
RATE OF REACTION 

QUESTION 1  (NATAL TRIAL 2014) 

A group of learners conduct an experiment to investigate the rate of a reaction. 

The learners use a small amount of granulated zinc which is added to excess

hydrochloric acid. 

The balanced equation for the reaction is as follows:

	 	 Zn (s)   +   2HCℓ (aq)   →   ZnCℓ2 (aq)   +   H2 (g)

The hydrogen gas produced is collected at 290K.  By measuring the volume 

of gas produced as a function of time, the graph below was obtained.


                               


1.1	 What information does the gradient of this graph give?	 	 	 (2)


1.2	 Describe how the gradient of this graph changes between t = 100s 

	 and t = 200 s?  Give a reason for your answer. 		 	 	 	 (2)


1.3	 Give a reason why the graph becomes flat after 300 seconds?	 	 (2)


1.4	 Calculate the average rate of reaction in cm3∙s-1 for the first 100s.    	 	
(3)


1.5	 Use the collision theory to explain how the rate of the above reaction will 

	 change when the temperature is increased from 290K to 313K.                  	(3)


1.6	 The gas liberated in this experiment was collected at STP.  Calculate the 

	 mass of  zinc that was used.	 	 	 	 	 	 	 ( 5 )      

          [17] 
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QUESTION 2 (NSC NOV 2019)

The reaction of zinc and EXCESS dilute hydrochloric acid is used to investigate 
factors 

that affect reaction rate. The balanced equation for the reaction is: 


Zn(s) + 2HCℓ(aq) ⟶ ZnCℓ
2
(aq) + H

2
(g)


The reaction conditions used and the results obtained for each experiment are 
summarised in the table below. 


The same mass of zinc is used in all the experiments. The zinc is completely 
covered in all reactions. The reaction time is the time it takes the reaction to be 
completed. 

 

EXPERIME
NT 


CONCENTRA
TION OF HCℓ 

(mol∙dm
-3

) 


VOLUME 
OF HCℓ 

(cm
3
) 


STATE 
OF 
DIVISIO
N OF Zn 

TEMPERATU
RE OF HCℓ 
(°C) 


REACTIO
N TIME 
(min.) 


1 2,0 200 powder 25 7

2 1,5 200 granules 25 14

3 5,0 200 powder 25 5

4 1,5 400 granules 25 x

5 2,0 200 powder 35 4

2.1 Experiment 1 and experiment 5 are compared. Write down the 
independent variable. 

 

(1)

 2.2 Define reaction rate.  (2)

2.3 Write down the value of x in experiment 4.  (2)

2.4 The Maxwell-Boltzmann energy distribution curves for particles in each 
of experiments 1, 3 and 5 are shown below. 
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 Identify the graph (A or B or C) that represents the following:  

 2.4.1 Experiment 3 

Give a reason for the answer. 

 

(2)

 2.4.2 Experiment 5 

Give a reason for the answer. 

 

(2)

 2.5 Experiment 6 is now conducted using a catalyst and the SAME reaction 
conditions as for Experiment 1. 

 

 2.5.1 What is the function of the catalyst in this experiment?  (1)

2.5.2 How will the heat of reaction in experiment 6 compare to that in 
experiment 1? Choose from: GREATER THAN, EQUAL TO or 
LESS THAN. 

 


(1)

2.6 Calculate the average rate of the reaction (in mol·min
-1

) with respect to 
zinc for experiment 2 if 1,5 g of zinc is used.  

 

(4)
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QUESTION 3 (NC Trial 2019)

The reaction between sodium carbonate (Na2CO3) and sulphuric acid 
(H2SO4) was used to investigate one of the factors affecting reaction rate. 
The balanced equation is given below. 

Na2CO3(s)  +  H2SO4(aq)    →   Na2SO4(aq)  +  CO2(g)  +  H2O(ℓ)
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Two experiment are conducted as illustrated below.

In both experiments the same amount of sodium carbonate is added to 
an excess of sulphuric acid solution in a conical flask placed on a mass 
balance. The mass of the flask together with its contents is recorded 
every 15 s.  

3.1 Define the term reaction rate. (2)

3.2 For the investigation described above, write down:   

3.2.1 The independent variable (1)

3.2.2 ONE controlled variable (1)

The results obtained in EXPERIMENT 1 are shown in the table below.  

