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    5.1   Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in your 
learnON title at   www.jacplus.com.au  . They will help you to learn the content and concepts covered in this topic. 

  5.1.1  Introduction 
 Engineers developing polymers for spacesuits or the 
next generation of passenger aircraft need knowledge 
and understanding of chemical reactions to produce new 
materials that are strong, light and capable of resisting 
high temperatures. Other useful substances and materials 
such as fuels, metals and pharmaceuticals are also products 
of chemical reactions. 

Chemical reactions can be seen everywhere! They can 
be subtle – like a minor change in temperature in an 
icepack. They can be spectacular – like the reaction 
between sulfuric acid and icing sugar shown in the video. 
Regardless, chemical reactions are vital in all aspects of 
our life resulting in the creating of new substances.

1.      How does zinc slow down the rusting of iron? 
2.      Spectacles that can turn into sunglasses — how do they do it? 
3.      Bottled gas, candle wax and petrol all come from one substance. What is it? 
4.      Cow manure to replace petrol — how is that possible? 
5.      In what part of your body do you fi nd catalytic catalase? 
6.      What do plastic fruit juice containers, a toilet seat and a $100 note have in common? 
7.      Why are some plastics harder than others?   

  FIGURE  5.1    When developing polymers for 
spacesuits, engineers that is light and capable 
of resisting high temperatures.  

Resources

Video eLesson  Chemical reactions  (eles-4172)  

Watch this video to observe the reaction of the acid dehydration of sugar. In this 
reaction, concentrated sulfuric acid is poured onto icing sugar. The clip shows this highly 
exothermic, heat-producing reaction and the production of black carbon.

  5.1.2  Think about chemical reactions   
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FIGURE 5.2  A natural gas 
element on a stovetop

FIGURE 5.3  The launch of a 
spacecraft

FIGURE 5.4  A motorbike burning 
petrol
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FIGURE 5.5  The chemcical reaction between oxygen and hydrogen

CHEMICAL REACTIONS

You would already be quite familiar with common chemical reactions. Answer the questions below to review your 
knowledge.

Remember and explain

 1. Each of the photos mentioned here in figures 5.2 to 5.4 depicts an energy transformation that occurs as a 
result of a chemical reaction.

 a. What one word name is given to all three chemical reactions?
 b. Which of the chemical reactions are exothermic?
 c. Name the one reactant that participates in all three chemical reactions.
 d. Identify the fuel in each of the three chemical reactions.
 e. Identify one chemical product of the reactions depicted in figures 5.2 and 5.4.
 f. Name one chemical product that results from the reaction in figure 5.3.

 2. Chemical reactions take place in all living things to keep them alive.
 a. Which chemical reaction takes place in all green plants in the presence of sunlight?
 b. Identify the only solid product of the chemical reaction referred to in part (a).
 c. Name the chemical reaction that takes place in every cell of all animals to transform stored energy to other 

forms of energy.

Inside chemical reactions

Chemical reactions take place when the bonds between atoms are broken and new bonds are formed. This 
creates a new arrangement of atoms and therefore at least one new substance.

 3. Explain what happens to the chemical bonds during the chemical reaction between oxygen and hydrogen as 
illustrated in figure 5.5.

5.1.3 Science inquiry
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5.2  Chemical formulae and equations

5.2.1 Chemical equations
In order to communicate with each other easily about chemical reactions, scientists 
all over the world need to use the same language. The language used by scientists in 
chemistry involves chemical symbols, formulae and equations.

Word equations provide a simple way to describe chemical reactions by stating 
the reactants and products. Chemical equations that use formulae provide more 
 information. They show how the atoms in the reactants combine to form the products.

Writing chemical equations involves some simple mathematics and a knowledge of chemical formulae. 
Chemical equations are set out in the same way as word equations, with the reactants to the left of the arrow 
and products to the right. However, they are different from word equations in three ways:

 • formulae are used to represent the chemicals involved.
 • the physical states of the chemicals are often included.
 • numbers are written in front of the formulae in order to balance the numbers of atoms on each side of the 

equation.

Some common formulae for different compounds are listed in tables 5.1 and 5.2.

LEARNING INTENTION

At the end of this subtopic, you will be able to write balanced chemical equations using chemical formulae.

equations    one-line statements 
describing a chemical reaction, with the 
reactants on the left and the products 
on the right separated by an arrow

Resources

eWorkbook Topic 5 (ewbk-4788)
Topic 5 Starter activity (ewbk-4790)
Topic 5 Student learning matrix (ewbk-4792)

Practical investigation eLogbook Topic 5 (elog-0554)

learnON Access and answer an online pre-test and receive immediate 
corrective feedback and fully worked solutions for all questions.

