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Worksheet 1 Rates of Reaction 

Example A DBE/November 2012  QUESTION 6  
 
Calcium carbonate chips are added to an 
excess dilute hydrochloric acid solution in 
a flask placed on a balance as illustrated 
below.  
The cotton wool plug in the mouth of the 
flask prevents spillage of reactants and 
products, but simultaneously allows the 
formed gas to escape. 
 The balanced equation for the reaction 
that takes place is:  
 
 

 
CaCO3(s) + 2HCℓ(aq) → CaCℓ2(aq) + CO2(g) + H2O(ℓ) 

 
6.1 Write down the NAME of the gas that escapes through the cotton wool plug while the reaction 

takes place.  (1) 
 
The loss in mass of the flask and its contents is recorded in intervals of 2 minutes. The results obtained 
are shown in the graph below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.2 From the graph, write down the following:  
6.2.1 The coordinates of the point that represents results that were measured incorrectly  (1)  
6.2.2 How long (in minutes) the reaction lasts  (1)  
6.2.3 How long (in minutes) it takes 75% (three quarters) of the reaction to occur  (1)  
 
6.3 The experiment is now repeated using hydrochloric acid of a higher concentration. It is found that 

the rate of the reaction INCREASES. Use the collision theory to explain this observation.  (2)  
6.4 How would a higher concentration of hydrochloric acid affect the following:  
 (Write down only INCREASES, DECREASES or REMAINS THE SAME.)  
 
6.4.1 Loss in mass per unit time  (1)  
6.4.2 Total loss in mass  (1)  
6.4.3 Time for the reaction to reach completion  (1)  
 
6.5 Apart from concentration and temperature changes, write down TWO other changes that can be 

made to increase the rate of this reaction.  (2)  
6.6 Calculate the mass of calcium carbonate used when the reaction is completed. Assume that all the 

gas that was formed, escaped from the flask.  (5)  
  [16]  
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Example B                 DBE/Feb.–Mar. 2013 NSC    QUESTION 6   
 The apparatus shown below is used to investigate the rate at which hydrogen gas is produced when a 
certain amount of zinc reacts with an excess of a dilute hydrochloric acid solution.  
The reaction that takes place is represented by the following balanced equation:   
 
2HCℓ(aq) + Zn(s) → ZnCℓ2(aq) + H2(g)  

6.1     Write down the name of the flask 
labelled Z.  (1)  

 
 6.2    Write down ONE function of the 

item of apparatus labelled Y in 
THIS investigation.  (1)   

 
 
Two experiments are conducted using the apparatus above. The conditions for each experiment are 
given in the table below.  
  6.3 FROM THE TABLE write down:     

 6.3.1 The independent variable for this 
investigation  (1)   

 6.3.2 ONE controlled variable  (1)  
  
The volume of hydrogen gas produced is measured in each experiment. The graphs below show the 
results obtained.  
   
6.4   Which graph, P or Q, represents Experiment 2?   

Refer to the data given in the table, as well as 
the shape of the graph, to explain how you 
arrived at the answer. (3)  

  
6.5   Give a reason why the rate of hydrogen 

production slows down towards the end in 
both experiments. (1)  

  
6.6     Calculate the mass of zinc used to prepare 0,24 dm3 of hydrogen gas at room temperature. 

Assume that 1 mole of hydrogen gas has a volume of 24,04 dm3 at room temperature. (6) 
 
C       12 DBE/November 2016      QUESTION 5      
 

 Hydrogen peroxide, H2O2, decomposes to produce water and oxygen according to the following 
balanced equation:  

  2H2O2(ℓ)  →  2H2O(ℓ) + O2(g)  
    
5.1 The activation energy (EA) for this reaction is 75 kJ 

and the heat of reaction (ΔH) is –196 kJ.  
   
 5.1.1 Define the term activation energy.  (2)  
  
 5.1.2 Redraw the set of axes below in your ANSWER 

BOOK and then complete the potential energy 
diagram for this reaction.   

 Indicate the value of the potential energy of the following on the y-axis:   
• Activated complex • Products (The graph does NOT have to be drawn to scale.)    (3)  
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When powdered manganese dioxide is added to the reaction mixture, the rate of the reaction increases.   
 5.1.3 On the graph drawn for QUESTION 5.1.2, use broken lines to show the path of the reaction when 

the manganese dioxide is added. (2)  
  
 5.1.4 Use the collision theory to explain how manganese dioxide influences the rate of decomposition of 

hydrogen peroxide. (3)  
  
5.2 Graphs A and B below were obtained for the volume of oxygen produced over time under different 

conditions.  
   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 5.2.1  Calculate the average rate of the reaction (in dm3∙s-1) between t = 10 s and t = 40 s for graph A. (3)  
 5.2.2  Use the information in graph A to calculate the mass of hydrogen peroxide used in the reaction. 

