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Spectroscopic study in acetonitrile solution shows a selective interaction between 1-(2-

hydroxybenzylidene) thiosemicarbazide (L) and copper cation in comparison with other inorganic 

metal ions. Thus, L was then used as a good sensing material in copper selective PVC membrane 

sensor. The proposed potentiometric sensor showed a stable potential response to Cu
2+

 ions with 

Nernstian slope of 28.6±0.4 mV decade
-1

 over a wide linear concentration range of 1.0×10
-5

-1×10
-1 

mol L
-1

. The sensor was found to have a short response time of about 25 s and have an acceptable life 

time. Application of the proposed sensor in analysis of copper content of some water samples showed 

good results. 
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1. INTRODUCTION 

Copper and its alloys have been used for thousands of years. The major applications of copper 

are in electrical wires (60%), roofing and plumbing (20%) and industrial machinery (15%). Also, 

copper is one of the essential trace elements for the body and excess amount will be toxic. Concern has 

increased with enhancement associated toxic exposure by their wide usages and potentially toxic 

effects on human health specially infants and young children [1,2]. Therefore, determination of copper 

ion in a wide range of chemical and biological processes in various media such as water, biological, 

environmental, medical and industrial samples plays a significant role.  

General analytical techniques are used for measurement of copper, including atomic absorption 

spectrometry (AAS), UV–Vis spectrometry and inductively coupled plasma atomic emission 

spectrometry (ICP-AES). In comparison with potentiometry, they are involving rather complex sample 

preparation, or need expensive instruments. Potentiometric methods using a selective indicator 

electrode offer advantages of simplicity both with respect to sample preparation and measurement 
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technique, low cost, selectivity, accuracy and speed. This has made the methods a candidate for several 

applications in different fields [3-10]. 

The important part in designing an ion selective electrode is finding a suitable and selective 

sensing element. Many ion selective electrodes have been previously reported for various ionic species 

[11-23]. Their differences are from the ionophore used as sensing element. This organic compound 

effectively nominate to which ionic species the electrode should respond. A selective complexation of 

a ligand with an ion always leads to designing an ion-selective electrode.  

Here, the primary spectroscopic studies for complexation, showed a selective tendency of the 

synthesized ionophore, 1-(2-hydroxybenzylidene) thiosemicarbazide (L) (Fig. 1), toward selective 

complexation with Cu
2+

 ions in comparison with other common metal ions. As a result, L compound 

was used as selective sensing element in construction of copper selective electrode. The proposed 

electrode was then successfully used in determination of Cu
2+

 ion in waste water samples.  

 

OH

N

H
N NH2

S

 
 

Figure 1. Chemical structure of the sensing material 

 

 

 

2. EXPERIMENTAL SECTION 

2.1. Apparatus  

Spectroscopic studies were carried out on a PERKIN-ELMER Lambda 2 UV-Vis. 

Spectrophotometer with 1 cm pass length quartz cells. 

The glass cell, where the copper ion-selective electrode was placed, consisted of two Ag/AgCl 

reference electrodes (Azar electrode, Iran) as the internal and external reference electrodes. Both 

electrodes were connected to a Corning ion analyzer with a 250 pH/mV meter with ±0.1 mV precision.  

 

2.2. Reagents  

Reagent grade dibutyl phthalate (DBP), nitrobenzene (NB), benzyl acetate (BA), high relative 

molecular weight polyvinyl chloride (PVC), sodium tetraphenyl borate (NaTPB), and tetrahydrofurane 

(THF) were purchased from Merck Co. and used as received as well as chloride and nitrate salts of the 

cations used. They were all of the highest purity available and used without any further purification. L 

compound was synthesized according to a general procedure. The mixture of 2 mmol salcilaldehyde 
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and 2 mmol thiosemicarbazide and 0.5 mmol PTSA was refluxed in 15 ml ethanol for 10 h. The 

solvent was then removed and the residue was recrystallized in ethyl acetate.  

