
 CHEMICAL REACTIVITY

 Chemistry terms 
You should know the following chemistry terms for use in this standard.

particle a very small piece of matter – may be used to describe an atom, ion, molecule, electron, etc.

molecule two or more atoms (the same or different atoms) which have chemically combined to form a 
single unit of a substance 
e.g. oxygen molecule O2; methane molecule CH4

ion a charged particle formed from one or more atoms that has lost or gained one or more 
electrons 
e.g. hydrogen ion H+; oxide ion O2–; carbonate ion CO3

2– 

ionic equation  an equation which shows only the species (ion, molecule, etc.) that are involved in a reaction 
e.g. Mg(s) + 2H+(aq)  Mg2+(aq) + H2(g)

spectator ion an ion which is present in solution but takes no part in a reaction 
e.g. SO4

2–(aq) in the reaction Mg(s) + H2SO4(aq)  MgSO4(aq) + H2(g)

state symbol a symbol used in an equation to show the physical state of each species in a reaction 
e.g. (s) solid; ( ) liquid; (g) gas; (aq) aqueous

mole (mol) the amount of a pure substance; symbol n. One mole of a substance contains the same 
number of particles as there are atoms in exactly 12.00 g of carbon 
e.g. 1 mole of magnesium metal contains NA (= 6.02 × 1023) magnesium atoms

molar mass the mass of 1 mole of a substance; symbol M; measured in grams per mole (g mol–1) 
e.g. the mass of 1 mole of magnesium is 24.3 g, so M for magnesium is 24.3 g mol–1

concentration 
(of a solution)

the number of moles of substance (n) per litre (L) of solution; symbol c; units mol L–1;  
c mol L–1 = n mol /V L 
e.g. 0.5 mol of substance in 2.0 litres of solution has a concentration of 
0.5 mol/2.0 L = 0.25 mol L–1

heat 
(enthalpy) of 
reaction 

the energy change which occurs during a reaction; symbol ΔHr; measured in kilojoules per 
mol (kJ mol–1), where mol refers to the amount of a substance indicated by the equation for 
the reaction

exothermic 
reaction

a reaction in which heat energy is released; ΔHr is negative

endothermic 
reaction

a reaction in which heat energy is absorbed; ΔHr  is positive
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 Rates of reaction
The rate of a reaction measures ‘the speed at which a reaction occurs’. It involves:
• quantity – i.e. how much (in units of grams, or moles, or mL, etc.) of the reactant(s) are being used up, or 

product(s) are being formed
• a given time (per second, or per minute, or per hour, etc.).

Example: Rate by volume change

The reaction of zinc metal with dilute hydrochloric acid is: 
 Zn(s) + 2H+(aq)    Zn2+(aq) + H2(g)

The hydrogen gas produced can be collected and its volume measured at certain intervals of time. 

Experimental set-up for hydrogen gas collection

water bath to maintain
a constant temperature

gas syringe

hydrogen gas collecting,
pushes plunger out

hydrogen gas forming

dilute hydrochloric acid

zinc metal

10 20 30 40 50 60

Results from one experiment using the apparatus were: 

Time from start (s) 0 5 10 15 20 25 30 35 40 45 50 55 60 65

Volume of gas collected (mL) 0 15 26 34 40 45 50 53 56 57 59 60 60 60

Results are best presented on a graph:

reaction
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A typical rates of reaction graph such as the one in the above example shows that the reaction:
• begins rapidly – initial slope of the graph is steep
• slows down as time passes – slope of the graph becomes less steep as the reaction proceeds
• stops after a certain time – graph levels out as one (or both) reactants have been used up.
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Rates of reaction which do not involve a colour change or gas formation can also be measured, but different 
techniques must be used.

Sometimes there is a delay before reactions begin because there is a protective layer or coating on one of the 
reactants. This delay does not necessarily mean the rate of reaction is slow, as the reaction may proceed rapidly 
once the coating is removed.