TABLE 5.1  The formulae of some common ionic 
compounds

Compound Formula

Sodium hydroxide NaOH

Sodium chloride NaCl

Sodium sulfate Na2SO4

Sodium citrate C6H5O7Na3

Sodium hydrogen carbonate NaHCO3

Copper(II) hydroxide Cu(OH)2
Copper(II) sulfate CuSO4

Magnesium chloride MgCl2
Mercury(II) oxide HgO

TABLE 5.2  The formulae of some common 
 covalent compounds

Compound Formula

Water H2O

Citric acid C6H8O7

Carbon dioxide CO2

Oxygen O2

Hydrochloric acid HCl

Carbon monoxide CO

Hydrogen H2

Methane CH4

Ammonia NH3
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BALANCING EQUATIONS

Step 1: Determine the reactants and products and write a word equation

The products of a reaction must be known from either observation or reliable sources (such as chemists). For example, 
it is well known that the product of the reaction between hydrogen gas and oxygen gas is water vapour (gas.) Use 
the knowledge of the reactants and products to write a word equation.

hydrogen + oxygen → water 

Step 2: Formulae

You need to know the formulae of all the reactants and products. For example, the:
 • formula of hydrogen gas is H2
 • formula of oxygen gas is O2
 • formula of water vapour is H2O.

Remember! Because each substance has only one correct chemical formula, it cannot be changed by altering 
the subscript numbers.

Step 3: Write down the equation

The formulae must be written according to the word equation, with 
reactants on the left side of the arrow and products on the right side.

  H  2   +  O  2   → H  2   O 

Step 4: Balance the numbers of atoms

First, make a list of the elements present in the formulae under the heading 
‘Element’, as shown in the following table. Then count up how many atoms 
of each element are represented by the formulae under the headings 
‘Reactants’ and ‘Products’.

Element Reactants Products

H 2 2

O 2 1

You can see that there are not enough oxygen atoms on the 
product side. The only way this can be adjusted is by writing 
numbers in front of the chemical formulae.

When we write a number in front of a formula, it multiplies all the 
atoms in that formula. Let’s increase the number of oxygen atoms 
on the product side by placing a 2 in front of the formula for water.

  H  2   +  O  2   → 2  H  2   O 

Recounting the atoms we find:

The oxygen atoms are now balanced, but the hydrogen atoms are not. Let’s try writing a 2 in front of hydrogen’s 
formula on the reactant side to increase the number of hydrogen atoms.

 2  H  2   +  O  2   → 2  H  2   O 

Counting the atoms again we find:

The numbers of each of the elements are the same on both sides of the equation. The equation is balanced!

+
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H H H

O
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O

FIGURE 5.6  Reactants and 
products

+

2H2 2H2OO2

H

H

H

H

O

O

H H

O

H H

O
The atoms

are rearranged 

FIGURE 5.7  Checking reactants and 
products balance

Element Reactants Products

H 2 4

O 2 2

Element Reactants Products

H 4 4

O 2 2

The steps used in balancing equations are described below.
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Step 5: Include the states

To indicate the physical state of each chemical involved in the reaction, the following symbols are used:
 • solid (s)
 • liquid (l)
 • gas (g).

Write the correct symbol representing the physical state of each reactant and product.

 2  H  2  (g ) +  O  2  (g ) → 2  H  2   O( l ) 

The formula equation is complete.

CASE STUDY: Another example of balancing a chemical equation

When methane gas burns in air, carbon dioxide and water are produced.

Step 1: Determine the reactants and products and write a word equation

The reactants are methane and oxygen and the products are carbon dioxide and water.

As a word equation, this is:

methane gas + oxygen gas  carbon dioxide + water vapour

Step 2: Formulae

Determine the formulae for each reactant and product:
 • methane gas = CH4
 • oxygen gas = O2
 • carbon dioxide = CO2
 • water vapour = H2O.

Step 3: Write down the equation

Replace the words in the word equation with the formulae:

  CH4   +  O  2    CO2  + H2O

Step 4: Balance the number of atoms

Count the number of atoms of each element for the reactants and products.

Element Reactants Products
C 1 1

H 4 2

O 2 3

If the number of atoms of each element is the same on both sides of the equation, the equation is already 
balanced. If not, numbers need to be placed in front of one or more of the formulae to balance the equation.
These numbers are called coefficients and they multiply all of the atoms in the formula.

