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Abstract The stability constants and theymodynamic parameters of Fe
3+

 complexes with cyanide, thiocyanide, 

ethylene diamine tetraacetic acid, methylamine and ethylamine were studied by conductometric method in aqueous 

medium at different temperatures (302, 308, 313 & 318K). The stability constants and thermodynamic parameters of 

the metal-ligand complexes were studied at low concentration of the metal and ligand. The results indicated that, the 

complex formation is spontaneous, exothermic and entropically favourable. The complexes were observed to be 

stable at lower temperature of the study. The study provides stability constants of iron (III) ions with methyl amine, 

ethylamine and thiocyanide which are limited in literature. 
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Introduction 

Complexation studies are very important for analytical and biochemical researchers in a wide variety of areas like 

metal ions in biology, biomedical applications, environments, extraction metallurgy, food chemistry and many 

industrial processes [1,2]. The extent to which the ligands bind to a metal ion is expressed in terms of stability 

constants [3] and its major application is in chelation therapy. The accurate determination of stability constants 

values is fundamental in understanding the behaviour of ligands and their interaction with metal ions in solution [2]. 

The most convincing evidence for the existence of complex species in aqueous solution is when the stability 

constants of the complexes are found to be greater than zero [4]. 

The extensive work in co-ordination complexes have been made possible with the help of various experimental 

techniques [5]. It was of interest to us to determine the stability constants and thermodynamic parameters of iron 

(III) ion complexes with CN-, SCN- and EDTA using conductometric method because the method is less reported in 

the literature and their calculation is also simple. Conductometry technique is considered as a more accurate 

technique in study of metal and ligand complexation because of its high precision at extremely low concentration 

where the interaction between cation and anion are influenced and stabilized by hydrosphere and ionosphere 

formation [4,6]. 
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Experimental 

Reagents  

All the chemicals used are chemically pure analytical grade and were used without further purification. The 

chemicals are sodium cyanide, sodium thiocyanide, sodium ethylene ditatraacetic acid, methyl amine and ethyl 

amine. 0.05M of metal solution was prepared by dissolving the requisite quantities in distilled deionised water. 

Similarly, ligand solution of 0.06M, 0.04M, 0.02M, 0.005M, and 0.0025M concentration of NaCN, NaSCN, 

Na2EDTA, CH3NH2, and C2H5NH2 were also prepared in distilled deionised water respectively. 

 

Conductance Measurement 

The conductance measurements were carried out using conductivity meter model, Jenway 4510. Equal volume of 

50ml of metal ion solution and ligand solution was mixed together after taking the conductance reading of the metal 

ion before taking the conductance reading of the metal-ligand mixture. The conductance readings of the metal-

ligand solution were also taken at different temperatures of 302, 308, 313 and 318K respectively. 

 

Determination of Stability Constant 

The stability constant of formation Kf was determined using the method described in our previous publication 

without modification [4]. 

 

Results and Discussion 

Metal-Ligand Stability Constant 

The stability constant of formation (Kf) for the reaction of Fe
3+

 ions in the presence of CN
-
, SCN

-
, EDTA

2-
, CH3NH2 

and C2H5NH2 in aqueous medium at temperature of 302, 308,313 and 318k were investigated using conductometric 

method. 

Table 1: Metal-ligand stability constants of Fe
3+

 ions in with CN, SCN, EDTA, CH3NH2 and C2H5NH2 at Four 

different temperatures. 

𝒍𝒐𝒈 𝑲𝒇 

Complexes 302K 308K 313K 318K 

Fe-CN 10.87 11.06 11.01 11.28 

Fe-SCN 10.73 10.91 10.96 10.97 

Fe-EDTA 11.94 23.89 0.00 0.00 

Fe- CH3NH2 10.91 10.97 10.88 10.95 

Fe- C2H5NH2 10.71 10.7 10.33 10.75 

The perusal of the stability constant in table 1 shows that increase in temperature does not have a significant 

difference in the stability constant for the reaction of Fe
3+

 ions with CN, SCN, CH3NH2 and C2H5NH2. The high 

stability constant of the complexes may be attributed to high degree of ionisation between the metal-ions and the 

ligands. The metal-ions shows no formation of complexes with EDTA after 308k which may be attributed to high 

degree of dissociation of ligand or non interaction of the metal and the ligand at high temperature. 

 

Thermodynamic Equilibrium Stability Constant 

The thermodynamic equilibrium stability constant 𝐾𝑓
𝑇  for the metal-ligand complexes were determined using the 

method earlier reported [4]. 

