
CHEMISTRY

2.6
Externally assessed 4 credits

Achievement Standard 91166
Demonstrate understanding  
of chemical reactivity

Rates of reactions
Rate of reaction is ‘the speed at which a reaction occurs’.

Some reactions occur quickly (e.g. adding zinc to hydrochloric acid), others occur slowly (e.g. iron rusting 
in a car).

Measuring rates of reactions
The rate at which a reaction occurs is measured               
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by how quickly reactants are consumed or how 
quickly products form (e.g. a gas product can  
be measured).

The graph shows how the volume of hydrogen 
gas given off in the reaction between zinc and 
hydrochloric acid changes over time.

Collision theory
For a reaction to occur, particles must collide with 
sufficient energy for bonds to break and new bonds 
to form to make new substances.

Factors that control rates of reactions are:

• the frequency of collisions – the more collisions in a given time, the faster the reaction

• the effectiveness of the collisions – this is in terms of orientation (reactant particles must be positioned 
so that bonds break and bonds form) and energy (particles must collide with sufficient energy to break 
existing bonds and make new bonds).

Particles must collide with enough kinetic (‘moving’) energy. Total kinetic energy must be greater than 
the activation energy. Activation energy, EA , is the minimum amount of energy required for a reaction to 
proceed between colliding particles.

Factors affecting rates of reactions
The rate of a reaction depends on the concentration, surface area, temperature of reactants, and the 
presence of catalysts.

Concentration
Concentration affects reactions in which at least one of the reactants is in solution or the reactants are gases.

With increased concentration, particles are closer together so there is an increased chance of colliding. 
As a result, the frequency of collisions increases and hence the rate of reaction increases.

The rate of a reaction will decrease as the reaction continues because the concentration of the reactants 
is decreasing.
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For solutions, 
using a more 
concentrated 
solution will 
increase the rate 
of reaction.

Concentrated acidDilute acid

H
+
 ions

magnesium
metal

Few H+ ions in a 
given volume of 
solution, so few 
collisions occur 
between H+ and Mg.

More H+ ions in the 
solution, so more 
collisions occur 
between H+ and Mg. 
Reaction is faster than 
in more dilute acid.

For gases, 
increasing the 
pressure or 
introducing more 
of the reactant gas 
into the container 
will increase 
concentration of 
gases.

gas jar

Sulfur burning in air Sulfur burning in oxygen

sulfur
burning

deflagrating spoon

nitrogen

oxygen
In pure oxygen, all 
particles colliding 
with the sulfur are 
oxygen molecules.
Reaction is faster 
than in air.

In air, only one in 
five particles 
colliding with 
sulfur is an 
oxygen molecule.

Surface area
Increasing the surface area means exposing a greater part of one reactant to the other reactant, e.g. using 
a powder instead of a lump. Because there is an increase in the surface area exposed, the frequency of 
collisions increases and hence the rate of reaction increases. Stirring and shaking can expose the surface of 
reactants. This also increases the frequency of collisions.

Lump of calcium
carbonate

2 g lump of calcium
carbonate, fewer
particles exposed to H+.

Powdered calcium
carbonate

2 g of powdered calcium
carbonate, more particles
exposed to H+.
Reaction is faster when
reactant is powdered.

CaCO3

particles
exposed to H+

CaCO3 particles
not exposed to

H+

H+ ions

Temperature
Temperature is a measure of the average kinetic energy of particles. At higher temperatures, the collisions 
are more energetic (effective) and since more reacting particles will have greater energy than the activation 
energy, the reaction is faster. If temperature is increased, particles also move faster and there is more chance 
of collisions. As a result, the frequency of collisions increases and hence the rate of reaction increases.

Catalyst 

2H2O2

2H2O + O2

ΔH = –189 kJ

EA for uncatalysed 
reaction = 75 kJ

Reaction proceeds

reactant
Energy

products

EA for catalysed 
reaction = 50 kJ

A catalyst can speed up a reaction. A catalyst increases 
the rate of reaction by lowering the activation energy for 
the reaction. This means that collisions are more effective 
as more particles have sufficient energy to react. A catalyst 
is not used up by a reaction and does not change the 
products formed. It provides an alternative pathway 
for the reaction. Biological catalysts are proteins called 
enzymes (e.g. amylase in the mouth is involved in 
digestion, breaking starch down into glucose).
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Questions: Rates of reactions

Question One
The same volume and concentration of hydrochloric acid, HCl(aq), was added to each of three test tubes. 
Metal samples were added, according to the table and diagram below. 