To balance the hydrogen atoms, put a 2 in front of H2O:

  CH4   +  O  2  CO2  + 2H2O

The oxygen atoms can be balanced by putting a 2 in front of the O2 on the left:

  CH4   +  2O  2    CO2  + 2H2O

The equation is now balanced. It can be checked by counting the number of atoms of each element on both 
sides of the new equation.

Element Reactants Products
C 1 1

H 4 4

O 4 4
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ACTIVITY: Modelling equations

Use a molecular modelling kit to model the equation showing the reaction between oxygen and hydrogen. Start 
with two oxygen atoms joined to make an oxygen molecule and two lots of two hydrogen atoms. Rearrange 
these to make two water molecules.

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  In what way/s are word equations different from equations in which formulae are used?
 A. Word equations do not have the formulae of the chemicals involved.
 B. Word equations do not always include the states of the reactants and products.
 C. Numbers are not used in word equations, so it is not possible to know the numbers of atoms involved.
 D. All of the above.
 2.  MC  How are the states (solid, liquid and gas) indicated in a chemical equation?
 A. The states are not indicated in a chemical equation.
 B. The symbols (s) for solid, (l) for liquid and (g) for gas are placed after each reactant and product.
 C. The symbols (1) for solid, (2) for liquid and (3) for gas are placed before each reactant and product.
 D. The symbols (s) for solid, (l) for liquid and (g) for gas are placed before each reactant and product.
 3.  MC  What is an aqueous solution?
 A. A substance that has melted and formed a liquid
 B. A substance that has been dissolved in hydrochloric acid
 C. A substance that has been dissolved in water
 D. A substance in the form of gas
 4. Explain why it is necessary to balance chemical equations.

Step 5: Include the states

Include the states for each. Ensure that you include water as a gas, because the question specifies water vapour 
is produced.

 CH4   + 2O  2   (g )  CO  2  (g )   + 2  H  2   O   (g ) 

5.2 Exercise

Select your pathway

LEVEL 1

Questions
1–3, 5

LEVEL 2

Questions
4, 6

LEVEL 3

Questions
7–9

Resources

Interactivity Balancing chemical equations (int-0677)

eWorkbook Chemical equations (ewbk-4793)
Balancing chemical equations (ewbk-4795)
A world of reactions (ewbk-4797)

Additional automatically marked question
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5.3  Precipitation reactions

5.3.1 Aqueous solutions
When table salt (sodium chloride) is dissolved in water to form an aqueous 
solution, it seems to disappear. The ions in the salt no longer bond together as a 
large array of positive and negative ions like they do as a solid. The sodium ions 
and the chloride ions separate when they dissolve.

LEARNING INTENTION

At the end of this subtopic, you will be able to explain that precipitation reactions involve the formation of a solid 
and predict what substance will form a precipitate using the rules for solubility.

aqueous solutions    solutions in 
which water is the solvent

Apply and analyse

 5. Match each metal given in the table below with its symbol using table 5.1.

Metals Symbols

Sodium Cu

Mercury Na

Magnesium Mg

Copper Hg

 6. Write a word equation and an equation using formulae for the following.
 a. When carbon monoxide gas and oxygen gas react to form carbon dioxide gas.
 b. When sodium hydroxide solution and hydrochloric acid solution react to form sodium chloride solution and 

water.

 7. Write a balanced equation using formulae for the reaction that occurs when you eat a sherbet lolly. These 
sweets commonly contain citric acid C6H8O7(aq) and sodium hydrogen carbonate NaHCO3(aq). In the mouth, 
these chemicals dissolve in your saliva and react together to form sodium citrate solution, carbon dioxide gas 
and water.

Evaluate and create

 8. Write a word equation and a chemical equation using formulae for the following:
 a. When mercury metal and oxygen gas react to form solid mercury(II) oxide.
 b. When magnesium metal and hydrochloric acid solution react to form hydrogen gas and magnesium chloride 

solution.
 c. When sodium metal and water react to form hydrogen gas and sodium hydroxide solution.
 d. When copper(II) sulfate solution and sodium hydroxide solution react to form solid copper(II) hydroxide and 

sodium sulfate solution.
 e. When iron metal reacts with oxygen gas to produce solid iron(II) oxide.
 9. Create an instructional flowchart explaining how to balance a chemical equation. Use an example that has 

not already been covered in this subtopic to show this process.

Fully worked solutions and sample responses are available in your digital formats.
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FIGURE 5.8  Sodium chloride dissolving in water

Sodium chloride dissolving in water can be represented by the following equation:

 NaCl(s)      
 H  2  O   ⎯ →   Na   +    (aq) + Cl   –   (aq) 

SOLUBLE OR NOT?

