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Purpose: 
Use a standardized potassium permanganate solution to perform a Redox titration in order to analyze an unknown iron (Fe+2) sample. 

Theory:

General Conditions

“Chemical analysis can based on Titrations using Redox reactions similar to the more familiar acid-base reactions if three criteria are met:

a) The reaction is thermodynamically spontaneous enough to be stoichiometric.

b) The reaction is kinetically fast enough to give operationally ‘instant’ results.

c) No side reactions occur.

d) A satisfactory indicator exists (lab manual p.70).”

Analysis of Fe+2 

For the titration of Fe(II) the available analytical oxidizing agent that most easily meets these criteria is potassium permanganate (KMnO4), so long as the chemical conditions are optimized.

The half reactions for this Redox system are:

Oxidation of Fe+2:
   Fe+2 ( Fe+3

Reduction of MnO4 -:   MnO4 - + 8H+ ( Mn2+  + 4H2O

With the overall stoichiometric reaction:


MnO4 - + 8H+  + 5Fe2+ ( 5Fe3+  + Mn2+  + 4H2O

And the molar ratio:

Moles(Fe2+) / moles(MnO4 -) = 1 / 5

Performing the titration in excess of the catalyst sulfuric acid (H2SO4) and to increase the reaction thermodynamically at a high temperature speeds up the naturally slow equilibrium reaction. Preventive chemical procedures can prevent any side reactions by using the KmnO4 in an acid solution in which the reduction product is manganese II (Mn+2). KmnO4 acts as its own indicator since the reagent MnO4( anion is coloured an intense purple while the product Mn+2 is colourless. The end point must be read quickly though because the permanganate end point gradually fades in an acid solution. Also in this Redox titration, the interference caused by the orange Fe+3 obscuring the end-point is removed by adding 85% phosphoric acid (H3PO4). Because the intense purple colour of the permanganate makes it difficult to read the level in the buret, the volume is read at the meniscus, making sure to read to the nearest hundredth of a millilitre.

Stability, Preparation and Standardization of Permanganate solution

“Aqueous KmnO4 reacts with oxalic acid, H2C2O4, according to the net ionic equation: 5H2C2O4(aq) + 2MnO4 -(aq) + 6H+(aq) ( 10CO2(g) + 2Mn + 2(aq) + 8H2O(l) (McMurry, p.141).”

The half reactions for this Redox system are


Oxidation of (C2O4)-2
16H+ + 5[(C2O4)-2] + 8[O](  ( 10CO2 + 8H2O


Reduction of MnO4(

MnO4(  + 8H+ ( Mn+2 + 4H2O

With the overall stoichiometric reaction:



16H+ + 5[(C2O4)-2] + 2MnO4(   ( Mn+2 + 10CO2 + 8H2O

And the molar ratio:



Moles[(C2O4)-2] / Moles(MnO4 - ) = 5 / 2


Since light, Mn+ and MnO2, heat, bases and acids catalyze this reaction; these effects must be minimized for a stable solution. It is difficult to standardize KmnO4 in an entirely pure state due to the side reactions. Firstly the weighed out amount of KmnO4 in solution is initially contaminated by manganese dioxide (MnO2). After allowing time for the complete oxidation of the contaminants the solution must be filtered through a non-reducing medium (glass wool) to remove all of the MnO2. Since the KmnO4 is standardized with pure sodium oxalate, which can be obtained in 99.9% or better grade, there is no need for concern for any contamination from the NaC2O4. The solution should then be kept in the dark. Since the end-point for this reaction is poor at room temperature, the titration is performed between 55 and 60 (C. As the reaction proceeds manganese II ion is produced, which further catalyzes the reaction. 

Procedure:

Part 1 – Standardization of KmnO4



A prepared solution of 0.02M KmnO4 was obtained and filtered through a plug of glass wool and deposited into a dry, clean 250 mL beaker. Next 1000 mL of 1M H2SO4 was made by adding 55ml of concentrated H2SO4 with stirring to 950 mL of water into a 1000 mL Erlenmeyer flask. Some dried Na2C2O4 was obtained using the dry weighing bottle. Through the use of an analytical balance, three samples of NaC2O4 of approximately 0.25 grams were weighed out by difference and placed each into three separate 500 mL Erlenmeyer flasks. 250 mL of the 1.0M H2SO4 was then added to each sample of NaC2O4. The solution was stirred until completely dissolved with some large chunks of NaC2O4 having to be broken up with a stirring rod. Using a buret, around 35 mL of permanganate was introduced to consume 90 to 95% of the oxalate. The solution was stirred occasionally until it decolourized. The titration was completed, after warming to 55 - 66(C, taking the first pale pink colour persisting for longer than 30 seconds as the end point.

Part 2 – Determination of the Fe+2 Content 


A numbered sample of an iron mixture was obtained from which two samples of approximately 1.5 grams of the ore were weighed out and placed each into 250 mL Erlenmeyer flasks. To each sample 10 mL of 3M H2SO4, 2 mL of H3PO4 and distilled water were added to dissolve the samples. Using the standardized KmnO4 solution to titrate each sample dropwise, the end point was taken as the faintest shade of pink remaining after 15 seconds of swirling.

