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Purpose
The purpose of this lab is to determine the concentration of an unknown iron sample with the help of redox titration with potassium permanganate solution.
Theory
This reaction is spontaneous enough to go into completion within a period of time to give instant results which is determined using an indicator. The indicator used in this reaction is the oxidizing agent KMnO4 which has a deep purple color and turns colorless when the reaction is completed (when MnO4 is reduced to Mn2+) which gives the solution a faint pink color.
The reaction equation of Fe2+ and KMnO4 is shown below:
MnO4(aq)- + 8H3O+(aq) + 5Fe2+(aq)  5Fe3+(aq) +Mn2+(aq) +12H2O(l)
The titration is carried out in the presence of excess H2SO4 to increase the rate at which equilibrium is being attained. The end-point of this reaction must be read quickly because the colorless MnO4- end-point fades due to the production of Mn(II) formed during titration which gives the reaction an inaccurate reading.
Phosphoric acid is added to make Fe3+ colorless which is usually orange and can change the color of the end point. Two side reactions that can occur during this redox reaction are the production of MnO2 and the oxidation of Cl- anions to Cl2. MnO2 is produced when the solution is not as acidic as it needs to be and Cl2 is formed when there is a presence of chloride ions in the reaction process.
The reaction equation of KMnO4 with Na2C2O4 is shown below:
(Na+ is not included because it is a spectator ion)
16H3O+(aq) + 5C2O42-(aq) + 2MnO4-(aq)  2Mn2+(aq) + 10CO2(g) + 24H2O(l)
KMnO4 decomposes in air to form MnO2 due to the presence of contaminants and that’s why a KMnO4 solution needs to be filtered to remove the insoluble MnO2 formed inside the solution.
The titration is started at room temperature because heating it up too early before it reaches the end point causes the production of hydrogen peroxide and water. A blank 1M H2SO4 solution is made to have excess acid available incase there is any need for it.
Procedure
Blank H2SO4 was made by adding 55mL of H2SO4 provided by the T.A into 900mL of water and stirred together in a 1000mL flask. Na2C2O4 of three different masses 0.31 g, 0.2516 g, 0.2571 g, were obtained using the weighing bottle and were weighed by difference and put into three 500 mL flasks. To each flask 250 mL of H2SO4 was added and stirred and titrated with the purple KMnO4 until it turned colorless. Each solution was heated (560C for the first solution, 570C for the second solution and 580C for the third solution) until a pale pink color was observed. Then, a few drops of KMNO4 was added into each flask until the pink color was attained to show completion of the reaction.
Two samples of iron ore were obtained and were weighed by difference to give masses 1.5076 g, 1.5154 g and were placed in two 250mL flasks. 10 mL of 3M H2SO4, 2 mL of H3PO4 and distilled water were added to both flasks to dissolve the iron sample. Then, the two solutions were titrated with KMnO4 until a pale pink color appeared to show completion of the reaction.
Observations
The sample number of iron ore being used is #215 and it had a white powdery look. During the standardization of KMNO4, the first flask of mass 0.31 g of Na2C2O4 used 42.6 mL of KMNO4 to complete the reaction (turn from colorless to pale pink), the second flask of mass 0.2516 g of Na2C2O4 used 33.8 mL of KMnO4 to turn from colorless to pink, and the last flask of mass 0.2571 g of Na2C2O4 used 34.5 mL of KMnO4 to turn from colorless to pink.
During the titration of the Fe2+ sample, the first flask using 1.5076 g of iron used 7.8 mL of KMnO4 to turn from colorless to pale pink and the second flask using 1.5154 g of iron used 7.9 mL of KMnO4 to turn from colorless to pale pink.
Data
Sample number of iron ore used is #215 with the actual value of Fe being 2.96%.
The three weights of Na2C2O4 used are: 0.31 g, 0.2516 g, 0.2571 g and the volumes of KMnO4 used to complete the reactions are: 42.6 mL, 33.8 mL, 34.5 mL respectively before heating and 1.3 mL, 3.6 mL, 4.3 mL respectively after heating the solutions with uncertainty values of +/-0.01 mL each and +/-0.001 g each.
The two weights of iron ore used are: 1.5076 g, 1.5154 g with an uncertainty value of +/-0.001 g and the volumes of KMnO4 being used to complete the reactions are: 7.8 mL, 7.9 mL with an uncertainty value of +/-0.01 mL.
Calculations.
1. Calculation of 90% of KMnO4
Vol req= () x 0.09 x 1000 mL/L
1st flask:  x 0.9 x 1000 ml/L= 41.64 mL
2nd flask:  x 0.9 x 1000 mL/L= 33.79 mL
3rd flask:  x 0.9 x 1000 mL/L= 34.54 mL
2. Molarity KMnO4
Vol used= () x 1 x 1000 mL/L
1st flask:  x 1 x 1000 ml/L= 41.64 mL
x= 0.022M
2nd flask:  x 1 x 1000 ml/L= 33.8 mL
x= 0.022M
3rd flask:  x 1 x 1000 ml/L= 34.5 mL
x= 0.022M
Average of three trials = 
= =0.022M
% Uncertainty 
Relative spread= Relative spread=  x 1000=  x 1000= 100ppt
3. Calculation of %Fe2+
Moles of KMnO4= vol of KMnO4 used x molarity of KMnO4
Moles Fe2+= 5 x moles of KMnO4
Mass Fe= Moles Fe2+ x 55.85 g/mol
%Fe= Mass Fe x 100/mass of fe used
1st flask: Moles KMnO4=0.0078 L x 0.022M= 0.0001716 moles
Moles Fe2+= 5 x 0.0001716= 0.000858moles
Mass Fe= 0.000858 moles x 55.85 g/mol= 0.048 g
%Fe= 0.048 g x 100/1.5076 g= 3.18%
2nd flask: Moles KMnO4=0.0079 L x 0.022M= 0.0001738 moles
Moles Fe2+= 5 x 0.0001716= 0.000869moles
Mass Fe= 0.000869 moles x 55.85 g/mol= 0.0485 g
%Fe= 0.0485 g x 100/1.5154 g= 3.20%
Average of the two trials= = 3.18 +3.2/2=3.19%
Relative error=  x 100%=  x 100%= 7.7%
Relative spread=  x 1000=  x 1000= 77.7ppt
Discussion
The value gotten for the standardization of KMnO4 is the same as the accepted value which is 0.022M while the value gotten for the %Fe is slightly higher than the accepted value probably because of error in measuring some of the chemicals used in the reaction, adding more KMnO4 even after the reaction had been completed and also, the reactants may have not been completely pure hence increasing the percent yield.

Conclusion
 The iron sample used in this reaction has sample number #215. The average value gotten for the %Fe is 3.19% while the accepted value is 2.96%. The relative spread gotten for the standardization of KMnO4 is 100ppt while for %Fe is 77.7ppt. The relative error gotten for %Fe is 7.7%
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