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Abstract: Research on synthesizing and characterizing coated wire electrodes (CWE) based on Ag-

rGO-BCAC6ND2 nanocomposites as diazinon pesticide sensors has been successfully carried out. The 

use of Ag-rGO-BCAC6ND2 nanocomposite as a membrane aims to improve the performance of CWE 

as a diazinon pesticide sensor. The membrane was designed using a nanocomposite with a ratio of (Ag: 

rGO: BCAC6ND2) (3:1:4). The Ag-rGO-BCAC6ND2 nanocomposite combination shows excellent 

performance in facilitating the electron transfer process from the membrane to the electrode surface. 

CWE based on Ag-rGO-BCAC6ND2 nanocomposite has excellent characteristics and performance 

because the combination of Ag-rGO-BCAC6ND2 nanocomposite and diazinon pesticide can form a 

complex compound [Ag+(rGO-BCAC6ND2)(C12H21N2O3PS)(NO3
-)]. This is indicated by the 

sensitivity (S) value (29.755 mV/decade), working concentration range (10-7 - 10-2 ppm), minimum 

detection limit (xmin = 292.5 mV), minimum concentration detection limit (xmin = 10-8 ppm), RSD 

(0.21), and response time (1 - 4 minute). The use of Ag nanoparticles in the Ag-rGO-BCAC6ND2 

nanocomposite can reduce the xmin from 10-5 to 10-8 ppm. CWE based on Ag-rGO-BCAC6ND2 

nanocomposite has excellent sensitivity, stability, and reproducibility values, so it can be used as a 

diazinon pesticide sensor in the environment. 
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1. Introduction 

The agricultural sector is one sector that has an important role as a country's foreign 

exchange earner [1,2]. However, the productivity of agricultural products has decreased due to 

attacks by plant pests. In 2019, around 336,827 ha of land were affected by pest attacks out of 

a planted land area of 16,249,808 ha [3]. 
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One way that pests can be controlled is by using pesticides. The type of pesticide that 

is widely used by the public is diazinon [4]. The use of pesticides has the potential to have a 

negative impact on the environment and human health. This is because pesticides are difficult 

to decompose, so they are toxic [5-8]. Therefore, the Environmental Protection Agency (EPA) 

solves this problem by detecting pesticides [9]. 

The methods commonly used to detect pesticides are gas chromatography-mass 

spectrometry (GC-MS) and liquid chromatography-mass spectrometry (LC-MS). This method 

has disadvantages, namely that the availability of these tools is very limited, operational costs 

are very expensive and requires a long time and special skills to carry out [10,11]. Therefore, 

we need a pesticide detector or sensor that can be used easily, has low operational costs, is 

short-lived, and has high accuracy and selectivity. 

A sensor is a tool that can be used to detect ions and compounds. The working principle 

of the sensor is to convert the analyte into an analyte signal resulting from a chemical reaction 

between the analyte and the corresponding element [12,13]. One sensor that can be used to 

detect pesticides is the coated wire electrode (CWE). 

CWE is a chemical sensor that is widely used for the determination of cations, anions, 

ions, and compounds [14]. This is because the CWE method has advantages such as (1) an 

analysis by CWE quickly and accurately, (2) CWE can measure the activity of a species 

directly, (3) CWE has high selectivity so that it does not require separation, (4) range of 

comprehensive measurement, and (5) analysis of the cost of cheap [15]. 

CWE performance involves an electron transfer process between the membrane and the 

electrode [16]. Therefore, CWE performance can be improved by using membrane materials 

that have good electrical conductivity [17-19]. Nanomaterials and ionophores are widely used 

as sensor supports because they have unique physical and chemical properties such as size, 

composition, magnetic properties, conductivity, and mechanical strength [20-22]. 

Ag metal is one of the nanoparticles that has been proven to be a good conductive 

material among other metals. This is because it has a good electrocatalytic response, so it can 

facilitate the electron transfer process to increase the sensor sensitivity value [23,24]. Reduced 

graphene oxide (rGO) is one of the nanomaterials that has been developed to support sensor 

performance. rGO is utilized in electroanalysis because it has a large surface area, good 

electronic transport properties, and high electrocatalytic activity [25,26]. The BCAC6ND2 

ionophore is a calix[6]arene derivative compound that has the potential to be used as a 

membrane raw material [27,28]. This is because the structure of this ionophore resembles a 

basketball basket, so it can be used to interact with a neutral ion or molecule [29,30]. Several 

ionophores that have been used as membranes in CWE to detect heavy metal ions in the 

environment are BEC4ND1 ionophore as an Hg2+ ion sensor [31], BEC6ND1 ionophore as a 

Pb2+ and Cu2+ ion sensor [32-34], BETAC4ND5 and BETAC6ND5 ionophore as an Hg2+ and 

Au+ ion sensor [35,36]. 