 1. All compounds containing either the Na+, NO3
–, NH4

+ or  K+ ion will dissolve in water. Compounds containing 
these ions never form precipitates. (This is sometimes known as the SNAP rule: an acronym for sodium ion, 
nitrate ion, ammonium ion and potassium ion.)
Example: NaCl, NH4Cl, K2SO4 and AgNO3 are all soluble in water and therefore do not form precipitates.

 2. Compounds containing the Cl–, Br – and I– ions are soluble, except when they contain the Ag+, Pb2+ or  
Hg2+ ions.
Example: FeCl3, ZnBr2 and AlI3 are soluble, but that AgCl, HgBr2 and PbI2 are not soluble and will form a 
precipitate.

 3. Compounds containing the SO4
2– ion are soluble, except for BaSO4, PbSO4 and CaSO4.

Example: ZnSO4 is soluble, but BaSO4 is not soluble and will form a precipitate.

 4. Compounds containing OH–, CO3
2– and PO4

3– are insoluble except when they contain the ions Na+, NH4
+  

or K+.
Example: BaCO3 and Zn(OH)2 will form insoluble precipitates, but Na2CO3 and KOH will not.

 5. Some compounds are slightly soluble. These include Ca(OH)2, PbCl2, PbBr2, CaSO4 and Ag2SO4.

ionic compounds    compounds 
containing positive and  negative 
ions held together by the 
electrostatic force

Ions in aqueous solutions are, therefore, separate entities and are able to react 
independently.

Ionic compounds dissolve in water to varying degrees. Some are soluble, others 
slightly soluble and others insoluble. Substances that are soluble will dissolve. 
Substances that are not soluble will form a precipitate.

TOPIC 5 Chemical reactions 9
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Resources

Video eLesson Precipitation (eles-2058)

NO3  
−

Cl−Na+

Cl−

+– ++ –

NO3  
−

Na+
+ + –+ –

Ag+

Ag+

FIGURE 5.10  Ions can change partners 
when a chemical reaction takes place

5.3.2 Precipitates
When two solutions containing dissolved ions are mixed together, 
the ions are able to come into contact with each other. Oppositely 
charged ions attract. In some cases, the attraction is strong 
enough to form ionic bonds and hence a new ionic compound. 
Some of these compounds are insoluble (unable to dissolve 
in water) and so a solid called a precipitate forms. Chemical 
reactions in which precipitates form are called precipitation 
reactions. When colourless lead nitrate solution and colourless 
potassium iodide solution are added together, a brilliant yellow 
precipitate is formed, as shown in figure 5.9.

Changing partners
Another example of a precipitation reaction occurs between 
silver nitrate solution and sodium chloride solution. When 
these two colourless solutions are added together in a 
test tube, the contents become cloudy, indicating that a 
precipitate has formed. If the tube is allowed to stand for a 
while, the solid settles to the bottom and we can see that a 
clear solution is also present. The products of the reaction 
are insoluble solid silver chloride (the precipitate) and 
sodium nitrate (not visible because it is soluble in water).

Silver nitrate, sodium chloride and sodium nitrate all 
dissolve in water. Therefore, they have the symbol (aq). 
Silver chloride does not dissolve in water, so it has the 
symbol (s) to indicate that it is solid.

The equation shows that the ions in the reactants have changed partners. The silver 
ion is paired with the chloride ion on the product side of the reaction and the sodium 
ion is paired with the nitrate ion. The opposite is the case on the reactant side. 
A positive ion can pair up only with a negative ion because oppositely charged ions 
are attracted to each other. When writing the formula of any new compound, the 
positive ion is always written first.

FIGURE 5.9  The formation of the 
brilliant yellow precipitate, lead 
iodide, from the colourless solutions 
lead nitrate and potassium iodide

precipitate    solid product of a 
chemical reaction that is insoluble 
in water 

precipitation reactions    chemical 
reactions in which there is a 
water-insoluble product

This reaction can be represented by the equation:

silver nitrate + sodium chloride    silver chloride + sodium nitrate

AgNO 3   (aq) + NaCl   (aq)    AgCl   (s) + NaNO3   (aq)
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INVESTIGATION 5.1

Will it precipitate?

