DETERMINATION OF IRON WITH 1,10 -PHENANTHROLINE:
A SPECTROPHOTOMETRIC ANALYSIS

BACKGROUND

The reaction between Fe(II) and 1,10-phenanthroline to form a red complex serves as a
sensitive method for the determination of iron. The reaction is:
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The molar absorptivity of the complex is 11,100 M'cm™ at a wavelength of 508 nm. The
intensity of the color is independent of pH between 2 to 9. The colored complex is very
stable and intensity of the color does not change over a long period of time. Beer's law is
obeyed.

The iron must be in the +2 oxidation state, and hence a reducing agent is added before the

color is developed. Hydroxylamine, as its hydrochloride, can be used for the purpose. The
reaction is:

2Fe* + 2NH,OH + 20H - 2Fe* + N, + 4H,0

The pH is adjusted to a value between 6 and 9 by addition of sodium acetate.
PROCEDURE

PART I. Prepare the following solutions separately

1. Dissolve 0.1 g of 1,10-phenanthroline monohydrate in 100 mL of distilled water, warm if
necessaty.

2. Dissolve 10 g of hydroxylamine hydrochloride in 100 mL distilled water.
3. Dissolve 10 g of sodium acetate in 100 mL distilled water.

4. Weigh precisely about 0.07 g of pure iron(II) ammonium sulfate (ferrous ammonium
sulfate), dissolve in water, and transfer the solution to a 1 L. volumetric flask. Carefully add



2.5 mL of concentrated sulfuric acid and dilute the solution to the mark. Calculate the
concentration of the solution in mg of iron per mL of solution. Into five 100 mL volumetric
flasks, precisely pipet 1, 5, 10, 25, and 50 mL portions of the standard iron solution. Put 50
mlL of distilled water in another flask to serve as the blank. To each flask add 1 mL of the
hydroxylamine solution, 10 mL of 1,10-phenanthroline solution, and 8 mL of sodium acetate
solution. Then dilute all the solutions to the 100 mL mark and allow them to stand for 10
minutes.

Measure the absorbance of one of the middle iron solution at wavelengths between 400 to
600 nm vs. the blank as the reference. Take readings about 20 nm apart except in the region
of maximum absorbance where intervals of 5 nm should be used. Plot the absorbance vs.
wavelength and connect the points to a smooth curve (use spreadsheet graphics). Select the
proper wavelength to use for the determination of iron with 1,10-phenanthroline.

Measure the absorbance of each of the iron solution prepared above using the selected
wavelength. Plot the absorbance vs. the iron concentration (mg/mL) of the standards.
Note whether Beet's law is obeyed.

PART Il. Preparation of iron-tablet solution

Dissolve an iron tablet in 50 mL water and add 2.5 mL of concentrated sulfuric acid. Filter
the solution into a 100.00 mL volumetric flask and rinse the filter paper with water. Dilute
the solution to the mark. Dilute 10 mL of this solution in a 1.00 L volumetric flask; add 2
mL of concentrated sulfuric acid and dilute to the mark. Take 10 mL of this solution, add 1
mL of hydroxylamine solution, 10 mL of 1,10-phenanthroline solution, and 8 mL of sodium
acetate solution in a 100 mL volumetric flask and dilute to the mark. Allow the solution to
stand for 10 minutes and measure its absorbance at the proper wavelength. Calculate the mg
of iron per tablet.

TREATMENT OF DATA AND RESULTS

Your report should include the following in the data and results section:

1. A plot of absorbance vs. wavelength (absorption spectrum). Identify the wavelength of
maximum absorbance

2. A plot of absorbance vs. mg of iron in the standards (calibration graph). Show the linear
least squares fitting line, the line equation, and the error of slope and intercept.

3. Calculation of mg iron per tablet. Use the above data to calculate the measurement
error.

QUESTIONS

1. A plot of absorbance vs. concentration at constant cell-length gives a straight line if
Beer’s law is obeyed. What property of the line is represented by the absorptivity?



2. Why photometric measurements of concentration are usually carried out at the
wavelength where the absorptivity is a maximum?

3. The blood volume of human can be measured by injecting a known amount of a
harmless dye into a vein and determining the concentration of the dye after it has been well
mixed by circulation. The blood volume is obtained by dividing the plasma volume by the
fractional volume of plasma in the blood. In a certain determination, 1.00 mL of Evans
blue (a dye) is injected into a 75 kg man. Ten minutes later a blood sample is withdrawn
from the man. The blood is centrifuged to separate the plasma from the cell, and it is found
that the plasma makes up 53% of the blood volume. The absorbance of the plasma in a
1.00 cm cell, using a blank as a reference, is 0.380. Another 1.00 mL sample of the same
Evans blue solution is diluted to exactly 1.0 liter in a volumetric flask. Then 10.0 mL of this
solution is further diluted to 50.0 mL in a volumetric flask. The absorbance of the fully
diluted solution is 0.200, against the same reference as above. Calculate the man’s blood
volume in liters.



