
LABORATORY 5
CHEMICAL PRINCIPLES II LAB

Reaction between Sodium Oxalate and Potassium Permanganate:

An Oxidation-Reduction Titration

TASK:  To determine the amount of oxalate in an impure sample through the use



of a titration with potassium permanganate, after standardization with



pure sodium oxalate.  The titration is based on oxidation-reduction



properties of the reactants.  
BACKGROUND INFORMATION:

The technique of titration has been used previously in acid-base reactions to detect the amount of acid using a known base (or the reverse).  It can also be used in situations in which the reaction involves oxidation and reduction.

Oxidation is defined as the loss of electrons (on right of arrow) or increase in oxidation state (each C changes from +3 to +4) as shown below by the half-reaction involving oxalate ion.



C2O42-     →    2 CO2  +  2 e-
Reduction is shown by the permanganate ion as it gains electrons and Mn decreases in oxidation state from +7 to +2.



8 H+   +   MnO4-   +   5 e-     →     Mn2+   +   4 H2O

Oxidation and reduction must occur together and are often designated as redox processes to emphasize this; the number of electrons lost by one substance must equal the number of electrons gained by the other substance.  If we combine the two half-reactions above, we would end with a balanced net ionic equation if we have a total of 10 electrons exchanged.


16 H+   +   2 MnO4-   +    5 C2O42-    →     2  Mn2+   +   10 CO2    +   8 H2O


Because the materials we weigh and measure occur as compounds, it is often useful to have the balanced molecular equation (sometimes called the balanced total equation).

     8 H2SO4  +  2 KMnO4  +  5 Na2C2O4   →   2  MnSO4  +  10 CO2  +  K2SO4  +  5 Na2SO4  +  8 H2O

Potassium permanganate is reduced because it contains the permanganate ion; we can also say that it behaves as an oxidizing agent because it causes something else to become oxidized (the oxalate).  Sodium oxalate is oxidized because it has the oxalate ion and we could also specify it as the reducing agent because it causes the permanganate to become reduced.  It can also be seen from both the net ionic equation or molecular equation that acid is required for this reaction to occur;  i.e., H+ or H2SO4 show up in the balanced equations.  We also know from the previous experience that a temperature higher than room temperature makes a reaction more rapid.
__________________________________________________________________

PRECAUTIONS:


*  You MUST wear safety goggles at all times while in the laboratory.


*  KMnO4 (potassium permanganate) stains skin and clothes, the purple color



changes to dark brown.  It will wear off the skin with normal washing, but



will cause a permanent stain on clothing.



-- you may wish to wear gloves and an apron or lab coat


*  It is always a good idea to



-- wash your hands well if in contact with chemicals



-- don’t rub your eyes with your fingers



-- wash your lab bench well to remove any spills


*  All solutions should be placed in the special containers in the hoods.


*  Pipets should be used only with bulbs or pumps.  NO pipeting by mouth!

*  All normal safety rules must be obeyed, including any special precautions



issued by your instructor.

__________________________________________________________________

PROCEDURE:  (WORK INDIVIDUALLY)

I.  PREPARATION of KMnO4 SOLUTION 


A.
You will receive a vial containing about 2-4 grams of KMnO4.  Empty the


contents into a clean 500-mL (or larger) flask; you do not need to weigh 


the contents because the next part will involve standardizing the molarity 


of this solution.  Using a 100-mL graduated cylinder, add 100 mL of 


distilled water to the flask; swirl and mix well; add another 100-mL of 


distilled water, mix and swirl; continue until a total of 400 mL of distilled 


water has been added.



This solution is so dark that it is difficult to find out if all of the potassium



permanganate has dissolved.  It would be a good idea to carefully pour



it into another large container to see if some undissolved solid is left in



the original flask.  If so, pour it back and continue to stir and swirl. 

Question #1:  We will titrate this solution later to find out its exact molarity, but 
for now it might be a good idea to have an estimate of the rough “ballpark” molarity.  [Hint:  Assume that there was about 3 g of KMnO4 (fw = 158.04) in your vial.]

B.
Obtain a 50-mL buret, clean it, and rinse a couple of times with distilled



water.  Rinse twice with about 10-mL of your KMnO4 solution (discard



the rinsings in the container in the hood) and then fill the buret with the



solution, making sure that the tip contains no air bubbles.

II.  STANDARDIZATION of the KMnO4 SOLUTION

A.
Weigh approximately 2 grams of pure sodium oxalate, Na2C2O4 (fw = 



133.96) in a plastic weighing boat.  Record the exact weight measured.



Transfer the solid to a 100- or 150-mL beaker.  Rinse the boat into the 



beaker with a small amount of 3 M H2SO4; then add about 50 mL of the



3 M H2SO4 and swirl to dissolve.  You may need to heat this gently (DO



NOT BOIL) to promote the dissolving.  


B.
Transfer the solution to a clean 100-mL volumetric flask.  Rinse the 



beaker with a small amount of 3 M H2SO4 and add the liquid to the flask.  


