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Abstract: The research on determining highly selective and sensitive Pb(II) ions using ion-selective 

electrodes (ISE) coated with the BEC6ND1 ionophore as a membrane has been successfully carried 

out. ISE was designed using a membrane composition [(BEC6ND1 ionophore : PTCPB : DOS : PVC) 

(3 : 2 : 60 : 35 % w/w)]. The ISE-BEC6ND1 ionophore has good characteristics where it shows a 

sensitivity value of 29.395 mV/decade in the Pb(II) ion concentration range of 10-9 - 10-1 M with a limit 

of detection (LoD) 10-7 M. The response time is 4 - 8 minutes, with a relative standard deviation (RSD) 

of 0.21. The ESI-BEC6ND1 ionophore also shows the average value of selectivity coefficient (Kij) < 1. 

These results indicate that the presence of Fe(II), Zn(II), and Cd(II) ions as interfering ions in the analyte 

solution does not affect the performance of the ESI-BEC6ND1 ionophores in detecting Pb(II) ions. The 

ESI-BEC6ND1 ionophore that has been developed shows good selectivity, sensitivity, stability, and 

reproducibility, so the ESI-BEC6ND1 ionophore is promising to be used as a Pb(II) ion detector in the 

environment. 
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1. Introduction 

Lead (Pb) is a heavy metal toxic to the body. Pb toxins can enter the human body 

through the respiratory tract, digestion, and skin layer penetration. Pb that is absorbed through 

the respiratory tract, digestive tract and skin will be transported by the blood to all organs and 

tissues of the body. About 95% of Pb is bound by erythrocytes, and 5% of Pb is bound by blood 

plasma. About 30-40% of Pb that is absorbed through the respiratory tract will enter the 

bloodstream and lungs for circulation to all organs and tissues of the body. About 10-30% of 

Pb that is absorbed through the digestive tract will enter the organs and tissues of the body [1-

3]. 

Prolonged exposure to Pb can cause disturbances in various body organ systems, such 

as the nervous, gastrointestinal, urinary, and hematopoietic systems. The nervous system is the 

most sensitive system to Pb toxins. The tetraethyl lead compound [Pb(C2H5)4] is an antinock 

additive used in petrol. This compound can cause acute poisoning in the central nervous 
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system, although the poisoning process occurs in a long time with a small absorption rate. 

Diseases related to the brain as a result of Pb poisoning are encephalopathy (swelling of the 

brain) and delirium (mental disorders), which are characterized by hallucinations, epilepsy, 

coma, seizures, headaches, eye irritation, blindness, tumors, cancer, nervous system disorders, 

decreased immunity, and death. Clinical symptoms that often occur in the digestive tract system 

due to lead poisoning are small intestinal colic, which is always accompanied by severe 

constipation, namely localized pain around the umbilicus. Pb compounds that enter the urinary 

system (kidneys) can cause kidney damage. The damage is caused by the formation of 

intranuclear inclusion bodies and the formation of aminoaciduria, namely the occurrence of 

excess amino acids in the urine. Clinical symptoms that often occur in the hematopoietic system 

due to Pb poisoning are disturbances in heme biosynthesis. Blood Pb levels of 10 g/dL can 

inhibit the activity of the enzyme -aminolevulinate dehydratase (ALAD) in bone marrow 

erythroblasts and erythrocytes. This can increase urinary and serum levels of -aminolevulinate 

(ALA). High levels of ALAD can cause neurotoxicity. Blood Pb levels of 40-50 g/dL can 

cause disturbances in hemoglobin synthesis. Meanwhile, blood Pb levels of 70 g/dL can cause 

clinical anemia [1-3]. 