Aim

To predict and test for precipitation when a variety of solutions are added to each other

Materials

 • 5 semi-micro test tubes and a test-tube rack
 • a white tile and a black tile
 • safety glasses
 • dropping bottles of the following solutions: copper sulfate, sodium chloride, silver nitrate, cobalt chloride, 

sodium hydroxide, potassium iodide

Method

 1. For each combination of solution, predict if a precipitate with form.
 2. Place 10 drops of copper sulfate solution in each test tube.
 3. Predict which of the tubes will form a precipitate, record your predictions.
 4. Add 10 drops of sodium chloride to the first test tube, 10 drops of silver nitrate to the second, and so on until 

each tube contains copper sulfate solution and one other solution.
 5. Hold a black or white tile behind the test tube if necessary, to detect the presence of a precipitate. Record 

your results.
 6. Tip the residues into a waste bottle. Wash out the test tubes thoroughly and this time place 10 drops of 

sodium chloride in each of the test tubes. Again, add one of the other solutions to each test tube (but not 
copper sulfate, which has already been tested). Record your results.

 7. Repeat until all possible pairs of solutions have been tested.

Results

Record your observations in a table similar to the below. For each combination, place a cross if no precipitate 
appears or a tick if a precipitate appears. If a precipitate appears, note its colour.

Copper 
sulfate

Sodium 
chloride

Silver 
nitrate

Cobalt 
chloride

Sodium 
hydroxide

Potassium 
iodide

Copper 
sulfate

Sodium 
chloride

Silver 
nitrate

Cobalt 
chloride

Sodium 
hydroxide

Potassium 
iodide

Discussion

 1. Write word equations for each of the pairs that reacted to form a precipitate.
 2. Use formulae to write chemical equations for each of the pairs that reacted to form a precipitate. You will 

need to balance some of the equations.
 3. Check to see if the rules for solubility match your results.

Conclusion

Write a conclusion for this investigation, linking back to the aim of the investigation.

CAUTION

Wear safety glasses.

elog-0556
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Conservation of mass
Figure 5.11 shows the reaction between 
sodium sulfate and calcium chloride. 
Not only does a precipitate form 
during the reaction but, as the diagram 
shows, the mass of the products also 
equals the mass of the reactants, so 
mass is conserved.

Na2SO4

Regardless of how substances within a closed system
are changed, the total mass remains the same.

Law of conservation of mass

CaCl2 + Na2SO4

Reactants = 184.34 g

CaCl2

CaSO4

NaCl

Na2SO4

Products = 184.34 g

CaSO4 + 2NaCl

NaCl CaSO4

Calcium chloride solution

Sodium sulfate solution

Calcium sulfate white precipitate

Sodium chloride solution

CaCl2

Reactants mass (g) = Products mass (g)

FIGURE 5.11  The reaction between sodium sulfate and calcium 
chloride

Resources

Video eLesson Priestley and the Law of Conservation of Mass (eles-1767)

eWorkbook Precipitation (ewbk-4799)

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  What is a precipitate?
 A. A substance that is soluble in water.
 B. An insoluble solid that can form when two aqueous ionic solutions react together.
 C. A solution in which water is the solvent.
 D. The product of a chemical reaction.

5.3 Exercise

Select your pathway

LEVEL 1

Questions
1, 2

LEVEL 2

Questions
3–5

LEVEL 3

Questions
6, 7
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    2.  MC   Which of the following is the correct equation for the reaction that occurs when the 
salt copper sulfate dissolves in water? 
A.  Cu 2+ (s) + SO 42− (s) → CuSO 4 (aq) 
B.  CuSO 4 (s) → Cu 2+ (aq) + SO 42− (aq) 
C.  CuSO 4 (s) → Cu 2+ (l) + SO 42− (l) 
D.  CuSO 4 (s) → Cu 2+ (s) + SO 42− (s)   

3   .   MC Which of the following compounds will be insoluble in water? Select all possible 
answers from the options provided. 
A.  CuCO 3  
B.  AgI 
C.  NaCl 
D.  Mg(OH) 2    

Apply and analyse

    4. Describe the expected observations if potassium iodide and sodium carbonate are mixed together. 
5    .      SIS   Use the information in the feature box headed  Soluble or not?  in section  5.3.1  to complete the following 

table.           

  Soluble    Slightly soluble    Insoluble  

  1. Sodium hydroxide

2. Calcium sulfate

3. Iron(II) carbonate

4. Silver chloride

5. Zinc phosphate

Evaluate and create

     6.    SIS     The following image shows the results of three precipitation reactions.    

 Test tube A contains a precipitate of copper(II) hydroxide, the precipitate in test tube B is iron(III) hydroxide 
and the precipitate in test tube C is iron(II) hydroxide. 

 For each of the precipitates, write the equation for a reaction that could have formed them. ( Hint:  use the 
solubility guide in section 5.3.1)   

   7.    SIS     A student wishes to confi rm the solubility rules for compounds containing the OH– group.

  Design an investigation a student would conduct to explore this. Ensure you outline any health and safety 
requirements. You may wish to research different substances to investigate. 

