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Abstract: 

 Stoichiometric addition of solutions of 1,10-Phenanthroline (phen) to metal salt was used to synthesize bis(1,10-phenanthroline) 

zinc (II) complex at room temperature, cream-coloured crystals were constituted when the metal salt-ligand mixture was stirred 

consistently for 30 minutes and left to stand at room temperature. Job’s method of continuous variation was used to ascertain the 

composition of Zn (II) complex with 1,10-Phenanthroline and 1:2 metal-ligand molar ratio was established. The maximum 

wavelength of absorption (λmax) for Zn (II) complex of 1,10-phenanthroline were deduced at 307 nm using a UV-Visible 2500PC 

Series spectrophotometer, and the infrared spectral studies using a FTIR-8400S Fourier Transform spectrophotometer showed 

absorption bands indicating active groups in the synthesized metal complex, the absorbance and absorptivity of the complex 

synthesized was obtained. The solubility profile of Zn (II) in various solvents was analyzed, it was deduced that Zn (II) 

phenanthroline complex was very soluble in dimethyl sulfoxide, methanol and ethanol, slightly soluble in butanol and water, 

insoluble in 2-metyl-2-propanol and petroleum ether. The melting point and molar conductivity of the synthesized ligand were 

analyzed and recorded as also the conductivity of the synthesized complex was recorded as 130ᵒ and 9.46 Ω-1 cm2. mol-1. 
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I.           INTRODUCTION 

Conforming to the theory of coordination, atoms or ions, 

especially the atoms of transition elements can be attached in a 

certain way or they form a spatial distribution of atoms, ions or 
molecules forming complex compounds. These Complexes 

contain a central atom coordinated by two or more ligands. The 

number of ligands that are attached to the central ion in the 

complex is its coordination number and it depends on the nature 

of the central atom, its electronic configuration and size, as well 

as its ability to coordinate the ligands (Dragica, Branko 

Skundric, Jelenapenavin-Skundric, Slavica, Ljubica, Dragana 

& Zoran, 2010). 

 

Metal ions are recognized by the important roles they play in 

biological processes, for example zinc (II) is the second most 

abundant transition metal, they are found at the active sites or 
as a structural part of most enzymes in humans (Agwara, 

Ndifon, Ndosiri, Paboudam, Yufanyi & Mohamadou, 2010).  

 

Understanding the versatility of transition metal complex, 

Coordination complexes are formed when molecules or ions 

generally known as ligands model covalent bonds to metal ions. 

The ligand attached to the metal ion may be monodentate or 

polydentate, which means that it may have one or multiple 

points of bonding to the central metal atom. A polydentate 

ligand can also be seen as a chelating agent or a chelator, in 

which 1,10 phenanthroline is one, and rightly grouped as a 
bidentate ligand. They form cyclic structures with metal ions, 

often called chelates. Chelation chemistry has a variety of 

applications, which comprises of biochemical systems, solvent 

extraction, ion exchange, precipitation, chemotherapy, etc 

(Ononuju, Ogwuegbu, Ayuk and Onu, 2016). 

One of the main uses of transition metal complex is in their 

medical testing as antibacterial and antitumor agents targeting 
the unraveling of safe and efficient medicinal treatment for 

bacterial infections and cancer (Prashanti, Kiranmai, ira, 

Sathish, Vijay & Shivaraj, 2012). Transition metal complexes 

have several features that them have diverse use; the 

pharmaceutical industries have viewed them as substitutes to 

common drugs which are derived from wild sources. This is so 

because the characteristics of transition metals can be 

modulated by coordinating with different ligands (Atakilt, 

Girma, Abreham & Mulugeta, 2018).  

 

 Phenanthrolines (phens) are diazaphenanthrene analogs - 

polycyclic aromatic hydrocarbons present in sterols, sex 
hormones, cardiac glycosides, bile acids, and morphine 

alkaloids (Castedo and Tojo, 1990).  1,10-Phenanthroline is the 

parent of an important class of chelating agents, compared to 

the more common 2,2'-Bipyridine, 1,10-Phenanthroline has 

several unique properties, amongst them are its rigid structure 

imposed by the central ring, means that the two nitrogen atoms 

are always held in close proximity.  These structural features 

cause rapid formation of complexes with metal ion and 

determines its coordination ability toward metal ions (Benicini 

and Lippolis,2010). Phenanthroline is an outstanding ligand in 

coordination chemistry, which combines the flexibility in metal 
ion binding with distinctive properties of its complexes   

(Anwar, Chanmiya, Zaheri and Ashraful, 2013 ). O-Phens 

haves aroused special interest from researchers due to their 
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versatile structural and chemical properties; for example, 

rigidity, planarity, aromaticity, basicity, and chelating 

capability which makes them multifaced starting materials in 

the area of materials science and in many areas of chemistry 

(Accorsi, Listorti, Yoosaf, and Armaroli, 2009) 

Chelation chemistry has numerous appl applications, which 
include biochemical systems, solvent extraction, ion exchange, 

precipitation, chemotherapy, etc. Chelation therapy has been 

applied in the treatment of variety of metal related illnesses, 

such as iron overload in thalassemia, aluminum overload in 

Alzheimer disease or poisoning. Other prospective applications 

of chelation therapy include the advancement of novel anti-

bacterial agents, and cancer prevention and treatment agents. 

