CHEM 125 Laboratory:  Determination of Iron in Solution

PURPOSE:  Determine the amount of iron contained in an iron supplement.

GOALS:  This experiment will expose you to:

1) Some fundamental aspects of analytical chemistry, including using calibrated glassware and spectrophotometric methods.

2) Determining the limits of these measurements (error analysis).

3) Establishing and applying a standard curve.

BACKGROUND: 
  In this experiment, the amount of iron present in a sample is determined by first reacting the iron with 1,10-phenanthroline to form a colored complex and then measuring the amount of light absorbed by this complex.  Beer’s law can then be used to determine the concentration relative the absorption of the solution. 

Beer’s law:  Abs( = ((cl
Abs( is the absorption at a particular wavelength (nm)

(( is the molar extinction coefficient at that wavelength (M-1cm-1)

c is the molar concentration of the solution

l is the pathlength of the cuvette used for the measurement (cm)

To form a complex, the iron must first be reduced to the ferrous (Fe(II)) state.  This reduction is done by reacting the iron with hydroxylamine hydrochloride by the following reaction:


2 Fe+3  +  2 NH2OH  +  2 OH–  (  2 Fe+2  +  N2  +  4 H2O

Then the iron is in the correct oxidation state to react with 1,10 – phenanthroline:
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Once a colored complex is formed, the wavelength of light which is most strongly absorbed is found by measuring the entire visible absorption (380 ​​– 800 nm).  After the most suitable wavelength is determined (maximum intensity), a series of standards of known iron-complex concentration is measured at this wavelength and a calibration plot of absorbance vs. concentration is prepared.  The absorbance of the unknown sample (iron supplement) is measured and calibration curve is used to calculate the concentration of iron in the supplement.

REAGENTS:
1,10 – phenanthroline (0.1 g of 1,10 – phenanthroline monohydrate in 5 mL of ethanol and 95 mL of distilled water.

Hydroxylamine hydrochloride (10 g in 100 mL of distilled water)

Sodium acetate (10 g in 100 mL of distilled water)

Ferrous ammonium sulfate hexahydrate

EXPERIMENTAL PROCEDURE:
Part 1.

1. Prepare a standard iron solution.  Weigh accurately about 0.07 g of ferrous ammonium sulfate hexahydrate, dissolve it in water and transfer the solution to a 1-liter volumetric flask.  Add 2.5 mL of conc. sulfuric acid and dilute the solution to the mark.  Calculate the concentration of the solution in molarity.  (Remember, your solution was prepared using Fe(NH4)​2(SO4)2(6H2O).

2. Prepare the unknown sample as follows:  Add about 0.12 g of the solid unknown and approximately 0.25 mL conc. sulfuric acid into a 100 mL volumetric flask and dilute to the mark.  Now transfer a 1 mL aliquot of this solution to another 100 mL volumetric flask – do not dilute.  This will be referred to as the “prepared unknown”.

3. Into five 100 mL volumetric flasks, pipet (volumetrically) 1, 5, 10, 25, and 50 mL portions of the standard iron solution.  Put 50 mL of distilled water into another flask to serve as the “blank”.  To each flask, including the “prepared unknown”, add 1 mL of the hydroxylamine solution, 10 mL of the 1,10 – phenanthroline solution and 8 mL of the sodium acetate solution.  Then dilute all solutions to the 100 mL marks and allow them to stand for 10 minutes with occasional shaking of the flasks.

4. Using the blank as a reference, measure the absorption spectra for all of your samples.  Select the wavelength with the maximum absorption and tabulate absorbance readings at that wavelength for all samples.

5. Construct a plot of Abs vs concentration and determine the extinction coefficient at that wavelength.  Calculate the amount of iron in your supplement based on the concentration derived from your Beer’s law plot.  How does this compare to the amount reported on the label?

Part 2.
1. Using your most concentrated Fe(phen)3 solution, perform a serial dilution to establish the “limits of detection” for this method.  To do this, you will make a series of more dilute solutions from this concentrated solution.  Determine the absorption at the (max for these solutions until you are no longer able to detect absorbance above the background noise.

2. Construct another plot of absorbance vs. concentration for Part 2.  What is the limit of detection?

Questions:

1) Comments on sources of error throughout this procedure.

2) Based on your data, can you determine if the method used in Part 1 is more reliable than that used in Part 2?  Explain.

� D. C. Harris Quantitative Chemical Analysis (4th ed., Freeman, 1995), 804-806.





