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BROOKLYN COLLEGE
Department of Chemistry

Chemistry 41

Redox Titration with Potassium Permanganate.
Determination of Iron in an Ore.

In this experiment, the percentage of iron in an unknown iron oxide sample is
determined by titration with a standard solution of potassium permanganate.  Read
Section 17C-1, pp 366-370, in the textbook for background and Section 36E, pp 833-838,
for procedures before starting this experiment.  Success in this analysis requires careful
preparation and attention to detail.  Prepare a summary of the procedures in your
notebook before coming to lab.

The overall reaction is:

MnO4
−  +  8 H+  +  5 Fe2+  →  Mn2+  + 5 Fe3+  +  4 H2O

To ensure that all of the iron in the unknown is in the Fe2+ state prior to titration, the
unknown is treated with tin(II) chloride, which reduces any small amount of Fe3+ that
might be present:

Sn2+  +  2 Fe3+  →  Sn4+  +  2 Fe2+

The excess Sn2+ is then removed by reaction with mercury(II) chloride, which produces
insoluble mercury(I) chloride:

Sn2+  +  2 HgCl2   →  Sn4+  +  Hg2Cl2(s)  +  2 Cl−

The potassium permanganate is previously standardized against sodium oxalate in acid
solution:

2 MnO4
−  +  5 H2C2O4  +  6 H+  →  2 Mn2+  +  10 CO2  +  8 H2O

Potassium permanganate acts as its own indicator both in the standardization and in the
iron determination.

Preparation: Prepare the KMnO4 solution and dry the sodium oxalate prior to the day
you want to standardize the permanganate solution.  The permanganate solution has to
cool and stand overnight before it can be filtered to remove MnO2.  Dry the iron oxide
unknown in advance as well.
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Experimental procedure consists of three steps: (see following pages for details)

• Preparation of 0.02 M potassium permanganate: Section 36E-1.
Use one of the large beakers and the filter crucibles that are available in the lab
for this experiment.  Clean and return these as quickly as possible.  We use a
dilute solution of sodium bisulfite (NaHSO3) for removing the MnO2 stains on
the glassware.  Store your solution in the amber bottle.

• Standardization of potassium permanganate solution: Section 36E-2.
The standardization and the determination of the unknown should each be
based on at least three titrations.  After your first determination, it is preferable
to use the procedure described in Note 5.

• The determination of iron in an ore: Section 36E-4.
Use a first sample size of about 1 g if your unknown is < 30% iron and 0.6 g if
> 30% iron.  The sample size should then be adjusted so that the titration
volume is about 40 mL.

Preparation of 0.02 M potassium permanganate.

Permanganate solutions are heated first to destroy reducible substances (traces of
organics remaining in deionized water).  After cooling, the solution is filtered through a
glass filtering crucible to remove manganese dioxide impurities.  If the solution is kept in
the dark and is not acidified, its concentration will remain stable for several weeks.

Procedure:  Dissolve about 3.2 g of KMnO4 in 1 L of deionized water using a
large beaker.  Cover that beaker with a watch-glass and heat to boiling using a hot plate in
the hood.  Keep the solution at a gentle boil for about 1 hr.  Let the solution stand
overnight.  Remove MnO2 by filtering through a filter crucible.  Transfer the solution to a
clean amber glass-stoppered bottle; store in the dark when not in use.
Important: clean the filter and beakers using a solution of sodium bisulfite (use about 1g
in 400 mL of water).

Standardization of the potassium permanganate solution.

