A student investigates how the rate of reaction between dilute hydrochloric acid and aqueous
sodium thiosulfate changes as the concentration of the aqueous sodium thiosulfate decreases.
During the reaction, the solution slowly becomes cloudy. As the solution becomes cloudy, it
becomes more difficult to see through the solution.

The student does five experiments.
Experiment 1

«  Use a 50cm? measuring cylinder to pour 50 cm3 of aqueous sodium thiosulfate into a 100cm?
beaker.

« Use a 10cm3 measuring cylinder to pour 5cm?3 of dilute hydrochloric acid into the beaker
containing the aqueous sodium thiosulfate.

* Immediately start a stop-watch and stir the contents of the beaker.

 Stand the beaker on a printed sheet and look down from above the beaker as shown in
Fig. 2.1.
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Fig. 2.1

*  When the text on the printed sheet is not visible, stop the stop-watch and record the time to
the nearest whole number of seconds.

*  Empty the contents of the beaker and rinse the beaker with distilled water.

Experiment 2

«  Repeat Experiment 1 using 40 cm? of aqueous sodium thiosulfate instead of 50cm3. Use the
50 cm?3 measuring cylinder to add 10cm? of distilled water to the beaker before adding the
dilute hydrochloric acid.

Experiment 3

«  Repeat Experiment 2 using 30 cm? of aqueous sodium thiosulfate and 20 cm?3 of distilled water.

Experiment 4

«  Repeat Experiment 2 using 25cm?3 of aqueous sodium thiosulfate and 25cm3 of distilled water.

Experiment 5

«  Repeat Experiment 2 using 20 cm? of aqueous sodium thiosulfate and 30 cm? of distilled water.

(@) Use the information in the description of the experiments and the stop-watch diagrams to
complete Table 2.1.

Table 2.1
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(b) Write a suitable scale on the y-axis and plot the results from Experiments 1 to 5 on Fig. 2.2.

Draw a curve of best fit.
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(c) The relative rate of reaction in each experiment is calculated using the equation shown.
relative rate of reaction = ——
time taken
(i) Calculate the relative rate of reaction in Experiment 1.
Do not give units for your answer.
relative rate of reaction = ..............cooeevinnnnnnn. [1]
(if) State in which Experiment, 1, 2, 3, 4 or 5, the relative rate of reaction was greatest.
..................................................................................................................................... [1
(d) In each experiment the total volume of aqueous sodium thiosulfate and distilled water is

constant.

(i) Calculate the volume of distilled water needed when the volume of aqueous sodium
thiosulfate is 37 cm3.

volume = ..., [2]
(ii) From your graph in Fig. 2.2, deduce the time for the text to not be visible when the
volume of aqueous sodium thiosulfate is 37 cm3.
Show clearly on Fig. 2.2 how you worked out your answer.
time = .. s [2]
(iii) Explain why the total volume of aqueous sodium thiosulfate and distilled water is kept
constant.
..................................................................................................................................... [1]
(e) (i) State why measuring the volume of the dilute hydrochloric acid with a burette instead of
a measuring cylinder would be an improvement.
..................................................................................................................................... [1]
(ii) Explain why it is not possible to use a volumetric pipette to measure the volume of

aqueous sodium thiosulfate in each experiment.

(f) Explain why it is important not to change the size of the beaker to a larger beaker during the
investigation.
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