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DEcomposition rEactions

Many compounds break down to simpler compounds – this can occur when they are heated or when a catalyst is 
used. These are called decomposition reactions and are the reverse of combination reactions.

 compound AB    element/compound A  +  element/compound B

AB  A + B

Thermal decomposition
If a large amount of heat energy is added to a compound, the compound may decompose into simpler substances 
– this is known as thermal decomposition.

The compounds of more reactive metals (such as sodium and potassium) tend to be more stable than the 
compounds of less reactive metals (such as copper and lead). This means that the compounds of reactive metals 
are more difficult (i.e. require much more energy) to decompose by heating.

The type of compound being heated changes the products of the decomposition – thus, metal carbonates, metal 
hydrogen carbonates, and metal hydroxides give different types of products.

Metal carbonates
When metal carbonates are heated, they decompose to form a metal oxide and carbon dioxide (gas).

Example

As copper carbonate, a green solid, is heated, a 
black solid forms (copper oxide).

Copper oxide is not the only product. Another 
product – a gas – is formed. This gas can be 
identified as carbon dioxide by holding a test tube 
containing limewater, Ca(OH)2, at the mouth 
of the test tube in which the copper carbonate is 
being heated – the colourless limewater solution 
turns cloudy white due to insoluble calcium 
carbonate, CaCO3, being formed in the solution 
(this is a positive test for carbon dioxide).

heat

carbon dioxide

copper 
oxide

limewater

copper 
carbonate

The copper oxide appears on the bottom of 
the test tube because this is where copper 

carbonate first begins to decompose.
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18  Achievement Standard 90934 (Chemistry 1.5)

Limewater Limewater with CO2 bubbled in

Equation for the decomposition of copper carbonate is:

  CuCO3 (green solid)  CuO (black solid) + CO2 (colourless gas)

Metal hydroxides
When metal hydroxides are heated, they decompose to form a metal oxide and steam (water in its gaseous state) 
is given off.
• The water product might appear as a cloudy vapour or as a colourless liquid which condenses at the top of 

the test-tube.
• A reliable test for water is to use cobalt chloride paper which changes colour:  

  from blue (dry)  pink (water present)
 For example, calcium hydroxide decomposes to calcium oxide (a white solid) and water (steam):
   Ca(OH)2  CaO + H2O

Metal hydrogen carbonates
When metal hydrogen carbonates are heated, they decompose to form the metal carbonate, and also both carbon 
dioxide and water are given off as products. The solid metal carbonate remains. An example follows. 

 sodium hydrogen carbonate   sodium carbonate  +  carbon dioxide  +  water

 2NaHCO3   Na2CO3  +  CO2  +  H2O

The exception to the rule ‘metal carbonates decompose to form a metal oxide and carbon dioxide gas’ is 
silver carbonate:

 silver carbonate → silver metal + carbon dioxide gas + oxygen gas

If a metal hydroxide was heated in a test tube and a test tube of limewater then held to the mouth of the test tube 
of the metal hydroxide being heated, there would be no change in the limewater, indicating there is no carbon 
dioxide gas given off.

L1 Chem Reaction LWB.indd   18 10/08/16   10:19 AM



 ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-25-5  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Demonstrate understanding of aspects chemical reactions  19

Summary of observations for thermal decomposition reactions 

Metal
Hydroxide 

change on heating
Carbonate 

change on heating
Hydrogen carbonate 
change on heating

sodium
white solid   
white solid + steam + 
carbon dioxide

calcium
white solid   
white solid + steam

white solid   
white solid + carbon dioxide

colourless solution  
colourless solution + 
carbon dioxide + water

magnesium
white solid   
white solid + steam

white solid   
white solid + carbon dioxide

colourless solution  
colourless solution + 
carbon dioxide + water

aluminium
white solid   
white solid + steam

zinc
white solid   
yellow (hot) solid + steam

white solid   
yellow (hot) solid + carbon 
dioxide

iron(II)
green solid   
black solid + steam

black solid   
black solid + carbon dioxide

iron(III)
rusty red solid   
red/brown solid + steam

lead
white solid   
pink (hot) solid + steam

white solid   
pink (hot) solid + carbon dioxide

copper
blue-green solid   
black solid + steam

blue-green solid   
black solid + carbon dioxide

silver
yellow solid   
silver metal + carbon dioxide 
+ oxygen

 means no reaction or compound doesn’t exist.

