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A nickel complex of Schiff base ligand [benzene-1,2-diyldimethylylidene]dicarbamic acid was 
synthesized and used for the construction of monohydrogen phosphate selective electrode. The 
structure of the free ligand and the complex was evaluated by 1H-NMR, 13C-NMR, IR and UV absorption 
spectroscopy. The stability of the complex of the ligand with various metal ion was calculated in terms 
of formation constant (Kf). The complex has been successfully used as an electroactive material for the 
development of monohydrogen phosphate selective electrode. The selectivity coefficient of ionophore 
was calculated by MPM method indicates the high selectivity of the electrode towards monohydrogen 
phosphate over other tested anions. 
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1. Introduction 

Complex compounds of metal ions with Schiff base ligands play an 
important role in environmental, medicinal, pharmaceutical and industrial 
chemistry. They show remarkable binding ability with various bioactive 
ions. The affinity of the Schiff base chelated ligand utilized in preparation 
of various transition metal ion complexes which are either insoluble or 
less soluble in water. The Schiff base complex of transition metal ion was 
found to be a good electroactive material for the selective determination 
of various anionic species in the solution [1-5]. 

Phosphorus is one of the second most abundant elements in human 
body. In human body it is found in bones, cells, soft tissues and 
extracellular fluids. In soft tissues and cell membrane the phosphorus 
mainly exists in the form of phosphate ester. Plasma phosphate and 
intracellular phosphate in the formation of hydroxyapatite, the also play a 
vital role in the metabolism of carbohydrates, lipids and proteins [6, 7]. 
Due to its importance in our body the selective determination of 
phosphate ion is a concern of research. The leaching of small amount of 
phosphate ion from agricultural land can contribute to eutrophication [8]. 
In the present study a Schiff base complex of Ni(II) has been prepared and 
used as electroactive material for the selective determination of 
monohydrogen phosphate ion. 
 

2. Experimental Methods 

2.1 Reagents and Instruments Used 

The chemicals oxamic acid, benzene-1,2-dicarbaldehyde, Dimethyl 
phthalate (DMP) (8.5), Diisobutyl phthalate (DBP), Dioctyl phthalate 
(DOP),  Tris(ethyhexyl) phosphate (TEP), bis-(2-ethylhexylsebacate BEHS, 
sodium tetraphenybal borate (NaTPB) were purchased from Sigma-
Aldrich. The high molecular weight Polyvinyl chloride (PVC), acetone, 
absolute ethanol, and other chemicals were bought from Fluka. All 
reagents were used as received and no further purification was done. 

The UV spectra of the ligand and complex were recorded on Labtronics 
UV spectrometer in the range of 360 – 160 nm. The 1HNMR and13CNMR 
spectra were recorded in CDCl3 on a Bruker Avance 300 MHz 
spectrometer. The pH and potential measurements were recorded with a 
digital pH meter and potentiometer (Equiptronics EQ-602). 

2.2 Synthesis of [benzene-1,2-diyldimethylylidene]dicarbamic acid (L) 

The Schiff base ligand, [benzene-1,2-diyldimethylylidene]dicarbamic 
acid was synthesized by stirring benzene 1,2-dicarbaldehyde (1 mmol in 8 
mL DMSO) and carbamic acid (1 mmol in 5 mL DMSO ethanol) in reflux for 
100 minutes under nitrogen atmosphere, resulting in a red precipitate [3]. 
The precipitate was flattered and dissolved in absolute ethanol at room 
temperature. The ethanol allowed to evaporate in vacuum till the micro 
crystals of the ligand was obtained (Scheme 1). The analytical and physical 
data of the ligand are given below. 

Empirical formula: C10H8N2O4, yield: 76 %. 
1H NMR (ppm): 8.26 (s, 2H, aromatic), 7.62 (d, 2H, aromatic), 7.32 (s, 

4H, iminic), 7.21 (s, 2H, carboxylic acid).  
13C NMR (ppm): (6C aromatic); 182.4, 181.4, 180.6, 179.2, 178.3, 176.8, 

146.7, 146.5, 106.2, 105.9. 
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Scheme 1 Synthesis of Schiff base ligand 
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Scheme 2 Synthesis of Ni(II) complex of the ligand 
 

2.3 Synthesis of Complex 

The Nickel (II) complex of Schiff base ligand (L) was synthesized by the 
method available in the literature (Scheme 2). A solution of NiCl2 (3 mmol 
in DMSO) was added drop wise into the flask containing solution of Schiff 
base ligand (3 mmol in 10 mL DMSO) in presence of NH4OH solution. The 
mixture was stirred and refluxed at 80 °C under atmosphere of nitrogen 
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till the red coloured solid was obtained. The solid product was then 
separated by vacuum filtration, washed with cold acetone solution and 
dried in vacuum desiccator at room temperature. 