 Measuring rates of reaction
1.  Which of the following quantities can be calculated to determine the rate of a chemical reaction? Explain 

your choice(s).
 a. Moles of reactant lost, or moles of product formed, in a given time.
 b.  Volume change in a given time of a reaction in which both reactants and products are gases and the 

total volume of reactants is different from the total volume of products (under the same conditions).
 c.  The colour intensity of a solution, measured at fi xed time intervals, of a reaction that starts with a deep-

purple solution of the reagent and fi nishes with a colourless solution of the product.

 

 

 

 

 

 

 
2. Calcite is a form of calcium carbonate.
 a. Write the equation for the reaction between calcium carbonate and hydrochloric acid.

 
 b. Which substance is responsible for the loss in mass of the open fl ask in which the reaction is occurring?

 

Answers
p.  63
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 c. The graph records the progress of the reaction.
  i.  At what time did the reaction cease?

Explain your decision.

 

 

 

 

 

 

 

 
  ii.  Over what 6-minute period of time was the 

reaction proceeding at the greatest rate?
Explain your decision.

 

 

 

   
  iii.  If the reaction had been stirred continuously, explain why the results would have been different and 

in what way they would have been different.

 

 

 
 d. Explain the following features of the graph produced for any rate of reaction investigation.
  i. The initial slope of the curve indicates a slow reaction.

 

 
  ii.  After the initial reaction, the slope of the curve is steep for a period and then the slope becomes less 

steep.

 

 
  iii. The fi nal part of the reaction curve gradually becomes horizontal.
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Collision theory

Collision theory explains the mechanism by which a chemical reaction occurs and why the rate at which a 
reaction occurs might change.

The collision theory states that ‘for a reaction between two particles to occur, the particles must collide and a 
collision must be effective’.
• The more frequently collisions occur, the faster a reaction occurs.
• A collision is effective when reacting particles collide with enough kinetic energy and the correct orientation to 

break existing forces (or bonds) between particles so that new bonds can form
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A2 and B2

must collide
A2 B2

A2 and B2 collide
with the correct

orientation

Kinetic energy
breaks forces

between particles

New bonds form
between A and B;

AB forms

Activation energy (EA)

Activation energy (EA) is the ‘minimum amount of energy needed for a reaction to occur between two colliding 
particles’, i.e. the amount of energy needed to initiate a reaction. In collisions which do not have enough 
activation energy, particles bounce apart without reacting.

Activation energy can be displayed on an energy diagram, together with the enthalpy change, ΔrH, for a 
reaction. Activation energies are always positive, since energy must be supplied to start the reaction.

Example: Energy diagram

Hydrogen peroxide, H2O2, decomposes to form water and oxygen:

2H2O2(aq)    2H2O( ) + O2(g)      Δr H = –189 kJ, EA = 75 kJ

Energy diagram for decomposition of hydrogen peroxide:

Reaction proceeding

Energy (kJ)

2H2O2 EA = 75 kJ

2H2O + O2

rH = –189 kJ
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Exothermic reactions

In an exothermic reaction, the total energy released is greater than the activation energy for the reaction. The 
energy released by the initial exothermic reaction is used to provide the activation energy for other particles to 
react. Once an exothermic reaction begins, it will continue until one of the reactants is used up or some other 
change occurs (e.g. once lit, a piece of paper will burn completely unless extinguished by some other means). 

Energy

Reaction proceeding

Overall energy
released, rH 

reactants

products

EA

Exothermic energy diagram

Combustion is an exothermic reaction.

Endothermic reactions

In an endothermic reaction, the energy released is less than the activation energy for the reaction. These 
reactions have a different driving force which allows colliding particles to gain suffi cient activation enery. 

Energy

Reaction proceeding

reactants

products
EA Overall energy

absorbed, rH 

Endothermic energy diagram

Photosynthesis involves an endothermic reaction.