In this study, we report the performance of coated wire electrodes (CWE) based on Ag-

rGO-BCAC6ND2 nanocomposite as a diazinon pesticide sensor. The CWE has several 

advantages, such as being easy to update, easy to modify, cheap, and having very low current 

disturbance [37]. Ag nanoparticles have a good electrocatalytic response, so they can facilitate 

the electron transfer process and increase the sensor sensitivity value [23,24]. The rGO 

nanomaterial has a large surface area, good electronic transport properties, and high 

electrocatalytic activity [25,26]. Meanwhile, calix[n]arene derivative ionophores have been 

reported to have very sensitive and selective properties towards heavy metal ions [31-36]. 
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However, the sensitive and selective properties of the BCAC6ND2 ionophore as a composite 

nanomaterial in CWE have not been reported to determine the pesticide diazinon. Therefore, it 

is hoped that the presence of the BCAC6ND2 ionophore as a new composite nanomaterial in 

CWE will have a significant influence on increasing the sensitivity value of the diazinon 

pesticide sensor because the combination of Ag-rGO-BCAC6ND2 nanocomposite and 

diazinon pesticide can form a complex compound of reduced graphene oxide hexa(p-tert-

butyl)hexa(carboxylic acid)calix[6]arene diazinon silver(I) nitrate [Ag+(rGO-

BCAC6ND2)(C12H21N2O3PS)-(NO3
-)]. 

2. Materials and Methods 

2.1. Apparatus and materials. 

The tools used for the synthesis of the BCAC6ND2 ionophore, rGO, and membrane are 

a three-neck round bottom flask (Pyrex), magnetic stirrer bar (PTFE Type C), measuring cup 

(Pyrex), glass stir bar, desiccator, solder (Stanley 69- 033B), digital multimeter (Sanwa 

CD800A), digital scales (Mettler Toledo ME 204), hot plate magnetic stirrer (Thermo 

Scientific), temperature Hg thermometer (-10 – 360°C), stopwatch (Casio), measuring cup 

(Pyrex), flask measuring (Pyrex), drop pipette, micropipette, volume pipette, refrigerator (LG), 

fume hood (ESCO), rubber suction oven (Filler), vortex mixer (IKA), sonicator (KUDOS HP-

Heating Series: 53 kHz), a ruler (Trifelo), scissors (Joyco), and a polyethylene sample bottle. 

Shimadzu® FTIR Prestige-21 spectrometer, SEM (JEOL-JSM-6510LV), and EDX (Bruker) 

were used to characterize the Ag-rGO-BCAC6ND2 membrane. 

The materials used for the synthesis of the BCAC6ND2 ionophore are the starting 

materials, hexa(p-tert-butyl)hexa(ethylester)calix[6]arene (synthesized) [38], potassium 

hydroxide (Merck), ethanol (Merck), hydrochloric acid (Merck), and chloroform (Merck). Ag 

wire, Cu wire, Pt wire, Sn wire, parafilm "M" (Pechiney), blue tip, potassium chloride (Merck), 

silica gel (Ady Water), and batteries were used as materials for making working and reference 

electrodes. Graphene oxide (GO) (Aldrich), hydrazine (Merck), methanol (Merck), silver 

nitrate (Merck), acetic acid (Merck), and BCAC6ND2 ionophore as raw materials for making 

membranes. Diazinon pesticide was used as a test solution. Distilled water was used as a 

solvent for all solutions. 

2.2. Synthesis of the BCAC6ND2 ionophore. 

The starting materials (2 g, 0.0019 mol) were mixed with potassium hydroxide (0.5 g, 

0.0089 mol) and then dissolved in ethanol 96% (100 mL). The mixture was refluxed at a 

temperature of 78°C for 24 h. The reaction mixture was cooled to room temperature. The 

solution was acidified with HCl 1 M. The precipitate was filtered, washed with HCl 1 M and 

distilled water, and dried in the desiccator [38]. 

2.3. Synthesis of reduced graphene oxide (rGO). 

GO (2 g) was dissolved in water (200 mL) and hydrazine (5 mL). The solution was 

stirred with a magnetic stirrer. The solution was heated in an oven at 160°C for 12 hours. The 

solution was washed with aqua bidest-methanol. The solution was dried in an oven at 105°C 

for 3 hours. Next, the solution was dried using a furnace at 500°C for 1 hour until rGO powder 

was formed. 
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2.4. Preparation of Ag-rGO-BCAC6ND2 nanocomposite. 

