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ST ANDREW’S SECONDARY SCHOOL 
 

NAME   
        CLASS     

 

CHEMISTRY                               
 

 
The Periodic Table 
Summary of Chemical Reactions 

 
Alkali metals (Group I elements) 
 

Reaction with Air/ Oxygen gas 
 

 

Observations Equations 
Lithium burns with a red flame producing a white solid. 
 
 
Sodium burns rapidly with a bright, yellow flame 
producing a white solid. 
 
Potassium burns vigorously with a bright, lilac flame 
producing a white solid.  
 
• The white solid is produced as the white smoke 

observed.  
• The white solid dissolves in water to produce a 

colourless solution that turns red litmus paper blue. 

Lithium + Oxygen ® Lithium oxide  
4 Li + O2 ® 2 Li2O 
 
Sodium + Oxygen ® Sodium oxide  
4 Na + O2 ® 2 Na2O 
 
Potassium + Oxygen ® Potassium oxide  
4 K + O2 ® 2 K2O 
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   experiment 2 

 

   The teacher weighs out 10 g of ammonium nitrate crystals. She dissolves them in 
100 cm3

 of water which has the same temperature as in experiment 1.  

 

 (ii) The thermometer scale in Fig. 4.2 shows the new temperature. Record it in  

Table 4.1.  [1] 

 

20

10

0

°C

temperature of
ammonium nitrate solution

 

 

experiment 2 

 

Fig. 4.2 

 

 (iii) Each time, use one word to state the type of reaction that occurs in experiment 1 

and experiment 2. 

experiment 1  

experiment 2  [2] 

 

 

  experiment 3  

 

  The teacher places a piece of sodium in a steel spoon. She heats the spoon until the 

sodium ignites. Then she lowers the spoon into a gas-jar of oxygen. 

 

  A flame is seen, the gas-jar fills with white smoke and a white solid forms on the gas-jar 

wall. This is shown in Fig. 4.3. 

 

white solid on
gas-jar wall

burning
sodiumoxygen gas

white smoke

  
Fig. 4.3 
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Reaction with Water 
 
 
 
 

 
 

Observations Equations 
Lithium moves slowly and randomly on the water 
surface with a soft ‘hissing’ sound.  
 
Sodium melts into smaller pieces that moves rapidly 
and randomly on the water surface with a ‘hissing’ 
sound.  
 
Potassium burns with a lilac flame that moves very 
rapidly and randomly on the water surface with a 
‘hissing’ sound before exploding.  
 
• A colourless solution is obtained that turns red 

litmus paper blue.  
• ‘Hissing’ sound is the hydrogen gas evolved as 

effervescence.  

Lithium + Water ® Lithium hydroxide + Hydrogen  
2 Li + 2 H2O ® 2 LiOH + H2 
 
Sodium + Water ® Sodium hydroxide + Hydrogen  
2 Na + 2 H2O ® 2 NaOH + H2 
 
 
Potassium + Water ® Potassium hydroxide + 
                                    Hydrogen  
2 K + 2 H2O ® 2 KOH + H2 

 
Reaction with Chlorine gas 

 
 

 

Observations Equations 
Lithium burns slowly with a red flame producing a 
white solid. 
 
Sodium burns rapidly with a bright, yellow flame 
producing a white solid. 
 
Potassium burns vigorously with a bright, lilac flame 
producing a white solid.  
 
• The white solid is produced as the white smoke 

observed.  
• The white solid dissolves in water to produce a 

colourless solution that has no effect on red and 
blue litmus papers. 

Lithium + Chlorine ® Lithium chloride  
2 Li + Cl2 ® 2 LiCl 
 
Sodium + Chlorine ® Sodium chloride  
2 Na + Cl2 ® 2 NaCl 
 
Potassium + Chlorine ® Potassium chloride  
2 K + Cl2 ® 2 KCl 
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16 A small piece of element X is dropped into a bowl of water. The diagrams show what happens. 

 

X flame

 

 

When the reaction stops, the remaining solution turns Universal Indicator blue. 

 

To which group of the Periodic Table does element X belong? 

A 1 B 3 C 5 D 6 

 

 

17 The diagram shows some of the useful products manufactured in the chemical industry from 

substance X. 

 

plastics fue ls lubricants waxes

substance X

 

 

What is substance X? 

A limestone 

B methane 

C petroleum 

D salt 

 

 

lithium

basin 
of water

2
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1 Fig. 1.1 shows what happens when a small piece of potassium metal reacts with chlorine gas 
inside a container.

clouds of particles
made of a white solid

container initially full
of chlorine gas

flames
potassium

Fig. 1.1

 When the reaction has finished, particles of a white solid compound are left in the container.

