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Purpose: 
The purpose of this experiment was to determine the content of an unknown iron (Fe2+) using reduction-oxidation titration (redox) involving a standardized potassium permanganate solution.
Theory: 
Reduction oxidation reaction which also known as the redox reaction is the electron transfer between the two chemical reagents where the reducing agent loses electrons and becomes oxidized and the oxidizing agent gains the electrons becoming reduced. Redox titration is where redox reaction is used to determine the concentration of an unknown sample that contains and reducing or oxidizing agent.  In this lab, titration is used to determine the amount of the unknown iron (Fe2+) in the solution. One of the strongest oxidizing agents was used in this lab, which was potassium permanganate (KMnO4) as the titrant. The balanced, stoichiometric equation of Fe2+ ion and KMnO4 was used to determine the ratio of the number of moles of Fe2+ oxidized per mole of KMnO4. Redox titration analysis can be used in the labs, if they meet certain four criteria. First one is that, the reaction must go spontaneously in the forward direction meaning it goes to completion. Second one is that, the kinetic rate of the reaction must be fast enough to proceed to give instant results. The third one is that there are no side reactions occurring while the process of titration. The last one is that there must be a satisfactory indicator for the reaction. If all the four criteria are met then the titration can be completed successfully. (Chemistry Lab Manual, 2014). For this lab, potassium permanganate was found to meet all these four criteria successfully so it was used as the oxidizing agent in the lab. 
The redox reaction of Fe2+ with KMnO4:
Reaction 1:  Fe2+    →  Fe3+ + 1e-
Reaction 2:  MnO4-   +  8H3O+  +  5e-   →  Mn2+  + 12H2O
The overall reaction is the addition of these two reactions, in order to balance the overall reaction first reaction has to be taken five times so that the electrons will be cancelled out:
MnO4- (aq)  +   8H3O+(aq)+  5Fe2+(aq)  →   5Fe3+(aq)  + Mn2+(aq) +  12H2O(l) 
In this titration, sulphuric acid was added in order to carry out the titration in acidic conditions and to reach the equilibrium quicker it was also carried out at a high temperature. The end-point needs to be read quickly because due to MnO4- reacting with the Mn2+ that is formed during the titration, so the end-point slowly disappears. The purpose of adding the phosphoric acid was to remove the orange colour of Fe2+ cations so the end-point will not be distorted. Phosphoric acid reacts with Fe2+ cations to form colourless solution. However, there were other side reactions that were affecting the titration. There are two side reactions that can occur. One of them is that solution is not acidic enough formation of MnO2 can occur which is the brown precipitate forming. If the solution is neutral or when there is a decrease in the concentration of MnO42- formed, the solution will be alkaline. The other side reaction that occur is that some of MnO4- reacts with Cl- forming Cl2(g) , the solution will be contaminated with Cl- anions. 
Standardization equation of KMnO4 with sodium oxalate Na2C2O4:
Oxidation of C2O42-:                                      5C2O42-(aq)   →   10CO2(g) + 10e-
Reduction of MnO4-:        2MnO4-(aq) + 16H3O+(aq) + 10e- → 2Mn2+(aq) + 24H2O(l)

Overall Reaction:  16H3O+(aq)  + 5C2O42-(aq) + 2MnO4-(aq) → 2Mn2+(aq) + 24H2O(l) + 10CO2(g)
In this reaction if the hot sodium oxalate reacts in acidic conditions, it decomposes to form hydrogen peroxide and water: 
C2O42-(aq) + O2(g) + 2H3O+(aq)  → H2O2(aq) + 2CO2(g) + 2H2O(l)
                                2H2O2(aq)   →   O2(g) + 2H2O(l)
Also the titration starts at room temperature in order to prevent the decomposition of sodium oxalate.
KMnO4 needs to be titrated before using because; there might be some MnO2 present in the solution. The presence of MnO2 will alter the titration causing the increase in concentration in the presence of light or contaminants. MnO2 is insoluble; therefore the titration can be completed successfully. Blank solution was prepared with 1M sulphuric acid titrating it with KMnO4. The volume of the end-point of KMnO4 in this titration was needed to correct the end-points for the sodium oxalate in the titration with KMnO4.
Procedure:
Part 1: Standardization of Potassium Permenganate 
0.02 M KMnO4 solutions were prepared before. KMnO4 solution was filtered through a glass wool into 250 mL dry beaker. 1000mL of 1 M H2SO4 solution was made. Water was added up to 900mL of 1000mL. 55mL of concentrated H2SO4 was added slowly. Then distilled water was added up to total volume of 1000mL. Na2C2O4 was obtained using dry weighing bottle. Three samples of Na2C2O4 of 0.2483g, 0.2641g and 0.2431g (±0.0002g) were weighted by difference into three separate 500mL Erlenmeyer flasks using an analytical balance. 250 mL of the 1M H2SO4 was added to each sample that was made and Na2C2O4 was dissolved in the solution.  The three samples of Na2C2O4 of 0.2483g, 0.2641g and 0.2431g (±0.0002g) were titrated with 90% KMnO4 of 32.9mL, 39mL, and 35.6mL (±0.20mL) respectively to consume the anions. Each three flasks were then heated to 57 °C and the titration were completed, when the first pale pink color appeared. The blank solution was tested for the end-point, drops of KMnO4 was added to the remaining 250mL of the 1M H2SO4 solution until the solution turned pale pink. The molarities of KMnO4 were then calculated for each of the three titrations. 
Part 2: Determining the %Fe2+ content of the unknown sample
Unknown sample iron number 220 was obtained. Two samples were then weighted by difference 1.372g and 1.662g (±0.0002g) by using the analytical balance. Each two samples were then put into two different 250mL Erlenmeyer flask. 2mL of H3PO4, 10mL of 3 M H2SO4 and distilled water was added to the each Erlenmeyer flask until the iron sample dissolved.  Each sample was then titrated with the standardized KMnO4 solution until the solutions turned pale pink as the end-point titration was reached. The %Fe2+ present in each sample was then calculated. The experimental value for %Fe2+ was then compared to the actual value of %Fe2+ (2.41%) and the percentage error was calculated.
Observations:
Unknown Iron ore sample #: 220                       Physical Description of Fe2+: white powder
Table 1: Observation of the colour change during the standardization of KMnO4
	Sample number
	Appearance description
	Colour change