Procedure:  Prepare 1 L of 1 M H2SO4 by slowly adding 60 mL of concentrated
acid to about 700 mL of water then diluting to 1 L.  Dry about 1.5 g of primary-standard
sodium oxylate, Na2C2O4, at about 110 °C for at least 1 hr.  Cool in the desiccator.
Weigh about 0.2 g samples (to the nearest 0.1 mg) and put a sample of Na2C2O4 into 400
mL beaker.  Dissolve each sample in about 250 mL of 1 M H2SO4.  Heat each solution to
80 - 90 °C, and titrate with KMnO4 while stirring with a thermometer.  The pink color
imparted by one addition should be permitted to disappear before further titrant is added.
The temperature should not drop below 60 °C.  The end point is marked by the
appearance of a faint pink color that persists at least 30 s.  Determine a blank by titrating
an equal volume of the 1 M H2SO4.  Correct the titration data for the blank, and calculate
the concentration of the permanganate solution.
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Notes:

1.  Add the permanganate directly into the oxylate solution (not down the walls of
the beaker).  Promptly wash down any KMnO4 that spatters on the walls of the
beaker into the bulk of the liquid using a wash bottle.

2.  Finely divided MnO2 will form if the KMnO4 is added too rapidly and will
cause the solution to acquire a faint brown discoloring.  This is not a serious
problem of sufficient oxylate remains to reduce the MnO2 to Mn2+; simply
discontinue the titration until the brown color disappears.

3.  The surface of the permanganate solution rather that the bottom of the
meniscus can be used to measure titrant volumes.

4.  Partial decomposition of the permanganate to MnO2 may occur if it remains in
the buret for a long time.  Clean the buret with a dilute sodium bisulfite
solution.

5.  An alternative procedure can be found in the text; see Note 5 on page 834.

The Determination of Iron in an Ore.

Read the background material in the text before beginning this analysis.  Dry the
unknown iron ore for at least 3 hr.  It is recommended that you carry one sample of about
0.6 g completely through the three-step procedure first.  The sample size can then be
adjusted if needed (for a titration volume of about 30 mL).  The next two samples can be
prepared at the same time.  A blank is not essential in this analysis, but it can be
determined by carrying a 10 mL sample of concentrated HCl through the entire procedure.

Sample preparation.  Weigh a sample into a 500 mL conical flask.  Add 10 mL of
concentrated HCl and about 3 mL of 0.25 M SnCl2.  Cover the flask with a small
watch glass.  Heat the solution in the hood at just below boiling until the sample is
dissolved.  A white residue of hydrated silica may remain.  The tin chloride aids in
the decomposition of the ore by reducing the iron(III) oxides to iron(II).  More tin
chloride should be added during the dissolution process to aid in dissolving the
sample and to eliminate the yellow color which is characteristic of iron(III)
chloride complexes.  Avoid an excess of tin(II) chloride, however.

Reduction with tin(II) chloride.  Take each sample individually through this step to
avoid air-oxidation of iron(II).  Adjust the sample size to about 15 mL by dilution
or evaporation.  Heat the solution nearly boiling.  Add sufficient KMnO4 solution
to impart a faint yellow color to the solution (thus insuring that there is not large
excess of tin(II)).  Now add the SnCl2 drop by drop until the color changes from
yellow to colorless or a very light green;  then add two more drops.  Cool to room
temperature, and rapidly add 10 mL of 5% HgCl2 solution.  A small amount of
silky white Hg2Cl2 should precipitate.

An absence of precipitate indicates that insufficient SnCl2 was used and the
reduction of iron(III) was incomplete.  A gray residue indicates the presence of
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elemental mercury resulting from the use of too much SnCl2.  The sample must be
discarded if either of those situations occurs.

Titration.  Wait 2 to 3 minutes after adding the HgCl2.  Then add 25 mL of
Zimmerman-Reinhard reagent (Caution!  This is a caustic mixture containing
concentrated sulfuric acid and phosphoric acid.) and 300 mL of water.  Titrate
immediately with standard KMnO4 to the first faint pink that persists for 15 to 20s.
Do not add the KMnO4 rapidly at any time.  Correct the titrant volume for the
blank if it has been determined.

Report

Report the % Fe found in the unknown for each determination, the mean value,
standard deviation, and relative standard deviation.  Use a large index card.