The preparation of the Ag-rGO-BCAC6ND2 nanocomposite began with the 

preparation of a solution of 0.5 mM AgNO3, 2.5 mg/mL rGO, and 2% (w/v) BCAC6ND2 

ionophore. A 0.5 mM AgNO3 solution was prepared by dissolving AgNO3 (850 mg) in water 

(10 mL). The solution was stirred with a magnetic stirrer. The 2.5 mg/mL rGO solution was 

prepared by dissolving rGO powder (2.5 mg) in water (1 mL). The solution was homogenized 

with a vortex mixer for 1 minute. The BCAC6ND2 ionophore 2% (w/v) solution was prepared 

by dissolving BCAC6ND2 ionophore crystals (0.5 mg) in 2% acetic acid (25 mL). The solution 

was stirred with a magnetic stirrer. 

The Ag-rGO-BCAC6ND2 nanocomposite was made by mixing 0.5 mM AgNO3 

solution (450 L) and 2.5 mg/mL rGO solution (150 L). The solution was homogenized with 

a vortex mixer for 1 minute. Next, the solution was ultrasonicated with a sonicator at room 

temperature for 15 minutes to form a stable dispersion. The Ag-rGO solution (600 L) was 

added gradually to the BCAC6ND2 ionophore solution (600 L), to which 4 M NaOH (2 

drops) had been added. NaOH was added to neutralize the acidic nature of the acetic acid 

solvent in the BCAC6ND2 ionophore solution. The solution was stirred with a magnetic stirrer 

until the solution formed a paste. 

2.5. Characterization of Ag-rGO-BCAC6ND2 nanocomposite. 

The morphology, size, surface area, and composition of the Ag-rGO-BCAC6ND2 

nanocomposite were characterized by scanning electron microscope-energy dispersive X-ray 

(SEM-EDX). The functional groups of the Ag-rGO-BCAC6ND2 membrane components were 

characterized using Fourier Transform Infrared (FTIR). 

2.6. Ag/AgCl comparator electrode design. 

The Ag and Pt wires are connected to the positive and negative poles of the battery, 

respectively. The Ag and Pt wires were dipped in a 0.1 M KCl solution. The Ag wire was 

electrolyzed in a 0.1 M KCl solution for 30 minutes. The formed Ag/AgCl wire was dried in 

the open air. The Ag/AgCl wire is inserted into the blue tip, the bottom end of which has been 

plugged with silica gel. A 0.1 M KCl solution was added to the blue tip until it covered the 

Ag/AgCl wire. The top end of the blue tip is wrapped with parafilm plastic to hold the Ag/AgCl 

wire and prevent the KCl solution from escaping from the electrode body. 

2.7. Coated wire electrode (CWE) type working electrode design. 

The working electrode is made from copper (Cu) wire with a length of 7 cm and a 

diameter of 1 mm. The plastic layer at the top end of the Cu wire was opened for 2 cm. The 

bottom end of the Cu wire is connected to a platinum (Pt) wire measuring 2 cm and a diameter 

of 0.2 mm using tin (Sn) wire solder. The Cu wire that has been connected to the Pt wire is 

inserted into the blue tip, with the Pt wire sticking out at the bottom end of the blue tip. At the 

top and bottom of the electrode body, parafilm plastic is wrapped to support the Cu and Pt 

wires. Next, the bottom of the Pt wire, which was left open, was coated with Ag-rGO-

BCAC6ND2 nanocomposite. The tip of the Pt wire that had been coated with nanocomposite 

was rinsed with aqua bidest three times. Next, CWE was soaked in citrate buffer solution pH 

5.5 for 24 hours. 
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2.8. Coated wire electrode (CWE) performance test. 

2.8.1. CWE Nernst (Sensitivity) slope. 

The potential value of the diazinon solution (10-9 - 10-1 M) was measured using the 

CWE. The measurement results are graphed between the potential value of E (mV) as the y-

axis and -log [diazinon] as the x-axis. The sensitivity value (S) of CWE is obtained from the 

regression coefficient b from the linear regression equation ŷ = a + bx. At the same time, the 

K value is obtained from the regression coefficient a from the linear regression equation ŷ = a 

+ bx by extrapolating the linear curve to the y-axis [39]. 

2.8.2. CWE Work concentration range. 

The working concentration range of the CWE was determined by constructing an 

exponential curve on the Nernstian and non-Nernstian linear regression lines. The intersection 

point of the exponential curve on the linear regression line shows the concentration limit of the 

working concentration range of the CWE [40]. 

2.8.3. CWE limit of detection (LoD). 

The limit of detection (LoD) is the lowest limit of analyte concentration that an 

instrument can measure. LoD was determined by analyzing the potential response of a standard 

solution of diazinon pesticide from a concentration of 10-9 ‒ 10-1 ppm. The minimum detection 

limit (xmin) that can be measured by CWE is determined using Equation (1): 

∆𝑥min =  𝑥̅1 −  𝑥̅𝑏  > 𝑡𝑡𝑎𝑏𝑙𝑒 𝑠𝑏 √
𝑁1+𝑁2

𝑁1 x  𝑁2
                (1) 

where the subscript b refers to the blank determination, 𝑥̅ = mean, ttable = factor from 

the confidence interval table, s = standard deviation, and N = number of measurements (Skoog 

et al., 1996) [41]. 

