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Introduction 
A vinegar solution was obtained from a leading supplier.  The label gave the concentration of ethanoic acid as 56.1 gdm-3.  A student was asked to check the concentration of the acid using standard sodium hydroxide solution.

The student decided to use a measuring cylinder to obtain 25.0 cm3 of the supplier’s solution.  This was poured into a 250 cm3 graduated flask and the liquid level was made up to the mark with de-ionised water.

The student filled a burette with the acid solution.  The following results were obtained when 25.0 cm3 portions of sodium hydroxide solution of concentration 0.100 moldm-3, measured by pipette, were titrated against  the acid solution using phenolphthalein as indicator.

	Titration number
	1
	2
	3
	4
	5

	Final burette reading/cm3
	28.60
	28.00
	28.25
	28.15
	40.75

	Initial burette reading/cm3
	0.05
	0.05
	0.05
	0.10
	12.75


Analysis

1.
Assume that the only acid present in vinegar is ethanoic acid (Mr = 60).  Representing ethanoic acid as HA, write an equation for the reaction of HA with sodium hydroxide

…………………………………………………………………………………..

2.
Use all of the concordant results in the table above to determine an average titre.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
3.
Determine the concentration in moldm-3, of the diluted acid solution.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

4.
Use your answer from part 3, determine the concentration in gdm-3, of the acid in the original solution.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

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


25 cm3 measuring cylinder
=
+- 0.5 cm3

250 cm3 volumetric flask
=
+- 0.5 cm3

25 cm3 pipette 

=
+- 0.05 cm3

burette total error

=
+- 0.15 cm3

Estimate the percentage maximum errors for the apparatus used in this experiment, and hence the maximum overall apparatus error.


……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Evaluation

1.
By analysis of results given, comment on the consistency of the titration results.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

2.
Calculate the difference between the concentration determined by the student and the value given by the supplier.  Express this as percentage of the supplier’s value.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

3.
Assuming that the supplier’s analysis was correct, comment on the magnitude of the difference between the value provided by the supplier and your calculated value.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

4.
State how the student’s method of preparing the diluted acid solution could be improved and explain why this would improve the accuracy of the experiment.


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
