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1.
Determination of the dissociation constant of a weak acid


Skills assessed: Analysing (8 marks) and Evaluating (6 marks)


Introduction


The pKa value of a weak monoprotic acid can be determined by adding enough sodium hydroxide solution to a solution of the acid to neutralise exactly half of the acid. The pKa value of the acid is equal to the pH of this half-neutralised mixture. Such a mixture can be formed during a titration, when alkali is added from a burette to the acid in a conical flask.


A chemist used a pH curve to determine the pKa value of an unknown weak monoprotic organic acid. The chemist transferred 25.0 cm3 of a solution of the acid into a conical flask using a pipette, and measured the pH of the acid solution using a pH meter accurate to one decimal place. A solution of sodium hydroxide of concentration 0.100 mol dm–3 was added from a burette in small portions. The pH of the mixture was recorded after each addition of the sodium hydroxide solution.
The chemist’s results are given in Table 1 below.

Table 1

	Volume of sodium hydroxide solution added / cm3
	pH
	Volume of sodium hydroxide solution added / cm3
	Ph

	0.0
	2.0
	23.0
	5.3

	2.0
	2.4
	23.5
	6.0

	4.0
	2.5
	24.0
	6.4

	8.0
	2.6
	24.5
	11.7

	12.0
	3.0
	25.0
	12.0

	16.0
	3.5
	26.0
	12.2

	20.0
	4.6
	28.0
	12.6

	22.0
	5.4
	
	



Analysis

1.
Use the results given in the table above to plot a graph of pH (on the y-axis) against volume of sodium hydroxide solution added (on the x-axis). Use the points to draw the pH curve in the way you think is most appropriate.
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2.
Use your graph from part 1 to determine:

(a)
the volume of sodium hydroxide solution at the end-point of the titration

................ cm3
(b)
the volume of sodium hydroxide solution needed to half-neutralise the acid

............... cm3
(c)
the pH of the half-neutralised mixture.

................

3.
Use the pH of the half-neutralised mixture from part 2 (c) to calculate the value of the acid dissociation constant, Ka, of the weak acid. (pKa = –log10Ka)

........................................................................................................................

........................................................................................................................

........................................................................................................................

4.
The weak acid is known to be one of the following.

Table 2

	Acid
	Ka/mol dm–3

	Trichloroethanoic acid
	2.3 × 10–1

	Dichloroethanoic acid
	5.0 × 10–2

	Chloroethanoic acid
	1.3 × 10–3

	Methanoic acid
	1.6 × 10–4

	Ethanoic acid
	1.7 × 10–5



Use your answer from part 3 and the data in Table 2 to identify the unknown acid.

........................................................................................................................

5.
Assume that the maximum errors for the apparatus used in this experiment are


pipette
± 0.05 cm3
burette total error
± 0.15 cm3 (from two readings and an end-point error)
pH meter
± 0.1 pH units


Estimate the percentage maximum error in using each piece of apparatus and, hence, the maximum overall apparatus error. Use the volume of sodium hydroxide at the end-point to estimate the error in using the burette, and the pH of the half-neutralised mixture to estimate the error in using the pH meter.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

(8)


Evaluation
1.
Calculate the difference between the value of Ka obtained from the graph and the value of Ka or the acid given in Table 2. Express this difference as a percentage of the value given in Table 2.

If you could not complete part 3 of the Analysis section, you should assume that the value of Ka determined from the graph is 1.6 × 10–3. (This is not the correct answer.)

........................................................................................................................

........................................................................................................................

2.
Comment on the magnitude of the difference between the value of Ka obtained from the graph and the value of Ka for the acid given in Table 2.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

3.
State two ways in which the chemist’s method of performing the experiment could be improved.

........................................................................................................................

........................................................................................................................

........................................................................................................................

.......................................................................................................................

(6)

(Total 14 marks)
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