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Abstract 

A simple method of direct stoichiometric addition at room temperature of solutions of 1,10-

Phenanthroline (phen) to metal salt was used to synthesize tris (1,10-Phenathroline) iron 

(III) complex.1,10-Phenanthroline formed orange-coloured crystals with iron(III) ions when 

the resultant metal salt-ligand mixture was stirred continuously for 30 minutes and left to 

stand at room temperature. Job’s method of continuous variation was used to determine the 

composition of Fe(III) complex with 1,10-Phenanthroline, the investigations showed 1:3 

metal-ligand molar ratio was formed. The maximum wavelength of absorption (λmax) for 

Fe(III) complexes of 1,10-phenanthroline was found to be 310 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 metal complex synthesized.The solubility profile of Fe(III) phenanthroline complex in 

various solvents that are neutral and soluble, partially soluble, and insoluble in certain of the 

various organic solvents tested as well as its molar conductivity was recorded. Experimental 

data suggests 1,10-phenanthroline have good chelating properties to Fe(III) ions and formed 

stable complexes with iron(III) ions. 

 

Keywords: 1,10-phenanthroline, metal complex, stoichiometry. 
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Introduction  

Coordination complexes are formed when molecules or ions commonly known as 

ligands form covalent bonds with metal ions. The ligand may be monodentate or 

polydentate, which means that it may possess one or multiple points of attachment to the 

central metal atom. A polydentate ligand may be referred to as a chelating agent or a 

chelator, of which 1,10-phenanthroline is one, and correctly referred to as a bidentate ligand. 

They form ring compounds with metal ions, often called chelates. Chelation chemistry has 

wide range of applications, which include biochemical systems, solvent extraction, ion 

exchange, precipitation, chemotherapy, etc. (Ononuju, Ogwuegbu, Ayuk&Onu, 2016).  

Phenanthrolines (phens) are diazaphenanthrene analogs polycyclic aromatic 

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

alkaloids (Castedo&Tojo, 1990).  1,10-Phenanthroline is the parent of an important class of 

chelating agents, in comparison to the more common 2,2'-Bipyridine. 1,10-Phenanthroline 

has several distinct properties: the rigid structure imposed by the central ring, means that the 

two nitrogen atoms are always held in juxtaposition. This entropic advantage for 1,10-Phen 

means that complexes with metal ions can form more rapidly. These structural features 

determine its coordination ability toward metal ions (Benicini&Lippolis,2010). 

Chelation therapy has been used in the treatment of various metal related illnesses, 

such as iron overload in thalassemia, aluminum overload in Alzheimer disease or poisoning 

and thus, has wide range of applications, which include biochemical systems, solvent 

extraction, ion exchange, precipitation, chemotherapy. Other potential applications of 

chelation therapy include the development of novel anti-bacterial agents, and cancer 

prevention and treatment agents. The ideal ligand binds to the target metal ions and not to 

others (Ononuju et al., 2016) 

 
Fig 1: Structure of 1,10- Phenanthroline 

The objective of this work is to synthesize iron (III) 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 potentialities as a chelator 

and also for metal recovery, extraction or separation purposes. 
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Materials and Method 

This is an experimental study, all chemicals used in this work were of BDH analytical reagent 

grade, and were used as supplied, Iron (III) chloride (FeCl3) 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 MetalComplexes 
Tris (1,10-Phenanthroline) iron (III) complex was synthesized using a previously published 

method (Agwara, Ndifon, Ndosiri, Paboudam, Yufanyi, & Mohamadou, 2010). A solution of 

1.625 g of FeCl3 (0.01 mole) in 10 M HClO4 (10ml) was added to a reaction flask. To this, 

5.4 g (0.03 mole) of 1,10-phenanthroline were also dissolved in 10 ml of HClO4. The ligand 

solution was introduced dropwise, upon which an orange slurry precipitate was observed. The 

solution was stirred and left to stand for 7 days. Crystals were observed at the bottom of the 

reaction vessel, and were filtered, dried and re-crystallized in ethanol and dried in open air. 

The percentage yield of the crystals was 88.5% (3.03g) yield. 

 

 
 

The Simplified Complexation Reaction Equation is given by: 

3 (1,10-Phen) + FeCl3 → Fe(1,10-Phen)3
3+

.3Cl
 

Fig 2: Structural Illustration of Complexation of 1,10-Phenanthroline and iron(III) chloride 

 

Characterization and comparative study of the metal complex and the ligand 1,10-

phenanthroline 

The synthesized metal complex and ligand were characterized and their values 

compared. The FTIR 8400S Fourier transform infrared spectrophotometer was used to 

identify the active groups present in the complexes. UV-2500PC series UV 

spectrophotometer was used to identify the maximum wavelength of absorption (λmax) in 
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1,10-phenanthroine and its metal complex. The conductivity of the metal complex was 

measured using ethanol solution as solvent and obtained using a digital conductivity meter. 

