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      An accurate, fast, easy, and novel technique was developed to determine nickel ions. A selective sensor according to Ni(II)-imprinted 

polymer as a novel ionophore for nickel ions has been fabricated and investigated. In this research study, a screen-printed carbon electrode 

system as a bare electrode was introduced using screen-printing technology. An electrophoretic deposition (EPD) method has been used to 

deposition of graphene oxide nanosheets onto the surface of SPE. The modified screen-printed electrode (SPE) measured the nickel ions by 

potentiometry with high selectivity. To properly prepare the ion-selective electrode (ISE), the nickel(II)-imprinted polymer particles disperse 

in a 2-nitrophenyloctyl ether plasticizer, then embedded in a polyvinylchloride polymeric matrix. The ISE shows a Nernstian response for 

nickel ions over a dynamic concentration range (1.0 × 10-4-3.0 × 10-7 M) with a slope of 30. 44 mV per decade. The limit of detection was 

obtained as 2.0 × 10-7 M. The desired electrode showed good selectivity over a wide range of ions. The accuracy of the suggested electrode 

was investigated in spiked tap water, well water, and mineral water. 
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INTRODUCTION 
 

      A heavy and metallic element in the environment is 

nickel. Nickel is signification in biological activity and it is a 

micronutrient for plants, and cyanobacteria [1]. 

      The most dangerous features of nickel are damage to the 

lung, cardiovascular, and kidney, and cancer. Nickel is a 

common pollutant [2] and is present in water and soils. 
Nickel ions not being biodegradable. This element can enter 

the food chain (meat, chocolate, hydrogenated and 

unsaturated oils, corn meal, cottonseed, dairy products, 

conserved food) and drinking water and causes harmful 

health effects. The determination of nickel is necessary for an 

aqueous environment and plants. Various techniques have 

been introduced for the measurement of Ni2+ ions, such as 

chemical  sensors  [3-5],   microextraction  [6],   solid-phase 
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extraction [7], and membrane extraction [8]. The ion-

selective electrodes are the most suitable and reliable devices 

for evaluating ions concentrations in the environment. In the 

electrochemical methods, the construction of an effective 

electrode is a principle challenge and the success of an 

electrochemical process depends on the successful choice of 

electrodes. Recently, the screen-printed electrode was 

applied for determining metal ions. These electrodes have 

been miniaturized at and low cost. The SPE surface was 

modified with different materials such as nanoparticles to 

enhance the electrochemical performance [9]. Graphene 

oxide (GO) is an important nanoparticle among the new 

nanoparticles. GO has suitable properties such as 

conductivity and excellent surface area [10]. Graphene oxide 

have dispersed as colloid particles in the solvent. 

Electrophoretic deposition (EPD) is used as a Colloidal 

deposition procedure. This method can be applied to deposit 

nano-sized  functional  materials  on a  solid  layer. EPD is a 
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powerful method for the construction of nano-structured and 

thin films and also can be used for a diversity of application 

on conductive layer. This method is easy and cost effective 

[11]. 

      The biomimetic materials that sensitively and selectively 

detect analyte molecules are called imprinted polymers. The 

interactions of guest and host in polymers are similar and 

comparable to antibody-antigen systems. These materials are 

more stable in organic solvents than their biological 

counterparts in pH, temperature, and high pressure. Also, the 

most important advantages of these materials are their 

cheapness and mass production, and storage at ambient 

temperature for a long time, which led to the application of 

this technology in different techniques like sensors [12]. 

Many research about ion-imprinted polymer (IIP) and their 

use for ISE ions studies have been reported, such as Cd(II) 

[13], Pb(II) [14], Cu(II) [15], Co(II) [16], Rh(III) [17], Ag(I) 

[18], As(III) [19], Ce(IV) and Gd(III) [20], Ni(II) [21] and 

Hg(II) [22].  