The minimum concentration detection limit (xmin) of diazinon pesticide that CWE can 

measure is determined by entering the value xmin (as a y value) obtained from Equation (1) 

into Equation (2), namely the linear regression line equation of the calibration curve as follows:  

𝑦 =  𝑎 𝑥min +  𝑏                                             (2) 

where b is the y-intercept (the value of y when x is zero), and a is the slope of the line 

Christian et al. [42]. 

2.8.4. CWE precision 

CWE precision was measured as relative standard deviation (RSD) using Equation 3: 

RSD =
SD

𝑥̅
                                                       (3) 

where SD is the standard deviation and 𝑥̅ is the average of the measurements [42]. 

2.8.5. CWE response time. 

The response time of the CWE was determined from the length of time required to 

produce a constant potential value of the diazinon solution (10-9 - 10-1 M). 
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3. Results and Discussion 

3.1. Characterization of Ag-rGO-BCAC6ND2 nanocomposite using FTIR. 

The physical data of the synthesized BCAC6ND2 ionophore are: yield of 1.2476 g 

(62.38%); mp 326 – 328°C; TLC (SiO2, ethanol: ethyl acetate = 1:1 v/v, Rf = 0.93) [27]. Table 

1 shows the FTIR spectrum data of BCAC6ND2 ionophore in νmax (cm-1): 3429.43 (OH acid), 

1757.15 (C=O acid), 1298.09 (COC alkyl aryl ether), 1062.78 (RCO alkyl aryl ether), 1600.92 

and 1467.83 (C=C aromatic), 1190.08 (C-O aromatic), 879.54 and 723.31 (CH OOP aromatic), 

2954.95, 2920.23, and 2850, 79 (CH saturated aliphatic), 1386.82 (CH3 aliphatic), 1363.67 

(CH2 aliphatic) [43]. 

Table 1. FTIR spectrum data of BCAC6ND2 ionophore, reduced graphene oxide (rGO), and Ag-rGO-

BCAC6ND2 nanocomposite. 
 

No. Class 
Groups and 

Remarks 

Frequency (cm-1) and Intensities 

BCAC6ND2 

Ionophore 

Reduced Graphene 

Oxide (rGO) 

Nanocomposite 

Ag-rGO-BCAC6ND2 

 

Carboxylic 

Acids 

RCOOH 

OH stretch 

C=O stretch 

3429.43 (vs) 

1757.15 (vs) 

3442.92 (s) 

1886.38 (s) 

3431.36 (s) 

1718.58 (s) 

 
Ethers 

ROR’ 

C-O-C stretch in 

alkyl aryl ethers 

R-C-O stretch in 

alkyl aryl ethers 

1298.09 (s) 

 

1062.78 (s) 

 

- 

 

- 

 

1244,09 (s) 

 

1089,78 (s) 

 

 

Epoxides 

 

C-O-C stretch in 

cyclic ethers 
- 1298.09 (s) 1107.14 (s) 

 

Aromatic 

ArH 

 

C=C aromatic ring 

stretching 

C-O aromatic ring 

stretching 

Out-of-plane C-H 

deformation 1,4-

disubstituted 

1600.92 (s) 

1467.83 (s) 

1190.08 (vs) 

 

879.54 (w) 

723.31 (w) 

 

1668.43 (s) 

1442.75 (s) 

1035.77 (s) 

 

- 

- 

 

1658.78 (s) 

1494.83 (s) 

1070.49 (s) 

 

817,82 (w) 

711,73 (w) 

 

 

Aliphatic 

RH 

 

t-Butyl 

(CH3)3C- 

Methylene 

-CH2- 

C-H stretch from 

saturated CH3)3C- 

 

C-H stretch from 

CH3- 

C-H stretch from –

CH2- 

2954.95 (w) 

2920.23 (vs) 

2850.79 (s) 

1386.82 (m) 

 

1363.67 (m) 

 

- 

2929.87 (s) 

- 

- 

 

- 

 

2956,87 (w) 

2931.80 (s) 

2850,79 (s) 

1455,09 (m) 

 

1465,9 (m) 

 

vs = very strong; v = variable; s = strong; m = medium; w = weak. 

Table 1 shows the FTIR spectrum data of reduced graphene oxide (rGO) in νmax (cm-1): 

3442.92 (OH acid), 1886.38 (C=O acid), 1298.09 (COC cyclic ether), 1668.43 and 1442.75 

(C=C aromatic), 1035.77 (C-O aromatic), and 2929.87 (CH saturated aliphatic) [43]. 