Test tube 1
zinc and acid

Test tube 2
copper and acid

Test tube 3
zinc, copper and acid

Test tube Contents Observations

1
20 mL hydrochloric acid, HCl(aq), 
and 1 g zinc granules, Zn(s)

slow rate of bubbles

2
20 mL hydrochloric acid, HCl(aq), 
and 1 g copper granules, Cu(s)

no observable reaction 

3
20 mL hydrochloric acid, HCl(aq), 
1 g zinc granules, Zn(s), and 1 g 
copper granules, Cu(s)

fast rate of bubbles

a. i. Identify the role of the copper granules, Cu(s), in test tube 3. 

 ii. Explain the role of copper, Cu(s), in this reaction. 

  You should refer to activation energy and collision theory in your answer. 

 Year 2019 
Ans. p. 125
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b. In a second investigation, two 20 mL samples of 0.2 mol L–1 sulfuric acid, H2SO4(aq), were placed in 
separate conical flasks. One of the flasks was placed in a water bath at 40 °C and the other was placed 
in a water bath at 20 °C. To each conical flask, 5.0 g of zinc granules, Zn(s), were added. The gas 
produced was collected and measured over time and the following graph was produced.

volume of 
gas produced

time

Line B

Line A

 i.  Identify which line on the graph represents the reaction at 40 °C, and explain why the two lines still 
finish in the same position. 

 ii. Elaborate on the effect of increasing temperature on the rate of reaction. 

  Refer to collision theory and activation energy in your answer.
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Question Two
a.  In the iodine clock reaction, a solution of hydrogen 

peroxide is mixed with a solution containing 
potassium iodide, starch, and sodium thiosulfate.

  After some time, the colourless mixture suddenly 
turns dark blue.

  The table shows the time taken for the reaction 
performed at different temperatures. The 
concentration of all reactants was kept constant.

Temperature 
/ °C

Time for dark blue 
colour to appear / s

20 15

30 9

40 4

 Explain the effect of changing the temperature on the rate of reaction.

 Refer to collision theory and activation energy in your answer.

 Year 2018 
Ans. p. 125
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b. Consider the following observations in another experiment using hydrogen peroxide:

 •  When hydrogen peroxide is mixed with solution X, which contains universal indicator, the colour 
changes from blue to green to yellow to orange-red over a time of one hour.

 •  If a crystal of ammonium molybdate is added to solution X before the hydrogen peroxide is 
added, the same colour changes will be seen in three to four minutes.

 Identify and explain the role of ammonium molybdate.

 Use a diagram and refer to activation energy in your answer.

c. Predict the difference in the rate of reaction of 0.2 mol L–1 solutions of ethanoic acid, CH3COOH(aq), 
and nitric acid, HNO3(aq), with a strip of cleaned magnesium ribbon, Mg(s).

 Refer to the collision theory in your answer.
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Question Three
a. Consider the reaction between 

calcium carbonate powder, 
CaCO3(s), and a solution of 
hydrochloric acid, HCl(aq). 
As the reaction proceeds, the 
mass of the reaction mixture 
decreases as carbon dioxide 
gas, CO2(g), escapes. This is 
represented on the graph. 
Line A represents the reaction 
occurring at 20 °C and line B 
represents the reaction 
occurring at 40 °C.
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 Compare and contrast the reaction between calcium carbonate powder, CaCO3(s), and a solution of 
hydrochloric acid, HCl(aq) at two temperatures: 20 °C and 40 °C, assuming all other conditions are 
kept the same. Your answer should refer to collision theory and rates of reaction.

b. The addition of a small amount of iron to a mixture of nitrogen and hydrogen gases helps to speed up 
the production of ammonia gas: N2(g) + 3H2(g) $ 2NH3(g)

 Identify and explain the role of iron in this reaction. In your answer, you should refer to activation 
energy and collision theory. You may include a diagram or diagrams in your answer.

 Year 2017 
Ans. p. 126
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Question Four
a. Cleaned magnesium ribbon, Mg(s), reacts with a solution of hydrochloric acid, HCl(aq). The reaction is 

represented by the equation: 

  Mg(s) + 2HCl(aq) $ MgCl2(aq) + H2(g)

The reaction is monitored 
by measuring the volume of 
hydrogen gas produced over 
a given period of time. This is 
shown in the graph. 

