[image: image1.jpg]SSERC




	Simple Chemical Reactions

	Determination of Ka for a weak acid


 

Introduction

The acid dissociation constant (Ka) is a measure of how strong an acid is in solution.
Here are two simple methods for determining this value experimentally.
Method 1 – Propanoic acid
You will need

	Access to a balance (2 dp)
	25m cm3 volumetric flask

	Propanoic acid 
	1 x pasteur pipette

	pH meter
	Wash bottle of distilled water

	Small beaker
	


To do
a. Weigh an empty 250 cm3 volumetric flask and record its mass.
b. Add 3 drops of pure propanoic acid and record the mass again
c. Carefully add distilled water to the flask up to the mark on the neck.
d. Stopper the flask and invert it several times to make sure the solution is thoroughly mixed.
e. Pour some of the solution into a beaker and measure the pH
What is happening?

It is possible to calculate the acid dissociation constant (Ka) using the following equation.
Ka  =  

[H+] [propanoate-]
   These are the same so you can  use [H+]2

[Propanoic acid]
Do carry out the calculation, though, two assumptions are made.
1.  [H+] is the same as the [propanoate-]. This does ignore the small contribution from H+ ions in the water but given that the concentration of H+ ions from the acid is over 1000 times greater, this will have a negligible effect.

To find the concentration of acid from the pH,  [H+] = 10 -pH
2. Only a negligible fraction of the propanoic acid has ionised. This is not really valid for solutions as dilute as those used here.
It is possible to alter the equation to take account of this by changing it to 

Ka  =  

[H+]2



[Propanoic acid] - [H+]
as the concentration of propanoate will equal that of the hydrogen ions)

The literature value is 1.3 x 10-5 mol dm-3. How close are you?
Safety

Propanoic acid is corrosive. Wear goggles (BS EN166 3).
The solution is of no significant hazard.
It is the responsibility of teachers doing this demonstration to carry out an appropriate risk assessment.
Method 2 – ethanoic and benzoic acids

You will need

	Measuring cylinder (10 or 25 cm3 )
	0.02 M ethanoic acid

	0.02 M benzoic acid 
	0.02 M sodium ethanoate

	0.02 M sodium benzoate
	pH meter

	100 cm3 beaker
	


To do
a. Measure out 20 cm3 of ethanoic acid solution into the beaker.
b. Add 20 cm3 of sodium ethanoate solution.
c. Mix the solutions thoroughly and measure the pH
d. Rinse out the flask and then repeat the experiment with benzoic acid and sodium benzoate.
What is happening?

As in the previous experiment, it is possible to calculate the acid dissociation constant (Ka) using the following equation.

Ka  =  

[H+] [ethanoate-/benzoate-]



[acid]
In this case, as the acids do not dissociate very much and the salt is added too, the concentrations of the ethanoate ions and the ethanoic acid are effectively the same so the equation simplifies to:
Ka  =  
[H+]

The same applies to the benzoic acid.
The textbook values are ethanoic acid – 1.7 x 10-5 and benzoic acid 6.3 x 10-5 mol dm-3.

Safety

At the concentration being used, the solutions are of no significant hazard.
It is the responsibility of teachers doing this demonstration to carry out an appropriate risk assessment.
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