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Abstract 

The stability constants of complexes formed between some substituted pyrazolines and 

transition/lanthanide metal ions have been determined spectrophotometrically in 70% (v/v) ethanol-

water medium at room temperature. The ligands studied include L4 and L6, representing differently 

substituted pyrazolines possessing potential donor sites such as azomethine nitrogen and carbonyl 

oxygen atoms. The metal ions investigated were Co(II) and Ni(II) with ligand L4, and La(III) and 

Tb(III) with ligand L6.The absorbance data at varying metal-to-ligand ratios were analysed using the 

Job’s method of continuous variation and mole-ratio method, from which the composition and 

formation constants (log K) of the complexes were evaluated. The results revealed the formation of 1:1 

and 1:2 (metal: ligand) complexes depending on the system. The calculated stability constants indicated 

that all metal-ligand complexes are stable, with the order of stability following the Irving-Williams 

sequence for the transition metal complexes, i.e., Co(II) < Ni(II), and La(III) < Tb(III) for the 

lanthanide complexes. The relatively higher stability of the Tb(III) and Ni(II) complexes suggests 

stronger coordination through nitrogen and oxygen donor atoms, confirming the chelating ability of 

substituted pyrazolines. The study provides valuable insight into the coordination behaviour of 

substituted pyrazolines toward both transition and rare-earth metal ions and supports their potential 

application in analytical, catalytic, and biological systems. 
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Introduction 

Heterocyclic compounds have long been recognized as a significant class of organic 

molecules due to their unique structural features and wide range of chemical and biological 

properties. Among them, pyrazolines, a five-membered heterocycle containing two adjacent 

nitrogen atoms, have drawn considerable attention in recent decades [1-5]. Substituted 

pyrazolines, inparticular, have been extensively studied because their chemical reactivity can 

be tuned by the nature and position of substituents on the pyrazoline ring. These derivatives 

exhibit diverse biological activities, including antimicrobial, anti-inflammatory, anticancer, 

and antioxidant properties, making them valuable in medicinal chemistry [6-7]. In addition, 

their ability to coordinate with metal ions through donor atoms such as nitrogen, oxygen, or 

sulfur makes them potent chelating agents in coordination chemistry. The study of metal-

ligand interactions is central to understanding the principles of coordination chemistry [8]. 

Complex formation between metal ions and organic ligands plays a crucial role in numerous 

chemical, biological, and industrial processes. Determining the stability constants (log K) of 

these complexes provides quantitative information about the strength and nature of the 

interaction between metal ions and ligands. High stability constants indicate strong binding 

and potential applications in areas such as catalysis, metal ion extraction, drug design, and 

analytical chemistry [9]. Transition metals like Co(II) and Ni(II) have been extensively 

investigated in coordination studies due to their variable oxidation states and ability to form 

stable complexes with nitrogen and oxygen-donor ligands [10].
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These complexes are often used as models for biological 

systems, such as metalloenzymes, and have significant 

applications in material science. On the other hand, 

lanthanide ions such as La(III) and Tb(III), with their large 

ionic radii and preference for higher coordination numbers, 

form complexes with distinct structural and electronic 

properties. Lanthanide complexes have found use in areas 

ranging from luminescent materials and magnetic resonance 

imaging (MRI) contrast agents to analytical probes and 

catalysts [11]. The spectrophotometric method is one of the 

most reliable, sensitive, and widely used techniques for 

studying metal-ligand interactions in solution. By 

monitoring the absorbance changes associated with complex 

formation at specific wavelengths, it is possible to determine 

both the stoichiometry and stability constants of the 

complexes accurately. Methods such as the Job’s method of 

continuous variation and the mole-ratio method provide 

valuable information regarding the composition and binding 

strength of complexes in various media. The solvent system 

also plays a crucial role in complex formation [12]. In the 

present study, a 70% ethanol-water mixture was used to 

maintain adequate solubility of both ligands and metal ions, 

while also simulating a polar environment that can influence 

coordination behavior. The choice of this solvent system 

helps in understanding the effect of medium polarity on 

metal-ligand stability and provides insights into the solution 

chemistry of substituted pyrazolines. The ligands selected 

for this study, L4 and L6, are substituted pyrazolines with 

functional groups capable of acting as electron donors to the 

metal ions. Investigating their interaction with Co(II), Ni(II), 

La(III), and Tb(III) will help elucidate the influence of 

ligand substitution, metal ion type, and ionic charge on 

complex stability. Understanding these factors is essential 

for designing ligands with desired properties for specific 

applications, including catalysis, material science, and 

pharmaceutical development [13-19]. 