Time / s

A

B
C

Volume of 
H2 / mL

  Explain the changes in the rate of reaction between magnesium, Mg(s), and hydrochloric acid, HCl(aq), 
in terms of collision theory. Refer to parts A, B, and C of the graph in your answer.

b. Compare and contrast the reactions of 0.5 g of magnesium ribbon, Mg(s), with 50.0 mL of 
0.100 mol L–1 hydrochloric acid, HCl(aq), and 0.5 g of magnesium powder, Mg(s), with 50.0 mL 
of 0.100 mol L–1 hydrochloric acid, HCl(aq).

 Refer to collision theory and rates of reaction in your answer. 

 Year 2016 
Ans. p.  126
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c. The decomposition reaction of hydrogen peroxide solution, H2O2(aq), is a slow reaction. This reaction is 
represented by the equation: 

  2H2O2(aq) $ 2H2O() + O2(g) 

 The rate of the decomposition reaction can be changed by adding a small amount of manganese 
dioxide, MnO2(s). The graph below shows the volume of oxygen gas formed in the reaction with and 
without manganese dioxide, MnO2(s). 

Time / s

Volume of 
O2(g) / mL

MnO2 present

no MnO2 present

 i. State the role of manganese dioxide, MnO2(s), in this reaction. 

 ii.  Elaborate on how manganese dioxide, MnO2(s), changes the rate of the decomposition reaction of 
the hydrogen peroxide, H2O2(aq). 

  In your answer you should refer to the activation energy and collision theory. 

  You may also include diagrams in your answer.
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Question Five
The ‘elephant toothpaste’ demonstration shows the decomposition of 
hydrogen peroxide, H2O2 , into water and oxygen gas.

2H2O2(aq) $ 2H2O() + O2(g)

This reaction can be observed by adding detergent to the hydrogen 
peroxide solution. As oxygen gas is produced, the detergent foams up, 
as seen in the photograph on the right. The time taken for the foam 
to reach the top of the measuring cylinder can be used to measure the 
rate of the reaction.

Three experiments were carried out to investigate factors that change 
the rate of the reaction.

Experiment Concentration of H2O2 Temperature °C Presence of small amount of MnO2

1 20% 20 yes

2 20% 30 yes

3 30% 20 yes

a. The decomposition reaction of hydrogen peroxide, H2O2 , is very slow. By adding a small amount of 
powdered manganese dioxide, MnO2 , the rate of the reaction can be increased.

 i. Explain why only a small amount of manganese dioxide is needed to increase the rate of the reaction.

 ii.  The diagram shows the energy 
diagram for the decomposition 
reaction without manganese 
dioxide.

   Label this diagram and use it to 
help you explain how the addition 
of manganese dioxide speeds up 
the rate of the reaction.

Energy

Reaction proceeds

 Year 2015 
Ans. p.  126
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Achievement Standard 91164 (Chemistry 2.4): 
Demonstrate understanding of bonding, 
structure, properties and energy changes

2.4 Chemical bonding and molecular 
properties

Question One
a. i.

Molecule CH4 NCl3 OF2

Lewis 
structure CH H

H

H
N

Cl

Cl Cl O
F F

Name of 
shape

Tetrahedral Trigonal 
pyramid

Bent

 ii.  Each molecule has four electron clouds / regions of 
electron density around the central atom. To minimise 
repulsion, these take a tetrahedral shape, with an angle 
between the clouds of around 109.5°. Hence, although 
there are different numbers of bonds, the arrangement 
of the total number of regions of electron density around 
the central atom (bonding and non-bonding) will 
determine the bond angle.