The FTIR spectrum of the Ag-rGO-BCAC6ND2 nanocomposite is shown in Table 1. 

The FTIR data in Table 1 shows that the OH, C=O, C-O-C, and C-O absorption areas of rGO 

decreased after adding the BCAC6ND2 ionophore and Ag nanoparticles. This indicates that in 

the Ag-rGO-BCAC6ND2 nanocomposite, there is an interaction between Ag nanoparticles 

with rGO and the BCAC6ND2 ionophore. This interaction occurs through coordination bonds 

between Ag nanoparticles and oxygen atoms from rGO and the BCAC6ND2 ionophore. The 

interaction between rGO and BCAC6ND2 ionophore occurs through intermolecular hydrogen 

O

R2

R1

R3

R4
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bonding between two carboxylic acid groups. An illustration of the interaction between Ag 

nanoparticles, rGO, and the BCAC6ND2 ionophore is shown in Figure 1. 

 
Figure 1. Illustration of the interaction between Ag nanoparticles, rGO, and BCAC6ND2 ionophore in the Ag-

rGO-BCAC6ND2 nanocomposite. 

3.2. Characterization of Ag-rGO-BCAC6ND2 Nanocomposite using SEM-EDX. 

The results of surface morphology analysis of the Ag-rGO-BCAC6ND2 

nanocomposite using SEM are shown in Figure 2. 
 

 
Figure 2. SEM analysis results of the Ag-rGO-BCAC6ND2 nanocomposite. (A) magnification 5,000 times; (B) 

magnification 10,000 times; (C) magnification 25,000 times. 

Figure 2 illustrates that the surface of the Ag-rGO-BCAC6ND2 nanocomposite appears 

compact, very dense, rough, and has a large surface area. This kind of nanocomposite 

morphology can increase the contact area between the composite and the target molecules so 

that it can promote better electron transfer properties. This is due to the conductivity properties 

of the Ag and rGO nanoparticles, which are well distributed on the nanocomposite surface. The 

presence of Ag and rGO nanoparticles is reported to contribute to increasing the surface area 

of nanocomposites and electron transfer [23,24]. Figures 2A and 2B show the presence of gaps 

in the Ag-rGO-BCAC6ND2 nanocomposite layer. This allows target molecules to be adsorbed 

on the nanocomposite surface. Figure 2C shows that there is a fine layer that is evenly 

distributed on the surface of the Ag-rGO-BCAC6ND2 nanocomposite. This shows that the 

process of coating Ag nanoparticles on the surface of the rGO nanomaterial and BCAC6ND2 

ionophore has been successful. 

The results of the atomic percentage analysis of the Ag-rGO-BCAC6ND2 

nanocomposite with EDX are shown in Figure 3. Figure 3 shows that the Ag-rGO-BCAC6ND2 

nanocomposite is composed of C atoms (11.77%) at the 0.2 KeV energy level, Ag (17.92%) at 

the 0.3 and 3.0 KeV energy levels, O (60 .56%) at the 0.5 KeV energy level, and Na (9.75%) 

O

O

O

H

O

H
O

O

H

O

O

O O

O

O

H

O

H
O

O

O

H
O

O

O

O
H

O OH O

OH O OH O

OO

O

O O OH O O

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

Ag
+

BCAC6ND2 Ionophore reduced Graphene Oxide (rGO)Ag Nanoparticles

Ag-rGO-BCAC6ND2 Nanocomposite

intermolecular

    hydrogen

     bonding

coordination

   covalent

     bonds

coordination

   covalent

     bonds

Ag+ NO3-

Ag+

NO3-

Ag+ NO3-

Ag+ NO3-

Ag+NO3
- NO3-

Ag+

Ag+

NO3-

Ag+

NO3-

NO3
-Ag+

Ag+NO3
-NO3

-Ag+

A B C 
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at the 1.2 KeV energy level. These data indicate that Ag nanoparticles have been successfully 

adsorbed on the surfaces of rGO and BCAC6ND2. The Na atom comes from the addition of 

NaOH in the BCAC6ND2 ionophore solution to neutralize the acidic nature of the acetic acid 

solvent. The addition of NaOH also increases the solubility of the BCAC6ND2 ionophore in 

the mixture so that it forms a paste, which facilitates the membrane coating process on the 

working electrode. 

 
Figure 3. EDX analysis results of the Ag-rGO-BCAC6ND2 nanocomposite. 

3.3. Coated wire electrode (CWE) performance test. 

3.3.1. CWE Nernst (Sensitivity) slope. 

Tables 2 and 3, respectively, show data on the potential value (mV) of diazinon 

pesticide solution (10-9 - 10-1 ppm) measured by CWE based on Ag-rGO-BCAC6ND2 and 

rGO-BCAC6ND2 nanocomposites. 