Clinical symptoms caused by exposure to Pb in various organs and body tissues cause 

Pb levels in the environment to be monitored regularly. The methods of determining Pb in 

environmental samples that are widely used today are Atomic Absorption Spectrometry (AAS), 

Laser-Induced Breakdown Spectroscopy [4,5], Flame Atomic Absorption Spectrometry 

(FAAS) [6-12], Inductively Coupled Plasma Mass Spectrometry (ICP-MS) [13], Fluorescence 

Resonance Energy Transfer (FRET) [14], Ion Chromatography [15], and Voltammetry 

methods [16-18]. These various analytical methods require instruments whose prices and 

operational costs are very expensive, so these instruments are not available at every institution, 

even though the institution requires them concerning waste monitoring. Therefore, we need to 

develop a Pb metal analysis method with a low price and operational cost, but this instrument 

has high quality, sensitivity, and selectivity. 

An ion-selective electrode (ISE) is a chemical sensor widely used to determine cation 

and anion ions [19-22]. This is because the ISE method has advantages such as (1) an analysis 

by ISE quickly and accurately, (2) ISE can measure the activity of a species directly, (3) ISE 

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

measurement, and (5) analysis cost of cheap [23]. 

The use of calix[n]arene derivatives as ionophores in ISE membrane components can 

increase the selectivity of potentiometric electrodes [24]. This is because calix[n]arene has a 

basket-like structure, so these compounds can be used to interact with ions or neutral molecules 

[25]. In addition, the derivative compound calix[n]arene also has a unique functional group so 

that it can interact selectively with heavy metal ions. Research results related to this are the use 

of p-tert-butylcalix[4]arene and p-tert-butylcalix[4]-and-[6]arene thioamides as ionophores on 

the surface of the coated wire electrode (CWE) for the analysis of the Pb(II), Hg(II), and Au(I) 

ions [26,27]. The use of the BEC4ND1 ionophore as a membrane on ISE-Hg(II) also showed 

very high selectivity and sensitivity to Zn(II), Cd(II), and Pb(II) ions [28-33]. Therefore, it is 

necessary to study selectivity testing ISE-Pb(II) with tetra(p-tert-

butyl)tetra(ethylester)calix[6]arene or BEC6ND1 ionophore as membrane against the Fe(II), 

Zn(II), and Cd(II) ions. 

In this study, we report a new method for determining Pb(II) ions using the BEC6ND1 

ionophore as a membrane at an ion-selective electrode (ISE). We found that using the 
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BEC6ND1 ionophore as a membrane in ISE showed highly selective and sensitive results for 

the determination of Pb(II) ions. Therefore, the ESI-BEC6ND1 ionophore is expected to be 

used as a Pb(II) ion detector in an environmental sample. 

2. Materials and Methods 

2.1. Apparatus and materials. 

The apparatus used is analytical balance (Explorer Ohaus), avometer digital multimeter 

ACDC UT89XD (Uni-T), chemical beaker (Pyrex), dropper pipette (Pyrex), funnels (Pyrex), 

hot plate magnetic stirrer SH-2 (Faithful), magnetic stirrers (1 cm), measuring cup (Pyrex), 

micropipette (Pyrex), oven laboratorium UN110 (Memmert), round bottom flask (Pyrex), 

scientific orion star A321 pH meter (Thermo Fisher), stand cooler (Pyrex), stirring rod, 

stopwatch analog 505 (Diamond). The FTIR spectrum was recorded in KBr powder on a 

Shimadzu® FTIR Prestige-21 spectrometer (Shimadzu Corporation, Kyoto, Japan). 

The materials used are Ag wire, aquabidest (Onelab Waterone), a blue tip, Cd(NO3)2 

p.a. (Merck), Cu wire, parafilm "M" (Pechiney), FeSO4 p.a. (Merck), Pb(NO3)2 p.a. (Merck), 

plasticizer dioctyl sebacate (DOS), poly(vinyl chloride) (PVC) (Fluka), potassium tetrakis(4-

chlorophenyl borate) (PTCPB) (Aldrich), Pt wire, Sn wire, tetrahydrofuran p.a. (THF) (Merck), 

and Zn(NO3)2 p.a. (Merck). The BEC6ND1 ionophore was synthesized using the method 

reported Dali [34]. 

2.2. Characterization of the ISE-BEC6ND1 ionophore by FTIR. 

The ISE-BEC6ND1 ionophore synthesized from Dali [34] was characterized by an 

FTIR spectrometer. 