• Metal hydroxides and carbonates of the less reactive metals decompose more easily (e.g. copper carbonate 
decomposes more readily than calcium carbonate).

• All metal hydrogen carbonates decompose readily.

Most of the solid compounds listed in the table are white. However, some compounds of iron, lead,  
copper and silver, are coloured. Zinc oxide, yellow when hot, is white when cool.
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Thermal decomposition reactions
1. For each reaction, name the metal compound produced and give a description of the observed changes.

a. Aluminium hydroxide being roasted in a kiln that has a cooled exhaust vent pipe.

 Product:  

 Observations:  

b.  A sample of lead carbonate is heated on a steel plate, then left to cool.

 Product:  

 Observations:  

c.  Solid magnesium carbonate being heated in a test tube that is connected with a bubbling tube to a 
solution of limewater.

 Product:  

 Observations:  

d.  A test tube containing zinc hydroxide being heated in a Bunsen burner, then left in a test-tube rack to cool.

 Product:  

 Observations:  

2. Give the name and formula of a compound that can be thermally decomposed to produce the following.
a.  A white sodium carbonate solid.

 Name:   Formula:  
b.  A black copper oxide powder and a gas that turns limewater milky.

 Name:   Formula:  
c.  A shiny silver metal solid.

 Name:   Formula:  
d.  A red/brown solid oxide of iron and a gas that turns blue cobalt chloride paper to pink.

 Name:   Formula:  

Answers
p.  58
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3. Write the correct word equations and balanced symbol equations for the following decomposition reactions. 
An example follows.

Aluminium hydroxide is heated to give a white solid plus steam.

Word equation:

 aluminium hydroxide    aluminium oxide  +  water

Symbol equation:

 2Al(OH)3    Al2O3  +  3H2O

a. Calcium hydrogen carbonate is heated to give a white solid, steam and carbon dioxide.
  Word equation:

  Balanced symbol equation:

b. Iron(II) carbonate is heated to give a black solid and carbon dioxide.
  Word equation:

  Balanced symbol equation:

c. Copper hydroxide is heated to give a black solid plus steam.
  Word equation:

  Balanced symbol equation:

L1 Chem Reaction LWB.indd   21 10/08/16   10:19 AM



 ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-25-5  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

22  Achievement Standard 90934 (Chemistry 1.5)

Uses of thermal decomposition reactions
Manufacture of lime (calcium oxide)
Lime, CaO, is used as an agricultural chemical to reduce the acidity of soils and is also used in the manufacture  
of acetylene gas. 

Limestone (calcium carbonate, CaCO3) is heated to manufacture lime:

 CaCO3 + heat  CaO + CO2

Lime spreading

This reaction is also the first step in the Solvay process, which is used to produce sodium carbonate, a chemical 
with many industrial uses.

Rising agent for baking
Baking soda (sodium hydrogen carbonate), when heated, releases carbon dioxide gas which causes biscuits and 
cakes to ‘rise’ when baked.

 2NaHCO3  Na2CO3 + CO2(g). + H2O

Catalytic decomposition of hydrogen peroxide
A catalyst is a substance which reduces the amount of energy needed for a reaction to proceed.
• A catalyst will alter the rate of a chemical reaction without being used up itself.
• Some catalysts allow reactions to take place at room temperature that otherwise would require higher 

temperatures.
•  Only a small amount of catalyst is needed, because a catalyst does not get 

used up during a reaction.