Observations:



The sodium oxalate sample obtained was a white crystalline powder with no distinctive odour. The potassium permanganate solution was a dark purple colour, also with no odour. 


The solutions made from the sulfuric and sodium oxalate took on a murky white translucence, with some oxalate chunks ( that refused to break) floating around. As the solutions were heated for the end points, the solution was pretty much transparent (save for a minute amount of sediment), until the end point was reached and the solution turned a pale pink.


The following observations made during the determination of the iron content mirrored thus made in the standardization of the potassium permanganate, except that instead of sodium oxalate, the ore sample was used.  The iron ore numbered # 185 was also a powdery substance. 

Data:

Table 1: Standardization of the permanganate solution. 
Sample
Weight (+ 0.0001 g)
Vol KMnO4 (+ 0.01 mL)

1
0.2615
42.66

2
0.2656
40.41

3
0.2539
39.95

titration is performed between 55 and 60 (C

Table 2: Determination of Fe+2 content in a sample of iron ore.

Iron ore sample 

# 185
Sample
Weight (+ 0.0001 g)
Vol KMnO4 (+ 0.01 mL)


1
1.5070
15.8


2
1.5123
16

Table 3: Results of calculations for the standardization of the permanganate solution.

Sample
Moles C2O4 -
Moles MnO4 - 
Molarity KmnO4 - 

1
1.95 E - 3
7.8 E - 4
0.0183

2
1.98 E - 3
7.9 E - 4
0.0196

3
1.89 E - 3
7.6 E - 4
0.0189

Table 4: Results of calculations for the determination of the percentage of iron.
Sample
Moles MnO4-
Moles Fe+2
Grams Fe+2
% Fe+2 in Ore 

1
2.99E-4
1.49E-3
0.083
5.53

2
3.04E-4
1.5E-3
0.084
5.58

Calculations:

1) Molarity of KmnO4:

Amount of KmnO4 needed to react with 0.2615g (sample #1) of C2O4 -:

Volume = (40mL x mass C2O4) / 0.3 g


 = (40mL x 0.2615g) / 0.3 g = 34.86 mL

An extra 7.8mL was used on top of this volume which gives 34.86 mL + 7.8 mL = 42.66 mL (for sample # 2 and 3 it was 35.41 mL + 5 mL = 40.41 mL and 33.85 mL + 6.1 mL = 39.95 mL respectively.)

Moles of C2O4 -: the molar mass of C2O4 being 134.09 g/mol

Moles = mass / atomic mass


= 0.2615 g / 134.09 g/mol = 1.95E-3 moles (sample # 1)

Moles of MnO4 -: Since the molar fraction between moles of KmnO4 and moles of C2O4 is 2 / 5 then

Moles MnO4 - = (2/5) moles C2O4 – 



 = (2/5) 1.95E-3 moles = 7.8E-4 moles

Molarity of the KmnO4 for sample # 1 can now be found:


Molarity = moles / volume



   = 7.8E-4 moles / 0.04266 L
= 0.0183 M

2) % of Fe+2 content: 

Use the average molarity of KmnO4 = (0.0183M + 0.0189M + 0.0196M) / 3 = 0.0189M

Since 15.8 mL (sample # 1) of KmnO4 were used, the moles of MnO4- are:



 = 0.0189 M x 0.0158 L = 2.99E-4 moles

Having the moles of KmnO4, use the molar fraction of 5/1 between KmnO4 and Fe+2:



=2.99E-4 moles x 5 = 1.49E-3

With the molecular mass of Fe+2 being 55.847 g/mol find the amount of Fe+2:



=1.49E-3 moles x 55.847 g/mol = 0.083 g

With the weight of Fe+2, find the % Fe using the original mass of sample # 1, which is 1.5070 g:

% Fe = (weight of Fe+2 / original weight) x 100 

         = (0.083 / 1.507 g) x 100 = 5.53 %

3) Average value and precision of values:


Average = (5.53% + 5.58%) / 2 = 5.56%


Difference between = | 5.58% - 5.53% | = 0.05%

Relative spread/ precision = [difference between results / average value] x 1000

  = (0.05 % / 5.56%) x 1000 = 8.99 => 9ppt 

Relative error for sample 1 =  [(value – accepted) / accepted] x 100% 


 (accepted percentage value = 5.66%)

= [(5.53% - 5.66%) / 5.66%] x 100% = -2.2%

Relative error for sample 2 = [(5.58% - 5.66%) / 5.66%] x 100% = -1.4% 

Discussion:
Though a value of 9 parts per thousand just falls within the satisfactory limit for the relative spread of 10 ppt it seems that perhaps if any side reactions had been further prevented a more conservative result could have been reached. As well, there was the factor of performing the lab in a haste that undoubtedly increases the instance of human error. Perhaps the greatest contribution to any error was in measuring the volumes of the permanganate used. Overall though, the procedure was fairly straightforward and produced adequate results. The actual % of Fe was 5.66%, obtaining an average of 5.56% is consistent enough to be satisfactory.

Conclusion:

The percentage content of Fe+2 for samples 1 and 2 were, 5.53% and 

5.58% respectively with a relative spread of 9ppt.

The relative error was found to be –2.2% for sample 1 and –1.4% for sample 2.
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