Table 2: Log 𝐾𝑓
𝑇  of Fe

3+ 
ions with CN, SCN, EDTA, CH3NH2 and C2H5NH2 at different temperatures 

𝒍𝒐𝒈 𝑲𝒇
𝑻 

Complexes 302K 308K 313K 318K 

Fe-CN 42.18 42.07 42.16 43.06 

Fe-SCN 42.45 41.71 41.71 41.63 

Fe-EDTA 39.69 35.05 1.80 0.00 

Fe- CH3NH2 42.33 67.14 66.40 66.61 

Fe- C2H5NH2 42.25 64.49 60.74 64.96 
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It is seen from Table 2 that the metal-ligand complexes Fe
3+

 with CN shows a low value of 𝐾𝑓
𝑇  at 308K. Fe

3+
 ion 

complexes with SCN and EDTA 𝐾𝑓
𝑇  values decreases with temperature while complexes with CH3NH2 and 

C2H5NH2 shows greater stability at higher temperature. This phenomenon was observed with Cr
3+

 complexes with 

the same studied ligands [4]. The low thermodynamic equilibrium stability constant  of formation between iron(III) 

ions and EDTA at 313 and 318K may be attributed to slow displacement of water molecules by EDTA into inner 

sphere of [Fe(H2O)6]
3+

 [7] or attributed to steric hindrance preventing the formation of a square planer structure [8]. 

 

Thermodynamic Functions 

In order to have a better understanding of the thermodynamic complexation reaction of Fe(III) ions with the studied 

ligands, the following thermodynamic parameters: ∆𝐺°, ∆𝐻°and ∆𝑆° were determined using the well known 

relationships as described elsewhere [4]. The thermodynamic parameters results are summarized in Table 3. 

Table 3: Thermodynamic parameters of Fe
3+

 ions with CN, SCN, CH3NH2 and C2H5NH2 at different temperatures 

Complexes ∆G (kJ/mol) ∆H (kJ/mol) ∆S (kJ/molK) 

Fe-CN    

302 K -245.42 -71.46 0.58 

308 K -248.06 -69.42 0.58 

313 K -252.63 -71.09 0.58 

318 K -262.14 -71.34 0.60 

    

Fe-SCN    

302 K -245.41 -93.11 0.50 

308 K -245.91 -91.91 0.50 

313 K -248.49 -91.99 0.50 

318 K -253.44 -94.44 0.50 

    

Fe-EDTA    

302 K -229.46 -528.84 -0.99 

308 K -206.68 -530.08 -1.05 

313 K 10.70 -527.66 -1.72 

318 K 0.00 -527.88 -1.66 

    

Fe- CH3NH2    

302 K -244.76 -96.98 0.48 

308 K -394.35 -95.59 0.97 

313 K -396.55 -96.07 0.96 

318 K -405.49 -97.03 0.97 

    

Fe- C2H5NH2    

302 K -244.28 219.16 1.53 

308 K -380.27 217.25 1.95 

313 K -369.93 218.51 1.88 

318 K -395.44 218.83 1.93 

The negative values of ∆𝐺° revealed that the complex formation is a spontaneous process and the metal chelates are 

thermodynamically stable. The values of free energies of formation of the complexes becomes less negative with 

increase in temperature indicating that the complexes are stable at lower temperature. The zero value of ∆𝐺°obtained 

at 318K for the complex reaction of Fe
3+ 

with EDTA shows that the concentration of metal ions and ligand are in 

equilibrium. 

The ∆𝐻 values indicate the exothermic nature of complexation reaction of Fe
3+

 ions with CN, SCN, EDTA and 

CH3NH2 while Fe
3+ 

with   C2H5NH2 shows an endothermic nature. The enthalpy change explained the effect of 
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ligand and temperature on the values of formation constants. The entropy values indicates a highly solvated metal 

complexes and indicated that the formation of these complexes was entropy favoured [9]. 

Table 4: Activation Energy of Metal-ligand complexes 

Complexes Activation Energy (KJ/Mol) 

Fe-CN 42.94 

Fe-SCN 38.07 

Fe-EDTA -693.99 

Fe-CH3NH2 11.87 

Fe-C2H5NH2 8.72 

The activation energy (Ea) values of the studied metal-ligand complexes are shown in table 4. The negative Ea 

obtained for Fe-EDTA complex may be attributed to high degree of dissociation at higher temperature indicating an 

equilibrium reaction between Fe
3+

 ions and EDTA while the positive activation energy of other complexes shows 

stability of the complexes. 

 

Conclusion 

This paper reports conductometric studies on the stability constants and thermodynamic parameters of Fe
3+ 

complexes with CN, SCN, EDTA, CH3NH2 and C2H5NH2. The results obtained shows thermodynamic stability of 

the metal-ligand complexes at low temperature and the reactions are spontaneous in nature. The stability constant 

results suggest the effect of ligand preference by the metal ion. 
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