The bonding between free ligand and metal ion significantly affects the 
stretching frequencies, therefore the complexation of ligand with Ni(II) ion 
was investigated by analyzing the IR spectra of free ligand and complex 
compound (Fig. 1). The IR spectra shown in the figure 1 indicates that the 
C=N stretching frequency change from 1620 – 1640 cm-1 in the free ligands 
to lower values of 1600 - 1605 cm-1 in the Ni(II) complexes, which 
indicates that azomethine nitrogen is coordinated with the metal ion in the 
complex.  The COO- stretching frequency also decreases from 1557 – 1565 
cm-1 to 1550 – 1560 cm-1 due to the coordination of oxygen with metal ion. 
The IR spectral analysis of free ligand and Ni(II) complex is summarized in 
Table 1. 
 
Table 1 IR spectral data of free lined and Ni(II) complex of ligand 

Bond Free ligand Ni(II) complex 

C-H 3150 - 3155 3150 - 3153 

C=N 1620 - 1640 1600 - 1605 

C=O 1720 - 1725 1557 - 1565 

COO- 1557 - 1565 1550 - 1560 

C=C 1685 - 1700 1685 - 1695 

C-N 1760 -1765 1758 - 1763 
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Fig. 1 IR spectra (i) Free ligand (ii) Ni-complex of ligand 

Furthermore, in order to obtain more information about the 
complexation between ligand and metal ion, the electronic absorption 
spectra of the Schiff base ligand (5.0 × 10-5 M concentration) in the 
presence of increasing concentration of Ni(II) ion in acetonitrile solution 
at room temperature was recorded (Fig. 2). The Fig. 2 indicates that a 
strong absorption band of ligand at 220 nm decreases with increasing the 
concentration of Ni(II) ion and a new broad band appears at >250 nm. The 
resulting absorption at 220 nm and its complex with Ni(II) ion at 280 nm 
indicates the complexation equilibrium of ligand with metal ion in 
solution. 

 
Fig. 2  UV absorption spectra of complexation reaction of ligand and Ni(II) ion 

 

2.4 Calculation of Formation Constant 

The stability of the complex compound of newly synthesized Schiff base 
ligand with different metal ions was investigated in terms of formation 
constant (Kf). The Kf values were calculated by molar conductance ratio 
using Eq. (1) and (2). All the measurements were performed at constant 
ionic strength of solution [9]. 
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Here, ΛM, ΛML, and Λobs are the molar conductance of the cation before 

addition of ligand; complex and solution during titration, CL and CM are the 
analytical concentration of the ionophore added, and the analytical 
concentration of the cation respectively. The solutions of various metal 
ions were prepared by dilution the standard solution. The complex 
formation constants, Kf, and the molar conductance of complex, Λobs, were 
obtained by using a nonlinear least squares program KINFIT [10, 11], and 
the results are summarized in Table 2. The data presented in Table 2 
indicates that the formation constant of Schiff base ligand [benzene-1,2-
diyldimethylylidene]dicarbamic acid (L) with Ni(II) ion is highest. Thus 
the ligand forms most stable complex with Ni(II) ions as compared to other 
tested metal ions. 
 
