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Experiment 2:  Determination of the Mole Ratio of Iron : 1,10- phenanthroline in 
the complex 

  
Background 
  
 The mole ratio of a metal to a ligand in a metal-ligand complex can be 

determined. In the complex, Fen(phen)m
2+, the coefficients n and m can be 

calculated by several methods. Two very important, simple methods, will be 
applied in this experiment. The method of continuous variation and the mole 
ratio methods are widely used with advantage of the first if the ratio is 1:1 .  The 
second method is excellent and better than the first when the mole ratio is 
greater than 1:2. 

  
Reactions 

 n Fe2+  +  m phen  =  Fen (phen)m
2+ 

  
Chemicals and Reagents 
  
 1. 0.1 M Acetate buffer, pH 4.0. 
 2. 0.5 M Hydroxylamine hydrochloride. 
 3. 5x10-4 M 1,10-phenanthroline solution. 
 4. 5x10-4 M Fe2+ solution. 
 5. 1x10-2 M 1,10-phenanthroline solution. 
 4. 1x10-2 M Fe2+ solution. 
  
Procedure 
  
I. Application of the Method of Continuous Variation 
  
 1. Accurately transfer 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mL of the Fe2+ solution into 

50 mL measuring flasks and mark each flask. 
 2. To each flask add 5 mL of the acetate buffer provided followed by 2 mL of 

hydroxylamine hydrochloride. 
 3. Pipette 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, and 0 mL of the phen solution into the flasks 

in step 1, respectively. Each flask should now contain 17 mL of the mixture. 
 4. Dilute to the mark using distilled water and allow the solutions to stand for 10 

min. 
 5. Record the absorbance of each solution using water as a reference. 
 6. Plot the absorbance of the solutions versus mole fraction of Fe2+ and find the 

stoichiometry of the reaction. 
  
II. Application of the Mole-Ratio Method 
  
 This involves addition of fixed amounts of the metal ion to each solution and 

changing the number of moles of the complexing agent. 
 1. Accurately transfer 0.4 mL of the 1x10-2 M standard Fe2+ solution into ten 50 

mL volumetric flasks and mark your flasks. 



2 
 

 2. To each flask add 5 mL of the acetate buffer followed by 2 mL of the 
hydroxylamine solution. 

 3. Pipet exactly 0.1, 0.3, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0 mL of the 1x10-2 M 
phen solution, and complete to the mark using distilled water. 

 4. Allow 10 min before measurement of absorbance at  max (510 nm). 
 5. Plot the absorbance of the different solutions versus the mole ratio of phen to 

Fe2+ and identify the stoichiometry of the complex from the resulting curve. 

Calculation of the Formation Constant of the Complex 

1. From the plot obtained from the method of continuous variation, find the 
difference between Atheoretical and Aobtained, this difference is due to partial 
dissociation of the complex due to equilibrium.   

 

∆A = εbCdissociated  

Assuming a 1:3 metal:ligand ratio in the complex: 

Cdissociated = [Fe2+] = 1/3[phen] = x 

You have DA and ε, then you can find Cdissociated since b=1.0 cm.  

 Fe2+ + 3 phen D Fe (phen)3
2+ 

 You can find the concentration of the complex resulting from quantitative reaction 
of iron with phen, then from equilibrium you have: 

Atheo = ε[Fe(phen)3
2+]quant, assuming b = 1.0 cm, which is the case. Or: 

Atheo = ε * CFe(phen)2+ 

Aobt = ε[Fe (phen)3
2+]eq,  

Atheo - Aobt = {(ε * (CFe(phen)2+) - ε[Fe(phen)3
2+]eq} = ε[Fe(phen)3

2+]dissociated  

[Fe(phen)3
2+]dissociated = [Fe2+]aq = 1/3 [phen]aq 
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Atheo - Aobt = ε [Fe2+]aq = 1/3 ε [phen]aq 

K = ([Fe(phen)3
2+]eq)/[Fe2+]aq[phen]aq

3 

K = (Aobt/ε)/(Atheo - Aobt)/ε){(3(Atheo - Aobt)/ε)}3 

K = Aobt * ε3/{27(Atheo - Aobt)}4 

***Note: according to Le Chatelier principle, dissociation of the complex is supposed 
to be minimum at both sides before and after maximum absorbance due to common 
ion effect. However, at the top (maximum experimental absorbance) the pure complex 
is present, where dissociation is maximum. That is why we used the difference in 
absorbance values in the curve above. 

2. Repeat the same procedure using the mole ratio method and compare between 
your values. 

 
 

Limit of detection (LOD) and limit of quantification (LOQ)  
 
Limit of detection (LOD) and limit of quantification (LOQ) decide about the sensitivity of the 
method. LOD is the lowest detectable concentration of the analyte by the method while LOQ 
is the minimum quantifiable concentration. LOD and LOQ were calculated by Eqs:  
 
LOD =3.3δ/s  
LOQ = 10δ/s 
 
Where δ is the standard deviation of blank and s is slope of calibration plot.  
 
Another definition: 
The minimum detectable level is the lowest concentration that can be detected by 
the method, taking in consideration the current status of the instrument, cells, 
etc. 
MDL = Student’s t value x the standard deviation.  
The method detection limit is not the lowest limit that can accurately be tested in 
routine analyses – the lowest quantifiable limit is actually 2.5 times higher than 
the MDL.  
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For recovery calculations, one needs to spike a sample at 5 to 50 times the MDL 
and calculate the recovery, where: 
 
% Recovery = 100 * {(Absorbance of blank + standard) – Absorbance of 
blank}/(absorbance of standard) 
 

 