Fully worked solutions and sample responses are available in your digital formats.
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5.4  Dangerous goods and hazardous substances

LEARNING INTENTION

At the end of this subtopic, you will be able to explain the difference between dangerous goods and hazardous 
substances and be able to create and understand risk assessments and safety data sheets.

5.4.1 Chemicals can be a health hazard
Many of the chemicals used in industry, medicine, schools, universities and homes can be hazardous to your health. 
The hazards come about because these chemicals can react with parts of your body — inside or out. Apart from the 
dangers to your own health, chemicals can react with common substances such as water and air or have properties 
that cause great damage to property and the environment.

Laws exist, at both national and state level, to ensure that people who use harmful chemicals are informed about how 
to handle them safely. For this purpose, harmful chemicals are placed within one or both of the dangerous goods or 
hazardous substances groups.

5.4.2 Dangerous goods
Chemicals in the dangerous goods group are those that could be dangerous to people, property or the environment. 
Most dangerous goods are grouped into one of nine classes according to the greatest immediate risk they present. 
The nine classes are often represented using GHS (Globally Harmonized System) hazard pictograms. These hazard 
pictograms are shown in figure 5.12. Dangerous goods must be identified with the appropriate dangerous goods sign 
on their labels. 

Outside these nine classes, there are two other groups of dangerous goods.

 1. Goods too dangerous to be transported.
 2. Combustible liquids (C1), which includes liquids that are not as easily ignited as 

flammable liquids, but which will ignite at temperatures below their boiling point.

Additional, symbols are also used if chemicals are being transported. Table 5.3 lists the 
classes and subclasses, along with their respective label signs, for chemicals being 
transported. 

dangerous goods   chemicals that 
could be dangerous to people, 
property or the environment. They 
are divided into classes, including 
explosive, toxic, corrosive and 
flammable

hazardous substances   chemicals 
that have an effect on human 
health

ExplosivesCorrosive substance Oxidizing

FlammableHarmful

Health hazard

Environmental hazardToxic Compressed gas

FIGURE 5.12  The nine GHS pictograms
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TABLE 5.3  Classes and subclasses of dangerous goods being transported

Class Description Sign

Class 1 Explosive substances or articles used to produce explosions

EXPLOSIVE

1

Class 2.1 Flammable gases: gases that ignite in air if in contact with a source 
of ignition such as a spark or flame

FLAMMABLE
GAS

2

Class 2.2 Non-flammable, non-toxic gases: these gases may cause 
suffocation

NON-FLAMMABLE
NON-TOXIC

GAS

2

Class 2.3 Toxic gases: gases likely to cause death, serious illness or injury if 
inhaled

TOXIC
GAS
2

Class 3 Flammable liquids: liquids with vapours that can ignite on contact 
with air at temperatures below 60.5 °C

FLAMMABLE
LIQUID

3

Class 4.1 Flammable solids: solids that are easily ignited by a source of 
ignition such as a spark or flame

FLAMMABLE
SOLID

4

Class 4.2 Substances liable to spontaneous combustion: solids that can 
ignite without an external source of ignition

SPONTANEOUSLY
COMBUSTIBLE

4

Class 4.3 Substances that emit flammable or toxic gases on contact with 
water

DANGEROUS
WHEN WET

4

Class 5.1 Oxidising agents: substances that may contribute to the 
combustion of other substances, increasing the risk of fire

OXIDIZING
AGENT
5.1
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5.4.3 Hazardous substances
Chemicals in the hazardous substances group are those that have an effect on human health. The effect may 
be immediate, such as poisoning and burning, or long term, such as causing liver disease or cancer. Hazardous 
substances can enter the body in a number of ways. They can be inhaled, absorbed through the skin, ingested 
(swallowed) or injected.

Hazardous substances are identified on their labels by a signal word (or words) providing a warning about the 
substance, or the word ‘Hazardous’ printed in red. Signal words include ‘dangerous poison’, ‘poison’, ‘warning’ and 
‘caution’. Labels of hazardous substances also include:

 • information about the risks of the substance
 • directions for use
 • safety information
 • first aid instructions and emergency procedures.

If the substance is also in the dangerous goods group, the label will include the appropriate diamond sign showing its 
class.

