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The development of ion selective electrode based on 1,10-phenanthroline has been 

constructed for determination of Fe(II). The electrode was fabricated using 1,10-phenanthroline, 

KTCpB, DBP, PVC (6.73% : 3.33% : 60% : 30%) and THF. The Nernst factor, concentration 

range, detection limit, response time and selectivity of the membrane electrode are described.  

The membrane electrode exhibited good response for Fe(II).  in a wide concentration 

range from 1 × 10
-6

 M to 1 × 10
-2

 M with a slope of 30.37 mV/decade of Fe(II) concentration. 

The electrode has a detection limit of 7.902 × 10
-7

 M with response time 15 second. 

Furthermore, the electrode generated constant potentials in the pH range of 2.5-8.0 without 

interference from Ca(II) and Mg(II)
 
ions.   

The developed electrode was used for quantification of Fe(II) 
 
in underground water 

samples and the results were in good agreement with those obtained with an UV-Vis 

spectrophotometric method. 
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1. Introduction  

Iron is one of the most prominent elements in environment and biological systems. It is 

widely distributed at many various concentration levels throughout the environment (Zamani et 

al., 2008). Iron is known to possess diverse functions in biology and medicine. For human 

being, iron plays a significant role in the oxygen transport, storage, and in the transfer electron. 

The absence of iron causes anemia, the result of decreased red blood cell content (Moghadam, 

Shabani, & Dadfarnia, 2011). Moreover, iron is considered as toxic element because the excess 

amount of iron in human body can lead to serious problems including depression, rapid and 

shallow respiration, coma, and cardiac arrest (Zamani et al., 2012). The monitoring of amount 

of iron in various experimental samples is important. Therefore, the highly selective analytical 

methods are required for the determination of iron various experimental samples (Bandi, Singh, 

& Upadhyay, 2014). 

In recent decades, numerous studies of ion selective electrodes (ISEs) have been reported 

in many designs and constructions. They offer several advantages such as simplicity, short 

analysis time, high sensitivity, high selectivity, and cost effectiveness. Ion selective electrodes 

exhibit very effective tools for analysis of many metals such cobalt, chromium, mercury, and 

lead without destruction of sample (Demir, Kemer, Bekircan, & Aboul-Enein, 2015; Gupta et 

al., 2011). However, there are only a limited number of reports on the development of ion 

selective electrodes for iron (Saleh, 2000). Only few studies using ion selective electrodes 

(ISEs) for the determination of Fe
2+

 were reported (Zamani et al., 2008). These reported Fe(II)-

selective electrodes have some disadvantages of low detection limit, narrow working 



concentration range, low pH range, and low selectivity. Thus, a more sensitive and selective 

electrode with good performance for determination of Fe(II) is required. 

In this study, the ion selective electrodes (ISEs) based on solid membrane with             

1,10-phenantroline (Figure 1) was used to develop a Fe(II) ion-selective electrode.                 

The 1,10-phenantroline ligand shows complexation with Fe(II), which indicates high affinity of 

Fe(II). The performance characteristics of developed Fe(II) ion selective electrode based on 

1,10-phenantroline were investigated and used for determination of Fe(II) in real samples. 
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Figure 1. Structure of 1,10-phenanthroline 

 

 

2. Experimental  

2.1 Materials  

High molecular weight poly(vinyl chloride) (PVC) was obtained from Fluka Chemica 

(Switzerland), dibutylphthalate (DBP), potassium tetrakis chlorophenyl borate (KTCpB), 

tetrahydrofuran (THF) were obtained from Merck (Germany). 1,10-phenantroline was obtained 

from Aldrich (Germany).Hydrochloric acid (HCl), sodium hydroxide (NaOH), potassium 

chloride (KCl), magnesium chloride (MgCl), calcium chloride (CaCl2), were prepared prepared 

standardized according to appropriate methods. Stock solution of Fe(II) ion were freshly 

prepared by dissolving appropriate amount of iron(II) sulphate pentahydrate in deionized water. 

 

2.2 Instruments 

The potential measurement was carried out on a pH/milivolmeter Orion 70A, Mass (USA). A 

Ag|AgCl electrode of BaSi, MF-2052 (USA) with a fiber junction was used as a reference 

electrode. The pH value was determined by using Orion, 915600, Mass. (USA) glass-pH 

electrode. Metal ion was analysed using UV-Vis Spectrophotometer. 

 

 

2.3 Electrode preparation 

 

The membranes were prepared by dissolving with an appropriate of PVC, 1,10-phenantroline, 

KTCpB, and DBP with THF solvent. Then, silver wire was dipped in the solution of membrane 

until membrane coated on surface silver wire. The electrodes were conditioned in 1 × 10
-3

 M 

FeSO4. 