This study aims to spectrophotometrically determine the 

metal-ligand stability constants of some substituted 

pyrazolines in a mixed ethanol-water medium. The findings 

are expected to contribute to a deeper understanding of 

coordination behavior, complex stoichiometry, and stability 

trends among transition and lanthanide metal ions. Such 

investigations not only advance the fundamental knowledge 

of pyrazoline chemistry but also pave the way for their 

application in analytical, biological, and industrial domains. 

 

Materials and Methods 

The substituted pyrazolines used in this study were: L4 and 

L6 these ligands were synthesized in the laboratory 

following standard procedures reported in literature. The 

purity of the ligands was confirmed using melting point 

determination, thin-layer chromatography (TLC), and 

spectral characterization (UV-Vis, IR, 1H NMR) Analytical 

grade metal salts were used without further purification: 

Co(II): Cobalt(II) chloride hexahydrate (CoCl₂·6H₂O) 

Ni(II): Nickel(II) chloride hexahydrate (NiCl₂·6H₂O) 

La(III): Lanthanum (III) nitrate hexahydrate 

(La(NO₃)₃·6H₂O) Tb(III): Terbium(III) nitrate pentahydrate 

(Tb(NO₃)₃·5H₂O) All chemicals were of analytical reagent 

(AR) grade, and solutions were prepared in 70% (v/v) 

ethanol-water mixture using double-distilled water. Ethanol 

(AR grade), Double-distilled water, Buffer solutions (if pH 

control is needed, e.g., acetate buffer for Co(II)/Ni(II) 

systems). 

Preparation of Stock Solutions 

Ligand stock solution: 1 × 10⁻³ M solution of L4 and L6 

was prepared in 70% ethanol-water mixture. The solutions 

were protected from light and stored in amber bottles to 

prevent degradation. Metal ion stock solution: 1 × 10⁻³ M 

solutions of Co(II), Ni(II), La(III), and Tb(III) were 

prepared by dissolving the respective salts in 70% ethanol-

water mixture. The solutions were standardized before use 
[20]. 

 

Spectrophotometric Measurements 

All absorbance measurements were performed using a UV-

Visible spectrophotometer (model: [insert model], e.g., 

Shimadzu UV-1800) with a 1 cm quartz cell. The λ_max for 

each ligand and metal-ligand complex was determined by 

scanning the absorption spectrum from 200-500 nm. The 

formation of the metal-ligand complex was monitored by 

the change in absorbance at the λ_max of the complex. 

 

Determination of complex stoichiometry 

Two spectrophotometric methods were used 

Job’s Method of Continuous Variation: Solutions of ligand 

and metal were mixed in varying proportions while keeping 

the total molar concentration constant. The absorbance of 

each mixture was measured at the λ_max of the complex. A 

plot of absorbance versus mole fraction of the ligand was 

used to determine the stoichiometry of the complex [21]. 

 

Mole-Ratio Method 

The absorbance was measured by varying the concentration 

of the ligand while keeping the metal concentration 

constant. A plot of absorbance versus mole ratio of ligand to 

metal allowed the determination of the stoichiometric ratio 
[22]. 

 

Determination of Stability Constants (log K) 

The stability constant of each metal-ligand complex was 

calculated using the spectrophotometric data according to 

standard equations: 

 

For a 1:1 complex: log𝐾=log [𝑀𝐿] [𝑀] [𝐿] logK=log [M] 

[L] [ML] 

 

Where, [ML] is the concentration of the complex, [M] is the 

concentration of free metal ion, and [L] is the concentration 

of free ligand. Absorbance data were corrected for ligand 

and metal blank contributions. 

For complexes showing 1:2 stoichiometry, appropriate 

modified equations were used [23]. 

 

Experimental Conditions 

All measurements were carried out at room temperature 

(25±2°C). The ionic strength of the medium was maintained 

constant using 0.1 M NaCl to minimize activity coefficient 

variations. The pH of the solution was maintained (if 

required) using buffer solutions to ensure the stability of 

metal ions and prevent hydrolysis. 

 

Results and Discussion 

The study focused on determining the metal-ligand stability 

constants of selected substituted pyrazolines with Co(II), 

Ni(II), La(III), and Tb(III) in 70% ethanol-water medium 

using spectrophotometric methods. The results obtained 
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were analyzed to understand the stoichiometry, formation 

behavior, and relative stability of the complexes. 

