Calculating Kc for an equilibrium reaction
Part 1:  Calculating Kc:

Example mixture A:  6.55 cm3 0.5M NaOH neutralised the mixture

For the equilibrium:

	
	
	
	HCl
	
	

	
	CH3COOH
	C2H5OH
	
	CH3COOC2H5
	H2O



Remember:
	Kc       =
	[Products]

	
	[Reactants]

	Kc       =
	[CH3COOC2H5]  [H2O]

	
	[CH3COOH]  [C2H5OH]



· You are after the equilibrium concentrations.  These can be worked out from the starting moles and an equilibrium mole value.


	
	
	
	HCl
	
	

	
	CH3COOH
	C2H5OH
	
	CH3COOC2H5
	H2O

	Vol start (cm3)
	30
	30
	
	30
	10

	Mass start (g)
	
	
	
	
	

	Moles start
	
	
	
	
	

	Moles eqm
	
	
	
	
	

	Moles reacted
	
	
	
	
	

	Conc eqm
	
	
	
	
	




The calculation

A)  Easy bit – moles at the start
Calculation:

1. Use the densities from Activity 17 sheet to calculate the masses of the molecules at the start – fill in the table above.









2. Use the Mr’s of the molecules to calculate the moles at the start – fill in the table above.




B) Difficult bit – moles of CH3COOH at equilibrium:

	

	· Your mixture contains 2 acids:

HCl  and CH3COOH

· Both of these will react with NaOH: 
· 1cm3 of your equilibrium mixture was removed.  That is 1/100th of your original amount.


HCl  +  NaOH    NaCl  +  H2O

CH3COOH  +  NaOH    CH3COONa  +  H2O

· Both react as 1:1 ratio.  
· Overall NaOH : Acid is 1:1


	Equilibrium mixture (100cm3)
	Titrated mixture – 1cm3 of equilibrium mixture made up to 25 cm3 with distilled water then titrated.
	


· Remember HCl is the catalyst.  If you know how many moles of HCl you started with, that’s how many moles you have at the end too.
· You can work out how many moles of both acids has been neutralised by the NaOH
· If you know how much of that is HCl then you can work out the moles of CH3COOH

Moles of CH3COOH = Moles of both acids  -  Moles of HCl

Calculation:

1. Calculate the number of moles of NaOH that neutralised both acids in the titration.





2. Use the ratio to calculate the number of moles of both acids in the titration.





3. Calculate the number of moles of both acids in the original 100cm3 flask.





4. Calculate the number of moles of HCl catalyst from activity sheet 17.





5. Calculate the number of moles of CH3COOH at equilibrium.








C) Moles of the rest of the reactants and products at equilibrium:
· Once you know one of the moles at equilibrium, you can calculate how many moles of that one has reacted.
· You can then use the molar ratios in the chemical equation to calculate the remaining amounts of moles reacted and moles at equilibrium:

Start by transferring your numbers to the table below:

	
	
	
	HCl
	
	

	
	CH3COOH
	C2H5OH
	
	CH3COOC2H5
	H2O

	Moles start
	
	
	
	
	

	Moles eqm
	
	
	
	
	

	Moles reacted
	
	
	
	
	

	Conc eqm
	
	
	
	
	



Calculation:

1. Calculate the number of moles of CH3COOH reacted using the table


2. Use the molar ratio to calculate how many moles of C2H5OH reacted


3. Use the molar ratio to calculate how many moles of CH3COOC2H5 produced.  This is the moles at equilibrium.


4. Use the molar ratio to calculate how many moles of H2O produced.  This is the moles at equilibrium.


5. Now go back and calculate the moles of C2H5OH at equilibrium.


6. Remember all these amounts need to be as concentrations.  Your total volume was 100cm3.  Use the concentration moles formula to calculate the concentration at equilibrium (Conc = moles x 1000/vol).




7. Now plug these values into your equilibrium expression and calculate the value.  Don’t forget to work out the units.

	Kc       =
	[CH3COOC2H5]  [H2O]

	
	[CH3COOH]  [C2H5OH]




8. Calculate your value for Kc using the results you obtained during the experiment.




Part 2:  Calculating the enthalpy change for the reaction
· In order to find out how equilibria is affected by temperature, you need to calculate the enthalpy change for the reaction.
· This is done by constructing a Hess’s cycle and using the information off Activity 17 sheet.
· Remember the clue as to which Hess’s cycle to use is the data you are given.
· Construct a Hess’s cycle and calculate the Standard Enthalpy change for the equilibrium reaction.















Questions:

1. Discuss the effect on calculated Kc if concentration of NaOH was actually less than the stated 0.5M


2. Use the standard enthalpy change for the reaction to determine effect on calculated Kc if temperature was increased.


3. Use the standard enthalpy change for the reaction to determine effect on calculated Kc if temperature was decreased.



4. Discuss the effect on calculated Kc if more ethanoic acid was added.

5. Was the total volume actually required in the equilibrium expression?  

Clue – re write the equilibrium expression using the concentration formulas
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