Hydrogen peroxide, H2O2 (a colourless liquid), is stable if very pure but will 
decompose rapidly to oxygen, O2, and water, H2O, at room temperature if a 
catalyst of manganese(IV) oxide, MnO2, is present. Heat is also given off during 
the reaction.

 hydrogen peroxide    oxygen gas  +  water

 2H2O2    O2(g)  +  2H2O

www.istockphoto.com/nz/photo/
liming-gm469926600-61869054

The presence of oxygen gas can 
be detected by holding a glowing 
splint above the test tube. The 
glowing splint will burst into 
flame as oxygen is given off.
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Decomposition reactions
1. Write a word equation and a symbol equation for the chemical reaction that occurs when:

a. iron(III) hydroxide is heated strongly
  Word equation:

  Balanced symbol equation:

b. zinc carbonate is heated strongly
  Word equation:

  Balanced symbol equation:

c. magnesium hydrogen carbonate is heated.
  Word equation:

  Balanced symbol equation:

2. Describe in your own words what happens in a thermal decomposition reaction.

3. When copper carbonate is heated strongly, it undergoes a reaction. For this reaction:
a. name the products formed

b. describe what would be observed in the reaction

c. explain why a solution of limewater would be useful

d. explain what happens to the carbonate ions in the reaction

Answers
p.  58
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e. write a balanced symbol equation for the reaction.

4. For the two reactions that follow:
i. say if the reaction is a combination reaction or a decomposition reaction
ii. give your reasons for each answer.
a. MgCO3  MgO + CO2

b. C + O2  CO2

5. A catalyst is used to speed up the decomposition of hydrogen peroxide.
a. Name a catalyst that would be suitable for this reaction.

b. Describe what would be observed during the decomposition reaction.

c. Explain why only a small amount of catalyst is needed.

6. Boiler scale is a hard insoluble solid that builds up inside hot-water pipes in regions where the water 
contains a high concentration of dissolved calcium hydrogen carbonate. Boiler scale is the product of a 
thermal decomposition reaction.

a. Write a word and a balanced symbol equation for the decomposition reaction that causes boiler scale to form.
  Word equation:

  Balanced symbol equation:
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b. Link the observations of boiler scale to the conditions and reacting species involved, and explain why 
boiler scale is not a problem in cold-water pipes that have a high concentration of dissolved calcium 
hydrogen carbonate.

7. Limestone (calcium carbonate) is commonly processed in a rotating kiln, as shown in the diagram, at a 
temperature of approximately 1 200 °C.

limestone

gas

solid

gas burners

rotating kiln

a. The common names of the gas and the solid products of this process are ‘carbonic acid gas’ and 
‘quicklime’ respectively. Give the correct chemical names for each.

 Gas name:   Solid name:  
b. Write a balanced symbol equation for the reaction that is occurring.

c. Justify the type of reaction that is occurring, and link any observations of changes that would be 
occurring inside the kiln to the reactants and products of the reaction.
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The dissolving process and solutions
When a substance dissolves in water, water is called the solvent (the liquid that does the dissolving).

The substance that dissolves in the solvent is called the solute.

When a solute dissolves in a solvent (water), the resulting mixture is called a solution.

Many ionic solids (often called salts) dissolve in water. They do so because the forces 
of attraction between the ions and the water molecules are greater than, or similar to, 
the forces that hold the ions together in the solid. As a result, the ions are pulled 
away from the ionic lattice and become separately surrounded by water molecules.

When sodium chloride dissolves in water:

  sodium chloride NaCl (solid)  Na+ ions and Cl– ions (in solution)

All solutions of ionic solids will contain separate positive ions and negative ions 
surrounded by water molecules. These are known as aqueous ions.

The equation from sodium chloride dissolving in water 
may be written as:

  NaCl(s)  Na+(aq) + Cl–(aq)

Sodium chloride solid

Na+

Cl–

Sodium and chloride ions in solution

H2O

Na+

H2O

Cl–

For AS 90934 (Chemistry 1.5), solutes will be ionic solids – such as sodium chloride or magnesium sulfate.

