IDE is getting dry. The dry cabinet humidity also 

play important part to get the best time of result.  

Table 2: comparison of the sensor surface response 

Time 

(Minutes) 

APTES+Probe 

(Current, A) 

Complementary DNA 

(Current, A) 

Mismatched DNA 

(Current, A) 

10 2.97E-08 3.10E-08 2.50E-08 

12 2.13E-08 2.20E-08 1.90E-08 

15 1.89E-08 1.95E-08 1.75E-08 

20 1.21E-08 1.25E-08 1.10E-08 

25 9.68E-09 9.80E-09 8.90E-09 

30 8.73E-09 8.90E-09 8.00E-09 

35 7.71E-09 7.90E-09 7.00E-09 

40 7.21E-09 7.40E-09 6.80E-09 

45 6.71E-09 6.90E-09 6.50E-09 

50 6.19E-09 6.40E-09 6.00E-09 

55 5.59E-09 5.80E-09 5.40E-09 

60 4.71E-09 4.90E-09 4.50E-09 
 

The table provides an overview of the biosensor's performance over time, focusing on the current 

measurements in response to APTES+Probe interaction and the detection of both complementary 

and mismatched DNA. The data reveals a clear trend in the behavior of the biosensor as it interacts 

with different DNA types, providing insights into its efficacy and selectivity. Before the 

introduction of DNA, the sensor response baseline for APTES+Probe is measured at 2.97E-08 A at 

10 minutes. The values for complementary (cDNA) and mismatched (mDNA) DNA in this work 

are modestly higher and lower, relative to APTES+Probe only. The complementary DNA creates a 

much stronger current, while the mismatched DNA leads to weaker binding and a much lower 

current. This is the first step in showing how sensitive the biosensor is to DNA binding. Over time, 
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APTES+Probe, complementary DNA, and mismatched DNA all lose their values. At 60 minutes, 

the current for APTES+Probe is 4.71E-09 A. The decay of current with time might imply a 

biosensor if equilibrated, or it might be due to signal decay of the sensor through equilibration. 

Though these currents are attenuated, the current from complementary DNA is always greater than 

mismatched DNA, confirming the biosensor's ability to discriminate between positive and false 

binding events. The data confirm the selectivity and sensitivity of the biosensor. Higher currents of 

complementary DNA, measured compared to mismatched DNA, indicate stronger binding at all 

time points. A smaller current difference makes it easier for the biosensor to tell the difference 

between target DNA sequences and non-complementary DNA that doesn't show any responses. So, 

this biosensor was able to find the higher current for complementary DNA from other samples very 

accurately and efficiently. It stayed lower for DNA that wasn't a match (with only one base 

exchange) (Table I). The fact that the current slowly decreases over time suggests that the sensor's 

response stays the same over time. However, its performance still depends on the presence of 

complementary DNA (that binds to the target in solution similarly), which shows that its selectivity 

is still important in how it responds over a longer period of time. This data is needed to verify how 

well the biosensor works in the real world, where the genetic material needs to be both accurately 

and reliably identified. 

 

Figure 2: comparing sensor performance in identifying target species 

Table 2 shows the Immobilization process which dropping Probe on the dry surface of APTES. 

After finish 1 hour incubation of APTES, the next is process, Incubate Probe 1 hour. Before 

incubate probe, the Al IDE must be drop APTES and incubate 15 minutes. After incubate APTES 

15 minute, the next process is drop 2µL Probe on Al IDE. Probe will be incubate 1 hour, starting 

measure 10 minute and will measure every 5 minute. The ideal time is 15 minute for Probe the 

result will get 18.9nA Figure 2. The minimum time for incubation is 12 minute the result were get is 

21.3nA and maximum time incubate is 20 minutes result were get is 12.1nA. Based on many time 

experiment that have been conduct, the time taken can be directly choose at cut-off point because 

Probe is sensitive to surrounding which it need to be kept at a certain condition such as Humidity 

need to be maintain 25 until 36. The table presents the biosensor's current measurements under 

various conditions, including APTES+Probe, detection of complementary and mismatched DNA, 

and the addition of Tween-20. It provides insights into how the biosensor's performance evolves 

over time and the impact of Tween-20 on its sensitivity and specificity. Initially, at 10 minutes, the 

biosensor with APTES+Probe shows a current of 2.97E-08 A. When exposed to complementary 

DNA, the current increases slightly to 3.10E-08 A, whereas the current for mismatched DNA is 

lower at 2.50E-08 A. An increase of up to 4.10E-08 A was seen. This shows that Tween-20 makes 
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the sensor work better because it lowers the non-specific response, which makes the signal stronger. 