 

 

2.3. UV-Vis spectroscopic Measurements 

In all measurements, 3 mL of ligand solution (5.0×10
-5

 mol L
-1

) are placed in a quartz cell with 

1 cm pass length. Then, a known amount of a metal ion solution (5.0×10
-3

 mol L
-1

) is added using a 

calibrated micropipette. The absorbance of the solution is measured after each addition. The ion 

addition is continued until the desired ionophore-to-ion mole ratio is achieved. 

 

2.4. Electrode preparation  

The general procedure to prepare the PVC membrane electrode was as followed: Different 

amounts of the ionophore along with appropriate amounts of additive were carefully weighed. Then, 

30 mg PVC and known amounts of plasticizer were added to the mixture.  

The mixture was dissolved in 2 mL of tetrahydrofuran (THF), and the solution was mixed well 

into a glass dish of 2 cm diameter. The solvent was then evaporated slowly until an oily concentrated 

mixture was obtained. A pyrex tube (3-5 mm o.d.) was dipped into the mixture for about 10 s to a 

transparent membrane of about 0.3 mm thickness was formed. The tube was then pulled out from the 

mixture and kept at room temperature for about 6 h. The tube was then filled with an internal filling 

solution (1.0×10
-3

 mol L
-1

 CuCl2). The electrode was finally conditioned for 24 h by soaking in a 

1.0×10
-3

 mol L
-1

 Cu(NO3)2  solution [19-23]. 

 

2.5. Emf measurements 

The following cell was assembled for measurement of the emf (electromotive force): 

 

Ag–AgCl, KC1 (satd.) | internal solution, 1.0×10
-3

 mol L
-1

 CuCl2 | PVC membrane | sample solution | 

Ag–AgCl, KC1 (satd.) 

 

An ion analyzer 250 pH/mV meter was used for the potential measurements at 25.0 ± 0.1 °C. 

 

 

 

3. RESULTS AND DISCUSSIONS  

Selectivity behavior of any ion-selective electrode is dependent on the structure and nature of 

the sensing element used in its composition [24-33]. Presence of donor atoms in structure of compound 

L, it was expected to have good interactions with transition metal ions.  
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Thus, interaction of L with some cations was studied by spectroscopic method in acetonitrile 

solutions. The results revealed that L has a selective tendency to Cu
2+

 ions in comparison to other 

tested cations. It meant that L can be act as a suitable ion carrier in a Cu
2+

-selective electrode.  

 

3.1. Spectroscopic studies 

The ligand coordination with the ion can be investigated by UV-Vis. spectroscopy. From the 

UV-Vis. spectra in Fig. 2, show complexation between L and Cu
2+

 ion. The substantial decrease in the 

absorbance at a certain wavelength of the ligand solution, after adding the ion solution stepwise, may 

give a new adsorption peak at another wavelength, which is related to complex formation. At the same 

time, the effects of the other ions on the spectrum of the carrier were also investigated. For the 

evaluation of the formation constant from absorbance-mole ratio data, again the non-linear least-

squares curve-fitting program DATAN was used. The formation-constant value (Kf) of the resulting 

1:1 complexes of L with copper ion was 6.45×10
-6

. 

 

 

Figure 2. UV-Vis. Spectra of the interaction of L with copper ion 

 

3.2. Membrane composition effect on the potential response of the electrode 

Since the degree of sensitivity and selectivity for a certain ionophore is greatly related to the 

membrane ingredients [31-40], the influence of the membrane composition on the potential responses 

of the copper electrode was studied. In this study, different membrane compositions, as shown in Table 

1, were tested.  
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Table 1 .The optimization of the membrane ingredients 

 

No. Membrane Composition Slope 

(mV/decade) 

LR 

(mol L
-1

) 

R
2
 

 PVC L Plasticizer Additive  

 

 