      In the present work, a screen-printed carbon electrode 

system for the determination of nickel ions was introduced 

using screen-printing technology. The SPE is handmade              

and modified using graphene oxide nanosheets. An 

electrophoretic deposition (EPD) method has been used to 

deposition of graphene oxide nanosheets onto the surface of 

SPE. This research study to determine nickel ions has 

described a novel ion-selective electrode according to Ni2+-

imprinted polymer particles dispersed in 2-nitrophenyloctyl 

ether (NPOE) and embedded in a polyvinylchloride (PVC) 

matrix.  

 
EXPERIMENTAL 
 

Materials 
      To prepare Ni(II) stock solution, nickel nitrate (Merck, 

Germany) was solvated in a dilute nitric acid solution and 

made the volume to 100 ml in a standard flask. For daily use, 

the stock solution is diluted with distilled water. O-NPOE, 

dioctylphthalate (DOP), dibutylphthalate (DBP), sodium 

tetraphenyl borate (NaTPB), and PVC powder were obtained 

from Aldrich (Milwaukee, USA). Moreover, the stock 

solutions of KNO3, NaNO3, Mg(NO3)2, Ca(NO3)2, Zn (NO3)2, 

and Cu(NO3)2, (0.010 mol l teach) were prepared. 

Methylmethacrylate (MMA),  ethyleneglycoldimethacrylate 

 

 

(EGDMA), and 2,2-azo bisisobutyronitrile (AIBN) were 

obtained from Merck. Deionized water was used throughout 

the experiment.  

 
Apparatus 
      The Fourier Transform Infrared spectra (4000-500 cm-1) 

using potassium bromide were recorded with an MB-154 

model Bomem spectrometer. Potential measurements were 

made with a potentiometer, model pH M-632 (Metrohm, 

Swiss) having +0.01 mV accuracy with an Ag/AgCl 

reference electrode. 

 

Synthesis of the Ni2+-Imprinted Polymer Materials 
      The Ni(II)-imprinted polymer particles have been 

produced in two successive stages, including the first step 

(the Ni(II) binary complex) and the second step 

(copolymerization). Nickel nitrate hexahydrate (0.291 g) was 

mixed with dichloroquinoline-8-ol (0.44 g) in 2-

methoxyethanol into 15 ml glass test tubes. Then, the mixture 

was stirred for 20 min until the resulting orange solution was 

prepared.  In the second step, the Nickel complex solution was 

mixed with monomer (MMA), crosslink (EGDMA), and 

initiator (AIBN) for 10 min in 40 ml of 2-methoxyethanol       

(porogen). The prepared solution was degassed with argon 

gas and then heated up to 55 °C for 20 h under stirring. The 

leaching process of Ni-IP is carried out with 3 M nitric acid 

for 2 h to obtain nickel-imprinted polymer particles. The non-

imprinted polymer (NIP) was prepared in similar conditions 

but without Ni2+. 

 

Fabrication of Ion-selective Electrode for the 
Sensing of Ni2+ Ion on Screen-printed Electrode 
      Bare screen-printed electrode. The screen-printed 

electrode was prepared as handmade in the laboratory and the 

method of preparation was reported in our previous research 

to the determination of simvastatin [23]. 

      Modification of screen-printed electrode with GO 

(SPE/GO). 10 mg of GO powder was added to 5 ml of 

ethanol and sonicated for 2 h at room temperature. The 

screen-printed electrode served as an anode and the stainless 

steel electrode as the cathode. Electrodes were connected to 

the power supply (handmade in the laboratory). The voltage 

of 10 V with the direct current was applied between the SPE 

substrate  and  stainless  steel electrode for 3 min  during the 
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deposition. GO migrated towards the anode (SPE) due to the 

effect of an electric field. After the process, the SPE was held 

for 2 h at ambient temperature. The modified SPE was 

washed with deionized water and kept at 4 °C for future use. 