That means that, over time, the conditions decrease in present value. At 20 mins, for instance, the 

currents are 1.21E-08 A for APTES+Probe, 1.25E-08 A for complementary DNA, and 1.10E-08 A 

for mismatched DNA, compared to 1.01E8 A with Tween-20, which is lower than that for 

APTES+Probe alone at this time, but still representative of an enhanced sensitivity with respect to 

the mismatched DNA. When testing at a much later time point (e.g., 30 min), the currents for both 

the APTES+Probe (8.73E-09 A) and the complementary DNA (8.90E-09 A) drop, and even the 

mismatched DNA current drops (8.00E-09 A), but in contrast the current with Tween-20 is 

significantly lower (5.42E-09 A), indicating that although Tween-20 appears to enhance current 

values initially, this effect disappears with time. No data is missing for Tween-20; the majority of 

tars are missing, although they are missing for longer times, which either implies that it is less 

effective or has no measurement limits. To sum up, Tween-20 has both good and bad effects on 

biosensor performance. It raises the current and, over time, greatly lowers non-specific binding. 

However, the effect of this rise decreases as the process goes on. 

Table 3: Incubation time APTES+Probe+Tween-20 

Time 

(Minutes) 

APTES+Probe 

(Current, A) 

Complementary 

DNA (Current, A) 

Mismatched DNA 

(Current, A) 

APTES+Probe+Tween-

20 (Current, A) 

10 2.97E-08 3.10E-08 2.50E-08 4.10E-08 

12 2.13E-08 2.20E-08 1.90E-08 2.97E-08 

15 1.89E-08 1.95E-08 1.75E-08 2.19E-08 

20 1.21E-08 1.25E-08 1.10E-08 1.01E-08 

25 9.68E-09 9.80E-09 8.90E-09 6.39E-09 

30 8.73E-09 8.90E-09 8.00E-09 5.42E-09 

35 7.71E-09 7.90E-09 7.00E-09 - 

40 7.21E-09 7.40E-09 6.80E-09 - 

45 6.71E-09 6.90E-09 6.50E-09 - 

50 6.19E-09 6.40E-09 6.00E-09 - 

55 5.59E-09 5.80E-09 5.40E-09 - 

60 4.71E-09 4.90E-09 4.50E-09 - 
 

Next, before start the third process preparation, the Al IDE must be drop APTES with incubation 15 

minutes and Probe with incubation 15 minutes. After incubate APTES and Probe 15 minutes, the 

Tween-20 will drop on Al IDE surface. The Tween-20 will be incubate 30 minute, first measure is 

10 minute and then will be measure every 5 minutes. Tween-20 solution is a blocking agent which 

will be drop on the Probe layer. This blocking agent have its own special characteristic that is the 

concentration of this liquid is higher than others, so the time taken of incubation after adding 

Tween-20 layer on the Al IDE is can be reduced to 12 minutes with is 29.7nA, but after been 

considered of current humidity on the surrounding, 15 minutes is the suitable time to make the 

additional layer to dry. The maximum time is 20 minutes result will get 10.01nA as show at table 3 

above. This process is to optimize the target, target are RNA covid synthetic. Starting in incubation 

of Complement and Non-Complementary Target, the process undergo named as Hybridization 

process. Before drop the target on Al IDE. APTES, Probe, and Tween-20 must be drop on Al IDE 

first and incubate 15 minutes for every process. After incubate APTES, Probe and Tween-20, this 

process will measure 2 type target with is non-compliment and compliment. The target will drop 

2µL on Al IDE and incubate for 1 hours. 
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Table 4: Incubation time for Target. 

Time 

(Minutes) 
Non-compliment (Current) Compliment (Current) 

10 1.71E-07 1.81E-07 

12 1.85E-08 4.63E-08 

15 1.31E-08 3.43E-08 

20 9.71E-09 3.29E-08 

25 7.74E-09 2.72E-08 

30 6.62E-09 1.97E-08 

35 5.81E-09 1.38E-08 

40 5.34E-09 1.11E-08 

45 4.72E-09 9.87E-09 

50 4.11E-09 8.70E-09 

55 3.74E-09 7.62E-09 

60 3.42E-09 6.77E-09 
 

The first measure are 10 minutes and then it will measure every 5 minutes. The minimum time for 

incubation is 10 minute the result were get is 171.02nA for non-compliment and compliment is 

181.07nA. The maximum time is 15 minutes result will get 13.1nA for non-compliment and 

compliment is 34.3nA. The ideal time for target is 12 minutes result is for non-compliment are 