The solubility of the metal complexin different solvents was obtained. The metal/ligand 

stoichiometry wasdeduced using Job’s method of continuous variation. This method involves 

varying the concentration of the metal and ligand while the number of moles will remain 

constant then the absorbance was obtained. A graph of absorbance against the mole fraction 

of metal cation and the mole fraction of the ligand was plotted. The melting point of the 

ligand and metal complex were also obtained and recorded (Ononuju, et al, 2016). 

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 Fe(III)and 1,10-Phenathroline were prepared by transferring 1, 2, 3, 4, 

5, 6, 7, 8, 9 and 10ml of 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. To each 

flask 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, and 0 mL of the 0.01M of 1,10-phenanthroline, the solutions 

were then diluted to the mark on the volumetric flask with distilled water and allowed to 

stand for 10 mins. The absorbance of each solution was measured and plotted against the 

volume fraction of metal/ligand.  

To get the volume fraction of metal and ligand; 

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

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

Where  Vm- volume of metal, 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 & Holler, 1988). 

 

Determination and comparative analysis of the solubility of ligand and synthesized 

metal complex to organic solvents 

 The solubility of 1,10-Phenanthroline and tris1,10-Phenanthroline iron(III) complex 

in organic solvents were obtained by dissolving their crystals in different organic solvents 

inbeakers and stirred with a stirrer. Their solubilities were observed then recorded. 
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Results and Discussion 

Table 1. Solubility profile of the ligand (1.10-phenanthroline) and iron (III)/1,10-phen  

 

Solvents 1,10-phenanthroline Tris(1,10-Phenanthroline) 

iron(III) complex 

Dimethyl sulfoxide 

Methanol 

Benzene 

Ethanol 

Petroleum Ether 

Butanol 

2 methyl-2-propanol 

Water 

Very Soluble 

Slightly soluble 

Insoluble 

Very soluble 

Insoluble 

Very soluble 

Slightly soluble 

Slightly soluble 

Slightly soluble 

Very Soluble 

Insoluble 

Very Soluble 

Insoluble 

Slightly Soluble 

Insoluble 

Slightly Soluble 

 

Table 1 above shows the solubility profile of the ligand(1,10-phen) and its metal complexes, 

the data shows that 1,10-phenanthroline and its metal complexes are soluble in ethanol and 

insoluble in petroleum ether and benzene. This invariably means that ethanol is the choice 

solvent for both the metal complex and ligands. 

 

Physical data for Fe(III) complexes 

Melting Point of tris (1,10-Phenanthroline) iron (III) complex was obtained when the sample 

is placed in a capillary tube, attach a thermometer to note the temperature change, the 

temperature at which the crystals start to melt is the melting point temperature. 

Table 2. Physical data for Fe(III) Phencomplexes 

Compound Melting 

point 

Colour    Nature Conductivity(Ω
-1

 

cm
2
. mol

-1
) 

λmax(nm) ε (Lmol
-

1
cm

-1
) 

Fe(III) phen 190°C Orange    crystals 10.23 310 51.68 

       

 
Table 2 above shows physical data of Fe(III) phen which includes the colour, nature, melting 

point and molar conductivity value. The colour of the synthesized complex was orange-

coloured crystals; the conductivity value in ethanol corresponds to non-electrolytes for the 

complexes, the melting point of the metal complexes compared to that of the ligand (117ºC) 

shows an increase in temperature which indicates complexation. 
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UV-VIS spectral data for 1,10-phenanthroline and its metal complexes 

 
Fig 3: Plot of absorbance against wavelength for1,10-Phenanthroline indicating maximum 

wavelength of absorption (λ max). 

 

 

Fig 4: Plot of absorbance against wavelength for tris(1,10-phenanthroline) iron(III) complex 

indicating maximum wavelength of absorption (λ max) 
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IR-spectral data for 1,10-phenanthroline and its metal complexes 

Fig 5: IR spectral results for 1,10-Phenathroline 

 

 

Fig 6: IR spectral results for tris (1,10-Phenanthroline) iron (III) complex 

 

Figs. 3 and 4 above show UV-Visible spectral data for 1,10-phenathroline and Fe(III) phen. 

These data were recorded using UV-2500PC Serie spectrophotometer. The wavelength for 

maximum absorption (λmax) for 1,10-phenanthroline and that of the metal complexFe(II) were 

305 nm and 310 nm respectively. These data suggests a bathochromic shift and the π-bonding 

system in the ligand is almost intact and the inference 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 complexes ( λmaxofphen=305 nm and that of  Fe (II) phen =310 nm). 