      Modification of SPE/GO with PVC membrane. The 

Ni2+-selective electrode was fabricated on the screen-printed 

electrode surface. To prepare PVC membrane electrodes, 

PVC, NPOE, NaTPB, and Ni2+-imprinted polymer particles 

(or the control NIP) were mixed in ratios of 30, 55, 5, and 

10% (w/w), respectively, and then dissolving them in 2.5 ml 

of tetrahydrofuran (THF). The sonicator homogenizes the 

mixture, and then the homogeneous mixture pours into a 

watch glass to obtain a viscous mixture. Finally, 20 µl of this 

mixture phase was withdrawn by a sampler (Eppendorf, 

Germany) and transferred to the screen-printed electrode 

surface. Then, SPE was held at ambient temperature for 1 h, 

and completely evaporated the solvent, and a thin layer of 

PVC was formed on the surface of SPE. 

 
Electrode Conditions and emf Analysis 
      The electrode was conditioned in a 1 × 10-4 M solution of 

Nickel ions for 6 h, and the pH was adjusted to 7. 0. The 

potential is estimated by varying the concentration in the 

range of 5 × 10-4-1 × 10-7 M. Potential measurements were 

made with a potentiometer having +0.01 mV accuracy with 

an Ag/AgCl reference electrode. All measurements were 

carried out at 25 °C. 

 
RESULTS AND DISCUSSION 
 

Characterization of the Ion-imprinted Polymer 
      The FT-IR spectra of the unleached and leached Ni-

imprinted polymer particles were compared (Fig. 1). There is 

a strong peak near 756 cm-1. This peak corresponded to υC–Cl 

in the spectra of both the leached and unleached polymers. 

As a result, dichloroquinoline-8-ol was kept intact in the 

materials even after leaching. The morphology of the Ni2+-

imprinted polymer procreated by the precipitation method 

was determined by scanning electron microscopy (SEM). 

The FESEM images for Ni-imprinted polymer particles in 

unleached and leached are shown in Figs. 2A and 2B, and 

also the energy dispersive X-ray detector (EDX) spectra for 

Ni-imprinted polymer particles in unleached and leached are 

given in  Figs. 2C  and  2D, respectively.  In Fig. 2C carbon,   

 

 

 
 
Fig. 1. FT-IR spectra of the leached and unleached Ni-
imprinted polymer particles. 

 

oxygen and nickel are there for Ni-IP particles, however, in 

Fig. 2D only carbon, and oxygen are there. From Fig. 2C one 

can understand the presence of nickel due to the availability 

of nickel in the polymer. In addition, one can infer the 

absence of nickel in the EDX spectrum in Fig. 2D due to the 

removal of nickel from the polymer to get an ion-imprinted 

polymer for nickel ions. The EDX spectrum from the Ni-IP 

in Fig. 2D also confirms the complete removal of nickel ions 

from the polymer after leaching. 

 
Characterization of the Modified SPE 
      The morphology of the surface of the SPE and modified 

SPE with GO were studied by field emission scanning 

electron microscopy (FESEM). The data of the FESEM and 

EDX analyses of the bare SPE and GO deposited on SPE are 

shown in Fig. 3. The results in Fig. 3 show that graphene 

oxide is deposited on an SPE layer by the electrophoretic 

deposition method. GO has suitable properties such as 

conductivity and excellent surface area. 

 

Potential Response 
      Figure 2 presents the potential responsibility for the 

electrode made by the Ni2+-imprinted polymer membrane. 

Figure 4, which is obtained from the diagram of  the Ni2+-IP 
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particles sensor demonstrated a slope of 30. 44 mV per 

decade over a concentration range of 1.0 × 10-4 -3.0 × 10-7 M 

of Ni2+ ions. The limit of detection was 2.0 × 10-7 M Ni2+ 

determined according to the IUPAC definition. However, the 

electrode made with non-imprinted polymer illustrated no 

response for Ni2+ ions in the concentration range 1 × 10-4-3.0 

× 10-7 M. 