 Exothermic and endothermic reactions
1. Draw and label energy diagrams to illustrate each of the following situations.
 a.  When reactants A and B form products C and D, the overall energy released is 150 kJ mol–1 and the 

activation energy is 55 kJ mol–1.

Answers
p.  63
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 b.  When W and X react to form products Y and Z, 42 kJ of energy are absorbed. 
The activation energy is 120 kJ.

2. The diagram following represents the energy curve for the reaction: 
 C(s)  +  O2(g)  $  CO2(g)

Energy (kJ)

Reaction proceeding

E

A

B
C D

 

 a. Is the reaction exothermic or endothermic?

 b. Which letter shows the net energy released in the reaction?

 c. Which letter shows the activation energy?
3. The diagram following represents the energy diagram for the reaction:

 N2(g) + 2O2(g)  $  2NO2(g)

Energy (kJ)

Reaction proceeding

E

A

B
C D

 

 a. Is the reaction exothermic or endothermic?

 b. Which letter corresponds to the activation energy for this reaction?
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8 

Factors affecting the rate of a reaction

Four factors can alter the rate of a chemical reaction.
1. Concentration of one or more reactants.
 Increased concentration means an increase in the frequency of collisions, 

so more particles react.
2. Surface area of reactants.
 Increased surface area means more reactant particles are 

exposed and can take part in the reaction.
3. Temperature.
 Increased temperature means that:

• particles collide more frequently
•  particles will collide with more energy, so more particles 

will have suffi cient energy for a reaction to occur.
4. Catalyst.
 A catalyst changes the activation energy (usually lowers the 

activation energy) required for a reaction.

The rate of a reaction can be increased by:
• increasing the frequency at which collisions occur – by increasing the concentration, increasing the surface 

area and/or increasing the temperature
• increasing the energy of the collisions so that more collisions are effective because they have energy greater 

than the activation energy – more effective collisions occur when temperature is increased or a catalyst is 
used to lower the activation energy.

Concentration and reaction rate

Increasing the concentration of a reactant increases the rate of reaction. This is because the increased 
concentration means an increase in the frequency of collisions, so more particles react in a given time to 
give products.

Example: Rate and concentration

Magnesium metal reacts faster in dilute hydrochloric acid than in the same volume of very dilute 
hydrochloric acid.

Dilute acidVery dilute acid

H+ ion

magnesium metal

Fewer H+ ions in the same volume 
of solution, so fewer collisions 
occur between H+(aq) and Mg(s).

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

A Bunsen burner is used to 
heat up and therefore increase 
reaction rates in the laboratory.
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Surface area and reaction rate
Increasing the surface area of a reactant will increase the rate of reaction. This is because an increased surface 
area means more reactant particles are exposed and can take part in the reaction.

Surface area is increased by breaking up pieces of reactant.

Consider a 2 cm × 2 cm × 2 cm cube:       

2 cm

2 cm

2 cm

 

Surface area = 6 faces × area of one face

 = 6 × (2 cm × 2 cm)

 = 24 cm2

Cutting the cube in half across each section gives eight cubes:

 Surface area of eight small cubes is now:       
1 cm

1 cm
1 cm8 × (6 × area of one face) = 8 × 6 × 1 × 1

 = 48 cm2

Breaking up the cube has increased (doubled) the surface area.

A mortar (the bowl) and pestle (the grinding tool) are commonly used to break up 
material – this increases the surface area and thus increases reaction rates.

Example: Rate and surface area

Powdered calcium carbonate reacts faster with the same volume of dilute hydrochloric acid than a 
lump of calcium carbonate.

Lump of calcium carbonate Powdered calcium carbonate 

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

H+ ion

calcium carbonate
exposed to H+ 

calcium carbonate
not exposed to H+ 

2 g of powdered calcium carbonate, more 
particles exposed to H+(aq). Reaction is faster 
when calcium carbonate is powdered.
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Reactions in solutions are often rapid because large surface areas are involved, i.e. particles are separated and 
free to move.

