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Stoichiometry of Permanganate Reactions
Introduction
The purpose of this lab is to understand the stoichiometry of oxidation and reduction reactions of permanganate solutions and to determine the % iron in the unknown sample.  The balanced chemical equation 5Na2C2O4(s) + 2KMnO4(aq) + 8H2SO4(aq) ( 10CO2(g) + 2MnSO4(aq) + 8H2O(l) + 5Na2SO4(aq) + K2SO4(aq) is important for the initial titrations.  The potassium permanganate titration was carried out in hydrochloric acid because permanganate reduces to the cation, manganese, which is what we want, in acid solution.  It reduces to manganese dioxide in a neutral solution, which is what we don’t want.
Results and Calculations

1.  Trial 1.

m = 0.2498g 
n = ?

M = 86.00g/mol

n = m/M = 0.2498g/86.00g/mol = 0.002905 mol sodium oxalate.
Molar ratio of sodium oxalate and permanganate is 5:2 and therefore to find the moles of permanganate, multiply by 5/2 by the moles of sodium oxalate.

n = 0.002905 mol * 5 / 2 = 0.007262 mol

n = 0. 007262 mol permanganate.

V = 0.03830L

M = n/V = 0. 007262 mol/0.03830L = 0.1896M
Trial 2.

m = 0.2585g

n = ?

M = 86.00g/mol

n = m/M =  0.2585g/86.00g/mol = 0.003006 mol sodium oxalate.
Molar ratio of sodium oxalate and permanganate is 5:2 and therefore to find the moles of permanganate, multiply by 5/2 by the moles of sodium oxalate.

n = 0.007515mol permanganate.

V = 0.03760L

M = n/V = 0.007515mol/0.03760L = 0.1999M
Trial 3.

m = 0.2595g

n = ?

M = 86.00g/mol

n = m/M =  0.2595g/86.00g/mol = 0.003017 mol sodium oxalate.
Molar ratio of sodium oxalate and permanganate is 5:2 and therefore to find the moles of permanganate, multiply by 5/2 by the moles of sodium oxalate.
n = 0.007544mol permanganate.

V = 0.03590L

M = n/V = 0.007544mol/0.03590L = 0.2101M

Average molarity is (M1 + M2 + M3) / 3 = (0.1896M + 0.1999M + 0.2101M) / 3 = 0.1999M

The standard deviation is 0.01025
2. Trial 1.
M = 0.1999 mol/L permanganate

V = 0.00910L

n = MV = 0.1999 mol/L * 0.00910L = 0.00182 mol
M = 55.85 g/mol

m = nM = 0.00182 mol * 55.85 g/mol = 0.102g Iron
Trial 2.

M = 0.1999 mol/L permanganate

V = 0.00960L

n = MV = 0.00192 mol
M = 55.85 g/mol

m = nM = 0.107g Iron
Trial 3.

M = 0.1999 mol/L permanganate

V = 0.00890L

n = MV = 0.00178 mol

M = 55.85 g/mol

m = nM = 0.0994g Iron
3. Unknown sample #28.

Trial 1.
Mass of iron = 0.102g
Mass of sample = 0.6070g

% iron = Mass of iron / Mass of sample = 0.102g/0.6070g = 0.168 = 16.8%
Trial 2.

Mass of iron = 0.107g

Mass of sample = 0.6022g

% iron = Mass of iron / Mass of sample = 17.8%
Trial 3.
Mass of iron = 0.0994g

Mass of sample = 0.6104g

% iron = Mass of iron / Mass of sample = 16.3% 
The average % iron is 17.0% with a standard deviation of 0.764.
Discussion and Conclusions

The purpose was to determine the % iron in the unknown sample and to better understand the stoichiometry of redox reactions.  It was found that the average molarity of the KMnO4 solution was 0.1999M with a standard deviation of 0.01025.  The % mass of iron in the unknown sample was found to be approximately 17.0% with a standard deviation of 0.764.  One possible source of error would be that since we were working with redox reactions, there could have been a small reaction with the oxygen present in the air.  Anther source of error is that since the permanganate ions are so strongly coloured, the equivalence point and the end-point is almost identical, leaving almost no room for error when titrating.