Assume that all the hydrogen peroxide decomposed. Use 24 dm3·mol-1 as the molar volume of 
oxygen. (4)  

  5.2.3 How does the mass of hydrogen peroxide used to obtain graph B compare to that used to obtain 
graph A? Choose from GREATER THAN, SMALLER THAN or EQUAL TO.  

 
5.3 Three energy distribution curves for the oxygen gas produced under different conditions are shown in 

the graph below.   
  
The curve with the solid line represents 1 mol of 

oxygen gas at 90 °C.  
   
 Choose the curve (P or Q) that best represents 

EACH of the following situations:  
   
  
 5.3.1 1 mol of oxygen gas produced at 120 °C   

(1)  
  
 5.3.2 2 moles of oxygen gas produced at 90 °C  (1)     [20] 
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D    DBE/November 2015 NSC  QUESTION 5  
 
 Dilute acids, indicated in the table below, react with EXCESS zinc in each of the three experiments to 
produce hydrogen gas. The zinc is completely covered with the acid in each experiment.  
 The volume of hydrogen gas produced is measured in each experiment.    
 The graph below was obtained for Experiment 1.    

 
5.1   Name TWO essential apparatuses needed to 

determine the rate of hydrogen production.      (2)  
 
Use the graph and answer the questions that follow.    
 5.2   At which time (t1, t2 or t3) is the:    
   5.2.1    Reaction rate the highest  (1)  
   5.2.2    Mass of zinc present in the flask the smallest  (1)  
 
 5.3   In which time interval, between t1 and t2 OR between t2 and t3, does the largest volume of hydrogen 

gas form per second?  (1)  
 
 5.4   Redraw the graph for Experiment 1 in the ANSWER BOOK.   On the same set of axes, sketch the 

graphs that will be obtained for Experiments 2 and 3. Clearly label the three graphs as 
EXPERIMENT 1, EXPERIMENT 2 and EXPERIMENT 3.  (4)  

   
5.5   The initial mass of zinc used in each experiment is 0,8 g. The balanced equation for the reaction in 

Experiment 3 is:        Zn(s) + 2HCℓ(aq) → ZnCℓ2(aq) + H2(g)    

  5.5.1   Calculate the mass of zinc present in the flask after completion of the reaction 
 in Experiment 3. (5)  

  5.5.2   How will the mass of zinc present in the flask after completion of the reaction  
in Experiment 2 compare to the answer to QUESTION 5.5.1? 
Write down only LARGER THAN, SMALLER THAN or EQUAL TO. (1)     

 
E       DBE/November 2010            QUESTION 6 
6.1  The collision theory explains why chemical reactions occur and why they take place at different 

rates. Some of the terms used in the collision theory and reaction rate are given below.  

 surface area; catalyst; effective collision; activated complex; concentration; 
temperature; heat of reaction; activation energy  

 Give ONE term for each of the following descriptions by choosing a term from the list above. Write 
down only the term next to the question number (6.1.1 – 6.1.6) in the ANSWER BOOK.  

 
6.1.1 A chemical substance that speeds up the rate of a chemical reaction by lowering the net 

activation energy  (1)  
6.1.2 A collision in which the reacting particles have sufficient kinetic energy and the correct 

orientation  (1)  
6.1.3 The factor responsible for increasing the rate of a reaction when a solid is broken up into 

smaller pieces  (1) 
6.1.4 The temporary unstable state that is formed during the course of a chemical reaction  (1)  
6.1.5 A measure of the average kinetic energy of the particles in a gas  (1)  
6.1.6 The net amount of energy released or absorbed during a chemical reaction  (1)  
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Learners use hydrochloric acid and a sodium thiosulphate (Na2S2O3) solution to investigate the 
relationship between rate of reaction and temperature. The reaction that takes place is represented by 
the following equation:  

Na2S2O3(aq) + 2HCℓ(aq) → 2NaCℓ(aq) + S(s) + H2O(ℓ) 
+ SO2(g) 

They add 5 cm3 dilute hydrochloric acid solution to 
50cm3 sodium thiosulphate solution in a flask placed 
over a cross drawn on a sheet of white paper, as 
shown in the diagram below. The temperature of the 
mixture is 30 °C.  
 