Example: Forming precipitates

Solid lead nitrate does not seem to react at all when mixed with solid potassium iodide, yet when 
aqueous solutions of each are mixed, a bright yellow precipitate forms immediately:

Pb2+(aq) + 2I–(aq)    PbI2(s)
 yellow

Stirring to dissolve a solid in a liquid keeps a ‘fresh’ surface of the solid exposed to the liquid. This increases the 
frequency of collisions between the solid and liquid particles, so dissolving occurs more rapidly. Two miscible 
liquids can be shaken together to increase the area of contact between the two liquids and speed up the rate of 
mixing.
Some solids which are quite unreactive in 
the form of lumps can be highly reactive as 
powders. Coal dust explosions have occurred 
in mines, where the fi ne particles of coal 
spark a sudden reaction with oxygen.

Temperature and reaction rate 

The rate of reaction increases with increasing temperature. This occurs because as temperature increases, the 
kinetic energy and hence the speed of reacting particles increases. There are two effects on the colliding particles:
• particles collide more frequently
• particles will collide with more energy and hence a larger proportion of colliding particles have suffi cient 

energy for a reaction to occur (i.e. more particles have energy > EA).

Catalysts and reaction rate
Catalysts alter the rate of a reaction by changing the activation energy required. Usually, catalysts are used 
to increase the rate of a reaction. When the activation energy is lowered, more collisions become effective in 
producing a reaction.

Example: Rate and catalysts

The decomposition of hydrogen peroxide, H2O2 , to water and oxygen is slow. The reaction can be 
sped up by adding the catalyst manganese dioxide, MnO2.

Catalysts do not appear directly in the equations for reactions, because catalysts:
• do not change the products formed
• are not used up in reactions – they are usually recovered and reused.

The use of catalysts can be indicated by writing them above the arrow in an equation, e.g.:

2H2O2( )   
MnO2   2H2O( ) + O2(g)

Example

Cerium and zirconium oxides are used in car exhausts to:
• catalyse the conversion of carbon monoxide (poisonous to human beings) to carbon dioxide
• reduce oxides of nitrogen (global-warming gases) to nitrogen gas.
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 ANSWERS

 Measuring rates of reaction (page 3)

1. a., b. and c.
 In all cases, the quantities relate to either the reactants and/or products 

at stated time intervals:

 • moles are related to the number of particles present

 •  volume of gas is dependent on the number of particles present – 
the more particles, the greater the volume required

 •  the colour intensity is dependent upon the number of particles 
present.

2. a. CaCO3(s) + 2HCl(aq)    CaCl2(aq) + H2O( ) + CO2(g)

b. carbon dioxide, CO2

c. i.  18 minutes after the reaction started. At this point, the 
mass of the reaction fl ask was constant, indicating that it 
was no longer losing mass (carbon dioxide).

 ii.  Between the 2nd and 8th minutes. The graph has the 
steepest incline.

 iii.  The reaction time for the experiment would have been less. 
If the acid is stirred, the highest concentration of acid is 
always in contact with the calcite.

d. i. There is a delay before the reactants are thoroughly mixed.

 ii.  The concentrations of the reactants are at their highest 
once the mixing of the reactants is complete. As the 
reactants are used up, the reaction slows simply because 
there is less reactant in the fl ask.

 iii.  The rate of reaction towards the end of the reaction slows 
because there is very little of at least one of the reactants. 
The curve becomes horizontal when at least one of the 
reactants has been completely used up.

 Exothermic and endothermic reactions (page 6)

1. a.

Energy (kJ)

Reaction proceeding

EA = 55 kJA + B

rH = –150 kJ

C + D

 

 b.

