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Abstract 
 

The current study aimed to use silver ion (Ag+) complexes with pyrazole based ligands for developing 

spectroscopic method of silver ion in its aqueous solution with high sensitivity and low detection limits. The 

stability and composition of the complexes of 1,3-bis (3-(2-pyridyl) pyrazol-1-ylmethyl) benzene (1,3-PPB) and 

1,4-bis (3-(2-pyridyl) pyrazol-1-ylmethyl) benzene (1,4-PPB) with Ag (I) ion have been investigated applying the 

spectrophotometric method in mixed (1:1) solvent of ethanol and water. Various experimental parameters, which 

include pH, ionic strength, solvent composition, and time, have been studied. The stoichiometry and formation 

constant of each complex have been evaluated spectrophotometrically. Spectrophotometric results indicated the 

formation of 1:1 complexes with stability order of Ag-1,4-PPB > Ag-1,3-PPB. Molar absorptivity values of the 

complexes have also been determined and were found to be 5039 and 6320, for Ag-1,3-PPB and Ag-1,4-PPB, 

respectively. The sensitivities for Ag determination by complexation with 1,3-PPB and 1,4-PPB were evaluated 

and found to be 0.045 and 0.055 mg.l-1, respectively. The Ag-PPB complexes could be used for Ag+ determination 

in aqueous solutions with high sensitivity and low detection limits. 
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1. Introduction 

The chemistry of nitrogen containing heterocycle-based ligands is of particular importance since they 

establish an important group of natural and synthetic products, numerous of them display valuable 

biological activities [1–3]. Because they present soft sites for metal coordination [4], the growth of 

coordination chemistry of nitrogenous ligands and their presentations in the variety of areas such as 

chemical, structural, catalysis, have led to purpose nitrogen containing multidentate ligand. Imidazole, 

pyrazole, and oxazole derivatives are widespread well-known π-excessive five-member nitrogen-

containing heterocyclic ligands and they are poorer π-acceptors, actually, they are better π-donor and 

hence operate as hard donor sites [5]. Including these heterocycles, we are presently interested in 

pyrazole and substituted pyrazole containing ligand because of their variety of applications [6-9]. The 

focal point of our investigation on metal chelates with pyrazole based ligands because of their 

importance in theoretical and practical applications [10, 11]. Various commercial commodities or 

compounds which based on these ligands are in the stage of activity estimation owing to pyrazole 

derivatives show several biological activities [12, 13]. As pyrazoles easily form complexes, they are 

suitable agents for inspecting the active sites of biomolecules and for modeling the biosystems of oxygen 

transfer [14, 15]. Dissociation constant is one of the significant physicochemical parameter offers 

precarious knowledge about drug properties such as solubility, lipophilicity, acidity, transport behavior, 

bonding to receptors and permeability [16]. Hence, the relationship between the acid dissociation 

constants and structure in drug design studies is important. Stability constants of metal ion complexes 

of various ligands and particularly chelating ligands applying various methods such as potentiometric 

and spectrophotometric methods have been evaluated [17]. Stability constant of a complex ion is affected 

by number of issues like ligand type, metal ion type, counter-ions and solvent [18]. 

In the present study, spectrophotometric investigations of complexation between 1,3-bis(3-(2-pyridyl) 

pyrazol-1-ylmethyl) benzene (1,3-PPB) and 1,4-bis(3-(2-pyridyl) pyrazol-1-ylmethyl) benzene (1,4-

PPB) with Ag (I) were studied and the formation constants were determined. 

 

2. Materials and methods 

2.1. Reagents 

All chemicals used were analytical-reagent grade, and deionized water (or pure ethanol) was used for 

preparation of solutions. Reagent grade silver nitrate (from Merck) was used without any further 

purification. Ethanol was HPLC or spectroscopic grade (99.9 %) and used without further purification. 

The Milli-Q water was used in this study.  
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2.2. Preparation of ligand 

The ligand was prepared by reaction of 3-(2-pyrazol-1-yl)pyridine with 1,3 bis (bromomethyl)-benzene 

(or 1,4 bis (bromomethyl)-benzene) under basic conditions by the procedure described elsewhere 

[19,20]. A mixture of 1,3-bis(bromomethyl)benzene (1.20 g, 4.55 mmol), 3-(2-pyridyl)pyrazole (1.35 g, 

9.32 mmol), aqueous NaOH (10 M, 20 cm3), toluene (50 cm3) and Bu4NOH (40% aqueous solution, 3 

drops) was stirred vigorously at room temperature for 40 min. The mixture was diluted with H2O (100 

cm3) and the organic layer separated, dried over MgSO4 and concentrated before purification using an 

alumina column.  

 

2.3. Preparation of complex solutions 

The stock solution of PPB (1.00 x 10-3 M) was prepared by dissolving 0.0300 – 0.0400 g in 25 ml of a 

solvent. 1.00 x 10-3 M stock solution of Ag (I) was prepared by dissolving an appropriate amount of 

silver nitrate in 25 ml milli-Q water. Other standard solutions were prepared by dilution of stock solution 

with mixed solvent (1:1 EtOH:H2O). Each silver complex solution was prepared by mixing the desired 

volume of ligand and metal solutions and the final volume was made by the mixed solvent. The 

absorption maxima of Ag-PPB complexes in (1:1 EtOH:H2O) solvent were investigated by titration of 

1.00x10-5 M PPB ligand solution with 1x10-3 M Ag(I) solution (20 μl additions) and recording the 

spectrum (from 200 – 350 nm). The complexes just formed were examined for their stability. 