A solution may be coloured but will always be transparent (i.e. ‘see through’), 
not cloudy, as all the solute particles are dissolved.

Common table salt is  
sodium chloride, NaCl;  

NaCl is soluble in water.Note that state symbols – (s) 
solid, (aq) for aqueous, (l) 
for liquid, and (g) for gas – 
are not required for NCEA 
Level 1 Chemistry.

prEcipitation or ExchangE rEactions
Copy correctly 
Up to 3% of a workbook 
Copying or scanning from ESA workbooks is 
subject to the New Zealand Copyright Act 
which limits copying to 3% of this workbook.
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answErs

Symbols and formulae (page 4)
1. a. KCl   b. Na2S   c. Fe2O3  

d. PbCl2   e. Li2O

2. a. Na2CO3  b. Al(NO3)3  c. NH4Cl  
d. Ca(HCO3)2  e. (NH4)2SO4

3. a. magnesium bromide

 b.  oxygen gas

 c. aluminium sulfide

 d. ammonium carbonate

 e.  hydrochloric acid  (or hydrogen chloride) 

 f. iron(II) hydroxide

 g. silver sulfate

 h.  iron(III) nitrate

4. Both magnesium oxide and sulfur dioxide are compounds, which are 
made up of atoms chemically joined in a fixed ratio, and also they both 
include atoms of oxygen. However, the type of bonding that holds the 
magnesium oxide together is ionic bonding – as both the magnesium 
and oxygen (oxide) are in their ion form. Thus the type of particles 
a sample of MgO is made of is ions in their simplest ratio to give a 
neutral charge.

 The sulfur dioxide has the sulfur and oxygen atoms bonded by covalent 
bonds, and this creates particles that are individual molecules of the S 
and 2 × O atoms.

Chemical changes and equations (page 6)
1. a.  Not a chemical change – it is a change of state (solid to liquid), 

but the substance (water, H2O) remains the same; the change can 
be easily reversed.

b. Chemical change – a new substance (carbon) is formed; the 
change cannot be reversed; the change requires a lot of heat to 
make the change.

c. Chemical change – a new substance (toffee) is formed; the 
change cannot be reversed; the change requires a lot of heat to 
make the change.

d. Not a chemical change – the substance (glass) remains the same; 
the change can be reversed by melting the glass and reforming 
the bottle.

e. Chemical change – new substances are formed (carbon dioxide and 
water); the change cannot be easily reversed; heat is given off.

2. a. aluminium + chlorine  aluminium chloride

b. zinc + sulfuric acid  zinc sulfate + hydrogen

3. a. N2 + 3H2  2NH3

b. 2Mg + O2  2MgO

c. 4Al + 3O2  2Al2O3

d. 2Al(OH)3  Al2O3 + 3H2O

e. 2NaHCO3  Na2CO3 + H2O + CO2

4. a.  Mg + 2HCl    MgCl2 + H2 

 b.  C + O2    CO2

 c.  Zn(NO3)2 + 2KOH    Zn(OH)2 + 2KNO3 

 d.  3Zn + 2FeCl3    3ZnCl2 + 2Fe 

 e.  Al2(SO4)3 + 3Na2CO3    Al2(CO3)3 + 3Na2SO4 

5. a.  CaO + 2HNO3    Ca(NO3)2 + H2O 

 b.  H2SO4 + Cu(OH)2    CuSO4 + 2H2O

 c.  2SO2 + O2    2SO3 

 d.  Fe + 2AgNO3    2Ag + Fe(NO3)2 

 e.  4Al + 3O2    2Al2O3

Identifying combination reactions (page 11)
1.  a. C  b. C c. O

d. C e. O f. C

g. C h. O

2. a. aluminium is Al, oxygen is O2

 b. iron is Fe, chlorine is Cl2
 c. sulfur is S, fluorine is F2

 d. lithium is Li, sulfur is S

 e. copper is Cu, oxygen is O2

 f. phosphorus is P, chlorine is Cl2
 g. zinc is Zn, chlorine is Cl2
3. a.  magnesium sulfide – MgS

 b.  potassium oxide – K2S 

 c.  carbon disulfide – CS2 

 d.  aluminium chloride – AlCl3
 e.  silicon dioxide – SiO2

4.  a.  The shiny grey of the solid zinc metal turns into a dull black 
colour as the zinc reacts with the (colourless) oxygen gas in the 
jar. The dull black colour that forms is an outer layer of newly-
formed zinc oxide.