Time (s) 0 15 30 45 60 75 90 105 120

Mass 
(g)

150,0
0

147,5
0

146,6
0

146,0
0

145,8
0

145,7
0

145,6
0

145,6
0

145,60

3.3 Write down the NAME or FORMULA of the substance responsible for 
the decrease in mass. (1)
4

150,00 150,00
Mass balance

H2SO4

EXPERIMENT  1 EXPERIMENT  2

Na2CO3 powderNa2CO3 lumps



        


  





3.4 How long does it take for the reaction in EXPERIMENT 1 to be 
completed? (1)

3.5 How will the rate of the reaction in EXPERIMENT 2 compare to that in 
EXPERIMENT 1? Write down GREATER THAN, SMALLER THAN or 
EQUAL TO. Briefly explain your answer by referring to the collision 
theory. (3)

3.6 The sketch graph below (not drawn to scale) represents the results 
obtained for EXPERIMENT 1.

 


3.6.1 Use the information in the graph to determine the mass of 
sodium carbonate that has reacted in EXPERIMENT 1.  (5)

3.6.2 Redraw the above sketch graph in your ANSWER BOOK. 
On the same set of axes, sketch the curve obtained for 
EXPERIMENT 2. Label your graph as Exp.2. (2)
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QUESTION 4   NSC JUNE 2016

The reaction between dilute hydrochloric acid and sodium thiosulphate 
(Na2S2O3) is used to investigate one of the factors that influences reaction 
rate. The balanced equation for the reaction is:  


Na2S2O3(aq) + 2HCℓ(aq) → 2NaCℓ(aq) + S(s) + H2O(ℓ) + SO2(g)
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Four experiments, A to D, are conducted during this investigation. The 
volumes of reactants used in each of the four experiments and the times 
of the reactions are summarised in the table below.

Experiment
Volume of 

Na2S2O3(aq) 
(cm3)

Volume of 
H2O(ℓ) (cm3)

Volume of 
HCℓ(aq) (cm3) Time (s)

A 25 0 5 50,0

B 20 5 5 62,5

C 15 10 5 83,3

D 10 15 5 125,0

4.1 State TWO factors that can influence the rate of the reaction 
above.

(2)

4.2 Write down the NAME or FORMULA of the product that causes 
the cross to become invisible. (1)

4.3 Give a reason why water is added to the reaction mixture in 
experiments B  
to D. (1)

4.4 Write down an investigative question for this investigation. (2)

4.5 In which experiment (A, B, C or D) is the reaction rate the 
highest?

(1)

4.6 Use the collision theory to explain the difference in reaction rate 
between experiments B and D. (3)

4.7 The original Na2S2O3 solution was prepared by dissolving 62,50 g 
Na2S2O3 crystals in distilled water in a 250 cm3 volumetric flask. 


Calculate the mass of sulphur, S, that will form in experiment D if 
6

white paper

Na2S2O3(aq) + HCℓ(aq)

flask
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QUESTION 5   NSC JUNE 2018

Two experiments are carried out to investigate one of the factors that 
affects the reaction rate between magnesium and dilute hydrochloric 
acid. The balanced equation below represents the reaction that takes 
place. 


Mg(s) + 2HCℓ(aq) → MgCℓ
2
(aq) + H

2
(g)


In experiment 1 a certain mass of magnesium ribbon reacts with excess 
dilute hydrochloric acid. In experiment 2 magnesium powder of the 
same mass as the magnesium ribbon, reacts with the same volume of 
excess dilute hydrochloric acid. The concentration of the acid is the same 
in both experiments. 

The apparatus below is used for the investigation. 

5.1 Define reaction rate. (2)

 5.2 For this investigation, write down the:   

3.2.1 Independent variable (1)

3.2.2 Controlled variable (1)
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The change in mass of magnesium is calculated and recorded in 2-minute 
intervals for both experiments. The results obtained are shown in the graph 
below (NOT drawn to scale).

 5.3 Use the information on the graph to:   

5.3.1 Calculate the volume of hydrogen gas produced in 
experiment 1 from t = 2 minutes to t = 10 minutes 


Take the molar gas volume as 25 dm
3
∙mol

-1
. 

(5)

5.3.2 Calculate the initial mass of magnesium used if the 
average rate of formation of hydrogen gas in experiment 

2 was 2,08 x 10
-4 

mol∙s
-1 

(5)

5.4 Use the collision theory to explain why the curve of experiment 2 is 
steeper than that of experiment 1. 

(3)
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