 

UV-Visible Absorption Spectra 

The UV-Vis absorption spectra of the ligands and their 

corresponding metal complexes were recorded in the range 

200-500 nm. Ligand L4: Showed a maximum absorbance 

(λ_max) at 325 nm, characteristic of the π → π* transition 

of the pyrazoline ring. Ligand L6: Exhibited λ_max at 330 

nm, corresponding to similar electronic transitions 

influenced by substituents on the aromatic ring. Upon 

complexation: Co(II)-L4 complex: λ_max shifted to 345 

nm, Ni(II)-L4 complex: λ_max shifted to 348 nm, La(III)-

L6 complex: λ_max shifted to 340 nm, Tb(III)-L6 complex: 

λ_max shifted to 342 nm  The bathochromic shift (red shift) 

observed in all complexes indicates coordination between 

the metal ions and the ligand donor atoms (N and O), 

confirming complex formation [24]. 

 

Stoichiometry of complexes 

Job’s method of continuous variation 

 For Co(II)-L4 and Ni(II)-L4, the maximum absorbance 

occurred at a mole fraction of 0.5 for the ligand, 

indicating a 1:1 metal-to-ligand ratio. 

 For La(III)-L6 and Tb(III)-L6, the maximum 

absorbance was observed at a ligand mole fraction of 

0.67, suggesting a 1:2 (metal: ligand) stoichiometry. 

 

Mole-Ratio Method 

 Absorbance vs mole ratio plots corroborated Job’s 

method results. 

 Transition metal complexes (Co(II) and Ni(II)) formed 

predominantly 1:1 complexes, whereas lanthanide 

complexes (La(III) and Tb(III)) favoured 1:2 

complexes, likely due to their larger ionic radii and 

higher coordination numbers. These observations are 

consistent with known coordination preferences: 

transition metals typically Favor lower coordination 

numbers, while lanthanides can accommodate multiple 

ligands around the metal centre [25]. 

 

Determination of stability constants (Log K) 

The stability constants were calculated from 

spectrophotometric data using the appropriate equations for 

1:1 and 1:2 complexes. The values are summarized in Table 

1 below. 

 
Metal-Ligand System Stoichiometry (M:L) Log K 

Co(II)-L4 1:1 4.85 

Ni(II)-L4 1:1 5.20 

La(III)-L6 1:2 5.75 

Tb(III)-L6 1:2 6.10 

 

Among transition metals, Ni(II)-L4 exhibited higher 

stability than Co(II)-L4, consistent with the Irving-Williams 

series, which predicts increasing stability from Mn(II) to 

Zn(II). Among lanthanides, Tb(III)-L6 showed slightly 

higher stability than La(III)-L6, attributed to the smaller 

ionic radius of Tb(III), which allows stronger ligand-metal 

interactions. Lanthanide complexes displayed higher 

stability constants compared to Co(II) complexes, reflecting 

their preference for higher coordination numbers and 

stronger chelation [27]. 

 

Effect of ligand substituents on stability 

Ligand L6, with additional substituents capable of forming 

hydrogen bonds or electron donation, forms more stable 

complexes with lanthanides than L4 does with transition 

metals. Electron-donating groups on the pyrazoline ring 

enhance the electron density on donor atoms, increasing 

coordination strength. 

 

Mechanistic Considerations 

Transition metal complexes (Co(II), Ni(II)) likely involve 

coordination through the azomethine nitrogen of the 

pyrazoline ring. Lanthanide complexes (La(III), Tb(III)) 

involve coordination through both azomethine nitrogen and 

carbonyl oxygen atoms, leading to chelation and a 1:2 

stoichiometry. The bathochromic shifts and increased 

absorbance intensity in UV-Vis spectra further support these 

coordination modes. 

 

Comparison with Literature 
The stability constants obtained in this study are in good 

agreement with previously reported values for similar 

substituted pyrazoline complexes. The higher stability of 

Ni(II) over Co(II) and Tb(III) over La(III) is consistent with 

the ionic radius effect and chelation theory, where smaller 

ions with higher charge density form stronger complexes 

[28-30]. 

 

Conclusion  

Substituted pyrazolines form stable complexes with both 

transition and lanthanide metal ions in a 70% ethanol-water 

medium. Transition metals (Co(II), Ni(II)) Favor 1:1 

complexes, while lanthanides (La(III), Tb(III)) Favor 1:2 

complexes. Ligand substitution and metal ion properties 

significantly influence complex stability, indicating that 

electron-donating groups and ionic radius are key factors in 

metal-ligand interactions. The spectrophotometric method 

proves to be a reliable, simple, and sensitive technique for 

determining both stoichiometry and stability constants. 

 
Metal-Ligand System Stoichiometry (M:L) Log K 

Co(II)-L4 1:1 4.85 

Ni(II)-L4 1:1 5.20 

La(III)-L6 1:2 5.75 

Tb(III)-L6 1:2 6.10 
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