b. The colourless oxygen gas is reacting with the soft yellow sulfur 
powder which is burning away with a bright blue flame. The 
sulfur dioxide product is a clear and colourless gas so cannot be 
seen being produced.

c. The chlorine stream is a yellow/green gas; as it contacts the pink 
solid of the copper metal, green crystals of the copper chloride 
product will be seen to form on the surface of the copper metal.

Combination reaction equations (page 13)
1. hydrogen  +  oxygen    water

  2H2  +  O2    2H2O

2. magnesium  +  oxygen    magnesium oxide

  2Mg  +  O2    2MgO

3. aluminium  +  oxygen    aluminium oxide

  4Al  +  3O2    2Al2O3

4. carbon  +  oxygen    carbon dioxide

  C  +  O2    CO2

5. iron  +  oxygen    iron(III) oxide

  4Fe  +  3O2    2Fe2O3

6. nitrogen  +  hydrogen    ammonia

  N2  +  3H2    2NH3

7. sulfur  +  oxygen    sulfur dioxide

  S  +  O2    SO2
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Simple combination reactions (page 15)
1. a. zinc  +  sulfur    zinc sulfide

  Zn  +  S    ZnS

b. magnesium  +  chlorine    magnesium chloride

  Mg  +  Cl2   MgCl2
2. In a combination reaction, atoms of one element chemically combine 

with atoms of another element to form a new substance.

3. a. i.  Needs to be heated over a flame until the metal begins to 
burn.

 ii.  The silver/grey metal burns with a bright white flame, heat 
is given off, a white powdery solid is left.

 iii. The product is magnesium oxide.

 iv. 2Mg + O2  2MgO

b. i.  Needs to be heated over a flame until the solid begins to 
burn.

 ii.  The black solid burns with a yellow flame, heat is given off, 
there is no visible product.

 iii. The product is carbon dioxide.

 iv. C + O2  CO2

c. Similarities: Both involve oxygen combining with another 
element. Both require heat to start reacting.

 Differences: The reaction of magnesium with oxygen produces an 
ionic compound; the reaction of carbon with oxygen produces a 
molecular (covalent) compound.

4. a.  zinc + chlorine   zinc chloride

  Zn + Cl2   ZnCl2  

  carbon + chlorine   carbon tetrachloride

  C + 2Cl2   CCl4 

b.  The zinc reaction would start with a shiny grey solid of the zinc 
metal, which is reacted with a yellow/green gas of chlorine, to 
form a white solid of zinc chloride. In the carbon reaction, a black 
solid of the carbon will react with the yellow/green chlorine gas 
to form a clear and colourless gas of carbon tetrachloride, so it 
would appear as though the reactants have disappeared.

c. The zinc chloride has ionic bonding. Each Zn atom has lost 2 
electrons to attain a full outer shell and become stable by giving 
its 2 electrons to 2 Cl atoms. This leaves each Zn atom with 2 
negative electrons less than it has positive protons, so the Zn has 
become a Zn2+ ion with a positive 2 charge. The Cl atoms have 
gained 1 electron each to fill their outer shell and become stable. 
Each Cl now has 1 more negative electron than positive protons, 
so has become a Cl– with a negative 1 charge. The positive Zn2+ 
ions and negative Cl– ions are attracted towards each other and 
bond in a 1:2 ratio (1 Zn2+ to 2 Cl–) to form ZnCl2.