The ideal ligand binds to the target metal ion and not to others 

(Ononuju et al). 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1. Structure of 1,10-Phen. 

 
The objective of this work is to synthesize zinc (II)/1,10-phen 

complex, determine the metal/ligand stoichiometry using job’s 

method of continuous variation, and to characterize the 

synthesized metal complexes with the aim of understanding its 

capabilities as a chelator and also for metal recovery, extraction 

or separation purposes. 

 

II. MATERIALS AND METHOD 

All chemicals used in this work were of BDH analytical reagent 

grade, and were used as supplied, zinc nitrate Zn (NO3)2 was 

used as source for the metal ion, 1,10-Phenanthroline was used 
as ligand, Perchloric acid (HClO4), ethanol (C2H5OH), acetic 

acid, sodium acetate and Hydroxylamine hydrochloride were 

used as appropriate 

 

PROCEDURE 

 

Synthesis of the metal complexes 

   The zinc (II) phen was synthesized thus, A solution of 1.89 g 

of ZnNO3 (0.01mole) in a 15ml ethanol solution was added to 

a reaction flask. To this was added 5.4 g (0.03mole) of 1,10-

Phenanthroline which was also dissolved in 15ml ethanol. The 

ligand solution was introduced dropwise upon which a white 
precipitate was observed: this was continuously stirred for two 

hours and the resultant solution left to stand for four days, 

during which cream crystals were observed. In five more 

additional days, sufficient crystals were formed, filtered, 

washed with diethyl ether and dried in open air. The percentage 

yield of the complex was 73.5% (2.71g). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2. Structural Illustration of Complexation of 1,10-
Phenanthroline and Zinc (II) nitrate 
 

The Simplified Complex Equation is given by: 

 

2(C12H10N2) + Zn(NO3)2→[Zn(C12H10N2)2]2+.2NO3
- 

 

Characterization of the Ligand and its Metal Complexes  

    The synthesized metal complex and ligand was 

characterized, and its value compared with that of the ligand. 

The FTIR 8400S Fourier transform infrared spectrophotometer 

was used to identify the active groups present in the ligand and 

the complex. UV-2500PC Serie spectrophotometer was used to 
identify the maximum wavelength of absorption (λmax) in 1,10-

phenanthroine and its metal complex. The conductivity of the 

metal complex synthesized was measured in ethanol solution 

using a digital conductivity meter. The solubility of the metal 

complex in various solvents was also obtained. The 

metal/ligand stoichiometry was achieved using Job’s method of 

continuous variation. This method requires differing the 

concentration of the metal and ligand while the total number of 

moles of substrate remains constant then the value of 

absorbance obtained. A graph of absorbance against the mole 

fraction of metal cation or mole fraction of the ligand was 
plotted and the point of graph intersection noted. Also, melting 

point of the ligand and metal complex was obtained and 

recorded (Ononuju, Ogwuegbu, Ayuk and Onu, 2016[O1]). 

 

Determination of the stoichiometry of the complex using 

Job’s method of continuous variation 

 

Preparation of stock solution 

0.01 M of acetate buffer was prepared by titrating 250 mL of 

0.01 M sodium acetate against 0.01M of acetic acid to a pH 4 

by monitoring with a pH meter. 

A series of solution of Zn (II) and 1,10-Phenathroline were 
prepared by transferring 1, 2, 3, 4, 5, 6, 7, 8, 9, ml 0.01M of 

metal ion solution to separate 25ml volumetric flask, to this, 

5ml of acetate buffer solution and 1ml of 5% (w/v) of hydroxyl 

amine solution was added. To each flask 10, 9, 8, 7, 6, 5, 4, 3, 

2, 1, and 0 mL of the 0.01M[O2] of 1,10-phenanthroline were also 

added, the solutions were then diluted to the mark on the 

volumetric flask with distilled water and allowed to stand for 
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10 mins. The absorbance of each solution was measured and 

plotted against the volume fraction of metal/ligand.  

To obtain the volume fraction of metal and ligand, the following 

expression was used: 

 

Volume fraction of metal =Vm / (Vm + VL)  
 

Volume fraction of Ligand =VL / (Vm + VL) 

 

Where Vm- volume of metal and VL- volume of ligand. 

When the graph is plotted, a maximum is achieved and this 

corresponds to the combining ratio of metal cation and ligand 

(Skoog, West and Holler,1988). 

 

III. RESULTS AND DISCUSSION 

Physical data for 1,10-phen and its Zn (II) complex. 