   In CH4 all the regions of electrons are bonding, so 
the shape will be tetrahedral. However, for NCl3 there 
are only 3 bonding regions (and 1 lone pair), so the 
observed shape is a trigonal pyramid. In OF2 there are 
2 bonding regions (and 2 lone pairs), so the observed 
shape is bent.

b. i. CHCl3 is polar. NH3 is polar.

 ii.  For CHCl3, the molecules have a tetrahedral arrangement 
of the bonds around the central atom. However, all the 
bonded atoms are not the same, with the H and the 
Cl atoms having different electronegativities. Since the 
Cl atoms are more electronegative than the H atoms, 
they will attract the bonded atoms to a greater extent, 
causing the C–Cl bonds to be more polar than the C–H 
bond. (This means that the electron density in the C–H 
bond lies closer to the C atom than the electron density 
in the C–Cl bonds.) Hence, the electron density around 
the central C atom is not evenly spread / the bond 
dipoles do not cancel and the molecule is polar. (The 
molecule will be more negative near the Cl atoms (δ–), 
leaving it more positive close to the H atom (δ+) (i.e. the 
molecule is polar).)

p. 5

   For NH3, the N–H bonds are polar, since the atoms N and 
H have different electronegativities. However, the shape of 
the molecule is a trigonal pyramid, so the bond polarities 
do not cancel (the polar bonds are not evenly arranged 
around the central atom). Hence, the molecule is polar.

(A – some of: correct Lewis structures, correct shapes, recognises shape is related to regions of 
electrons on the central atom, describes polarity in relation to electronegativity; M – links shape 
/ angle to number of electron clouds or links bond polarity to electronegativity and polarity of 
molecules, different polarity of bonds; E – full explanations for shape and polarity)

Question Two
a. Molecule H2S NH3 BF3

Lewis 
structure

SH H
NH H

H
B

F F

F

Name of 
shape

Bent or 
V-shaped

Trigonal 
pyramid

Trigonal 
planar

Approximate 
bond angle 
around the 
central atom

109.5° 109.5° 120°

b. NH3 has 4 electron clouds/regions of electron density around the 
central atom. To minimise repulsion, these take a tetrahedral 
shape with the angle between the electron clouds of around 
109.5°. There are only 3 bonds, so the shape observed will be 
a trigonal pyramid with an angle of approximately 109.5°.

  BF3 has 3 electron clouds/regions of electrons around the 
central B atom. To minimise repulsion, these will take a 
trigonal planar arrangement, with the angle between the 
electron clouds being 120°. Since all the electron clouds are 
bonds, the shape of the molecules is trigonal planar.

  Although both molecules have 3 bonds to the central atom, 
the ammonia molecule has 4 regions of electrons and the 
boron trifluoride has only 3 regions of electrons so the 
electron geometry around the central atom is different.

c. In CO2 molecules, the bonds are polar since the 
electronegativity of the bonded atoms, C and O, are different. 
Since the shape of the molecule is linear, the polarity of the 
bonds is cancelled (as they are equal and opposite).

  In HCN, the polarities of the C–H and the C–N bonds are 
different – the electron density in the C–N bond is more 
strongly attracted to the more electronegative N atom. This 
causes a charge separation across the molecule and so the 
molecule will be polar.

  Or : The polarity of the C–N bond is greater than that of the 
C–H bond as the N atom is more electronegative than the 
H atom. Hence, the polarity of the bonds do not cancel, 
causing a dipole and hence a polar molecule.

(A – some of correct Lewis structures, correct shapes, recognises shape is related to regions of 
electrons on the central atom, describes polarity in relation to electronegativity; M – links shape/
angle to number of electron clouds or links bond polarity to electronegativity and polarity of 
molecules; E – full explanations for shape and polarity)

p. 6

Answers and explanations
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Question Three

a. i. Molecule HOCl COCl2 NF3

Lewis 
structure

OH Cl

O

C

Cl Cl

NF F

F

Name of 
shape

Bent or 
V-shaped

Trigonal 
planar

Trigonal 
pyramid

Approximate 
bond angle 
around the 
central atom

109.5°  120° 109.5°

 ii.  Shape and bond angle are determined by the number 
of electron clouds / regions of electron density on the 
central atom. These are arranged as far apart as possible to 
minimise repulsion between the electron clouds. HOCl – 
central atom, O, has 4 electron clouds / regions of electron 
density around the central O atom. These take a tetrahedral 
shape with the angle between the electron clouds of around 
109.5°. There are only 2 bonds, so the shape observed will 
be bent or V-shaped with an angle of approximately 109.5°.

   COCl2 has 3 electron clouds / regions of electrons on 
the central C atom. These will take a trigonal planar 
arrangement with the angle between the electron 
clouds being 120°. Since all the electron regions on the 
central atom are bonds, the shape of the molecule is also 
trigonal planar.

b. i. Dichloromethane – polar.