2.3. Design of the ISE-BEC6ND1 ionophore. 

The electrode body is made of a blue tip tube with a diameter of 2 mm and a length of 

7 cm. A platinum (Pt) electrode with a diameter of 0.2 mm and a length of 2 cm is connected 

to a copper (Cu) wire using a lead (Sn) wire solder. The Pt electrode is inserted into the 

electrode body. The top and bottom of the electrode body were wrapped with parafilm as 

retaining Cu and Pt wires. The bottom of the Pt electrode is left exposed so it can be coated 

with a membrane. The Pt electrode was immersed in a membrane solution with the composition 

[ISE-BEC6ND1 ionophore : PTCPB : DOS : PVC (3 : 2 : 60 : 35% w/w)] for 24 hours [27]. 

2.4. Nernst (sensitivity) factor of the ISE-BEC6ND1 ionophore. 

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

BEC6ND1 ionophore. The potential value was measured while the Pb(II) solution (10-9 - 10-1 

M) was stirred with a magnetic stirrer to remove air bubbles on the membrane surface. The 

measurement results are graphed between the potential value of E (mV) as the y-axis and -log 

Pb(II) as the x-axis. The sensitivity value (S) of the ISE-BEC6ND1 ionophore is obtained from 

the regression coefficient b from the linear regression Equation (1). At the same time, the K 

value is obtained from the regression coefficient a from the linear regression Equation (1) by 

extrapolating the linear curve to the y-axis [35]. 

ŷ = a + bx   ....................................................................................................   (1) 

https://doi.org/10.33263/BRIAC143.056
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC143.056  

 https://biointerfaceresearch.com/ 4 of 13 

 

2.5. Detection limit of the ISE-BEC6ND1 ionophore. 

The detection limit of the ISE-BEC6ND1 ionophore was determined by constructing 

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

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

limit of the ISE-BEC6ND1 ionophore detection limit [36]. 

2.6. Precision of the ISE-BEC6ND1 ionophore. 

ISE-BEC6ND1 ionophore precision was measured as relative standard deviation (RSD) 

using Equation 2: 

RSD =
SD

x̅
    ......................................................................................................   (2) 

where SD is the standard deviation, and ẍ is the average of the measurements [37]. 

2.7. Response time of the ISE-BEC6ND1 ionophore. 

The response time of the ISE-BEC6ND1 ionophore was determined from the length of 

time required to produce a constant potential value of the Pb(II) solution (10-9 - 10-1 M). 

2.8. Selectivity of the ISE-BEC6ND1 ionophore. 

The ISE-BEC6ND1 ionophore selectivity coefficient was determined using the 

matching potential method (MPM). The potential value of the Pb(II) solution (10-9 - 10-1 M) 

(main ion) was measured using the ISE-BEC6ND1 ionophore in the absence of interfering 

ions. Furthermore, the potential value of the Pb(II) solution (10-9 - 10-1 M) (main ion) was 

measured at each addition of the concentration of Fe(II), Zn(II), and Cd(II) (interference ion) 

solutions. The effect of the presence of interfering ions in the solution is determined by 

calculating the selectivity coefficient (Kij) using the Nicolski-Eisenman Equation 3 [38,39]. 

Kij =
(10

∆E

S
−1)ai

aj
    .............................................................................................   (3) 

 

where Kij = selectivity coefficient, S = slope, E = potential value difference, ai = main ion 

concentration, and aj = interfering ion concentration. 

Selectivity criteria [38,39]: 

• If ai > Kij (aj)
(n/z) and Kij = 0  foreign ions do not interfere 

• If Kij < 1, the electrode is more selective towards i ions than j ions. 

• If Kij > 1, the electrode is more selective towards j ions than i ions. 

3. Results and Discussion 

3.1. Characterization of the BEC6ND1 ionophore by FTIR. 

Table 1 shows the results of interpreting the BEC6ND1 ionophore FTIR spectrum data. 