 (a) (i) Suggest the name of the white solid compound.

 .......................................................................................................................................[1]

  (ii) Fig. 1.2 shows diagrams of a potassium atom and a chlorine atom.

potassium atom chlorine atom

Fig. 1.2

   Describe what happens to these atoms when they change into ions.

 ...........................................................................................................................................

 ...........................................................................................................................................

 .......................................................................................................................................[2]

pale 
yellow-green 
chlorine gaswhite 

smoke
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halogens (Group viI elements) 
 

Reaction with Water 
 

 

  

 

Observations Equations 
Pale yellow-green gas dissolves rapidly to produce a 
colourless solution.  
• Turns blue litmus paper red (due to H+) and then 

bleaches it (due to ClO–).  
 
 
 
 
 
 
 
 
 
 
 
Red-brown liquid dissolves slowly to produce a pale-
yellow solution.  
• Turns blue litmus paper red (due to H+) and then 

bleaches it (due to BrO–). 
 
 
 
 
 
 
 
Only a very small amount of the purple-black crystals 
added dissolves very slowly in water to produce a pale-
yellow solution.  
• No effect on blue litmus paper.  
 
This reaction is an example of disproportionation 
reaction, where a single substance is both oxidised 
and reduced simultaneously.  

Chlorine + Water ® Hydrochloric acid +  
                                 Hypochlorous acid  
Cl2 + H2O ® HCl + HClO 
 
 
 
 
 
 
 
 
 
 
 
 
Bromine + Water ® Hydrobromic acid +  
                                 Hypobromus acid  
Br2 + H2O ® HBr + HBrO 
 
 
 
 
 
 
 
 
Iodine + Water ® Hydroiodic acid + Hypoiodus acid  
I2 + H2O ® HI + HIO 
 

 

3
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1 A student did an experiment to find out how temperature affects the activity of the enzyme
catalase. Catalase is released from potato cells when they are cut open. The enzyme speeds
up the production of oxygen from hydrogen peroxide.

• She set up the apparatus as shown in Fig. 1.1.

Fig. 1.1

• She put 10 cm3 hydrogen peroxide into tube A and measured its temperature.

(a) Read the thermometer, Fig. 1.2 below, and write the correct temperature in the table,
Fig. 1.3, on page 4.

Fig. 1.2

• She cut several identical pieces of potato.
• She put one piece of potato into the hydrogen peroxide, placed the bung firmly in

the top of tube A and started timing. The oxygen appeared as bubbles in tube B.
• She counted the number of bubbles produced during a period of 2 minutes.
• She rinsed out tube A, then put 10 cm3 fresh hydrogen peroxide into it.
• She warmed the tube in a water bath until the temperature of the hydrogen peroxide

reached 35 °C.
• After replacing tube A in the clamp she added the next piece of potato, started

timing and counted the bubbles as before.
• She did three further readings at 45 °C, 55 °C and 60 °C.

0
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test-tube B

test-tube A

water

delivery tube

clamp stand
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1 An experiment was carried out to find the pH of samples of soil from a farmer’s field. 

soil
sample

water

filtrate

universal
indicator

C

A

B

 (a) Identify the pieces of apparatus labelled 

A,

B,

C. [3]

 (b) Why was the soil crushed? 

[2]

Br2

dropper

I2
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3 Lead bromide was placed in a tube and connected to an electrical circuit as shown below. 

bulb

dc power supply

heat

LEAD
BROMIDE

TOXIC

 The lead bromide was heated until molten. A brown gas was given off. 

(a) State one other expected observation. 

[1]

(b) (i) Suggest a suitable material for the electrodes. 

(ii) Indicate on the diagram the negative electrode (cathode). [2] 

 (c) Name the brown gas. At what electrode will the gas be given off? 

name

electrode [2]

 (d) Why is this experiment carried out in a fume cupboard? 

[1]

10 
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24 Manganese, nickel and silver are all metals. 
 

Samples of powdered manganese, nickel and silver were placed in separate test-tubes 
containing dilute hydrochloric acid. 

 
The results are shown. 

 

hydrogen
hydrogen

manganesenickel silver  
 

What is the order of reactivity of the metals, most reactive to least reactive? 

A manganese o nickel o silver 

B manganese o silver o nickel 

C silver o manganese o nickel 

D silver o nickel o manganese 
 
 
25 Which statement about aluminium is correct? 

A Aluminium is easy to extract from its ore because it is near the bottom of the reactivity series. 

