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Purpose:                                                                                                                                                                            Using redox titration to analyze an unknown iron (Fe2+) sample with a standardized potassium permanganate solution.
Theory: 
 A redox reaction is a type of chemical reaction that involves a transfer of electrons between two species. Redox titration reactions can be analysed as long as four conditions are met. They are; (I) the reaction must be thermodynamically spontaneous enough to be stoichiometric, so that it goes to completion, (ii) the reaction is fast enough kinetically to give instant results, (iii) side reactions must not occur, and finally (iv) a satisfactory indicator exists.
 The half reactions for the redox titration of Fe2+ with potassium permanganate  are as follows:
Oxidation of Fe2+:                    Fe2+               Fe3+ + 1e-
Reduction of MnO4-:              MnO4-+ 8H3O+ + 5e-        Mn2+ + 12H2O
 The overall stoichiometric reaction requires that the oxidation must be done five times to allow, the electrons to cancel.  The equation for the overall redox titration is as follows, where K + is a spectator ion, that is it does not take part in the reaction:
 MnO4-(aq) + 8 H3O+(aq) + 5Fe2+(aq)          5Fe3+(aq) + Mn2+(aq) + 12H2O(l)
 The rate at which the equilibrium is reached, can be sped up by performing the titration at a high temperature.  Side reactions must be prevented or The permanganate endpoint must be read quickly because the permanganate endpoint fades due to the reaction of MnO4- with Mn2+. Phosphoric acid is added because the orange colour of Fe3- can cause the endpoint to be unclear. Therefore, Phosphoric acid forms a colourless complex with Fe2+.  The following equation:
2MnO4- + 3Mn2+ + 6H2O         5MnO2 + 4H3O+
Is a side reaction that could occur if the solution is not very acidic.
 -The half reactions for the standardization of KMnO4 solution with Na2C2O4 are as follows:
Oxidation of C2O42-: 			C2O42-            2CO2 + 2e-   
Reduction of MnO4-: 		MnO4- + 8H3O+ + 5e-          Mn2+ + 12H2O

The reactions are done five times in order to cancel out the electrons. The overall equation is as shown below and Na+ is the spectator ion:
16H3O+(aq)+ 5C2O42-(aq)+ 2MnO4-(aq) 2Mn2+(aq)+ 10CO2(g)+ 24H2O(l)
 The presence of MnO2 in KMnO4 will alter the standardization reaction. KMnO4 needs to be filtered in order to remove the MnO2 which is insoluble. Titration is held and begun at room temperature, because hot sodium oxalate decomposes producing peroxide and water if left open to the air with the presence of acid. 1.0 M H2SO4 is titrated as blank in order to make sure of its purity. 


. 
Procedure:
Observations:
Data:
	 Sample number
	Accepted value of % Fe2+

	
	




Table 2 Weights of Sodium Oxalate (Na2C2O4): 
	
	Na2C2O4 mass
	Volume of KMnO4 used
	[KMnO4}]

	Sample 1
	
	
	

	Sample 2
	
	
	

	Sample 3 
	
	
	



Table 3 KMnO4Titration Volumes from the Burette in “standardization of KMnO4”:  
90% Volume
	
	Initial volume(0.05ml)
	Final volume(0.05ml)
	Total volume (0.10ml)

	Sample 1
	
	
	

	Sample2 
	
	
	

	Sample 3
	
	
	



10% Volume
	
	Initial volume(0.05ml)
	Final volume(0.05ml)
	Total volume(0.10ml)

	Sample 1
	
	
	

	Sample 2 
	
	
	

	Sample 3 
	
	
	



Table 4.Weights of iron ore samples (Fe2+):
	
	Mass of samples(0.0001g)

	Sample 1
	1.7652

	Sample 2
	1.5634



Table 5.KMnO4Titration Volumes from the Buret in “titrations of the Fe2+ sample”: 

	


	Initial volume(
	Final volume(
	Total volume(

	Sample 1
	37.2
	54.5
	17.3

	Sample 2
	28.3
	43.2
	14.9



Blank Titration: 
Initial burette volume: 26mL
Number of drops to pink: 1
Final burette volume: 26.5mL
Calculations:

1. Calculation of 90% of KMnO4 added during “standardization of KMnO4”:
                      90% of KMnO4 in mL = xx
 Sample 1:
90% of KMnO4 in mL = 
				          = 40.4 mL ≈ 40.4 mL 
Sample 2:
90% of KMnO4 in mL = 
				          = 44.8 mL ≈ 45 mL
Sample 3:
90% of KMnO4 in mL = 
				  = 38.8 mL ≈ 39 mL
1. Calculation of [KMnO4]:
                                                      [KMnO4]=
            Sample 1:
            [KMnO4] = 
= 0.0199 mol/L
Sample 2:
[KMnO4] = 
		= 0.0197 mol/L
Sample 3:
[KMnO4] = 
		= 0.0212 mol/L
Average =  = 0.0201 mol/ L
1.  Calculation of percentage uncertainty:
Percentage Uncertainty= 
 Sample 1:
                    Percent uncertainty = = 2.296%
Sample 2:
Percent uncertainty = = 2.07%
Sample 3:
Percent uncertainty = = 5.629%
Average Percentage Uncertainty= (2.296% + 2.07% + 5.629%)/3 = 3.33%
                                                                          
1. Calculation of the relative spread:
                              Relative spread = 
				= 74.63 ppt ≈ 74.6 ppt

1. Calculation of % Fe2+ in the unknown sample:
                                                        %Fe2+=
	Sample 1: 
% Fe2+ =  = 5.50%
               Sample 2:
% Fe2+ =  = 5.3%
   Average = (5.50% + 5.30%) / 2 = 5.4% 
Percent Error =
= -4.3 %
1. Calculation of Percentage Uncertainty: 
Sample 1:
		Percent uncertainty== 0.589%
Sample 2:
Percent uncertainty= = 0.68%	
1.    Average = ( 0.589% + 0.68%)/2 = 0.65%
1.   Relative spread =  = 143 ppt

Discussion:
The main aim of this experiment was to determine the percentage of iron (ii) in an unknown sample by reduction-oxidation titration. The accepted value for the percentage of iron (ii) in the unknown sample is 5.64%, the calculated experimental value was calculated to be 5.4%. The experimental value was slightly less than the accepted value; therefore the experiment was carried out precisely and accurately. However, the factors that could have affected this value could be;  
       The addition of a few more KMnO4 drops after reaching the end point. The further oxidation of iron (ii) to iron (iii), this happens due to the contact of air with the experiment. The presence of impurities in the KMnO4.

Conclusion:
In a nutshell, the accepted value of the sample given (sample #231) was 5.64%, and the experimental value was calculated to be 5.4%. The percentage uncertainty of the standardization was calculated to be 3.33%, and the relative spread as 74.6 ppt. Also, the percentage uncertainty of the%Fe2+ was calculated to be 0.635%, and the relative spread as 143 ppt.
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