 

 

2.4 Potential Measurements 

 

The performance of the electrodes was investigated by measuring the emf of Fe(II) solutions 

with concentration range of 1.0 × 10
-1

 to 1.0 × 10
-8

 M. Each solution was stirred and potential 

was recorded when it become stable. The cell configuration used for potentiometric 



measurement was the type of: 

Ag/AgCl/KCl (satd):3MKCl∶∶sample solution ∥ membrane ∥ Ag 

 

 

3. Results and Discussion  

 

3.1 Potential cell and working concentration range  

 

The 1,10-phenanthroline ligand forms a stable complex with Fe(II) by coordination with 

nitrogen atom. The possible ion exchange mechanism at the membrane-solution interface of 

Fe(II) and 1,10-phenanthroline ligand that is responsible for the potentiometric response (Isa et 

al., 2013). The Fe(II)-selective electrode was prepared with composition of 1,10-phenanthroline 

(6.73%) : KTCpB (3.33%) : DBP (60%) : PVC (30%). The potential responses of the electrode 

were measured and the results are shown in Figure 2. The electrode exhibits a linear potential 

response over a wide concentration range from 1.0 × 10
-6

 M to 1.0 × 10
-2

 M of Fe(II) with a 

slope of 30.37 mV/decade and detection limit of 7.902 × 10
-7

 M.  

 
Figure 2. Potential response of Fe(II)-selective electrode to various concentration of iron. 

 

 

3.2 Effect pH 

 

The pH dependence of Fe(II)-selective electrode was  evaluated with a solution containing     

1.0 × 10
-6

 M Fe(II) ions over the pH range of 1.5-8.5. As shown in Figure 3, the potential was 

fairly constant in the pH range of 2.5-8.0. The previous report has already showed that 

depending on pH, Fe(II) species can present as Fe
2+

, Fe(OH)
+
, Fe(OH)2, and Fe(OH)

3-
 in the 

aqueous solution. At pH lower then 8.0, Fe
2+

 ion is the most predominant species (Morgan & 

Lahav, 2007). The potential decrease at pH values lower that 2.5 might be related to the 

protonation of coordination sites of 1.10-phenanthroline ligand (Ganjali et al., 2009; Khan, 

Baig, & Khalid, 2013). Besides, the potential reduced at higher pH values could be due to the 

formation of Fe(II) hydroxyl complex in solution (Zamani et al., 2008). 



 
Figure 3. Effect of pH on the potential response of Fe(II)-selective electrode. 

 

 

3.3 Response time of the electrode 

 

The response time of the electrode is one of the most important factors in deciding the 

applicability of ion selective electrode. The practical response time was recorded by changing 

the Fe(II) solution with concentration from 1.0 × 10
-6

 M to 1.0 × 10
-1

 M. The response time 

recorded was less than 15 second.  

 

3.4 Effect of interfering ions on electrode performance 

 

Selectivity is the most important characteristic as it determines the extent of utility of any 

electrode in real sample measurements. The potential response of the electrode was monitored 

in the presence of interfering ions to assess the Fe(II)-selective electrode’s selectivity. The 
selectivity coefficient was measured by using the matched potential method (MPM) (Zamani et 

al., 2009). The result as given in Table 1, it can be seen that the proposed electrode is 

characterized by a high selectivity towards Fe(II) with respect to Ca(II) ion and Mg(II) ion.  

 

Table 1. Selectivity coefficient of the Fe(II)-selective electrode for several concentration of 

Ca(II) and Mg(II) 

 

Concentration 
Selectivity coefficient 

Ca(II) Mg(II) 

10
-2

 1,7580 x 10
-8

 7,8878 x 10
-8

 

10
-3

 9,3383 x 10
-7

 1,6954 x 10
-5

 

10
-4

 8,2918 x 10
-5

 4,9203 x 10
-4

 

10
-5

 6,8816 x 10
-4

 3,8635 x 10
-3

 

10
-6

 2,1376 x 10
-2

 3,9324 x 10
-2

 

 



3.5 Analytical Application 

The Fe(II)-selective electrode was applied for determination Fe(II) in some underground 

water samples. The results were compared with data obtained by an UV-Vis spectrophotometric 

method (Table 2). The data showed agreement between the data for determination Fe(II) using 

an UV-Vis spectrophotometric method and the Fe(II)-selective electrode. Therefore, the 

proposed electrode can be employed for Fe(II) quantification in real samples.  

Table 2. Determination of Fe(II) in underground water samples by Fe(II)-selective electrode and    

              by UV-Vis spectrophotometry. 

 

Sample 
Fe(II)-selective electrode 

(M) 
UV-Vis (M)  

Sample 1 1,7344 x 10
-6

 1,289 x 10
-6

 

Sample 2 1,3656 x 10
-7

 1,432 x 10
-7

 

Sample 3 9,7169 x 10
-7

 1,092 x 10
-6

 

 

 

4. Conclusion 

The Fe(II)-selective electrode based on 1,10-phenanthroline was successfully developed for 

determination of Fe(II). It can be used to determine Fe(II) in a wide concentration range from 

1.0 × 10
-6

 M to 1.0 × 10
-2

 M with detection limit of 7.902 × 10
-7

 M in pH range 2.5-8.0. The 

electrode was evaluated to the determination of iron in underground water samples with very 

good accuracy. 
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