	1
	Colourless liquid
	Turned to pale pink

	2
	Colourless liquid
	Turned to pale pink

	3
	Colourless liquid
	Turned to Pale pink



Table 2: Observations of the colour changes during the titration of the Fe2+ iron
	Sample Number
	Physical Description
	Colour Change

	1
	White powder, colourless liquid
	Turned pale pink

	2
	White powder, colourless liquid
	Turned pale pink






Data: 
Table 3: Na2C2O4 sample masses using the method weighing by difference in the standardization of KMnO4
	Sample #
	Initial Mass (±0.0001g) 
	Final Mass (±0.0001g)
	Sample Mass (±0.0002g) 

	1
	141. 1542
	141.4025
	0.2483g

	2
	173.6101
	173.8742
	0.2641g

	3
	8.1163
	7.827
	0.2431g



Table 4: Volumes of KMnO4 during the standardization of KMnO4
	
	90% Volume
	10% Volume
	Total Added (±0.20mL)

	
	Initial Volume (±0.05mL)
	Final Volume
(±0.05mL)
	Total Volume
(±0.10mL)
	Initial Volume 
(±0.05mL)
	Final Volume
(±0.05mL)
	Total Volume
(±0.10mL)
	

	Sample 1
	52.7
	68.1
	15.4
	10.3
	27.8
	17.5
	32.9

	Sample 2
	43.2
	79.2
	36
	30
	33
	3
	39

	Sample 3

	7.2
	39.7
	32.5
	35.6
	38.6
	3
	35.6



Note that the blank solution turned pale pink right after adding one drop of KMnO4, therefore there is no need to correct the used volumes of KMnO4 in the standardization. 

Table 5: Weights of Na2C2O4 and volumes of KMnO4 during the standardization of KMnO4 and Molarity of each KMnO4
	Sample #
	Mass of Na2C2O4(g)
(±0.0002g)
	Total Volume of KMnO4  (±0.20mL)
	[KMnO4] (M)

	1
	0.2483
	32.9
	0.0225

	2
	0.2641
	39
	0.0202

	3
	0.2431
	35.6
	0.0202





Table 6: Actual values for the sample Fe2+ iron
	Sample Number 
	Actual value of % Fe2+

	220
	2.41



Table 7: Unknown Fe2+ Sample masses weighed by difference during the titration of the Fe2+
	Unknown Sample #
	Initial Mass (±0.0001g)
	Final Mass (±0.0001g)
	Sample Mass (±0.0002g)

	1
	21.5245
	20.1525
	1.372

	2
	20.1525
	18.4905
	1.662



Table 8: Volumes of KMnO4 during the Fe2+ titrations: 
	Unknown Sample #
	Initial Volume 
(±0.05mL)
	Final Volume
(±0.05mL)
	Total Volume
(±0.10mL)

	1
	39.7
	45.4
	5.7

	2
	33.1
	39.7
	6.6



Table 9: Weights of unknown sample Fe2+ and volumes of KMnO4 during the titration of Fe2+ sample and %Fe2+ calculated with the average values of [KMnO4]
	Unknown Sample #
	Mass of unknown Fe2+ (±0.0002g)
	Total Vol.
KmnO4(±0.10mL)
	[KmnO4] average
(M)
	%Fe2+