Class Description Sign

Class 5.2 Organic peroxides: substances that undergo exothermic 
decomposition reactions

ORGANIC
PEROXIDE

5.2

Class 6.1 Toxic substances: chemicals likely to cause death, serious illness or 
injury if swallowed, inhaled or brought into contact with skin

TOXIC

6

Class 6.2 Infectious substances: substances containing micro-organisms 
likely to cause diseases in humans or animals

INFECTIOUS
SUBSTANCE

6

Class 7 Radioactive material

RADIOACTIVE

7

Class 8 Corrosive substances: substances that corrode metals or cause 
injury by reacting on contact with living tissue

CORROSIVE

8

Class 9 Miscellaneous dangerous goods and articles: dangerous 
substances and objects that do not belong to the other classes

MISCELLANEOUS
DANGEROUS

GOODS
9
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5.4.4 Safety data sheets
All employers are required by law to make sure that their employees are fully informed about the chemicals in the 
workplace that are classified as dangerous goods and/or hazardous substances. A list of such chemicals stored 
or used in the workplace must be kept, along with a copy of each chemical’s safety data sheet (SDS). Chemical 
suppliers are required to provide an SDS for each of the hazardous substances or dangerous goods they supply. In 
turn, employers are required to make the SDS accessible to employees who are exposed to the chemicals.

An SDS is likely to consist of several A4 pages. Many of them can be downloaded directly from the internet. The 
information on an SDS should include:

 • the ingredients of the product
 • the date of issue — an up-to-date SDS should be no more than five years old
 • information about health hazards and first aid instructions
 • precautions that need to be taken when using the product
 • information about safe storage and handling of the product.

Assessing risk
A risk assessment identifies the potential hazards of an experiment and gives protective measures to minimise the 
risk. Before any experiment involving chemicals is conducted in your school laboratory, a risk assessment is carried 
out. The form of a risk assessment varies from school to school, but will always contain:

 • a summary of the experiment
 • a list of the risks and safety precautions for each chemical
 • information about whether the chemical is classified as a hazardous substance or dangerous good
 • a list of protective measures to be taken. These might include the use of a fume hood 

and/or the wearing of safety glasses or other protective items.
 • first aid information

Most of the information used in a risk assessment is obtained from the SDS for each 
chemical used. The date on the SDS used for each chemical must be stated to ensure that 
the risk assessment is up to date.

Part of a risk assessment sheet is shown in figure 5.15. Risk assessment sheets in schools 
are usually completed and signed by a qualified science teacher or laboratory technician. 
Your science teacher is required to carefully read the risk assessment sheet before allowing 
an experiment involving chemicals to commence.

safety data sheet (SDS)    
document containing important 
information about hazardous 
chemicals

risk assessment    document 
outlining potential hazards of 
an experiment and providing 
protective measures to minimise 
risk

FIGURE 5.13  A hazardous substance label
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FIGURE 5.14  Part of a risk assessment sheet for Investigation 4.4

RISK ASSESSMENT SHEET

ACTIVITY Investigating reactivity

REFERENCE Science Quest 10

TOPIC 4 Chemical patterns INVESTIGATION 4.4

SUMMARY OF EXPERIMENT

REACTIVITY OF METALS

1. Place pieces of magnesium, copper, zinc, aluminium and iron in test tubes.

1. Add 1M hydrochloric acid to the test tubes and observe the reaction.

PROTECTIVE MEASURES

GLASSES GLOVES DUST MASK LAB COAT FUME HOOD

x x x

SAFETY INFORMATION

REACTANT

Hydrochloric acid 1 mol L-1

Hazards
• Low toxicity; not classified as a hazardous chemical

Safety precautions
• Do not breathe gas/fumes/vapour/spray.

• Wear suitable protective clothing.

• Avoid contact with skin.

FIRST AID

SWALLOWED Contact doctor or poisons centre. Give glass of water.

EYE Wash with running water for 15 minutes. Seek medical attention.

SKIN Remove contaminated clothing. Wash with soap and water.

INHALED Fresh air. Rest. Keep warm.

REACTANT

Magnesium

Hazards
•  Highly flammable in contact with water  Can cause violent 

reactions with ethanol, salts, sulfur, phosphorus and silica  

Burns with a bright white light which can damage eyes

Safety precautions
• Wear suitable clothing and eye protection.

• Do not breathe dust.

• Never add water to this product.

• Keep locked up.

• Avoid contact with skin.

FIRST AID

SWALLOWED Rinse mouth with water.

EYE Wash with running water.

SKIN Wash with soap and water.

For burns: immerse in cold running water. Bandage lightly. Seek medical attention.

INHALED Blow nose. Rinse mouth with water.