B Aluminium is formed when aluminium oxide is heated with carbon. 

C Bauxite is an important ore of aluminium. 

D Hematite is an important ore of aluminium. 
 
 
26 Some properties of aluminium are listed. 
 

1 It conducts heat. 

2 It has a low density. 

3 It is strong. 

4 It is resistant to corrosion. 
 

Which of these properties make aluminium suitable for making food containers for chilled food 
products? 

A 1, 2 and 4 B 1, 3 and 4 C 1 only D 4 only 
 
 

stopper
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Reaction with Hydrogen gas 
 

 

Observations Equations 
Pale yellow-green gas reacts explosively with 
hydrogen gas in UV light to produce a colourless gas. 
• Without UV light, this reaction is not explosive and 

gets much slower.  
 
Brown vapour reacts slowly with hydrogen gas to 
produce a colourless gas. 
• Br2 must be vapourised through heating before 

reaction can start. 
 
Dark purple vapour reacts reversibly and very slowly 
with hydrogen gas to produce a colourless gas. 
• I2 must be vapourised through heating before 

reaction can start. 
 
Each of the colourless hydrogen halide gas produced 
dissolves readily in water to form acidic solutions.  

Chlorine + Hydrogen ® Hydrogen chloride 
Cl2 + H2 ® 2 HCl (g) 
 
 
 
Bromine + Hydrogen ® Hydrogen bromide 
Br2 + H2 ® 2 HBr (g) 
 
 
 
Iodine + Hydrogen ⇌ Hydrogen iodide 
I2 + H2 ⇌ 2 HI (g) 
 
 
 
 
HX (g) in water ® H+ (aq) + X– (aq) 

 
 
 
 
 
 
 
 
 

3
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1 A student did an experiment to find out how temperature affects the activity of the enzyme
catalase. Catalase is released from potato cells when they are cut open. The enzyme speeds
up the production of oxygen from hydrogen peroxide.

• She set up the apparatus as shown in Fig. 1.1.

Fig. 1.1

• She put 10 cm3 hydrogen peroxide into tube A and measured its temperature.

(a) Read the thermometer, Fig. 1.2 below, and write the correct temperature in the table,
Fig. 1.3, on page 4.

Fig. 1.2

• She cut several identical pieces of potato.
• She put one piece of potato into the hydrogen peroxide, placed the bung firmly in

the top of tube A and started timing. The oxygen appeared as bubbles in tube B.
• She counted the number of bubbles produced during a period of 2 minutes.
• She rinsed out tube A, then put 10 cm3 fresh hydrogen peroxide into it.
• She warmed the tube in a water bath until the temperature of the hydrogen peroxide

reached 35 °C.
• After replacing tube A in the clamp she added the next piece of potato, started

timing and counted the bubbles as before.
• She did three further readings at 45 °C, 55 °C and 60 °C.
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Reaction with Iron 
 

 
 
 

Observations Equations 
When chlorine gas passes over the hot iron, it ignites 
rapidly with a bright flame to produce a yellow solid. 
 
When bromine vapour passes over the hot iron, it 
glows moderately fast and less vigorously to produce 
a red-brown solid. 
 
When iodine vapour passes over the hot iron, it glows 
dimly and slowly to produce a black solid.  
 
• Each halogen oxidises iron to its +3 oxidation state. 
• Halogens are corrosive and toxic.   

 

Soda lime is a basic mixture of sodium hydroxide 
(soda) and calcium oxide (lime).  
 

By reacting with the unreacted halogen gases 
(after all iron has reacted completely), soda lime 
prevents any halogen gases being released from 
the apparatus.  

Chlorine + Iron ® Iron(III) chloride  
3 Cl2 + 2 Fe ® 2 FeCl3  
 
Bromine + Iron ® Iron(III) bromide 
3 Br2 + 2 Fe ® 2 FeBr3  
 
 
Iodine + Iron ® Iron(III) iodide 
3 I2 + 2 Fe ® 2 FeI3  
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Reaction with Sodium hydroxide 

 

  

 

Observations Equations 
Pale yellow-green gas dissolves rapidly in sodium 
hydroxide solution to produce a colourless solution.  
 
 
 
 
 
 
 
 
 
 
 
Red-brown liquid dissolves fast in sodium hydroxide 
solution to produce a colourless solution.  
 
 
 
 
 
 
 
 
 
Purple-black crystal dissolves slowly in sodium 
hydroxide solution to produce a colourless solution.  
 
• Compared to the reactions with water, colourless 

solutions are produced from all three halogens.   