Table 2. Potential value data (mV) of diazinon pesticide solution (10-9 - 10-1 ppm) measured by CWE based on 

Ag-rGO-BCAC6ND2 nanocomposite. 
 

No 
Concentration of Diazinon 

[ppm] 

-log 

[Diazinon] 

Potential Value 

E (mV) 

1 10-9 9 273.5 

2 10-8 8 282.7 

3 10-7 7 359.3 

4 10-6 6 370.1 

5 10-5 5 394.7 

6 10-4 4 428.3 

7 10-3 3 447.5 

8 10-2 2 495.2 

9 10-1 1 501.8 

Nernst Factor (S) 29.755 mV/dekade 

Eo (K) 543.56 

R2 0.9733 

Table 3. Potential value data (mV) of diazinon pesticide solution (10-9 - 10-1 ppm) measured by CWE based on 

rGO-BCAC6ND2 nanocomposite. 
 

No 
Concentration of Diazinon 

[ppm] 

-log 

[Diazinon] 

Potential Value 

E (mV) 

1 10-9 9 192.3 

2 10-8 8 179.1 

3 10-7 7 170.1 

4 10-6 6 164.7 

5 10-5 5 158.3 

6 10-4 4 147.0 

7 10-3 3 140.5 

8 10-2 2 134.6 
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No 
Concentration of Diazinon 

[ppm] 

-log 

[Diazinon] 

Potential Value 

E (mV) 

9 10-1 1 127.7 

Nernst Factor (S) 7.8133 mV/dekade 

Eo (K)  118.08 

R2 0.9901 

Figures 4 and 5, respectively, show linear regression graphs of the relationship between 

potential value (mV) data and –log [diazinon] from the data contained in Tables 2 and 3. 

 

 
 

Figure 4. A linear regression graph of the relationship between potential value (mV) and –log [diazinon] from 

the data is in Table 2. 

 
 

Figure 5. A linear regression graph of the relationship between potential value (mV) and –log [diazinon] from 

the data is in Table 3. 

Figure 4 shows the Nernst slope (sensitivity) of CWE based on Ag-rGO-BCAC6ND2 

nanocomposite. The Nernst (sensitivity) slope value of CWE based on the Ag-rGO-

BCAC6ND2 nanocomposite is 29.755 mV/decade (Figure 4). These results indicate that the 

sensitivity (S) of CWE based on the Ag-rGO-BCAC6ND2 nanocomposite is very high because 

the value of 29.755 mV/decade is close to the theoretical Nernst (S) slope value, namely (29.6 

 1.5) mV/decade. These results indicate that the material component and the composition of 

the Ag-rGO-BCAC6ND2 (3 : 1 : 4) nanocomposite used to detect diazinon pesticide can 

increase the electron transfer value or conductivity between the nanocomposite and diazinon 

pesticide as the target molecule. 

Figure 5 shows the Nernst slope (sensitivity) of CWE based on rGO-BCAC6ND2 

nanocomposite. The Nernst (sensitivity) slope value of CWE based on the rGO-BCAC6ND2 

nanocomposite is 7.8133 mV/decade (Figure 5). These results indicate that the sensitivity (S) 

of CWE based on the rGO-BCAC6ND2 nanocomposite is much lower than the theoretical 
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slope value, namely (29.6  1.5) mV/decade. This shows that Ag nanoparticles play a very 

important role in increasing the conductivity between the Ag-rGO-BCAC6ND2 

nanocomposite and the pesticide diazinon as the target molecule. 

3.3.2. CWE Work concentration range. 

Figure 6 shows the linear regression graph and exponential curve of the relationship 

between potential value (mV) and –log [diazinon]. 

 

 
 

Figure 6. Linear regression graph (black line) and exponential curve (red line) of the relationship between 

potential value (mV) and –log [diazinon]. 

The working concentration range of the CWE was determined by constructing an 

exponential curve on the Nernstian and non-Nernstian linear regression lines. Figure 6 shows 

that there are two intersection points (sign ) of the exponential curve (red line) on the linear 

regression line (black line), namely the diazinon concentrations of 10-7 and 10-2 ppm. This 

indicates that the working concentration ranges of the CWE based on Ag-rGO-BCAC6ND2 

nanocomposite is 10-7 ppm (lowest) to 10-2 ppm (highest). These results indicate that the CWE 

based on Ag-rGO-BCAC6ND2 nanocomposite has a wide linear range and lower detection 

limit. 