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

spectrophotometer, Fig: 5 and 6 above show infrared spectral data for 1,10-phenanthroline 

and Fe(III) 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) stretching vibrations respectively are shifted in the complex to 

1,639 cm
-1

 and 1,469 cm
-1

 for Fe(III)-phen, indicating the participation of the C=N of phen in 

bonding. A single resonance is shown at 3,394cm
-1

and  3,420 cm
-1

 for phen, and Fe(III) phen 

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

additional evidence that the complex proposed was obtained. 
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Table 3: Table for determining stoichiometry using Job’s method for Fe
3+

 /Phen 

Volume fraction of metal Volume fraction of ligand  Absorbance(nm) 

0.1 0.9 0.089 

0.2 0.8 0.288 

0.3 0.7 0.279 

0.4 0.6 0.244 

0.5 0.5 0.198 

0.6 0.4 0.172 

0.7 0.3 0.133 

0.8 0.2 0.092 

0.9 0.1 0.081 

 

 

Fig 7: Job’s plot for Fe
3+

/phen showing 1:3 metal /ligand ratio at λmax 310 nm. 
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Table 3 above shows absorbance values of the volume-by-volume stoichiometric addition of 

metal salt and ligand (1, 10-Phenanthroline). Fig 7 above shows a graph of absorbance 

against volume fraction of metal (Fe
3+

). From the graph plotted using Job’s method of 

variation the peak is at 0.25 for volume fraction of metal (Fe
3+

), this invariably implies that; 

Vm/VL =0.25/0.75 which gives  a metal/ ligand ratio of 1:3 for Tris1,10-phenanthroline iron 

(III) complex . 

Conclusion 

The complexes were synthesized and their stoichiometries obtained using Job’s method of 

continuous variation using a UV-VIS spectrophotometer. The conductivity values obtained 

for the synthesized complex shows it is non-electrolyte.1,10-phenanthroline formed an 

orange coloured complex with Fe(III) ions, the complex formed were found to have a 

1:3metal-ligand ratio for Fe(III), the infra-red spectrophotometry indicated complexation due 

to the peak shift of the active bonds, also the UV spectral data indicated a shift in λmaxwhich 

indicates bond formation between the ligand and metal ion. In conclusion, the complex 

proposed were adequately synthesized which indicates good chelating properties of 1,10-

phenanthroline to Fe(III). 

 

Acknowledgement  

We the Authors thank Alvan Ikoku Federal College of Education for operating equipment 

and grant support. 

 

 

 

  



International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 7, Issue 8 (August, 2021) | www.ijaar.org 

 

93 
 

References 

Agwara, M.O., Ndifon, P.T., Ndosiri, N.B. Paboudam, A.G., Yufanyi, D.M. &Mohamadou, 

A. (2010). Synthesis ,Characterisation And Antimicrobial Activities of Cobalt(ii), 

Copper(II) and Zinc(II) Mixed Ligand Complexes Containing 1,10-Phenanthroline 

And 2,2 Bipyridine, Bull. Chem. Soc. Ethiopia.,24 (3) 383-389. 

Bencini, A. &Lippolis, V. (2010) 1,10-Phenanthroline: A versatile building block for the 

construction of ligands for various purposes, Coord. Chem. Rev. 254: 2096-2180. 

Bounoughaz, M., Salhi, E., Benzine, K., Ghali E. & Dalard F. (2003). "A comparative study 

of the electrochemical behavior of Algerian zinc and a zinc from a commercial 

sacrificial anode, Journal of Materials Science. 38 (6): 1139–1145 

Castedo, L.&Tojo, G. (1990) The Alkaloids: Chemistry and Pharmacology: Phenanthrene 

Alkaloids; Brossi, A., Ed.; Academic Press, (3)39, 99. 

Cherasse Y. &Urade Y. (2017). Dietary Zinc Acts as a Sleep Modulator, International 

Journal of Molecular Sciences. 18 (11) 206-216 

Ekekwe, N.D., Arinze, A.J., Nnanna, L.A., Ukpabi, F.C., Agwu, A. & Ogwuegbu, M.O.C. 

(2012). Synthesis, Complexation and Characterization of 1-Phenyl-3-Methyl-4- (P-

Nitrobenzoyl) Pyrazolone-5(Hnpz) And Its Complexes of Barium(ii), Strontium(ii) 

And Zinc(ii), American journal of chem. 2(2) 52-56. 

Emiliani, C. (1992).  Cambridge [England] ; New York : Cambridge University Press: 152. 

Ogwuegbu, M.O.C. &Ehirim, A.I. (2010). Application of Coordination Chemistry in 

medicine and biochemical systems. Madonna international journal research 

3(1):95-113. 

Ononuju, A.O., Ogwuegbu, M.O.C., Ayuk, A.A.&Onu, U.L. (2016).Spectroscopic 

Determination Of The Stoichiometries And Stability Constants Of Iron (III) And 

Aluminium (III) Complexes Of Salicylic Acid, J. Chem. Soc. Nigeria, (41): 143-

149. 

Petrucci R.H., Harwood W.S., Herring F.G.& Madura J.D. (2007). General Chemistry 

Principles and Modern Application.  Prentice Hall, New Jersey.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5713303