The ester absorption band (RCO2R') appeared at 1761.01 cm-1 (vs) (C=O stretch) and 590.22 

cm-1 (w) (O-C-O bend). The absorption band in the 675 - 575 cm-1 range is typical for bending 

O-C-O esters [29]. The ether absorption band (ROR') appeared at 1292.31 cm-1(s) (C-O-C 
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stretch in alkyl aryl ethers) and 1066.64 cm-1(s) (R-C-O stretch in alkyl aryl ethers). Aromatic 

absorption bands (ArH) appeared at 1600.92 cm-1 (m) and 1475.54 cm-1 (vs) (C=C aromatic 

ring stretching), 1186.22 cm-1 (vs) (C-O aromatic ring stretching), 879.54 cm-1 (s) and 821.68 

cm-1 (s) (Out-of-plane C-H deformation 1,4-disubstituted). Aliphatic absorption bands (RH) 

appeared at 2958.8 cm-1 (vs), 2906.73 cm-1 (w), and 2868.15 cm-1 (w) (C-H stretch from 

saturated (CH3)3C-), 1386.82 cm-1 (m) (C-H stretch from CH3-), and 1363.67 cm-1 (m) (C-H 

stretch from -CH2-). Thus, the BEC6ND1 ionophore contains ester, ether, aromatic, and 

aliphatic functional groups. 

Table 1. The results of interpreting the FTIR spectrum data of the BEC6ND1 ionophore. 

No 
Frequency (cm-1) and 

Intensities 

Frequency Ranges (cm-1) 

and Intensities* 
Group or Class Remarks 

1 

2 

1761.01 (vs) 

590.22 (w) 

1765 - 1720 (vs) 

675 - 575 (w) 

Esters 

RCOOR’ 

C=O stretch 

O-C-O bend 

5 
6 

1292.31 (s) 
1066.64 (s) 

1280 - 1220 (s) 
1075 - 1020 (s) 

Ethers 
ROR’ 

C-O-C stretch in alkyl aryl ethers 
R-C-O stretch in alkyl aryl ethers 

7 

 
8 

 

9 

10 

1600,92 (m) 

1475,54 (vs) 
1186,22 (vs) 

 

879,54 (s) 

821,68 (s) 

1630 - 1430 (v) 

 
1300 - 1000 (s) 

 

900 - 650 (s) 

 

Aromatic 

ArH 

 

C=C aromatic ring stretching 

 
C-O aromatic ring stretching 

 

Out-of-plane C-H deformation 1,4-

disubstituted 

11 

12 
13 

14 

 

15 
 

2958,8 (vs) 

2906,73 (w) 
2868,15 (w) 

1386,82 (m) 

 

1363,67 (m) 
 

2970 - 2850 (s) 

 
 

1450 - 1375 (s) 

 

1370-1330 (m) 
 

Aliphatic 

RH 
 

t-Butil 

(CH3)3C- 

Metilen 
-CH2- 

C-H stretch from saturated (CH3)3C- 

 
 

C-H stretch from CH3- 

 

C-H stretch from -CH2- 
 

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

*Sources:  [40-42] 

3.2. Nernst (sensitivity) factor of the ISE-BEC6ND1 ionophore. 

The results of measuring the potential value of Pb(II) ion at a concentration of 10-9 - 10-

1 M using the ISE-BEC6ND1 ionophore are presented in Table 2. Based on the data in Table 

2, Equation 4 is obtained for potential linear regression and Equation 5 for linear regression y 

over x as follows: 

E = (533.21  1.7) + (29.395  0.1) log [Pb2+]   ..............................................   (4) 

Ŷ = (533.21  1,7) + (29.395  0,1) x   ...........................................................   (5) 

Equation 4 shows that the potential value in the linear region decreases as the 

concentration of Pb(II) metal decreases. Equation 5 shows that the value of the coefficient of 

the linear regression direction is [(b) ≈ (29.395  0.1)]. If x {(-log [Pb(II)]} increases by one 

unit, then the average ŷ (potential value) decreases (29.395  0.1) mV/decade. 

Table 2. The results of measuring the potential value of Pb(II) ion at a concentration of 10-9 - 10-1 M. 