3.3.3. CWE limit of detection (LoD). 

The limit of detection (LoD) is the lowest limit of analyte concentration that can be 

measured by an instrument. LoD was determined by analyzing the potential response of a 

standard solution of diazinon pesticide from a concentration of 10-9 ‒ 10-1 ppm. The minimum 

detection limit (xmin) and minimum concentration detection limit (xmin) of diazinon pesticide 

that CWE can measure at a 99% confidence level for a single analytical method are determined 

from the data in Table 2 and Figure 4 using Equations 4 and 5: 

          ∆𝑥min =  𝑥̅1 −  𝑥̅𝑏  > 𝑡𝑡𝑎𝑏𝑙𝑒 𝑠𝑏 √
𝑁1+𝑁2

𝑁1 x  𝑁2
      (4) 

  ∆𝑥min > 3.36 x 82.598  √
1 + 9

1 x 9
 > 292.5 

𝑦 =  𝑎 𝑥min +  𝑏                                                (5) 

292.5 =  29.755 𝑥min +  543.56      𝑥min =  
−251.06

29.755
= −8.438 ≈  10−8 

The LoD value (xmin) and lowest concentration detection limit (xmin) of 

nanocomposite-based CWE are 292.5 mV and 10-8 ppm, respectively. This shows that the 

lowest concentration detection limit (xmin) of diazinon pesticide that the Ag-rGO-BCAC6ND2-

nanocomposite-based CWE sensor can detect is 10-8 ppm. 
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The effect of the presence of Ag nanoparticles on the minimum detection limit (xmin) 

and minimum concentration detection limit (xmin) that CWE can measure at the 99% confidence 

level for a single analytical method is determined from the data in Table 3 and Figure 5 using 

Equation 6 and 7: 

∆𝑥min =  𝑥̅1 −  𝑥̅𝑏  > 𝑡𝑡𝑎𝑏𝑙𝑒 𝑠𝑏 √
𝑁1+𝑁2

𝑁1 x  𝑁2
           (6) 

∆𝑥min > 3.36 x 21.5041  √
1 + 9

1 x 9
 > 76.2 

𝑦 =  𝑎 𝑥min +  𝑏                                                 (7) 

76.2 =  7.8133 𝑥min +  118.08      𝑥min =  
−41.88

7.8133
= −5.36 ≈  10−5 

The LoD (xmin) value of CWE based on rGO-BCAC6ND2 nanocomposite is 76.2 mV 

(Eq. 6). These results indicate that the lowest concentration (xmin) of diazinon pesticide that 

can be detected by the CWE sensor based on rGO-BCAC6ND2 nanocomposite is 10-5 ppm. 

These results indicate that the presence of Ag nanoparticles in the Ag-rGO-BCAC6ND2 

nanocomposite can reduce the minimum concentration detection limit (xmin) that CWE can 

measure from 10-5 to 10-8 ppm. According to Dali [45], the characteristics of a sensor are also 

determined by its ability to detect the concentration of an analyte. The smaller the concentration 

that can be detected by the sensor, the better the characteristics of the sensor. Therefore, the 

characteristics of the CWE sensor based on Ag-rGO-BCAC6ND2 nanocomposite are very 

good because it has a LoD (xmin) value (292.5 mV) and minimum concentration detection 

limit (xmin) (10-8 ppm). The presence of Ag nanoparticles and BCAC6ND2 ionophores in the 

Ag-rGO-BCAC6ND2 nanocomposite has contributed to increasing the LoD value (xmin) and 

decreasing the minimum concentration detection limit value (xmin) so that the CWE working 

concentration range becomes wide and extensive [44]. 

3.3.4. CWE precision. 

Precision is a measure of how well test results can be reproduced. CWE precision is 

measured as relative standard deviation (RSD). RSD can be calculated from the data in Figure 

4 using Equation 8: 

RSD =  
SD

x̅
=  

82.597783

394.8
= 0.209214 ≈ 0.21          (8) 

where SD is the standard deviation and 𝑥̅ is the average of the measurements [26]. 

The result of the above calculation shows that the RSD value of the CWE sensor based 

on Ag-rGO-BCAC6ND2 nanocomposite is 0.21. According to Christian [42], a good RSD 

value is < 2 with a confidence level of 95%. The RSD value of 0.21 is less than 2. The smaller 

the RSD value, the higher the measurement precision of an electrode [45]. This means that the 

CWE sensor based on Ag-rGO-BCAC6ND2 nanocomposite has a very high level of precision 

or repeatability of the measurement results. 

3.3.5. CWE response time. 

Table 4 shows data on the potential value (mV) of the diazinon pesticide solution (10-9 

- 10-1 ppm) at the response time (1 - 10 minutes). Response time is the time required for an 

electrode to reach a stable and constant potential value [49]. Based on the potential value data 
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in Table 4, we can see that the potential value at a response time of 1 - 4 minutes is constant 

for each measurement of the diazinon pesticide solution (10-9 - 10-1 ppm). Therefore, the 

response time of CWE based on the Ag-rGO-BCAC6ND2 nanocomposite is around 1 – 4 

minutes (Table 4). This means that the time required for CWE based on the Ag-rGO-

BCAC6ND2 nanocomposite to reach a stable and constant potential value is around 1 – 4 

minutes. These results also show that the electron transfer speed from the Ag-rGO-

BCAC6ND2 nanocomposite membrane to the CWE surface to provide an accurate 

measurement response is around 1 – 4 minutes. These results indicate that the CWE 

performance based on the Ag-rGO-BCAC6ND2 nanocomposite is quite good. The faster the 

response of an electrode, the better the performance of the electrode [46-48]. 