 

2.4. pH measurements 

The pH measurements were performed using an Jenway pH 3505 pH meter. The pH of the solution was 

adjusted by 0.10 M HCl and 0.10 M NaOH. 

 

2.5. Spectrophotometric measurements 

The UV absorption spectra were recorded in the range from 200 to 400 nm in mixed solvent (1:1 – 

ethanol: water) using the Agilent Cary 60 UV-Vis Spectrophotometer. Spectra were recorded at 25°C. 

 

3. Results and discussion 

The structures of 1,3-PPB and 1,4-PPB are shown in Fig. 1. The electronic absorption spectra of Ag(I) 

complexes with two ligands are shown in Fig. 2. The free two ligands have two absorption maxima 

around 250 and 280 nm. The first one (250 nm) due to two phenyl groups and the second due to pyridine-

pyrazole groups. Upon chelating with metal ions, the second absorption maximum (λmax = 281 nm) were 

altered to 286 nm for the two complexes. The n electrons of the ligand is donated to metal ion to form 
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the coordination bond, therefore, the absorption maximum is shifted. Noted that a too little displacement 

of ligand absorbance as a result of the complex formation. Because the silver ion is a soft acid and also 

has a relatively large ion size, this may be the reason for the little shift.  

 
 

Fig. 1. Structure of 1,3 and 1,4-bis (3-(2-pyridyl) pyrazol-1-ylmethyl) benzene (1,3-PPB and 1,4-PPB) 

 

 

 

Fig. 2. The spectra of free 1,3-PPB, 1,4-PPB, and Ag(I) complexes in mixed solvent (1:1) 

 

The absorption maximum around 280 nm is due to pyrazole-pyridyl system in the ligand which include 

π→ π* and n→ π* transitions. The energy levels n, π, π* are affected by complexation and therefore the 

absorption maximum has been altered [8, 9]. Various parameters could affect the complex formation, 
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which include: pH, ionic strength, time, and the solvent, should be studied. These parameters and their 

effects on the stability of our complexes will be investigated. 

 

3.1. Solvent Effect 

The effect of water on the stability of the complexes was studied using different ratios of ethanol and 

water. The higher the percentage of water in the mixture the lower the absorbance of the two complexes 

as shown in Fig. 3. This can be attributed to several reasons: firstly, the solubility of the complex 

decreases in the aqueous medium, and secondly, the water molecules are considered to be competitive 

ligands for the complexation with the metal ion. Finally, the water as a solvent can form a hydrogen 

bond with nitrogen lone pairs in pyrazole and pyridine rings and therefore the ligand could lose the 

ability to coordinate with metal ions. The effect of last reason explained the Fig. 4 where a blue shift is 

observed with an increase in the proportion of water in the mixture (about 2 nm). 
 

 

Fig. 3. Effect of water fraction on absorption maxima of Ag(I) complexes 

 
 

Fig. 4. Variation of λmax with water fraction for Ag(I) complexes 
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3.2. Time Effect 

The study of the complex stability with time is an essential parameter since some complexes are not so 

stable and could dissociate after generation. To examine whether the complex being dissociated or still 

created with time, the absorption of the complex is measured each 15 min and till 180 min as shown in 

Fig. 5. It is observed that the absorption of both complexes increases with time until approximately 30 

minutes, while a relative stability occurs, indicating that the two reactions have reached their equilibrium 

state. Dissolution of the two complexes also does not occur until the end of the studied period of time, 

which indicates the relative stability of the formed complexes. 
 

 

Fig. 5. Effect of time on absorption maxima of Ag(I) complexes 
 

3.3. Ionic Strength Effect 

To study the effect of ionic strength on the stability of the complex, different concentrations of NaCl 
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complexation and therefore diminishing the tendency to form complexes with the metal ions. Thus, the 

complex formation equilibria might be influenced by pH value of the solution. 
 

 

Fig. 6. Effect of ionic strength on absorption maxima of Ag(I) complexes 
 

The optimum value for complexation of our ligands with Ag(I), as shown in Fig. 7, was between pH=4 

and pH=7. Also, a second factor that control the optimum pH for complexation is the precipitation of 

metal ion as hydroxide at higher pH (in this study was at pH > 9. The values of optimum pH values are 
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Fig. 7. Effect of pH on absorption maxima of Ag(I) complexes 
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Fig. 9) and the stoichiometry of each complex was determined. Also, the formation constant of each 

complex was determined by mole ration plot. 

 

Table 1. Metal ion complexes stoichiometry and formation constant values 

Metal complex m:n pKf 
ε 

l.mol-1.cm-1 R2 pH 
Sensitivity 

mg.l-1 

Ag – 1,3-PPB 1:1 5.85 5039 0.994 5.5 – 6.5 0.045 

Ag – 1,4-PPB 1:1 5.99 6320 0.995 6.0 – 7.0 0.055 

 

 

Fig. 8. Titration of ligand solution [1.02X10-3 M] with Ag(I) [1.00X10-3 M] 

 

Fig. 9. Stoichiometry of Ag(I) complexes by mole ratio method 
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plotting the relationship between the silver ion concentration against the absorption of the complex, as 

shown in Fig. 11, and the obtained values are shown in Table 1. 

 

Fig. 10. Calibration curve for Ag(I) complexes 

 

Fig. 11. Calibration curve for Ag(I) ions 
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