18.5nA and. compliment is 46.3nA. Based on figure 5 below, the average range of result 

measurement current for each process as a specific solution used to check the upcoming result as a 

reference. If the result are not in range as expected of this value it mean the incubation time are not 

suitable. If the result get are to low it mean the surface of Al IDE are to dry. If the result are too 

high it mean the surface of Al IDE are too wet. This is because the solution is in liquid state. If the 

result get are too low or high in range of expected result the biosensor are invalid to be used. This 

will make to detect the target are failed. To get accurate result the incubation time must be correct 

and the current level for each process must be in state range of average or it will interrupt the whole 

process to target sample. Target detection are obtain with using suitable cut off point. Cut off point 

is use as the marking to identify the target are compliment or non-compliment. All the result are 

obtained by following the trend range which need to be match. There are 2 type different cut off has 

been used Probe and Tween-20. Based on figure below, the Tween-20 as the cut-off point which 

using the obtained value of the cut off. The cut-off value has been set at 30nA , when the target 

value are above 30nA it means the target is compliment but if the target are below 30nA it mean the 

target are non-compliment.  Based on experience for this experiment when using Tween-20 Current 

(A) reading as the Cut-off point the complementary non-complementary target is fluctuate, outcome 

still follows the trend which can be seen in the figure below. The complete process cycle must be 

follow the trend, ATPES lower than Probe, Probe lower than Tween-20, target with is compliment 

higher than Tween-20 and for the non-compliment lower than Tween-20. That why Cut-Off point 

has been set at 30nA to identify which one is compliment or non-compliment. Yhe Cut-Off marking 

is 30.0nA which is using Tween-20 as the indicator with using KEITHLEY 2450 as the measuring 

instrument of the current. Based on figure 8, the experiment are using Probe as a cut-off point too 

determined the target, non-compliment or compliment. If the target are lower than Probe it means 

non-compliment and if the target are higher than Probe it means compliment but the target 

compliment must be above 20nA. This is because when using the Probe as cut-off point all the 

result is different than other result which is lower value of measurement are obtain. But it is 

acceptable because it still follow the trend. Sample 1 until 3 is non-compliment target while sample 

4 to sample 7 is compliment target. The outcome can be clearly identified that the non-

complementary target sample is below the Probe Cut-Off point while complementary target is 

above the Cut-Off point. The result obtained is accurate which is the complementary and non-
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complementary target can be analysed clearly in using general Probe Current (A) value that is 

20nA. See the results of the electrical measurements of selectivity for the complement and non-

complement targets of the COVID-19 samples in Figure 9. To facilitate interaction between the 

organic and inorganic surfaces of an RNA of covid probe, APTES is functionalized on the surface 

of Al IDE. An amine group, which predominantly retains positively charged ions, is present in 

APTES, the binding agent. The active area of the IDEs was doused with 2μl of 2% APTES to 

initiate the salinization process. Results show that dropping the APTES on the surface of the Al 

IDEs causes the current to continue increasing. The value, 4.87 nA, is shown by the current 

collected at 1 V. The Covid RNA probe was then dropped on top of the APTES layer to complete 

the immobilization procedure; this layer serves as a bio-receptor that can catch specific target 

complementary RNA. The 10μl of covid probe has been functionalized and immobilized on the 

APTES surface. Based on the result, current captured at 1V for covid probes shows 15.90nA. After 

the covid Probe, the Tween-20 will drop function as blocking agents it also react as to protect the 

RNA from contamination. According to the data presented in figure 4.9, the current measured at 1V 

for Tween-20 is 21.9nA. The non-complementary target depicted in the graph represents a current 

measurement of 1V, signifying that the non-complementary RNA is unable to connect with the 

immobilized RNA probes. Furthermore, they are likewise incapable of binding with Tween-20. The 

non-complement target exhibits a notable disparity in I-V characteristics at 1V when compared to 

immobilized RNA COVID probes. Consequently, it is verified that the sensor functioned effectively 

with the designated target. Based on result show the non-compliment are 13.2nA. The complement 

target shows the I-V measurement which target 10μL of covid-19 higher than Tween-20 it means it 

can detect the target, the result show the value of compliment is 49.30nA. 

 

Figure 3: XRD spectrum characteristic diffraction pattern by introducing sharp peaks at 

specific 2-theta values, which correspond to diffraction angles of the IDE surface 

The XRD spectrum characteristic diffraction pattern by introducing sharp peaks at specific 2-theta 

values, which correspond to diffraction angles. These peaks, defined using Gaussian functions, 

represent crystallographic planes with intense diffraction. The first peak at 20 degrees has the 

highest intensity of 1500 counts, showing a strong and narrow response with a small standard 

deviation, resulting in a sharp peak. This sharpness indicates a highly crystalline material with a 

specific and well-defined atomic arrangement. The use of small standard deviations in the Gaussian 

functions emphasizes the sharpness of the peaks, mimicking real XRD patterns seen in well-ordered 

crystal structures. The second peak at 35 degrees, with an intensity of 800 counts, is slightly broader 

due to a larger standard deviation compared to the peak at 20 degrees. The broader peak suggests a 

less intense diffraction event, possibly representing a different crystallographic plane with lower 

