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Q1. 
A student investigated the rate of decomposition of hydrogen peroxide using three 
different catalysts: 

•   manganese dioxide 
•   copper oxide 
•   zinc oxide. 

Figure 1 shows the apparatus. 

Figure 1 

 

This is the method used. 

1. Measure 20 cm3 of hydrogen peroxide solution into a flask. 

2. Add 0.5 g of manganese dioxide catalyst to the flask. 

3. Attach a gas syringe to the flask. 

4. Measure the volume of oxygen produced every 30 seconds for 180 seconds. 

5. Repeat steps 1 to 4 two more times. 

6. Repeat steps 1 to 5 using copper oxide catalyst. 

7. Repeat steps 1 to 5 using zinc oxide catalyst. 

(a)  The equation for the decomposition of hydrogen peroxide is: 

2 H2O2 → 2 H2O + O2 

Describe a test to identify the gas produced in the reaction. 

Test  ______________________________________________________________ 

___________________________________________________________________ 

Result  ____________________________________________________________
_ 
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___________________________________________________________________ 
(2) 

(b)  Using 10 cm3 of hydrogen peroxide solution gives less accurate results than using 
20 cm3 of hydrogen peroxide solution of the same concentration. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(c)  Suggest one possible source of systematic error in the investigation. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

The table below shows the results for manganese dioxide catalyst. 
  

Time in seconds 0 30 60 90 120 150 180 

Volume of gas in cm3 0 22 38 41 54 58 60 

Figure 2 shows a graph of the results with copper oxide catalyst and with zinc oxide 
catalyst. 

Figure 2 
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(d)  Complete Figure 2. 

You should: 
•   plot the data from the table above 
•   draw a line of best fit. 

The first point has been plotted for you. 
(3) 

(e)  Which catalyst gives the fastest rate of reaction? 

Give one reason for your answer. 

Use the completed Figure 2. 

Catalyst  ___________________________________________________________ 

Reason  ___________________________________________________________ 

___________________________________________________________________ 
(2) 

(f)   The rate of reaction is not dependent on the volume of hydrogen peroxide solution. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(g)  Figure 3 shows the results from a different investigation. 

Figure 3 
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Determine the rate of reaction at 20 seconds. 

Show your working on Figure 3. 

Give your answer to 3 significant figures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Rate (3 significant figures) =  ____________ cm3/s 
(5) 

(Total 17 marks) 

Q2. 
A student investigated the effect of temperature on the rate of a reaction. 
The picture below shows an experiment. 

  

The student: 

•        put sodium thiosulfate solution into a conical flask 
•        heated the sodium thiosulfate solution to the required temperature 
•        put the flask on a cross drawn on a piece of paper 
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•        added dilute hydrochloric acid and started a stopclock 
•        stopped the stopclock when the cross could no longer be seen 
•        repeated the experiment at different temperatures. 

The equation for the reaction is: 

  

(a)     Explain why the solution goes cloudy. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     Give two variables the student must control to make the investigation a fair test. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 
(2) 

(c)     State the effect that increasing the temperature of the sodium thiosulfate solution 
has on the rate of the reaction. 
Explain this effect in terms of particles and collisions. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(4) 

(d)     Suggest how the student should change the method to investigate the rate 
of reaction at 5°C. 
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___________________________________________________________________ 

___________________________________________________________________ 
(1) 

(Total 9 marks) 
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Mark schemes 

Q1. 
(a)  (test) 

glowing splint 
do not accept burning / lit splint 

1 

(result) 
relights 

allow glows more brightly 
1 

MP2 is dependent upon MP1 being awarded 

(b)  smaller volume of gas produced (per unit time) 
1 

(so) error in reading is a larger percentage of the total volume 
1 

(c)  any one from: 
•   measuring vessel (for hydrogen peroxide or gas) wrongly calibrated 
•   balance wrongly calibrated 
•   timer slow / fast 

1 

(d)  all points plotted correctly 
allow a tolerance of ± ½ a small square 
allow at least 4 points plotted correctly for 1 mark 

2 

line of best fit 
1 

(e)  manganese dioxide 
allow ecf from part (d) 

1 

(because manganese dioxide) has the steepest gradient 
allow (because manganese dioxide) produces 
the most gas per unit time 

1 

(f)   same number of particles per unit volume 
allow same concentration (of hydrogen peroxide 
solution) 

1 

(so) same frequency of collisions (with catalyst) 
1 

(g)  tangent drawn at 20 s 
1 

value for x step and y step from tangent 
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allow evidence of use of two points on tangent 
either on the graph or in the text 

1 

 
allow correct use of incorrectly determined 
value(s) for x step and/or y step from a drawn 
tangent 

1 

correctly calculated 
1 

to 3 significant figures 
allow a correctly calculated answer to 3 
significant figures from an incorrect calculation 
which uses values determined from the graph 

1 
[17] 

Q2. 
(a)     because sulfur / S (forms) 

1 

(which) is solid / insoluble / a precipitate / a suspension 
1 

(b)     any two from: 
•        volume of sodium thiosulfate 

ignore amount of sodium thiosulfate 
•        volume of (hydrochloric) acid 

ignore amount of (hydrochloric) acid 
•        concentration of sodium thiosulfate 
•        concentration of (hydrochloric) acid 

if no other mark, allow 1 mark for same cross or same flask 
or unspecified volume or unspecified concentration 
ignore same person 
do not accept references to temperature 

2 

(c)     rate increases 
1 

because particles move faster 
accept particles have more energy 

1 
so frequency of collisions increases 

accept particles are more likely to collide or more chance of 
collisions 
ignore more collisions 

1 
more particles / collisions have energy greater than (or equal to) the activation 

energy 
1 

(d)     cool 
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accept refrigerate or method to decrease temperature 
or 

decrease the temperature (of the solutions) 
1 

[9] 