Table 2 Formation complex values of complexation reaction of ligand and metal ions 
 

Metal ions Formation constants 

(logKf) 

Metal ions Formation constants 

(logKf) 

Ni(II) 4.36 ± 0.10 Cd(II) 2.87 ± 0.10 

Mn(II) 3.21 ± 0.12 Ag(I) 2.63 ± 0.11 

Pd(II) 3.12 ± 0.10 Au(I) 2.60 ± 0.14 

Co(II) 3.10 ± 0.11 Ca(II) 2.42 ± 0.15 

Zn(II) 

Pt(II) 

3.24 ± 0.13 

3.11 ± 0.13 

Na(I) 

Li(I) 

2.18± 0.15 

2.36 ± 0.13 

 

3. Results and Discussion 

The newly synthesized Ni(II) complex of Schiff base lignad [benzene-
1,2-diyldimethylylidene]dicarbamic acid has sufficient lipophilic groups 
which may bind the other ionic species in the solution. The Ni(II) complex 
of the ligand is insoluble in water and thus can be used as electroactive 
material for the selective determination of ionic species in various 
samples. Due to these characteristics the complex was used as 
electroactive material for the selective determination of hydrogen 
phosphate (HSO4

2-) ion in various samples. 
To prepare membrane electrode the membrane components i.e. high 

molecular weight PVC, plasticizer (DMP, DBP, DOP, TEP and BEHS), 
anionic additive and Ionophore (Schiff base complex) were dissolved in 20 
mL THF and shaken to remove the air. The solution so obtained was 
transfer into a glass ring of ~20 mm diameter. The THF was allowed to 
evaporate for about 24 hrs. The membrane of about ~0.3 mm of thickness 
and 5 mm of diameter were removed from glass plate and fixed at one end 
of a glass tube [12]. A saturated silver electrode than inserted in the tube 
to make electrical contact, another standard silver electrode was used as 
external reference electrode. The potential measurements were calculated 
by following cell assembly. 
 

External 
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Silver Electrode 

Internal 

Solution 

(0.01 M) 

Selective 

membrane 
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solution 

Internal Saturated 

Silver Electrode 

 
The membrane components were optimized my investigating the 

potential response of membranes of varying composition towards 
hydrogen phosphate ion. It was observed that the membrane with the 
composition of   PVC: plasticizer (OA, CN, and DBP): additive: ionophore in 
the ratio of 32 %: 65 %: 1 %: 2 % (w/w) was found to be best in terms of 
response mechanism towards target anion (Table 3). 

The use of plasticizers as membrane components significantly 
influenced response mechanism of the PVC based ion selective electrode 
because they provides the suitable medium for the complexation kinetics 
of ligand and ion. So different plasticizers were tested (with varying 
composition) to obtain the best possible response characters of the 
electrode assembly. The data presented in Table 3 indicates that the 
electrode based on BEHS as plasticizer has a wide concentration range of 
1.2 x 10-6 – 1.0 x 10-2 M, with a lower detection limit of 1.0 x 10-6 M and has 
a slope of -30.0 ± 1.0 mV/decay of activity. The lower detection limit of all 
electrodes (no. 1-5) is in good agreement with the dielectric constants of 
the plasticizers. The best results were obtained with BEHS as plasticizer 
probably due to the low polarity of BEHS which provides the best 
environment of the complexation of low charge density anion (hydrogen 
phosphate ion) and ionophore. The lower detection limit decreases with 
decreasing the dielectric constant of the plasticizer. The potential 
response of the electrode with different plasticizers is shown in Fig. 3. 
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Table 3 Optimization of membrane components  
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Fig. 3 Calibration curve of fluoride selective electrode with different plasticizers 

 
The pH of the test solution may affect the potential response of the 

membrane electrode due to competition kinetics of H+ with ionophore 
during the complexation reaction. Thus the effect of pH on potential 
response was calculated in the range of 1.0 – 8.0. It was observed that the 
potential of the electrode remains almost constant within the pH range of 
3.0 – 6.0. However a significant change in potential was observed beyond 
this pH which may be due to the interference caused by H+ and OH- ion. 
Thus the electrode can be used for the determination of hydrogen 
phosphate ion with in a pH range of 3.0 – 6.0.  

The average time in which the electrode reached the equilibrium value 
potential is called response time of the electrode assembly. In the present 
study the response time was calculated by changing the concentration of 
the test solution from lower concentration (10-6 M) to higher 
concentration (10-2 M). The average response time for whole 
concentration range was about 8 seconds. To evaluate the reversibility of 
the electrode the response time was also calculated by changing the 
concentration for higher (10-2 M) to lower concentration (10-6) again the 
response time remains almost same. However the response time for 
higher concentration is slightly more than that of lower concentration.   