atomic density or weaker interactions with the X-ray beam. The third peak, at 50 degrees with 1200 
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counts, strikes a balance between intensity and sharpness, implying a moderately intense diffraction 

from a plane with medium atomic density. The placement of these peaks at regular intervals 

captures the essence of XRD analysis, where different atomic planes reflect X-rays at different 

angles. The final peak, located at 65 degrees with an intensity of 1000 counts, is sharp again, 

reinforcing the idea of a well-ordered structure that reflects the X-ray beam at a high angle. The 

combination of all four peaks forms the complete XRD spectrum, where the distinct sharp peaks 

reflect the material's crystallinity. The absence of gridlines in the plot enhances the focus on the 

peak shapes and their intensities, which are crucial for identifying material properties in FTIR 

analysis Figure 4. This simulated spectrum is typical of highly crystalline materials, where the 

presence of multiple sharp peaks corresponds to distinct lattice planes, allowing researchers to 

deduce structural information about the material. 

 

Figure 4: Ftir spectrum, where the distinct sharp peaks reflect the material's crystallinity 

Figure 5 compares the current values measured at different time intervals (10 to 60 minutes) for 

four different experimental conditions Figure compares the current values measured at different 

time intervals (10 to 60 minutes) for four different experimental conditions: APTES+Probe, 

Complementary DNA, Mismatched DNA, and APTES+Probe+Tween-20. The APTES+Probe 

condition represents the baseline current generated by the interaction between the surface probe and 

the APTES (3-aminopropyltriethoxysilane) linker. Initially, at 10 minutes, the current is highest at 

2.97E-08 A and decreases progressively to 4.71E-09 A by 60 minutes. This decline suggests a time-

dependent interaction that reduces current generation as the surface becomes saturated or the 

interaction reaches equilibrium. The Complementary DNA condition shows a slightly higher initial 

current of 3.10E-08 A compared to APTES+Probe, indicating that the hybridization of 

complementary DNA strands enhances the surface interaction, leading to a higher electrical 

response. However, like the APTES+Probe condition, the current declines over time, reaching 

4.90E-09 A at the 60-minute mark. This decrease is likely due to a reduction in available 

hybridization sites or saturation of DNA binding, which reduces the overall current. In contrast, the 

Mismatched DNA condition starts with a lower current of 2.50E-08 A at 10 minutes, demonstrating 

weaker interactions due to mismatched base pairs that do not form stable hybridization complexes. 

The current also decreases steadily over time, reaching 4.50E-09 A at 60 minutes.  
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Figure 5. compares the current values measured at different time intervals (10 to 60 minutes) 

for four different experimental conditions: APTES+Probe, Complementary DNA, 

Mismatched DNA, and APTES+Probe+Tween-20 

The lower overall current compared to the Complementary DNA condition highlights the specificity 

of DNA hybridization, where mismatched sequences lead to weaker and less stable interactions, 

thus generating less current. The APTES+Probe+Tween-20 condition shows the highest initial 

current of 4.10E-08 A at 10 minutes. However, it experiences a much steeper decline, dropping to 

5.42E-09 A at 30 minutes, after which data is not available for later time points. Tween-20, a 

surfactant, likely affects the surface interaction by enhancing the probe's accessibility or reducing 

surface tension, leading to a higher initial current. However, the sharp decline suggests that Tween-

20 may cause instability in the surface interaction over time, possibly disrupting the probe or DNA 

interactions at later stages. 

4. Conclusion 

The results of this study show that Tween-20 is the only thing that increased the amount of the 

desired DNA that the biosensor picked up. Primarily, Tween-20 enhanced current measurement by 

the combined APTES + Probe only, with currents increasing from δ2.97 E-08 A to 4.10 E-08 A (10 

minutes). This enhancement simulates Tween-20, which could reduce unspecific interactions, thus 

obtaining higher biosensor sensitivity in this domain. The reduction of the present values for 

APTES+Probe and APTES+Probe+Tween-20 over time represents the stabilization of the 

biosensor, as well as the possible loss of signal with time. By the time we added Tween-20, after 30 

minutes, we had a current of only 5.42E-09 A compared with the current of APTES+Probe only, 

4.71E-09 A, and that of the complementary DNA, 4.90E-09 A, which shows the Tween-20 begins 

to inactivate. The biosensor generated higher current responses for complementary DNA than for 

mismatched DNA, proving that it distinguished between specific and non-specific interactions. 

When Tween-20 is used for detection, it is clear that it reduces non-specific binding, which leads to 

better performance. While Tween-20 is beneficial when mid- to long-term applications are 

warranted, its decreased ability to function effectively over time indicates a need for further 

optimization [21]. In conclusion, adding Tween-20 to a biosensor makes it work better, and this 

study shows that it is more sensitive and specific to complementary DNA identification. Further 

investigations on Tween-20 improvements and other modifications are justified to sustain high 

performance over longer detection times. 
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