 

Effect of Electrode Composition 
      A study of the data of the articles reveals that the 

sensitivity and selectivity of indicator electrodes depend            

on different membrane properties such as plasticizers             

and ionophores. As a result, the optimal characteristics of 

electrode preparation using Ni2+-IP  particles have presented 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in Table 1. Plasticizers have been proven too well modify the 

electrochemical properties of conventional ISEs. Various 

plasticizers such as O-NPOE, DOP, and DBP has been tested 

on indicator electrode. As experimental data demonstrated, 

the ion-selective electrode with O-NPOE as flexibility and 

reduce membrane brittleness give Nernstian slope over a 

range of 1.0 × 10-4-3.0 × 10-7 M with a detection limit of              

2.0 × 10-7 M. However, the ISE with the other plasticizers 

revealed no response for Ni2+ ions in the concentration range 

of 1.0 × 10-4-3.0 × 10-7 M. The ISE with [O-NPOE (E = 24.0) 

that has the high dielectric constant is more sensitive 

compared to DOP (E = 5.2) and DBP (E = 6.4)]. There have 

been many studies on the influence of lipophilic salts or ionic 

additives on ISE properties, which  leads to  reduced anionic 

 
 

  

Fig. 2. Scanning electron micrograph: unleached (A), leached (B), and EDX spectra of unleached (C), leached (D) of the 

Ni-imprinted polymeric particles. 
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Fig. 4. Potential response of ISE with Ni2+-imprinted 

polymer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

interference and electrical resistance [24]. As the obtained 

results show, electrodes No.1 and No. 3 do not show a 

Nernestian behavior while adding 10% of the IIP to the 

composition of the electrode (No. 2) greatly improved the 

response. Based on all experimental data, electrode No.5 has 

the best performance and an optimal composition. This 

electrode has the Nernstian behavior of the electrode over a 

wide concentration range. From the experimental results 

presented in Table 1, it is seen that the addition of NaTPB 

will increase the sensitivity of the electrode response (Nos. 

3-10). The use of 5.0% (w/w) NaTPB resulted in a Nernstian 

behavior of the electrode (No. 5). The amount of the ion- 

imprinted polymer was found to influence the linear range of 

the electrode (Nos. 4-10). 

  
  

  
  

Fig. 3. FESEM image of (A) bare SPE and (B) SPE/GO electrodes and EDX spectra of (C) bare SPE, (D) SPE/GO. 
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Investigation of the pH Effect on the Electrode 
      The profile of the pH response for ISE was examined in 

a 1.0 × 10-5 M Ni2+ ions solution in the pH range of 3 to 9.5. 

Figure 5 shows that the potential remains constant in the pH 

range of 5.0 to 7.0. It is also observed that at pHs higher than 

7.0 the potential decreases, and may be Ni2+ ions precipitate 

as nickel hydroxide. The observed drift at lower pH values 

was attributed to the competition of the H + with Ni2+ ions. 

Consequently,  for  the  subsequent  work,  the  pH  value  is 

 

 

 
Fig. 5. Effect of pH of the test solution (1 × 10-5 M) of Ni2+ 

ions on the potential response of the Ni2+-IP based ISE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

adjusted to 7.0.  
 
The Response Time Effect 
      The mean time was needed for the potential response of 

electrodes to reach ±1 mV of the equilibrium amount. The 

response time was recorded by isolated assessments in the 

form of jumps from 1.0 × 10-6 to 1.0 × 10-4 M. Figure 6 

illustrates the diagram of the potential versus time. According 

to  the  figure  it  takes  about  20 s   until  the   ion-selective 

 

 

 
Fig. 6. Response time of Ni2+-selective electrode with one 

isolated jump of 1 × 10-6 to 1 × 10-4 M. 

     Table 1. Composition of the Ni2+-Selective Electrode and their Potentiometric Response Characteristics 
 

Slope 
(mV decade-1) 

Linear range  
(M) 

NaTPB 
(%) 

IIP particle 
(%) 

Plasticizer 
(%) NPOE 

PVC 
 (%) 

No. 