Reaction proceeding

W + X

Y + Z

EA = 120 kJ rH = 42 kJ

Energy (kJ)

2. a. exothermic   b. B  c. A

3. a. endothermic  b. B

  Factors affecting rates of reaction; collision theory
 (page 11)

1.  There is a greater concentration of oxygen in the Sulfur in oxygen jar 
compared with the Sulfur in air jar. High concentration means more 
oxygen molecules in a given volume and therefore a greater chance of 
collision between oxygen molecules and the sulfur particles in a given 
time.

S(s) + O2(g)    SO2(g)

2. a.  Particle size of solid is the factor. Coal dust has a much greater 
surface area than lumps of coal of the same mass. The oxygen 
molecules in the air have a greater frequency of colliding with 
dust particles than with lumps. Hence, the rate of the reaction is 
greater and, in this case, the heat energy evolved is greater in a 
given time.

 b.  Raising the temperature of reaction is the factor. An increase in 
temperature for reactants raises the energy of the particles. The 
increase in the kinetic energy of the particles means that more 
particles collide in a given time and the energy of impact is 
greater. Each of these factors increases the rate of the reaction. 
In a titration procedure, rapid/instantaneous reaction is very 
important for accuracy.

 c.  Use of a catalyst to speed up a reaction is the factor. The 
activation energy of the reaction between oxygen molecules 
and hydrogen molecules is high. A spark has suffi cient energy to 
initiate the reaction. The highly exothermic nature of the reaction 
releases enough energy for the reaction to continue. The fi nely 
divided platinum lowers the activation energy of the reaction 
enabling the reaction to initiate at room temperature.

3. a.
Volume versus time

 1 2 3 4 5 6 7
Time (min)

60

50

40

30

20

10

Volume
(mL)

d.

a.

b. Most rapid reaction

 b. Shaded area of graph (i.e. steepest area). 

 c. About 5 minutes.

 d. See graph. Note: same volume produced in a shorter time.

 e.   Lower temperature means that the molecules have less kinetic 
energy, so collisions are less effective – since there is less chance 
of reaching the activation energy, the rate of reaction is reduced. 
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Also, the frequency of collision is reduced, so there are fewer 
successful collisions in the same time.

   More dilute acid means there are fewer particles in a given volume, 
so collisions are less frequent – meaning fewer successful collisions 
in the same time. This decreases the reaction rate.

4. a.  No change; same frequency of collisions with the same energy, 
since concentration is unchanged.

 b.  Decrease; less frequent collisions since solution is less 
concentrated, so fewer effective collisions and rate is reduced. 

 c.  Increase; larger surface area, so greater frequency of collisions 
and more effective collisions, resulting in faster rate of reaction.

5. a. 3

 b.  1; smallest concentration of acid present, so limited number of 
particles to react.

 c. Raise the temperature; use powdered CaCO3.

6.  The activation energy for the conversion of diamond to graphite is very 
high. The high activation energy is related to the extended covalent 
network of carbon atoms in the diamond structure. A large number of 
bonds must be broken before the carbon atoms can reform into the 
structure of graphite.

7.  All chemical reactions occur by particles colliding. The shapes of 
molecules vary and also their size. Some collisions are effective and 
others result in no reaction. If heat energy is supplied to the reactants, 
the particles increase their kinetic energy and hence their velocity. 
The particles moving faster results in more collisions in a given time 
and, because the energy of the collision is greater, it is likely that the 
collision produces a reaction.

  A catalyst lowers the activation energy needed for most reactions 
and thus more collisions become effective. Hence the rate of the 
reaction increases at a given temperature, i.e. no energy has been 
added to make the reaction go faster. If a catalyst lowers the rate of 
a reaction then it increases the activation energy of the reaction. In 
commercial chemical processes, catalysts can increase yields by large 
percentages and thus they are always sought after. Precious metals 
such as platinum are used in some reactions because, although the 
metals are expensive, they are not consumed.

 Chemical equilibrium (page 15)

1. a. Reversible; adding water to CuSO4 forms CuSO4.5H2O

 b. Reversible; add base and blue colour reappears.

 c.  Irreversible; copper (below zinc on the activity series) won’t 
displace zinc ions from solution.