They measure the time it takes for the cross to become 
invisible. The experiment is repeated with the 
temperature of the mixture at 40 °C, 50 °C and 60 °C respectively  
 
6.2.1 Write down a possible hypothesis for this investigation. (2) 
6.2.2 Write down the NAME or FORMULA of the product that requires the need to work in a well-

ventilated room. (1) 
6.2.3 Apart from the volume of the reactants, state ONE other variable that must be kept constant during 

this investigation. (1) 
6.2.4 Write down the NAME or FORMULA of the product that causes the cross to become invisible. (1) 
6.2.5 Why is it advisable that the same learner observes the time that it takes for the cross to become 

invisible? (1) 
 
The graph shown below is obtained 
from the results.  
 
6.2.6  What is represented by1/time 

on the vertical axis? (1) 
 
6.2.7 What conclusion can be 

drawn from the results 
obtained?  (2) 

  
 
 
 
 
F     IEB Nov 2016  QUESTION 

3 ENERGY CHANGE AND REACTION RATES  
 Consider the reaction of sodium thiosulphate solution with dilute hydrochloric acid as given by the 
balanced chemical equation below.  
   Na2S2O3(aq) + 2HCℓ(aq)     →     2NaCℓ(aq) + SO2(g) + S(s) + H2O(ℓ)  

 
 The rate of reaction between the 
sodium thiosulphate solution and 
hydrochloric acid can be monitored 
using a light meter, which measures the 
decrease in the intensity of light 
passing through the solution as the 
reaction proceeds. The apparatus is set 
up as shown in the diagram below.  
   
 Luke uses the apparatus shown in the 
diagram to conduct a series of 
experiments to determine the 
relationship between the concentration 
of the sodium thiosulphate solution and 
the time taken for the light meter to 
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show a reading of 62 lumens. (Lumens = unit for light intensity.)  
  
Luke follows the method outlined below and obtains the results shown in the table.  
 
 Method  
 1.  Pour 100 cm3 of sodium thiosulphate solution of concentration 0,2 mol⋅dm–3 into a conical flask and 

place the conical flask on the gauze on top of the tripod as shown in the diagram.  
2.  Add 10 cm3 of dilute hydrochloric acid to the flask, swirl once to mix and start the stopwatch.  
3.  Stop the watch when the light meter reads 62 lumens.  
4.  Repeat steps 1 to 3 for samples of sodium thiosulphate with concentrations of:- 
  0,4 mol⋅dm–3; 0,6 mol⋅dm–3; 0,8 mol⋅dm–3; 1,0 mol⋅dm–3 and 1,2 mol⋅dm–3.  
 
 
 
 
 
 
 
 
 
 
3.1  Why will there be a decrease in the intensity of the light passing through the solution as the reaction 

proceeds? (2)  
  
3.2  Luke plotted a graph to show the relationship between the concentration of the Na2S2O3(aq) and 

the time taken for the light meter to show a reading of 62 lumens. The incomplete graph is provided. 
Complete the graph by providing the information requested below.  

  
 3.2.1 Write down a suitable label for the  

x-axis  (2)  
  
 3.2.2 Determine the scale used on the  

y-axis and fill in the numbers.  (1)  
  
 3.2.3 Plot the points for experiments 2 

 and 5.   (2)  
  
 3.2.4 Draw a best-fit line through the points.   
(1)  
  
3.3 State a reason why Luke plotted time on 
the y-axis rather than on the x-axis. (1)  
  
3.4 Luke correctly states the following 
conclusion from his experiments:   

 "The time taken for the light meter to show a 
reading of 62 lumens is inversely 
proportional to the concentration of the 
Na2S2O3(aq)."  

  Luke now plots a new graph. He plots the inverse of concentration on the x-axis and time on the y-axis.  
  Describe the shape of his new graph. (2)  
  
3.5  Explain, by referring to the collision theory, how an increase in the concentration of Na2S2O3(aq) 

affects the rate of the reaction with HCℓ(aq).  (3)  
 3.6  Suggest an alternative method of monitoring the rate of this reaction if a light meter is not available. 

Clearly explain what reading(s) would need to be taken. (2)  
 
 3.7 In a NEW experiment Luke reacts 100 cm3 of 0,2 mol⋅dm–3 HCℓ(aq) with excess Na2S2O3(aq). He 

filters the solution and collects 0,18 g of sulphur.  
 

 3.7.1 Calculate the number of moles of HCℓ that reacted. (2)   
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 3.7.2 Calculate the percentage yield of sulphur in Luke's reaction. (5) 