No 
Concentration of Pb(II) 

[M] 
-log [Pb(II)] 

Potential Value 

E (mV) 

1 10-9 9 275.7 

2 10-8 8 295.8 

3 10-7 7 328.3 
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No 
Concentration of Pb(II) 

[M] 
-log [Pb(II)] 

Potential Value 

E (mV) 

4 10-6 6 353.5 

5 10-5 5 379.2 

6 10-4 4 413.5 

7 10-3 3 447.1 
8 10-2 2 475.7 

9 10-1 1 507.3 

Nernst Factor (S) 29.395 mV/dekade 

Eo (K) 533.21 

R2 0.9973 

The Nernst (sensitivity) factor is the change in analyte concentration and the slope value 

of the curve obtained at a certain concentration [35]. The sensitivity characteristics can be 

determined from the linearity curve regression equation. Sensitivity (S) is the slope value (b) 

of the linear regression Equation (1). The sensitivity value of the ISE-BEC6ND1 ionophore in 

detecting Pb(II) ions was 29.395 mV/decade (Table 2). These results indicate that the 

sensitivity of the ISE-BEC6ND1 ionophore is very high because the value of the Nernst factor 

(S) is the same as the theoretical value (29.6  1.5) mV/decade for divalent ions. These results 

indicate that the concentration of the BEC6ND1 ionophore (3% w/w) used can increase 

membrane permeability. Permeability is a membrane performance property that indicates 

membrane productivity [43-47]. 

3.3. Limit of detection (LoD) of the ISE-BEC6ND1 ionophore. 

Figure 1 shows a linear regression graph of the relationship of -log [Pb(II)] with the 

potential value of the ISE-BEC6ND1 ionophore. The limit of detection (LoD) is the lowest 

analyte concentration in a sample that can be consistently detected or measured by the electrode 

[48-53]. The LoD of the ISE-BEC6ND1 ionophore was determined by constructing an 

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

 

Figure 1. Linear regression graph of the relationship of -log [Pb(II)] with the potential value of the ISE-

BEC6ND1 ionophore. 

Figure 1 shows that there are two intersection points (sign ) of the exponential curve 

(red line) on the linear regression line (blue line), namely the Pb(II) ion concentrations of 10-7 

and 10-3 M. This indicates that the working concentration of the ISE-BEC6ND1 ionophore is 

in the ranges of 10-7 M (lowest) to 10-3 M (highest) so that the LoD of the ISE-BEC6ND1 

ionophore is 10-7 M. These results indicate that the designed ISE-BEC6ND1 ionophore has a 

wide linear range and lower detection limit. 
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Figure 1 also shows the value of the Nernst factor (29.395 mV/decade) and the 

correlation coefficient (0.9973) of the ISE-BEC6ND1 ionophore. This means that the ISE-

BEC6ND1 ionophore is designed with platinum wire 0.2 mm in diameter and 2 cm long as the 

working electrode, the membrane composition [(BEC6ND1 ionophore : PTCPB : DOS : PVC) 

(3 : 2 : 60 : 35) % (w/w)], and the properties of the BEC6ND1 ionophores as membrane 

component materials have a significant effect on the value of the Nernst factor. This is 

following the statement of Nurdin [54] that the value of the Nernst factor can be influenced by 

the geometry of the electrode, namely the diameter of the wire in contact with the membrane, 

the composition of the membrane, and the properties of the membrane component materials. 

Meanwhile, the thickness of the membrane does not have a significant effect. 

3.4. Precision of the ISE-BEC6ND1 ionophore. 

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

as relative standard deviation (RSD). RSD can be calculated from the data in Table 2 using 

Equation 1 as follows: 

RSD =  
SD

x̅
 =   

80.61

386.23
 =   0.21 

The result of the above calculation shows that the RSD value of the ISE-BEC6ND1 

ionophore is 0.21. The RSD value of 0.21 is less than 2. The smaller the RSD value, the higher 

the measurement precision of an electrode [55]. This means the ISE-BEC6ND1 ionophore has 

a very high level of precision or repeatability of the measurement results. 

3.5. Response time of the ISE-BEC6ND1 ionophore. 

The response time of the ISE-BEC6ND1 ionophores is determined based on the length 

of time required to produce a constant potential value. The response time was determined by 

measuring the standard solution of Pb(II) at concentrations between 10-9 - 10-1 M. 