1 30 5 65 (NB) - 8.15±0.5 1.0×10
-3

-1×10
-1

 0.994 

2 30 5 65 (DBP) - 6.65±0.4 1.0×10
-3

-1×10
-1

 0.989 

3 30 5 65 (BA) - 5.47±0.5 1.0×10
-3

-1×10
-1

 0.946  

4 30 5 63 (NB) 2 (NaTPB) 15.34±0.4 5.0×10
-4

-1×10
-1

 0.976 

5 30 7 61 (NB) 2 (NaTPB) 25.70±0.6 5.0×10
-5

-1×10
-1

 0.982 

6 30 10 58 (NB) 2 (NaTPB) 28.61±0.5 1.0×10
-5

-1×10
-1

 0.997 

7 30 13 55 (NB) 2 (NaTPB) 24.63±0.3 1.0×10
-5

-1×10
-1

 0.988 

8 30 10 59 (NB) 1 (NaTPB) 14.65±0.5 1.0×10
-4

-1×10
-1

 0.994 

9 30 10 57 (NB) 3 (NaTPB) 26.34±0.6 1.0×10
-5

-1×10
-1

 0.962 

10 30 - 70 (NB) 2 (NaTPB) 4.36±0.5 1.0×10
-5

-1×10
-2

 0.834 

 

The copper ion extraction into the liquid membrane was a result of the high concentration of 

the ligand in the membrane. From Table 1, it was obvious that in the absence of sensing element and 

with the presence of other components (no. 10), the response of the recommended electrode was too 

low (4.36±0.5 mV/decade).  

The second factor which affects the electrode response is the plasticizer. The plasticizer helps 

the extraction of the ion. After the evaluation of the solvent mediators (NB, BA and DBP), it was 

observed that NB having the higher dielectric constant results the better responses. Higher dielectric 

constant values leading to the extraction of the polar ions, like copper ions to the membrane.  

The presence of lipophilic anions in a cation-selective membrane was also considered. 

Actually, the presence of such anions in a cation-selective membrane, which is based on a neutral 

carrier, decreases the ohmic resistance and improves the response behavior and selectivity. 

Furthermore, when the extraction capability is poor, it increases the membrane electrode sensitivity 

[35-38]. Here, addition of 2% NaTPB as an additive led to the slope increase from the sub-Nernstian 

value to the Nernstian value.  

As it can be seen, the membrane with the composition of 30% PVC, 10% L, 2% NaTPB and 

58% NB (no. 6) was the optimum one in the development of this sensor.  

 

3.3. pH effect on the electrode response 

In an approach to understanding the impact of pH on the electrode response, the potential was 

measured at particular concentrations of the copper ion solution (1.0×10
-3

 mol L
-1

) from the pH value 

of 1.0 up to 10.0 (concentrated NaOH or HCl solutions were employed for the pH adjustment).  
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Figure 3. pH effect on the response of the copper selective electrode 

 

In agreement with the resulting data, the potential remained constant despite the pH change in 

the range of 3.5 to 7.5, indicating the applicability of this electrode in this specific pH range. On the 

contrary, relatively noteworthy fluctuations in the potential vs. pH behavior took place below and 

above the formerly stated pH limits. In detail, the fluctuations above the pH value of 7.5 might be 

justified by the formation of the soluble and insoluble copper hydroxy complexes in the solution. On 

the other hand, the fluctuations below the pH value of 3.5 were attributed to the partial protonation of 

the employed ionophore. Consequently, the behavior of the membrane electrode towards copper ion 

concentration was found to be inaccurate in the pH range of 3.5 to 7.5. 

 

3.4. Study of sensor properties 

The properties of an ion-selective electrode are characterized by the following parameters [39-

48]: 

 

(1) Measuring range  

(2) Detection limit 

(3) Response time  

(4) Selectivity 

(5) Lifetime 

1     2       3       4       5       6       7        8        9      10 
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3.4.1. Measuring range 

The measuring range of an ion-selective electrode includes the linear part of the calibration 

graph as shown in Fig. 3. For many electrodes the measuring range can extend from 1 molar down to 

10
-6

 or even 10
-7

 molar concentrations. The applicable measuring range of the proposed sensor is 

between 1×10
-5

 and 1×10
-1

 mol L
-1

.   