Chlorine + Sodium hydroxide ® Sodium chloride + 
                                                    Sodium chlorate + 
                                                    Water 
Cl2 + 2 NaOH ® NaCl + NaClO + H2O 
 
 
 
 
 
 
 
 
 
Bromine + Sodium hydroxide ® Sodium bromide + 
                                                    Sodium bromate + 
                                                    Water 
Br2 + 2 NaOH ® NaBr + NaBrO + H2O 
 
 
 
 
 
 
 
Iodine + Sodium hydroxide ® Sodium iodide + 
                                                Sodium iodate + 
                                                Water 
I2 + 2 NaOH ® NaI + NaIO + H2O 
 

 
 
 
 

3

0653/06/O/N/04 [Turn over

1 A student did an experiment to find out how temperature affects the activity of the enzyme
catalase. Catalase is released from potato cells when they are cut open. The enzyme speeds
up the production of oxygen from hydrogen peroxide.

• She set up the apparatus as shown in Fig. 1.1.

Fig. 1.1

• She put 10 cm3 hydrogen peroxide into tube A and measured its temperature.

(a) Read the thermometer, Fig. 1.2 below, and write the correct temperature in the table,
Fig. 1.3, on page 4.

Fig. 1.2

• She cut several identical pieces of potato.
• She put one piece of potato into the hydrogen peroxide, placed the bung firmly in

the top of tube A and started timing. The oxygen appeared as bubbles in tube B.
• She counted the number of bubbles produced during a period of 2 minutes.
• She rinsed out tube A, then put 10 cm3 fresh hydrogen peroxide into it.
• She warmed the tube in a water bath until the temperature of the hydrogen peroxide

reached 35 °C.
• After replacing tube A in the clamp she added the next piece of potato, started

timing and counted the bubbles as before.
• She did three further readings at 45 °C, 55 °C and 60 °C.

0

10

20

30
°C

test-tube B

test-tube A

water

delivery tube

clamp stand

For
Examiner’s

Use

© UCLES 2004

Cl2

NaOH (aq)

test-tube

delivery tube
Cl2

2

 UCLES 2004 0620/06/M/J/04 

For

Examiner’s

Use

1 An experiment was carried out to find the pH of samples of soil from a farmer’s field. 

soil
sample

water

filtrate

universal
indicator

C

A

B

 (a) Identify the pieces of apparatus labelled 

A,

B,

C. [3]

 (b) Why was the soil crushed? 

[2]

Br2

dropper

I2

4

 UCLES 2004 0620/06/M/J/04 

For

Examiner’s

Use

3 Lead bromide was placed in a tube and connected to an electrical circuit as shown below. 

bulb

dc power supply

heat

LEAD
BROMIDE

TOXIC

 The lead bromide was heated until molten. A brown gas was given off. 

(a) State one other expected observation. 

[1]

(b) (i) Suggest a suitable material for the electrodes. 

(ii) Indicate on the diagram the negative electrode (cathode). [2] 

 (c) Name the brown gas. At what electrode will the gas be given off? 

name

electrode [2]

 (d) Why is this experiment carried out in a fume cupboard? 

[1]

10 

© UCLES 2020 0620/12/F/M/20  

24 Manganese, nickel and silver are all metals. 
 

Samples of powdered manganese, nickel and silver were placed in separate test-tubes 
containing dilute hydrochloric acid. 

 
The results are shown. 

 

hydrogen
hydrogen

manganesenickel silver  
 

What is the order of reactivity of the metals, most reactive to least reactive? 

A manganese o nickel o silver 

B manganese o silver o nickel 

C silver o manganese o nickel 

D silver o nickel o manganese 
 
 
25 Which statement about aluminium is correct? 

A Aluminium is easy to extract from its ore because it is near the bottom of the reactivity series. 

B Aluminium is formed when aluminium oxide is heated with carbon. 

C Bauxite is an important ore of aluminium. 

D Hematite is an important ore of aluminium. 
 
 
26 Some properties of aluminium are listed. 
 

1 It conducts heat. 

2 It has a low density. 

3 It is strong. 

4 It is resistant to corrosion. 
 

Which of these properties make aluminium suitable for making food containers for chilled food 
products? 

A 1, 2 and 4 B 1, 3 and 4 C 1 only D 4 only 
 
 

stopper
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Displacement Reactions: Reaction of halogens with halides  
 A more reactive halogen displaces the less reactive halogen from its aqueous halide solution..   