10. 5 1.0 × 10-4-5.0 × 10-5 M - - 55 45 1 
23. 2 1.0 × 10-4-1.0 × 10-6 M - 10 55 35 2 
13. 8 1.0 × 10-4-1.0 × 10-6 M 5 - 55 40 3 
21. 7 1.0 × 10-4-1.0 × 10-6 M 5 7 55 33 4 
30. 4 1.0 × 10-4-3.0 × 10-7 M 5 10 55 30 5a 
27. 1 1.0 × 10-4-5.0 × 10-7 M 5 14 55 26 6 
12. 5 1.0 × 10-4-1.0 × 10-5 M 5 10 55 30 7b 
26. 5 1.0 × 10-4-5.0 × 10-7 M 5 7 57 31 8c 
27.9 1.0 × 10-4-3.0 × 10-7 M 5 14 52 29 10c 
24. 1 1.0 × 10-4-5.0 × 10-7 M - 10 58 32 11c 

     a = an optimized  composition.  B = Non-imprinted polymer (NIP). C = The ratio  of  plasticizer to PVC is similar to      
     electrode number 5.  
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electrode reaches to equilibrium response. The reversibility 

of the electrode was investigated by a similar method in the 

opposite direction. The high to low concentration analysis   

(1.0 × 10-4 to 1.0 × 10-6 M) showed that the electrode response 

is reversible. 

 

Interference Investigation 
      By an IUPAC recommended potential method, 

interference of Nickel (A) relative to an ion B was specified, 

and the coefficients of Potentiometric selectivity clarified the 

preference of the indicator electrode. By this method, a 

suitable concentration of initial ion (A = 1.0 × 10-4 M) was 

added to the reference solution (1.0 × 10-5 M Ni2+ ions) and 

then measured the potential. In other experiments, interfering 

ions were added to a similar reference solution successively 

until the measured potential matched that obtained after the 

addition of the primary ions. The selectivity coefficient is                  

the ratio of the primary ion activity to the interfering ion                   

(KNi,Mn+ = aNi/aM
n+). The experimental selectivity coefficient 

was shown in Table 2. The results illustrated that none of the 

interfering ions have a significant effect on the response of 

the Nickel ions 

 

Determination of Nickel Ions in the Water Samples 
      By applying the proposed Ni2+-selective electrode, 

satisfactory results were obtained for the recovery of Ni2+ 

ions in water samples. The experimental data are shown in 

Table 3. A suitable recovery was gained in tap water, well 

water, and mineral water.  

 
CONCLUSIONS 
 

      The experimental results revealed that the design of the 

new electrode sensor was successful in monitoring Ni2+ ions 

in the presence of interfering ions. In this study, we 

succeeded in designing and developing a Ni2+ ions sensitive 

electrode according to ion-imprinted polymer materials. To 

fabricate specific electrodes for Ni2+ ions, it is required to use 

the significance of ion-imprinting and choose the best 

chelating agents. The Ni2+-selective electrode is easy to make 

and inexpensive. Another advantage of this research is the 

use of screen-printed electrodes, in which there are the same 

conditions in all electrodes. In addition, the screen-printed 

electrode surface was modified  with  graphene  oxide by the 

 

 

Table 2. Potentiometric Selectivity Coefficient Values, 

Kpot
Ni,M 

 

 

 

Table 3. Result of Determination of Nickel Ions in Water 

Samples 

  

Samplea Added Ni2+ 

(µM) 

Found Ni2+ 

 (µM) 

Recovery (%) 

Tap water 

0 0  

50.0 46.0 92.0 

10.0 10.2 102.0 

Well water 1.0 1.07 107.0 

Mineral water 5.0 4.8 96.0 
aMashhad city,Iran. 

 

 

electrophoretic method. 
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