 

 

 

Figure 4. Calibration curve of the copper selective electrode with composition of membrane No. 6 

 

3.4.2. Detection limit 

In practice, detection limits for the most selective electrodes are in the range of 10
−5

–10
−6

 mol 

L
-1

. However, recent studies have shown that even sub-nM detection limits can be obtained for these 

devices by different methods such as application of metal buffers to eliminate the contamination of 

very dilute solutions, using cation-exchange resin in the internal solution of ISEs to keep the primary 

ion activity at a constant low level, using liphophilic particles such as silica-gel 100 C18-reversed 

phase into the sensing membrane, using sandwich membranes, and so on. In this work the detection 

limit of the proposed membrane sensor was 5.4×10
-6

 mol L
-1

 which was calculated by extrapolating the 

two segments of the calibration curve (Fig. 4). 

3.4.3. Response time 

The response time of an electrode is evaluated by measuring the average time required to 

achieve a potential within ±0.1 mV of the final steady-state potential, upon successive immersion of a 

series of interested ions, each having a ten-fold difference in concentration. It is notable that the 

experimental conditions-like the stirring or flow rate, the ionic concentration and composition of the 
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test solution, the concentration and composition of the solution to which the electrode was exposed 

before experiment measurements were performed, any previous usages or preconditioning of the 

electrode, and the testing temperature have an effort on the experimental response time of a sensor [46-

53]. In this work, less than 25 s response time was obtained in different copper solutions from 1.0×10
-5

 

to 1.0×10
−1

 mol L
-1

.  

 

3.4.4. Selectivity 

The potentiometric selectivity coefficients of the copper electrode were evaluated by the 

matched potential method (MPM) [54-59]. 

 

Table 2. The selectivity coefficients of various interfering cations for the membrane 

 

Ion Log KMPM 

 

K
+
 -4.3 

Mg
2+

 -4.0 

Ca
+2

 -4.1 

Ba
2+

 -4.0 

Pb
+2

 -3.7 

Fe
3+

 -3.3 

Hg
2+

 -2.6 

Cr
3+

 -3.4 

Ni
2+

 -3.9 

Co
3+

 -4.0 

Cd
2+

 -4.1 

La
3+

 -4.4 

Yb
3+

 -4.3 

 

The resulting values of the selectivity coefficients are given in Table 2. As can be seen from 

Table 2, for the all mono and bivalent metal ions and trivalent lanthanide ions tested, the selectivity 

coefficients are less than 2.5×10
-3

, which seems to indicate negligible interferences in the performance 

of the electrode assembly. Also, there is a good correspondence between the formation constants and 

the selectivity coefficients order, because the selectivity of an ion-selective electrode is mainly related 

to the stability of the complex between ion and ionophore. 

 

3.4.5. Lifetime  

The average lifetime for most of the reported ion-selective sensors is in the range of 4–10 

weeks. After this time the slope of the sensor will decrease, and the detection limit will increase. The 

sensors were tested for 10 weeks, during which time the electrodes were used extensively (one hour 
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per day). The proposed sensors can be used for six weeks. First, there is a slight gradual decrease in the 

slopes (from 28.61 to 14.3 mV/decade) and, second, an increase in the detection limit (from 5.4×10
-6

 

mol L
-1

 to 4.3×10
-4

 mol L
-1

). It is well established that the loss of plasticizer, carrier, or ionic site from 

the polymeric film due to leaching into the sample is a primary reason for the limited lifetimes of the 

sensors. 

 

3.5. Analytical application 

The copper content of three waste-water of copper electroplating samples (after adjusting the 

pH of solution to 5.0), was determined by the proposed electrodes using the calibration graph. The 

results obtained by the proposed copper sensor, together with those obtained by atomic absorption 

spectrometry (AAS) are in a satisfactory agreement with RSD value of 5.32% and the relative error 

percent of 3.56%. 

 

 

4. CONCLUSION  

Spectroscopic study in acetonitrile solution shows a selective interaction between 1-(2-

hydroxybenzylidene) thiosemicarbazide (L) and copper cation in comparison with other inorganic 

metal ions. The ion-selective electrode constructed based on L showed a good performance in the 

linear concentration range, detection limit, and selectivity coefficients. The electrode exhibited a fast 

response time (25 s), a detection limit of 5.4×10
-6

 mol L
-1

 and pH independent potential responses 

across the range of 3.5–7.5. The proposed electrode was then successfully used in determination of 

Cu
2+

 ion in waste water samples. 
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