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Experiment 1 (Part A): Plotting the Absorption Spectrum of Iron 
(II) Complex with 1,10- Phenanthroline 

  
Background 
  

  The first step of an analytical spectrophotometric procedure for 
quantitative determination of analytes is to find the wavelength at which the analyte 
complex has maximum absorption. At this wavelength, the molar absorptivity is a 
maximum and precision is greater. This allows for more precise and sensitive 
determinations.  Iron (II) forms an orange-red complex with 1,10-phenanthroline 
(phen) in the pH range from 2-9.  The absorption spectrum of this colored complex is 
to be determined. 
  
Reactions 
  

n Fe2+  +  m phen = Fen(phen)m
2+  (orange-red) 

  
                              
Apparatus 
  
 1. A spectrophotometer or a photometer. 
 2. Sample cells. 
  
Chemicals and Reagents 
  
 1. 0.1 M Acetate buffer, pH 4.0. 
 2. 0.5 M Hydroxylamine hydrochloride. 
 1. 5x10-4 M Fe2+ solution. 
 2. 5x10-4 M phen solution. 
  
Procedure 
  
1. Accurately transfer 10 mL portion of Fe2+ standard solution and 10 mL of the 
acetate solution into a 50 mL volumetric flask. 
2. To solution in 1, add 4 mL of the hydroxylamine hydrochloride solution provided 
followed by 10 mL portion of the standard phen solution. 
3. Adjust the volume to the mark using distilled water and allow to stand alone for 10 
min. 
4. Repeat the same procedure from 1 to 3 but with no addition of Fe2+ in step 1. This 
is your blank solution. Repeat 5 times (i.e. prepare five blank solutions), place these 
aside.  
5. Follow instructions for operation of the photometer or spectrophotometer provided 
and adjust it to zero according to manufacturer's instructions.   
6. Place the blank in one of the absorption cell provided and adjust the absorbance 
reading to zero at 400 nm. 
7. Remove the blank cell and place the sample cell in place and measure absorbance 
at 400 nm. Record your results. 
8. Repeat steps 6 and 7 each time you perform a measurement at a new wavelength. 
Record your results for wavelengths from 400 to 480 nm in 10 nm intervals, from 
485-530 nm in every 5 nm, and from 540-600 every 10 nm. 
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8. Plot your results as an x-y scatter graph using EXCEL software, with absorbance 
on the y axis and wavelength on the x axis, and draw the absorption spectrum. 
9. Find the wavelength that results in maximum absorption. This is the λmax which 
you will use for future quantitative work on this complex. 
10. Use your data to plot ∆A/∆λ versus λ, and determine λmax.  
11. Use a scanning single beam, a dual beam, and a double beam instrument to 
automatically get the absorption spectrum. Also, obtain your derivative spectrum as 
well. 

 

 

Experiment 1 (part one) 

Absorbance versus wavelength 
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Experiment 1 (Part 2):  Determination of Iron in aqueous Samples 
  
Background 
 Iron present in aqueous samples can be determined  spectrophotometrically by 

complexation with a suitable complexing agent. The absorbance of the metal-
ligand complex is usually measured in the visible region and is related to metal 
ion concentration. 

 Colorimetric determination of iron can be done using several known complexing 
agents. Among the routinely used is 1,10-phenanthroline (phen) which reacts with 
Fe2+ to form an orange-red complex. Therefore, the first step involves the 
reduction of any Fe3+ present to Fe2+ using hydroxylamine hydrochloride. 

 The procedure depends on the construction of a calibration curve from standard 
Fe2+, followed by measurement of the unknown Fe2+ concentration from the 
curve. 

  
Reactions 

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

  
Apparatus 
  
 1. A photometer or spectrophotometer. 
 2. Sample  cells. 
  
Chemicals and Reagents 
  
 1. Stock phen solution. 
 2. 0.5 M Hydroxylamine hydrochloride. 
 3. 0.1 M Acetate buffer, pH 4.0. 
 4. Standard Fe2+ solution. 
  
Procedure 
  
1. Accurately transfer 0, 1, 2, 3, 4, 5 and 6 mL of standard Fe2+ solution into separate 

50 mL measuring flasks. 
2. To each solution in step 1 add 5 mL of acetate buffer followed by 2mL of 

hydroxylamine hydrochloride. 
3. Transfer exactly 20 mL portions of the stock phen solution to each measuring flask 

and complete to mark with distilled water. 
4. Repeat steps 1-3 replacing the standard iron with the unknown (5 mL), three 

replicates. 
5. Repeat steps 1-3 five times but without addition of Fe2+ in step 1. 
6. Allow 10 minutes for color development and measure absorbance of each 

solution at the wavelength obtained from previous experiment using the solution 
with zero mL Fe2+ as your blank. 

7. Adjust the instrument reading to zero absorbance using either blank, at 510 nm, 
and measure the absorbances of all other blanks. Keep these data separately. 

8. Use EXCEL to plot the calibration curve for iron, find the linear regression 
equation and the correlation coefficient. 
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9. Find the concentration of the unknown Fe2+ from the calibration curve and report 
your results as ppm Fe. 

10. Find the relative standard deviation of the unknown Fe2+ concentration in ppm. 
Report the concentration of the unknown together with the calculated uncertainty. 

11. Find the molar absorptivity of the Fen(phen)m
2+ complex from the slope of the 

curve. 
  
  
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.  
 

Use results obtained in step 7 above to calculate d and both LOD and 
LOQ. 
 
Experiment 1(part two) 

 

Volume of Iron 
(mL) 

Ppm Iron Absorbance 

0   
1   
2   
3   
4   
5   
6   

 

 

Absorbance of Blank 

 

Blank # Absorbance 
1  
2  
3  
4  
5  
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Another definition (Just for your information): 
 
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 concentration of the standard solution to be used for this calculation is about 3 times 
the instrument detection limit specified in the specifications.  
 
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.  
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 sample + standard) – Absorbance of 
sample alone}/(absorbance of standard) 
OR: 
% Recovery = 100 * {(Measured Conc. of sample + standard) – (Conc. of 
sample alone)}/(Conc. of standard) 