2.  c. In c., the person is walking up as fast as the escalator is moving 
down. In a., the seesaw is balanced but there is no movement, and in 
b., there is no movement of sand in the reverse direction. 

3.  Because particles are moving in a random manner, chemicals that 
react have particles that collide. The collisions can cause bonds to 
be broken in the particles, allowing product particles to form. Once 
these product particles exist, they can react to produce reactant 
particles. There are two opposite reactions occurring. When these two 
reactions are proceeding at the same rate, the system is in balance. 
Because the particles are continually moving, the equilibrium is 
described as dynamic.

  In a reaction that produces a gas in an unsealed test tube, the reverse 
reaction cannot occur because the gas escapes, preventing any 
equilibrium being achieved. All equilibria must be in closed systems. 
A closed system does not have to be sealed; it can be in contact with 
the atmosphere provided that none of the reactants or products can 
escape the reaction vessel.

4. a. This is an example of a dynamic equilibrium.

   All the particles in the equilibrium are non-volatile; they will 
not escape from the beaker. A saturated solution of salt can 
be formed in which solid sodium chloride is in contact with a 
solution containing sodium and chloride ions. If more ions enter 
the solution from the solid salt, an equal number of ions will 
leave the solution to form a solid.

b. This is not an example of a dynamic equilibrium.

  The system is not closed and a gas, CO2, is involved in the 
reaction, albeit in solution. The running water will prevent 
the reverse reaction occurring.  Explains caves and tomos in 
limestone country.  The reverse reaction can occur and the 
gaseous product will escape, preventing the reverse reaction.
 Explains stalactites and stalagmites. 

c. This is not an example of a dynamic equilibrium.

  The system is not closed and two gases are involved in the reaction, 
and these gases will escape through the loose-fi tting cork.

  If the cork were fi tting tightly, equilibrium could be established. 

 The equilibrium constant (page 18)

1. a. i. Kc = [NH3(g)]2

[N2(g)] [H2(g)]3   ii. Kc = [SO3(g)]2

[SO2(g)]2 [O2(g)]

  iii. Kc = [NO(g)]2

[N2(g)] [O2(g)]
   iv. Kc = 

[CO(g)] [H2(g)]
[H2O(g)]

b. i.  The value of Kc is extremely large, which means the 
position of equilibrium is well in favour of the forward 
direction. In other words, the reaction between carbon and 
oxygen is complete conversion to the product.

 ii.  The huge value of Kc would indicate any form of carbon 
is readily converted to carbon dioxide in the atmosphere. 
The activation energy for the reaction between diamond 
and oxygen must be extremely high (this is because of 
the extended network of covalent bonds in the diamond 
structure; consequently, the rate of reaction is very slow). 
The extremely high activation energy is the factor that 
makes diamond so stable.

2. a. i. Kc = 
[SO3]2

[SO2]
2 [O2]

 

  ii.  SO3. Kc is very large, so concentration of product is high 
compared with that of reactants (product concentration is 
at the top of the ratio). 

 b. i. Kc = 
[NO]2 [Cl2]

[NOCl]2
 

  ii.  NOCl. Kc is very small, so concentration of reactants is high 
compared with that of products. 

 Calculation of Kc (page 19)

1. Kc = 
[CH3OH]

[CO] [H2]
2
 = 

2.0

0.20 × 0.012
 = 1 000

2. N2(g) + 3H2(g)    2NH3(g)

 Kc = 
[NH3]2

[N2] [H2]
3
 = 

0.1562

0.922 × 0.07663
 = 58.7

3. Kc = 1.6 × 10–10 = 
[SO2]

2 [O2]

[SO3]
2

 

 [SO2]2 = 
1.6 × 10–10 × 0.402

0.00124
 = 2.06 × 10–8

 [SO2] = 1.44 × 10–4 mol L–1
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