Mix, then fill to the 100-mL line with 3 M H2SO4.  Cap and mix well.



Question #2:  What is the molarity (M) of the Na2C2O4 solution?



Example:  A student weighed 1.876 g of Na2C2O4


1.876 g Na2C2O4   x  ​​_1 mole Na2C2O4     =   0.1400 M


0.1000 L solution
     133.96 g Na2C2O4

C.
Using a 10-mL graduated disposable pipet, transfer 20 mL of the sodium



oxalate known solution to each of 4 clean 125- or 250-mL flasks.


D.
Record the initial reading of KMnO4 in the buret.



Warm the contents of the first flask to 70-90°C (DO NOT BOIL!).



Titrate to a very faint pink endpoint (reminds you of the phenolphthein endpoint).



Record the final reading of KMnO4 in the buret.


E.
Refill the buret and repeat step (D) for the other 3 samples.  All solutions



in the flasks may be placed in the containers in the hoods when the



titrations are finished.  [Keep the KMnO4 in the buret; you need it for the



next part.]


Question #3:  What is the molarity (M) of the KMnO4 solution?



Example:  Sample #1 required 21.20 mL of KMnO4 to reach the endpoint



20.0 mL Na2C2O4   x   0.1400 moles Na2C2O4   x     2 moles KMnO4


21.20 mL KMnO4

1 L Na2C2O4 sol’n
  5 moles Na2C2O4



= 0.0528 M KMnO4 solution



Is this a reasonable answer when you consider the “ballpark” guess from



Part I?

F.
DATA for STANDARDIZING KMnO4 with pure Na2C2O4

	
	Na2C2O4
	
	
	KMnO4
	
	

	TRIAL
	mL
	Molarity
	final mL
	initial mL
	mL used
	M KMnO4

	#1
	20.00
	 
	 
	 
	 
	 

	#2
	20.00
	(
	 
	 
	 
	 

	#3
	20.00
	same
	 
	 
	 
	 

	#4
	20.00
	(
	 
	 
	 
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	average
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	std dev
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	95% conf
	 


III.  DETERMINATION of Na2C2O4 in an UNKNOWN

A.
Obtain an unknown from your instructor.  Record the number # _______..



Measure about 1 gram of unknown for each of 4 titrations.  Record the



masses of each.  Transfer to 4 clean 125- or 250-mL flasks, rinsing each



weighing boat with a small amount of 3 M H2SO4 and add to the flasks.



Using a graduated cylinder, add 25 mL of 3 M H2SO4 to each flask and



swirl to dissolve.


B.
Record the initial volume of KMnO4 in the buret.  Heat the first flask to



about 70-90°C and titrate to a faint pink endpoint as before.  Record the



final volume of KMnO4 in the buret.  Repeat with the remaining 3 




samples.  The contents of the flasks may be placed in the special 




containers in the hoods.


Question #4:  What is the % (by weight) of Na2C2O4 in the sample?


Example:  Trial #1 of the unknown contained 1.104 g of unknown and required



23.65 mL of the 0.0528 M KMnO4 (average value of molarity from the 



first part) to reach the endpoint.



0.02365 L KMnO4   X   0.0528 moles KMnO4   X   5 moles Na2C2O4






L KMnO4 sol’n
        2 moles KMnO4
=  3.12 X 10-3 moles Na2C2O4
3.12 X 10-3 moles Na2C2O4   X   133.96 g Na2C2O4   =  0.418 g Na2C2O4






     1mole Na2C2O4


% Na2C2O4   =   0.418 g Na2C2O4   X   100   =   37.9 % Na2C2O4




        1.104 g sample


C.  DATA for DETERMINING % Na2C2O4 in the UNKNOWN # ________

	
	
	
	KMnO4
	
	
	

	TRIAL
	grams of unknown
	final mL
	initial mL
	mL used
	grams Na2C2O4
	percent Na2C2O4

	#1
	 
	 
	 
	 
	 
	 

	#2
	 
	
	 
	 
	 
	 

	#3
	 
	 
	 
	 
	 
	 

	#4
	 
	
	 
	 
	 
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	average
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	std dev
	 

	/////////////
	/////////////
	/////////////
	/////////////
	/////////////
	95% conf
	 


IV.  CLEAN-UP

A.
The oxalate (colorless) solution in the volumetric flask may be flushed



down the sink with running tap water.  All solutions containing potassium



permanganate (purple) should be placed in the special containers in the



hoods.  All glassware may be rinsed with tap water into the sinks.


B.
The disposable pipets should be placed in the “GLASS DISPOSAL”



boxes.


C.
Clean your equipment and lab bench areas.


D.
Have your instructor initial your lab book.


E.
LOCK your LOCKER!


F.
WASH your HANDS before leaving!

__________________________________________________________________

Report:  Propagate the error you expect from the uncertainties of the measurements you take.  Compare this to your standard deviation for your trials.  Submit your answer to the lab instructor before you leave the lab.  You will be told if you need to repeat the experiment.  Prepare a normal formatted report.
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