Table 4. Data on the potential value (mV) of diazinon pesticide solution (10-9 - 10-1 ppm) at response time (1 - 

10 minutes). 
 

Response 

Time 

(minutes) 

Potential Value E (mV) 

Concentration of Diazinon [ppm] 

10-9 10-8 10-7 10-6 10-5 10-4 10-3 10-2 10-1 

1 199.7 192.5 187.1 179.3 171.1 162.7 151.9 147.7 138.5 

2 197.5 191.7 185.3 177.5 170.3 161.5 150.7 146.5 137.6 

3 195.3 190.5 183.5 175.7 168.5 160.3 149.5 145.3 136.8 

4 193.1 188.3 181.7 173.9 167.3 159.1 148.3 144.1 135.4 

5 189.1 182.1 189.1 181.2 187.9 188.2 187.1 183.2 184.7 

6 167.3 161.3 168.3 169.1 166.7 167.4 166.2 162.5 164.9 

7 185.5 189.2 187.5 188.7 185.5 186.6 185.4 181.8 184.2 

8 163.3 168.4 166.7 167.6 164.3 165.8 164.6 160.1 164.7 

9 177.9 187.6 175.9 166.5 160.5 154.6 148.8 143.3 138.8 

10 177.5 186.8 174.1 165.4 160.1 153.4 147.7 142.5 138.4 

 

 
Figure 7. Illustration of interactions through coordinating covalent bonds between Ag (central atom) 

nanoparticles with the S and O atoms of the diazinon (ligand) pesticide to form a complex compound of reduced 

graphene oxide hexa(p-tert-butyl)hexa(carboxylic acid)calix[6]arene diazinon silver(I) nitrate [Ag+(rGO-

BCAC6ND2)(C12H21N2O3PS)-(NO3
-)]. 

Table 4 also shows that the higher the concentration of the diazinon pesticide solution 

in the analyte, the faster the Ag-rGO-BCAC6ND2 nanocomposite membrane interacts with the 

diazinon pesticide (C12H21N2O3PS) forms a complex compound of [Ag+(rGO-

BCAC6ND2)(C12H21N2O3PS)-(NO3
-)]. The formation of this complex compound does not 

involve proton exchange but only involves interactions through coordinating covalent bonds 
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between Ag (central atom) nanoparticles as electron pair acceptors with the S and O atoms of 

the diazinon (ligand) pesticide as electron pair donors (Figure 7). 

Figure 8 shows the 3D structure of the complex [Ag+(Ag-rGO-BCAC6ND2)-

(C12H21N2O3PS)(NO3
-)]. 

 

  
(a) (b) 

Figure 8. 3D structure of the complex (a) 3D structure of sticks & balls of complex [Ag+(Ag-rGO-

BCAC6ND2)(C12H21N2O3PS)(NO3
-)]; (b) 3D structure of spacefill of complex [Ag+(Ag-rGO-

BCAC6ND2)(C12H21N2O3PS)(NO3
-)]. 

4. Conclusions 

The combination of Ag-rGO-BCAC6ND2 (3 : 1 : 4) nanocomposite shows excellent 

performance in facilitating the process of electron transfer from the membrane to the electrode 

surface. CWE based on the Ag-rGO-BCAC6ND2 nanocomposite has excellent characteristics. 

This is indicated by the sensitivity (S) value (29.755 mV/decade), working concentration range 

(10-7 - 10-2 ppm), minimum detection limit (xmin = 292.5 mV), minimum concentration 

detection limit (xmin = 10-8 ppm), RSD (0.21), and response time (1 - 4 minute). The use of Ag 

nanoparticles in the Ag-rGO-BCAC6ND2 nanocomposite can reduce the xmin from 10-5 to 10-

8 ppm. CWE based on Ag-rGO-BCAC6ND2 nanocomposite has excellent sensitivity, stability, 

and reproducibility values so that it can be used as a diazinon pesticide sensor in the 

environment. The other research that can be carried out related to the results of this research is 

the influence of the conductivity properties of Ag nanoparticles, electrode geometry, 

nanocomposite composition, material properties of nanocomposite components, and the 

interference of other species on the performance of CWE based on Ag-rGO-BCAC6ND2 

nanocomposites. 
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