The sensitivity of the electrode is dependent on composition of 
membrane components. A significant change in the detection limit, 
working concentration range and slope was observed after 2 months of 
the electrode because the components get leached out from the membrane 
with time. Thus the membrane can be used for a period of 2 months 
without significant change in potential response (Table 4). 
 

Table 4 Life time of electrode no. 1 

Time (weeks) Detection limit (M) Slope (mV/decay) 

1 1.0 x 10-6 -30.0 ± 1 

3 1.0 x 10-6 -30.0 ± 1 

5 1.3 x 10-6 -29.40 ± 1 

7 1.5 x 10-6 -29.00 ± 1 

8 2.0 x 10-6 -28.30 ± 1 

9 4.6 x 10-5 -23.50 ± 1 

10 2.3 x 10-4 -20.30 ± 1 

 

The selectivity of the electrode no. 1 based on newly synthesized Schiff 
base complex of Ni(II) towards target ion in presence of other interfering 
ions was investigated in terms of selectivity coefficient, which was 
calculated as per IUPAC recommendations by match potential method 
(MPM). According to match potential method the potential of the electrode 

was measured with a fixed activity of primary ion (target ion A). In another 
experiment, an interfering ion (B) is successively added to an identical 
reference solution (containing primary ion), until the measured potential 
matches the one obtained with the primary ions. The selectivity 
coefficient, KMPM, is then calculated by the resulting primary ion activity to 
the interfering ion activity ratio, KMPM = aA/aB. The selectivity coefficients 
for various anions are summarized in Table 5 [13]. 
 

Table 5 Selectivity coefficients of various interfering ions (A-) 

Interfering ion B 
Selectivity coefficient ( ,

MPM

Ho BK
) 

F- 1.8 x 10-4 

Cl- 2.3 x 10-4 

Br- 
-I  

-CN  
2

2 4C O 

 

2.5 x 10-4 

3.2 x 10-4 

1.6 x 10-4 

2.4 x 10-4 

S2- 1.2 x 10-4 

CO32- 

SCN- 

CH3COO- 
-

2 4H PO  

1.4 x 10-4 

1.6 x 10-4 

3.4 x 10-4 

5.6 x 10-4 

 

3.1 Analytical Application 

The proposed Schiff based PVC membrane monohydrogen phosphate 
electrode was successfully applied for monitoring of monohydrogen 
phosphate ion concentration in waste water samples. 5 mL of waste water 
sample was dissolved in the double distilled water in a 100 mL flask. 2 mL 
of this solution 0.5 mL 0.01 M EDTA solution was added and diluted with 
water up to 100 mL. The concentration of target ion was measured by the 
monohydrogen phosphate electrode no. 1, using the calibration method. 
The obtained values were compared with those obtained by 
spectrophotometry method and the date summarized in Table 6. 
 

Table 6 Monohydrogen Phosphate Concentration in Water Samples 

Water samples Mean concentration  

 (mg/L) 

Spectrophotometry  

(mg/L) 

Tap water 0.05 ± 0.05 0.05 ± 0.10 

River water 0.15 ± 0.10 0.16 ± 0.12 

Industrial waste water 0.68 ± 0.12 0.70 ± 0.05 

 

The electrode was also used as an indicator electrode for the titration of 
monohydrogen phosphate with standard Ba2+ ion. A 50 mL solution of 0.1 
M Na2HPO4 was titrated with 0.1 M Ba(NO3)2 solution. The resultant curve 
has sharp inflation point which indicates the end point of the reaction (Fig. 
4). 
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Fig. 4 Titration curve of Na2HPO4 with Ba2+ ion 

 

4. Conclusion 

A Nickel (II) complex of Schiff base ligand [benzene-1,2-
diyldimethylylidene]dicarbamic acid was synthesized and used for the 
selective determination of monohydrogen phosphate in various water 
samples. The structure of the complex and free electrode was evaluated by 
IR and UV absorption spectroscopy. The selectivity coefficient was 
calculated by MPM method. The electrode with the composition of PVC: 
BEHS: NaTPB: ionophore in the ratio of 32%: 65%: 1%: 2% (w/w) has a 
wide concentration range of 1.2 x 10-6 – 1.0 x 10-2 M with lower detection 
limit of 1.0 x 10-6 M. The electrode no. 1 could be uses in a pH range of 3.0 
– 6.0 for a period of 2 months without any change in response characters.  
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