The response time is the time required for an electrode to reach a stable and constant 

potential value [35]. The response time of the ISE-BEC6ND1 ionophore is approximately 4 - 

8 minutes. This means the time required for the ISE-BEC6ND1 ionophore to produce a 

constant value of potential is 4 - 8 minutes. This response time also indicates the electron 

transfer rate from the BEC6ND1 ionophore membrane on the electrode surface to Pb(II) ions 

to provide an accurate measurement response. This means that the higher the concentration of 

Pb(II) ions in the analyte, the faster the [R(OCH2CO2Et)6] groups of the BEC6ND1 ionophore 

to interact with the Pb(II) ions to form a complex compound of the 

[PbR(OCH2CO2Et)6(NO3)2]. 

3.6. Selectivity of the ISE-BEC6ND1 ionophore. 

Tables 3, 4, and 5 show the results of measuring the selectivity coefficient (Kij) of the 

ISE-BEC6ND1 ionophore on the interfering ions Fe(II), Zn(II), and Cd(II). 

Table 3. The selectivity coefficient (Kij) of the ISE-BEC6ND1 ionophore on the interfering Fe(II) ions 

-log [Fe(II)] E (mV) Kij 

9 229.5 1.85 x 10-6 

8 278.1 1.55 x 10-5 
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-log [Fe(II)] E (mV) Kij 

7 317.8 1.25 x 10-4 

6 349.2 9.68 x 10-4 

5 373.9 7.40 x 10-3 

4 391.2 4.89 x 10-2 

3 401.7 2.57 x 10-1 

2 407.2 8.71 x 10-1 

1 410.2 2.06 x 10-1 

 

Table 4. The selectivity coefficient (Kij) of the ISE-

BEC6ND1 ionophore on the interfering Zn(II) ions 
 

Table 5. The selectivity coefficient (Kij) of the 

ISE-BEC6ND1 ionophore on the interfering Cd(II) 

ions 

   

-log [Zn(II)] E (mV) Kij  -log [Cd(II)] E (mV) Kij 

9 273.1 1.42 x 10-6  9 234.2 1.73 x 10-6 

8 310.8 1.18 x 10-5  8 279.9 1.45 x 10-5 

7 340.9 9.24 x 10-5  7 317.0 1.16 x 10-4 

6 364.5 7.03 x 10-4  6 346.6 9.07 x 10-4 

5 382.7 5.19 x 10-3  5 369.8 6.89 x 10-3 

4 396.3 3.63 x 10-2  4 387.4 4.99 x 10-2 

3 404.5 1.79 x 10-1  3 398.6 2.81 x 10-1 

2 410.2 9.39 x 10-1  2 403.9 8.03 x 10-1 

1 413.3 5.46 x 10-1  1 407.1 8.86 x 10-1 

Tables 3, 4, and 5 show that the average values of the selectivity coefficient (Kij) < 1. 

The ISE-BEC6ND1 ionophore is highly selective for Pb(II) ions (main ion). This indicates that 

the presence of the Fe(II), Zn(II), and Cd(II) ions in solution does not interfere with the 

performance of the ISE-BEC6ND1 ionophore. The results above show that the 

[R(OCH2CO2Et)6] groups of the BEC6ND1 ionophore are selective against Fe(II), Zn(II), and 

Cd(II) ions. Selectivity of the BEC6ND1 ionophore toward the Fe(II), Zn(II), and Cd(II) ions 

related to the nature of hard soft acid bases (HSAB) and the stability of the complex compounds 

based on the suitability of the size of the metal ions with the ionophore ring size [56,57]. The 

Fe(II) and Zn(II) ions include acids intermediate so that the Fe(II) and Zn(II) ions cannot 

interact with the O-carbonyl atom and the O-ether atom, which are soft bases from the 

[R(OCH2CO2Et)6] groups of the BEC6ND1 ionophore to form complex compounds of the 

[FeR(OCH2CO2Et)6(NO3)2] and [ZnR(OCH2CO2Et)6(NO3)2] [58,27]. 

