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Q1. 
A student investigated the rate of reaction between sodium thiosulfate solution and 
hydrochloric acid. 

Figure 1 shows the apparatus used. 

Figure 1 

 

When hydrochloric acid is added to sodium thiosulfate solution, the mixture gradually 
becomes cloudy. 

A smaller percentage of light from the light source reaches the light sensor as the mixture 
becomes more cloudy. 

This is the method used. 

1.  Measure 50 cm3 of sodium thiosulfate solution into the beaker. 

2.  Add 10 cm3 of hydrochloric acid to the sodium thiosulfate solution. 

3.  Immediately start a timer. 

4.  Record the percentage of light from the light source that reaches the light sensor 
every 20 seconds for 120 seconds. 

(a)  Balance the equation for this reaction. 

Na2S2O3 + 2 HCl → ____ NaCl + H2O + SO2 + S 
(1) 

(b)  The mixture becomes cloudy because the sulfur produced is a solid. 

What is the state symbol for a solid? 

Tick (✓) one box. 
  

(aq) 
 

(g) 
 

(l) 
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(s) 
 

(1) 

(c)  The student monitored the cloudiness of the reaction mixture using a light sensor. 

What other piece of equipment could be used to monitor the cloudiness of the 
reaction mixture? 

Tick (✓) one box. 
  

A balance 
 

A cross on a piece of paper 
 

A gas syringe 
 

A thermometer 
 

(1) 

Figure 2 shows the results. 

Figure 2 
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(d)  What happened to the rate of reaction between 40 and 60 seconds? 

Use Figure 2. 

Tick (✓) one box. 
  

The rate of reaction decreased. 
 

The rate of reaction stayed at zero. 
 

The rate of reaction increased. 
 

(1) 

(e)  The student stopped taking measurements after 120 seconds because the 
percentage of light reaching the sensor stayed constant. 

Why did the percentage of light reaching the sensor stay constant? 

Tick (✓) one box. 
  

No light was reaching the sensor. 
 

One of the reactants was used up. 
 

The reaction was too vigorous. 
 

(1) 

(f)  The student repeated the experiment using sodium thiosulfate solution of a higher 
concentration. 

How would the line of best fit for sodium thiosulfate solution of a higher 
concentration compare with the line of best fit on Figure 2? 

Tick (✓) one box. 
  

Initially the line of best fit would be less 
steep.  

Initially the line of best fit would be the 
same steepness.  

Initially the line of best fit would be 
steeper.  

(1) 

(g)  The student then investigated the effect of changing the temperature on the rate of 
reaction. 
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The student used sodium thiosulfate solution and hydrochloric acid which had been 
kept in an ice bath. 

Which are two effects of using reactants kept in an ice bath rather than at room 
temperature? 

Tick (✓) two boxes. 
  

Fewer reactant particles have the 
activation energy.  

The reactant particles collide more 
frequently.  

The reactant particles have more 
energy.  

The reactant particles move more 
slowly.  

There are fewer reactant particles in 
the same volume.  

(2) 
(Total 8 marks) 

Q2. 
A student investigates the effect of concentration on the rate of reaction. 

The student reacts sodium thiosulfate solution with dilute hydrochloric acid. 

This produces a cloudy mixture. 

(a)     The cloudiness is produced by the formation of solid sulfur. 

How should sulfur be written in the chemical equation for this reaction? 

Tick (✔) one box. 
  

S(aq) 
 

  S(g) 
 

  S(l) 
 

  S(s) 
 

(1) 

The diagram shows some of the apparatus the student uses. 
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This is the method used. 

1. Measure 40 cm 3 sodium thiosulfate solution into a conical flask. 
2. Stand the flask on a piece of paper with a cross drawn on it. 
3. Add 10 cm 3 of dilute hydrochloric acid to the flask. 
4. Time how long it takes the cross to become no longer visible. 
5. Repeat steps 1‒4 twice more. 
6. Repeat steps 1‒5 with sodium thiosulfate solutions of different concentrations. 

(1) 

(b)     Which apparatus could be used to measure 10 cm3 of dilute hydrochloric acid? 

Tick (✔) one box. 
  

Beaker 
 

Boiling tube 
 

Measuring cylinder 
 

Test tube 
 

(1) 

(c)     Draw one line from each type of variable to the description of the variable. 
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(2) 

(d)     The student draws a new cross for each experiment. 

Suggest why this might give inaccurate results. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(e)     The table shows the student’s results for sodium thiosulfate solution with a 
concentration of 12 g / dm3 

  
Time for cross to become no longer visible in s 

Trial 1 Trial 2 Trial 3 Mean 

43 78 41 X 

Calculate value X in the tabble. 

Do not use any anomalous results in your calculation. 

___________________________________________________________________ 

___________________________________________________________________ 

X = ____________________ s 
(2) 

(f)      The graph shows some of the student’s results. 
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Draw a smooth curve of best fit on the graph above. 
(1) 

(g)     Another student does the same investigation. 

Both students have a similar pattern in their results. 

Which word describes investigations performed by different students, which give a 
similar pattern of results? 

Tick (✔) one box. 
  

Accurate 
 

Precise 
 

Reproducible 
 

Valid 
 

(1) 

(h)     The more concentrated the sodium thiosulfate solution, the less time is taken for 
the cross to become no longer visible. 

Give two reasons why. 
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Tick (✔) two boxes. 
  

Particles are more spread out 
 

Particles collide more frequently 
 

Particles have more energy 
 

Particles move more quickly 
 

There are more particles in a fixed volume 
 

(2) 
(Total 11 marks) 
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Mark schemes 

Q1. 
(a)  Na2S2O3 + 2 HCl → 2 NaCl + H2O + SO2 + S 

allow multiples 
1 

(b)  (s) 
1 

(c)  a cross on a piece of paper 
1 

(d)  the rate of reaction decreased 
1 

(e)  one of the reactants was used up 
1 

(f)  initially the line of best fit would be steeper 
1 

(g)  fewer reactant particles have the activation energy 
1 

the reactant particles move more slowly 
1 

[8] 

Q2. 
(a)     S(s) 

1 

(b)     measuring cylinder 
1 

(c)       
1 

allow for 1 mark an answer of dependent variable --- 
concentration of sodium thiosulfate solution and independent 
variable --- time for cross to become no longer visible 

1 

(d)     cross might be darker or paler 
allow cross may not be the same size / shape 

1 

(e)       
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an answer of 42 (s) scores 2 marks 
1 

= 42 (s) 
an answer of 54 (s) scores 1 mark 

1 

(f)      smooth curve through all points 
must touch all crosses 
do not allow straight lines between points 
ignore attempt to plot X 

1 

(g)     reproducible 
1 

(h)     particles collide more frequently 
1 

there are more particles in a fixed volume 
1 

[11] 