  Tetrachloromethane – non-polar.

 ii.  CH2Cl2 has two different bonds – i.e. C–Cl and C–H. Each 
bond will be polar, since there are different atoms present; 
however, the C–Cl bond will be more polar since the 
Cl atom has greater electronegativity than the H atom. 
This means that the Cl atom will attract the electrons in 
the C–Cl bond to a greater extent than the H atom in the 
C–H bond will. Hence the charge separation / bond dipole 
in the C–Cl bond is greater than for the C–H bond. The 
bonds are evenly distributed around the C atom, but the 
different polarities mean that the electron density is not 
evenly spread around the C atom, the bond polarities / 
dipoles do not cancel and the molecule is polar.

   In CCl4, all the bonds are polar since the electronegativity 
of the C and Cl atoms is different. Since all the bonds are 
identical and the shape is tetrahedral, the polar bonds 
are evenly spread and the dipoles / bond polarities will 
cancel. Hence the molecule is non-polar.

(A – some of: correct Lewis structures, correct shapes, recognises shape is related to regions of 
electrons on the central atom, polarity of bonds or molecules; M – links shape/angle to number of 
electron clouds or links bond polarity to electronegativity or polarity of molecules to their shape; 
E – full explanations for shape and polarity)

Question Four

a. i. Molecule H2O CS2 PH3

Lewis 
structure

OH H CS S
H

H—P—H

Name of 
shape

Bent Linear
Trigonal 
pyramid

Approximate 
bond angle 
around the 
central atom

109.5° 180° 109.5°

p. 9

p. 10

 ii.  PH3 and H2O: both have 4 electron clouds/regions 
of electron density on the central atom. To minimise 
repulsion, the electron clouds / regions of electron density 
take a tetrahedral shape with an angle of around 109.5°.

   In H2O, there are 2 bonds with an angle of approximately 
109.5°, so the shape observed will be bent.

   In PH3 there are 3 bonds with a bond angle of 
approximately 109.5°, so the shape observed  
is a trigonal pyramid.

   CS2 has 2 electron clouds / regions of electrons around 
the central C atom. To minimise repulsion, the electron 
clouds / regions of electron density will take a linear 
arrangement with an angle of 180°. Since all the electron 
regions on the central atom are bonds, the shape of the 
molecule is also linear with an angle of 180°.

b.  Ammonia has a trigonal pyramid shape (see explanation for 
PH3 in a. ii.). Borane has a trigonal planar shape since there 
are three regions of electrons all of which are bonding. (These 
regions of electrons take a trigonal planar shape in order to 
minimise repulsion.)

  In both NH3 and BH3, the bonds are polar since the atoms in 
each bond have different electronegativity. This means there 
is a charge separation (dipole) across the bond due to one 
bonding atom attracting the electrons to a greater extent 
than the other bonding atom.

  For NH3, the shape of the molecule means that the bond 
dipoles are unevenly arranged and so do not cancel each 
other out – hence the molecule is polar.

  For BH3, the even arrangement of the polar bonds around the 
central atom means that the dipoles cancel and hence the 
molecule is non-polar.

N
H

H
H

      

 B — H

H

H

(A – some of: correct Lewis structures and correct shapes, recognises shape is related to regions of 
electrons on the central atom (for 2 shapes), polarity of bonds or molecules; M – links shape/angle 
to number of electron clouds, links bond polarity to electronegativity or polarity of molecules to 
their shape; E – full explanations for shape and polarity)

Question Five

a. Molecule O2 OCl2 CH2O

Lewis 
structure

O O Cl ClO C

H

H

O

b.  CCl4 has a tetrahedral shape with a bond angle of around 
109°. There are 4 regions of electrons (electron pairs) around 
the central C atom. To minimise repulsion, these will take 
a tetrahedral arrangement. Since all the electron regions 
on the central atoms are bonds, the shape of the molecule 
is tetrahedral and such a shape has an angle between the 
bonds of 109°.

  COCl2 has a trigonal planar shape with a bond angle of 
120°. There are 3 regions of electrons around the central 
C atom. To minimise repulsion, these will take a trigonal 
planar arrangement. Since all 3 of the electron regions on the 
central atom are bonds, the shape of the molecule is trigonal 
planar – and such a shape has a bond angle of 120°.

p. 11
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