Although the Cd(II) ion is a soft acid, the Cd(II) ion cannot interact with the O-carbonyl 

atom and the O-ether atom which is a soft base from the [R(OCH2CO2Et)6] groups of the 

BEC6ND1 ionophore to form a complex compound of the [CdR(OCH2CO2Et)6(NO3)2] 

[58,27]. This is because the radius of the Cd(II) ion (r = 103 pm) is smaller than the size of the 

BEC6ND1 ionophore ring, whose radius is  the radius of the K+ ion (r = 133 pm) [59,60]. On 

the contrary, although the Pb(II) ion is an intermediate acid, the Pb(II) ion can interact with the 

O-carbonyl atom and the O-ether atom, which are soft bases from the [R(OCH2CO2Et)6] groups 

of the BEC6ND1 ionophore to form complex compounds of the [PbR(OCH2CO2Et)6(NO3)2] 

[58,27] (Figure 2 and 3). This is because the Pb(II) ion radius (r = 132 pm) is very close to the 

size of the BEC6ND1 ionophore ring, whose radius is  the radius of the K+ ion (r = 133 pm) 

[59,60]. Figure 3 (b) shows the suitability of the size of the Pb(II) ion radius with the size of 

the BEC6ND1 ionophore ring. 

The process of metal ion reaction with the BEC6ND1 ionophore does not involve the 

mechanism of ion exchange but through forming a neutral complex with the ion pairs of anionic 
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salts [61,62]. The formation of complex compounds between Pb(II) ions and the BEC6ND1 

ionophore involves nitrate ions as complex ion pairs. The reaction for the formation of this 

complex does not involve proton exchange. Still, it only involves metal ions Pb(II) as electron-

pair acceptors from the oxygen donor from the [R(OCH2CO2Et)6] groups of the BEC6ND1 

ionophore. When six molecules of the BEC6ND1 ionophore as ligands donate their lone pairs 

to the central metal ion Pb(II) to form a coordinating covalent bond, a complex compound of 

the [PbR(OCH2CO2Et)6(NO3)2] is formed. The reaction to form a complex compound of the 

[PbR(OCH2CO2Et)6(NO3)2] between the [R(OCH2CO2Et)6] groups of the BEC6ND1 

ionophore and the Pb(II) ion is shown in Figure 2. The 3D structure of a complex compound 

of the [PbR(OCH2CO2Et)6(NO3)2 is shown in Figure 3. 
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BEC6ND1 ionophore and Pb(II) ion Complex of [PbR(OCH2CO2Et)6(NO3)2] 

Figure 2. The reaction for the formation of a complex compound of the [PbR(OCH2CO2Et)6(NO3)2] from the 

[R(OCH2CO2Et)6] groups of the BEC6ND1 ionophore and Pb(II) ions. 

  

(a) 3D structure of sticks & balls of complex 

[PbR(OCH2CO2Et)6(NO3)2] 

(b) 3D structure of spacefill of complex 

[PbR(OCH2CO2Et)6(NO3)2] 

Figure 3. 3D structure of a complex compound of the [PbR(OCH2CO2Et)6(NO3)2]. 

4. Conclusions 

The ESI-BEC6ND1 ionophore has good characteristics where it shows a sensitivity 

value of 29,395 mV/decade, the working concentration range of 10-9 - 10-1 M, and the limit of 
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detection (LoD) of 10-7 M. The response time is 4 - 8 minutes, with a relative standard deviation 

(RSD) of 0.21. The ESI-BEC6ND1 ionophore also shows the average value of selectivity 

coefficient (Kij) < 1. These results indicate that the presence of Fe(II), Zn(II), and Cd(II) ions 

as interfering ions in the analyte solution does not affect the performance of the ESI-BEC6ND1 

ionophores in detecting Pb(II) ions. The ESI-BEC6ND1 ionophore that has been developed 

shows good selectivity, sensitivity, stability, and reproducibility, so the ESI-BEC6ND1 

ionophore is promising to be used as a Pb(II) ion detector in the environment. 
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