	1
	1.372
	5.7
	0.0211
	0.49

	2
	1.662
	6.6
	0.0211
	0.47



Calculations: 
1.Calculation of 90% of KMnO4 added during the standardization of KMnO4: 
MW of  Na2C2O4= 133.998 g/mol
Volume req. 90% KMnO4= ((Weight Na2C2O4 (g)/ MW Na2C2O4 (g/mol)* 2/5)/ (0.02M)*0.9*1000mL/L 
Volume of sample #1 =((0.2483g/134g/mol) x (2/5))/ (0.02M) x0.9 x 1000mL/L=33.4mL
Volume of sample #2=((0.2641g/134g/mol) x (2/5))/ (0.02M) x0.9 x 1000mL/L=35.5mL
Volume of sample #3=((0.2413g/134g/mol) x (2/5))/ (0.02M) x0.9 x 1000mL/L=32.4mL
2. Calculation of the concentration of KMnO4. [KMnO4]:
[KMnO4] = (mass Na2C2O4 / MW Na2C2O4)*(2/5) / (total volume of KMnO4 (mL)/1000mL/L) 
Sample 1: [KMnO4]= (0.2483g/134g/mol)*(2/5)/(32.9/1000mL/L)= 0.0225 M
    %UNC [KMnO4]= (%UNC of Na2C2O4 mass)+(%UNC for total volume of KMnO4)
                                =(0.0002 g/0.2483x100) +(0.20mL/ 32.9mL x100)
                                =0.7%
Sample 2: [KMnO4]= (0.2641g/134g/mol)*(2/5)/(39/1000mL/L)= 0.0202 M
    %UNC [KMnO4]= (%UNC of Na2C2O4 mass)+(%UNC for total volume of KMnO4)
                                = (0.0002g/0.2641x100) + (0.20mL/39 x100)
                                = 0.6%
Sample3: [KMnO4]= (0.2413g/134g/mol)*(2/5)/(35.6/1000mL/L)=0.0202 M
    %UNC [KMnO4]= (%UNC of Na2C2O4 mass)+(%UNC for total volume of [KMnO4]
                                = (0.0002g/ 0.2431g x100) + (0.20mL/35.6mL x100)
                                = 0.6 %
Average [KMnO4]=  (0.0225+0.0202+0.0202)/3 = 0.0211mol/L
Rel. Spread in [KMnO4]= (highest [KMnO4] – lowest [KMnO4]) / (average [KMnO4]) * 1000ppt 
                                   =(0.0225-0.0202)/(0.0211) x 1000ppt= 109.0ppt



3. Calculation of %Fe2+ in the unknown sample: 
MW Fe= 55.845 g/mol
% Fe = [((Vol. KMnO4 (mL)/ 1000(mL/L))*([KMnO4] avg.)*MW Fe)* 5 *100] / (m Fe initial sample) 
%Fe Sample 1= [((5.7mL/1000mL/L))*(0.0211)*(55.845g/mol)*5*100]/(1.372g)= 2.45%
 %UNC = %UNC in Average [KMnO4] + %UNC in Total Volume of KMnO4+ %UNC in Massiron ore
                    = 0.6% + ((0.10mL/ 5.7mL x100) + (0.0002g/ 1.372g x 100))
              = 0.8 %
%Fe Sample 2=[((6.6mL/1000mL/L))*(0.0211)*(55.845g/mol)*5*100]/(1.662g) =2.34%
%UNC = %UNC in Average [KMnO4] + %UNC in Total Volume of KMnO4+ %UNC in Massiron ore
               = 0.6% + ((0.10mL/ 6.6mL) x100) + (0.0002g/ 1.662g x100)
            = 0.7%
Average of Two Trials= (2.45% + 2.34%)/2 = 2.39 %
Average of %UNC in %Fe2+= Sum of %UNC calculated/ # of %UNC calculated
                                              =(0.7 % + 0.8%)/ 2
                                              = 0.8%
%Error= (experimental value - theoretical value/ theoretical value) x 100
            =(2.39%-2.41%)/2.41%) x100 = -0.8%
Rel. Spread=(highest Fe - lowest Fe) /average x 1000 ppt
                   =(2.45-2.34)/(2.39) x 1000ppt = 46.025ppt 

Discussion: 
The value that was found experimentally was lower than the actual value for the %Fe2+. The experimental average %Fe2+ was 2.39% and the actual value is 2.41%. This result might be lower due to the low %Fe2+ when recording the masses of the unknown sample was higher than what it actually was this might have been caused by the fluctuation of the reading of the analytical balance. The result might be lower also due the average molarity of KMnO4 calculated being less than then what it was actually supposed to be. This might be caused by some of the drops of KMnO4 getting stuck to the side of the flasks instead of going into the solution which can lead to the higher end-point volume of KMnO4 than the ideal end-point volume during the standardization of KMnO4. Another cause of the lower %Fe2+ value might have been resulted from the solution in the flask containing the iron sample that might have started to evaporate during the titration of Fe2+. Therefore, less volume of KMnO4 was needed to reach to the end-point, because the lower KMnO4 volume would result in lower %Fe2+ in the calculations. 
Conclusion: 
The sample number given was 220 and the actual value of Fe2+ is 2.41%. The experimental average of %Fe2+ was 2.39% with an average percentage uncertainty of 0.8%. The first and second %Fe2+ calculated were 2.45% and 2.34% with a percentage uncertainty of 0.8% and 0.7% respectively. The relative spread for the Fe2+ values was 46.025ppt. The percent error for Fe2+ values was -0.8%. 
Bibliography:
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