Melting Point of bis (1,10-Phenanthroline) zinc (II) complex 
was obtained when the sample was placed in a capillary tube 

and a thermometer attached to note the temperature change. The 

temperature at which the crystals start to melt is the melting 

point temperature. 

 

Table 1: Physical data of Zn(II) phen. 

 

 

 

 

 

 
 

Table 1. shows physical data of Zn (II) phen which includes the 

colour, nature, melting point and molar conductivity value. The 

colour of the synthesized complexes was cream-coloured 

crystals; The conductivity value of the complex in ethanol 

corresponds to that of non-electrolytes, the melting point of the 

metal complexes compared to that of the ligand (117ºC) shows 

an increase in temperature which indicates complexation. 

 

Table 2: Solubility profile of the ligand (1.10-phenanthroline) 

and zinc (II)/ 1,10-phen. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Table 2. shows the solubility profile of 1,10-phen and its metal 

complexes. The data shows that 1,10-phenanthroline and its 

metal complexes are very soluble in ethanol and dimethyl 

sulfoxide, slightly soluble in water and insoluble in petroleum 

ether and benzene. Which invariably means that ethanol and 

dimethyl sulfoxide and are the choice solvent for both the 
metal complex and ligand. 

 

UV-VIS spectral data for 1,10-phenanthroline and its 

metal complexes. 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 3. Plot of absorbance against wavelength for 1,10-

Phenanthroline indicating maximum wavelength of absorption 

(λ max)(280nm). 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 4. Plot of absorbance against wavelength for bis (1,10-

phenanthroiline) zinc (II) complex indicating maximum 

wavelength of absorption (λ max). 
 

IR-spectral data for 1,10-phenanthroline and its metal 

complexes 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 5. IR spectra: IR spectral results for 1,10-Phenathroline 
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Figure 6. IR spectral data for bis(1,10-phenanthroline) zinc 

(II) complex. 

 

Figures 3 and 4 show UV-Visible spectral data for 1,10-
phenathroline and Zn (II) phen. These data were recorded using 

UV-2500PC Series spectrophotometer, the wavelength of 

maximum absorption (λmax) for 1,10-phenanthroline and that of 

the metal complex was 305 nm and 307 nm respectively.  These 

data implies that the π- bonding system in the ligand is almost 

intact and the conclusion from this is that there is no interaction 

between the π-bonding system of the ligand and metal ions. 

This interaction is mainly through σ-bond formation between 

metal ions and the nitrogen atoms of 1,10-phenanthroline, it 

also indicates there was complexation since there was a shift in 

the λmax of phenanthroline and the metal complex (λmax of 

phen=305 nm, Zn (II) phen= 307 nm). 
  

The infrared spectral data were recorded using a FTIR-8400S 

Fourier Transform infrared spectrophotometer, Figures 5 and 6 

shows infrared spectral data for 1,10-phenanthroline and Zn (II) 

phen. 1,10-phen ligand shows absorption bands at 1,558 cm-1 

and 1,496 cm-1 as assigned to (C=N) and (C=C) streching 

vibrations respectively, these bands are shifted in the complex 

at 1,635cm-1 and 1,508 cm-1 for Zn (II) phen, indicating the 

participation of the C=N of phen in bonding. A single resonance 

is shown at 3,394cm-1 and 3,398cm-1 for phen and Zinc (II) phen 

respectively, indicating the presence of a protonated secondary 
amine(N-H) which provides additional evidence that the 

complexes proposed were obtained. 

 

Table 3: Table of the result for determining stoichiometry 

using job’s method for Zn2+ /phen. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 7. Job’s plot for Zn2+/phen showing 1:2 metal/ligand 

ratio at λmax 307nm 

 
Figure 7 shows a graph of absorbance plotted against volume 

fraction of metal (Zn2+), From the graph plotted using Job’s 

method of variation, it can be extrapolated that the point of 

intersection is at 0.33 for volume fraction of metal (Zn2+) which 

also implies; Vm/VL=0.33/0.66 which gives a metal ligand ratio 

of 1:2 for Bis 1,10-phenanthroline zinc (II) complex. 

 

IV. CONCLUSION 

The complex was synthesized and its stoichiometry obtained 

using Job’s method of continuous variation with the aid of a 

UV- spectrophotometer, the conductivity values obtained for 

the synthesized complexes shows they are non-electrolytes. 
1,10-phenanthroline formed a cream coloured complex with Zn 

(II) ions. The complex formed was found to have a 1:2 metal-

ligand ratio, the infra-red spectrophotometry indicated 

complexation due to the peak shift of the active bonds, also the 

UV spectral data indicated a shift in λmax which indicates bond 

formation between the ligand and metal ion. In conclusion, the 

complex proposed was adequately synthesized which indicates 

good chelating properties of 1,10-phenanthroline to Zn (II) 

ions.  
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