 

M2 (aq) + 2 L– (aq) ® 2 M– (aq) + L2 (aq) 
 

The more reactive halogen (M) is the oxidising agent.  
The halogen (existing as a diatomic molecule) undergoes reduction to form compounds known as halides.   
• F2 is the strongest oxidising agent (as it gains electrons most readily)  
• I2 is the weakest oxidising agent   
 

The less reactive halogen (L) is the reducing agent.  
The halide (aq) undergoes oxidation to form its element as diatomic molecules.  
• I– (ie. potassium iodide, KI) is the strongest reducing agent (as it loses electrons most readily) 
• F– is the weakest reducing agent 
 

 Chlorine, Cl2 Bromine, Br2 Iodine, I2 
Potassium chloride, KCl  

 
 

No reaction. 
 

Bromine is less reactive than chlorine. 
Hence, it cannot displace chlorine from 
potassium chloride solution.  

No reaction. 
 

Iodine is less reactive than chlorine. 
Hence, it cannot displace chlorine from 
potassium chloride solution. 

Potassium bromide, KBr Cl2 (aq) + 2 KBr (aq) ® 
2 KCl (aq) + Br2 (aq) 

 
The colourless potassium bromide 
solution turns red-brown.  
 
Chlorine is more reactive than bromine. 
Hence it displaces bromine from 
potassium bromide solution.  

 No reaction. 
 

Iodine is less reactive than bromine. 
Hence, it cannot displace bromine from 
potassium bromide solution. 

Potassium iodide, KI  Cl2 (aq) + 2 KI (aq) ® 
2 KCl (aq) + I2 (aq) 

 
The colourless potassium iodide solution 
turns brown.  
 
Chlorine is more reactive than iodine. 
Hence it displaces iodine from potassium 
iodide solution. 

Br2 (aq) + 2 KI (aq) ® 
2 KBr (aq) + I2 (aq) 

 
The colourless potassium iodide solution 
turns brown.  
 
Bromine is more reactive than iodine. 
Hence it displaces iodine from potassium 
iodide solution. 

 

 

  Cl2 Br2 I2 

KCl  ❌ ❌ 

KBr ✓  ❌ 

KI ✓ ✓  

9  Redox processes298

Disinfection of water supplies commonly uses oxidizing agents such as chlorine or ozone to 
kill microbial pathogens (bacteria and viruses). Chlorine gas forms chloric(i), HOCl, acid in 
water. The chlorate(i) ions, ClO−, formed in water are responsible for its germicidal properties. 
Use of chlorine as a disinfectant is of concern due to its ability to oxidize other species, forming 
harmful by-products (for example, trichloromethane, CHCl3).

Ozone (trioxygen, O3) is much more reactive than O2. It is a very powerful oxidizing agent, 
second among elements only to fluorine. It can oxidize many organic compounds and is used 
commercially as a bleach and as a deodorizing agent to remove bad odours (smells). Because it is 
a powerful germicide and kills pathogenic (disease-causing) bacteria it is also used to sterilize air 
and drinking water. Ozone is usually manufactured by passing an electrical discharge through O2 
gas or through dry air. 

■  Reducing agents
A reducing agent is defined as a substance that brings about the reduction of a substance by 
donating electrons to the substance it reduces. Reducing agents undergo a process of oxidation 
(Figure 9.17).

Some common reducing agents and examples of their reactions are described below. The 
strengths of reducing agents, like oxidizing agents, are described by their standard electrode 
potentials (Chapter 19). 

Hydrogen
For example, with lead(ii) oxide:

PbO(s) + H2(g) → H2O(l) + Pb(s)

The half-equation is:

O2−(s) + H2(g) → H2O(l) + 2e−

Carbon
For example, with lead(ii) oxide:

PbO(s) + C(s) → Pb(s) + CO(g)

The half-equation is:

O2−(s) + C(s) → CO(g) + 2e−

Carbon monoxide
When carbon monoxide acts as a reducing agent, carbon dioxide is produced, for example with 
iron(iii) oxide (at high temperature):

Fe2O3(s) + 3CO(g) → 2Fe(l) + 3CO2(g)

The half-equation is:

O2−(g) + CO(g) → CO2(g) + 2e−

This is the basis of the extraction of iron on an industrial scale in a blast furnace. Carbon 
monoxide is a more powerful reducing agent at low temperatures than carbon, but at high 
temperatures carbon is the more powerful reducing agent.

Metals
The more reactive metals are strong reducing agents. For example, zinc acts as a reducing agent 
with aqueous copper(ii) sulfate solution:

CuSO4(aq) + Zn(s) → ZnSO4(aq) + Cu(s)

oxidizes the

electrons

reduces the

oxidizing
agent

reducing
agent

 ■ Figure 9.17 The relationship between oxidizing 
and reducing agents
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