Thermal decomposition reactions (page 20)
1. a. Product: Aluminium oxide. 

 Observations: A white solid appears to simply remain in the 
kiln – but the original white solid is aluminium hydroxide and 
the white solid that forms from the roasting is aluminium oxide. 
Water vapour/steam is also released, which would form as a 
condensate in the exhaust vent.

b.  Product: Lead oxide.

 Observations: The white solid of lead carbonate turns to a pale 
pink colour as lead oxide forms and then changes to white 
lead oxide once cool. The carbon dioxide released is clear and 
colourless so would not be observed.

c.  Product: Magnesium oxide.

 Observations: A white solid appears to simply remain in the test 
tube – but the original white solid is magnesium carbonate and 
the white solid that forms from heating is magnesium oxide. The 
reaction releases carbon dioxide that bubbles into the limewater, 
making the limewater cloudy.

d.  Product: Zinc oxide. 

 Observations: The white solid of zinc hydroxide changes to a 
yellow colour as it turns into the zinc oxide solid, and then this 
colour fades to white as the zinc oxide cools. Water droplets can 
form further up the test tube as water produced from the reaction 
forms as a condensate.

2. a.  sodium hydrogen carbonate, NaHCO3 

b.  copper carbonate, CuCO3 

c.  silver carbonate, Ag2CO3 

d.  iron(III) hydroxide, Fe(OH)3 

3. a. calcium hydrogen 
carbonate  

calcium 
carbonate 

+ carbon 
dioxide 

+ water

Ca(HCO3)2 CaCO3 + CO2 + H2O

b. iron(II) carbonate    iron(II) oxide  +  carbon dioxide

  FeCO3    FeO  +  CO2

c. copper hydroxide    copper oxide  +  water

  Cu(OH)2    CuO  +  H2O

Decomposition reactions (page 23)
1. a. iron(III) hydroxide    iron(III) oxide  +  water

  2Fe(OH)3    Fe2O3  +  3H2O

b. zinc carbonate    zinc oxide  +  carbon dioxide

  ZnCO3    ZnO  +  CO2

c. magnesium 
hydrogen 
carbonate

 
magnesium 
carbonate

+ carbon 
dioxide

+ water

Mg(HCO3)2 MgCO3 + CO2 + H2O

2. In a thermal decomposition reaction, a compound breaks down into 
simpler substances when it is heated.

3. a. copper oxide and carbon dioxide

b. The green solid turns black, and bubbles of gas are given off.

c.  Limewater is used to test for the presence of carbon dioxide. 
Limewater (calcium hydroxide, Ca(OH)2) turns milky in the 
presence of carbon dioxide.

d. The carbonate ions break down into oxide ions and carbon 
dioxide.

e. CuCO3  CuO + CO2

4. a. i. Decomposition reaction.

 ii.  Magnesium carbonate is a single substance which has 
broken down into two simpler substances (both oxides).

b. i. Combination reaction.

 ii.  Carbon and oxygen are both elements which have 
combined to form a single new substance.

5. a. Manganese(IV) oxide or manganese dioxide.

b. Bubbles of gas are given off and the reaction mixture heats up.

c. A small amount of catalyst is needed because the catalyst is not 
used up in the reaction.

6. a. calcium hydrogen 
carbonate  

calcium 
carbonate 

+ carbon 
dioxide 

+ water

Ca(HCO3)2 CaCO3 + CO2 + H2O

b.  The observations are that an insoluble solid builds up – which is 
the product calcium carbonate from the thermal decomposition 
reaction of the dissolved calcium hydrogen carbonate in 
the water supply. The high temperatures needed for the 
decomposition reaction to occur come from the water being 
heated. Boiler scale is not a problem in cold-water pipes because 
without the water being heated the calcium hydrogen carbonate 
present won’t decompose and remains as a dissolved compound 
in the water.

L1 Chem Reaction LWB.indd   58 10/08/16   10:19 AM


	L1 Chem Reaction LWB sample.pdf
	ans.pdf