Resources

Video eLesson Saving acid wetlands (eles-1072)

Interactivities Hazardous substances (int-5891)
The components of a risk assessment (int-8099)

eWorkbook Understanding chemical hazards (ewbk-4801)

Weblinks RiskAssess for Schools

WorkSafe

Additional automatically marked question
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To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  Dangerous goods are chemicals that could be dangerous to what?
 A. People
 B. Property
 C. The environment
 D. All of the above

 2.  MC  If a chemical in the dangerous goods group is explosive, toxic and corrosive, how is the decision about 
which class it is placed in made?

 A. It is placed in the class based on the greatest immediate threat that the chemical presents.
 B. It is placed in all three classes.
 C. It will be placed in the flammable class.
 D. It will be placed in the toxic class.

 3.  MC  Describe what chemicals listed as hazardous substances have in common.
 4. Outline two similarities and two differences between the transport pictograms and the GHS pictograms.
 5.  SIS  What is the difference between the purposes of a SDS and a risk assessment?

Apply and analyse

 6. Explain the purpose of safety data sheet in a laboratory. 
 7. Explain how you will know if a person in a laboratory has read the SDSs for hazardous substances and 

dangerous goods.
 8. Identify four individuals whose responsibility is it to make sure that people have access to a SDS for each of 

the hazardous chemicals and dangerous goods that they store or use.
 9. Explain the difference between flammable liquids (Dangerous goods, Class 3) and combustible liquids 

(Dangerous goods, C1).

Evaluate and create
 10.  SIS  Explain why water may be considered a health hazard in a laboratory.
 11. Many chemical suppliers provide access to SDSs online. Use the internet to search for a SDS on 

hydrochloric acid and use it to answer the following questions.
 a. What are some alternative names for hydrochloric acid?
 b. What are the health hazards of hydrochloric acid?
 c. What first aid treatment is recommended if hydrochloric acid:

 i. is ingested (swallowed).
 ii. makes contact with an eye.

 d. What recommendations are made for the storage of hydrochloric acid?
 12.  SIS  A student wishes to conduct an investigation in which they explore the colour a Bunsen burner 

flame turns under the presence of cobalt chloride, copper chloride and sodium chloride. Write a clear risk 
assessment for this investigation, exploring the chemicals and equipment used.

Fully worked solutions and sample responses are available in your digital formats.

5.4 Exercise

Select your pathway

LEVEL 1

Questions
1, 2, 3, 6

LEVEL 2

Questions
5, 7, 9, 10

LEVEL 3

Questions
4, 8, 11, 12
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5.5  Types of chemical reactions

5.5.1 Classifying chemical reactions
In a world where countless chemical reactions take place, it is helpful to classify the reactions. They can be 
classified according to whether they release or absorb energy. They can also be grouped according to the nature 
of the reactants, the nature of the products, the way in which charged particles in atoms rearrange themselves, 
or even the number of reactants. Any one reaction can fall into several different groups.

5.5.2 Redox reactions
In many chemical reactions, electrons are either completely or partially moved from one atom, ion or molecule 
to another. This process is known as electron transfer. Chemical reactions that involve 
electron transfer are called redox reactions. Redox reactions are extremely important 
in industry and in our everyday lives.

A redox reaction is really two reactions occurring simultaneously. In the electron 
transfer process, one reactant loses electrons and another gains electrons. Loss of 
electrons is known as oxidation. Gain of electrons is called reduction. Oxidation and 
reduction always occur together, thus the two words are combined to form the word 
redox, which is used to describe reactions where electrons are transferred.

Each of the corrosion, displacement, combustion and combination reactions described 
below are examples of redox reactions. Oxidation and reduction can be clearly seen in 
the reaction when zinc corrodes.

LEARNING INTENTION

At the end of this subtopic, you will be able to describe the different types of chemical reactions such as 
corrosion, displacement, decomposition, combination, photochromic and redox reactions.

EXTENSTION: The early days of oxidation!

In the early days of chemistry, oxidation was defined as the combination of 
a chemical with oxygen or as the removal of hydrogen from a compound. 
Reduction was defined as the opposite of oxidation; that is, the removal of 
oxygen or the combination of hydrogen with a chemical. Today, we know that 
oxygen and hydrogen are not necessarily involved at all in a redox reaction. An 
example is when sodium metal and chlorine gas are produced by passing an 
electric current through molten sodium chloride.

    Sodium + chloride    sodium + chloride 
  ions           ions                 metal          gas

              2Na+     (I) + 2Cl–   (I)   2Na(s) + Cl 2   (g)    

In this redox reaction, sodium is reduced because it gains electrons, and 
chlorine is oxidised.

Oxidation is now defined as the transfer of electrons from a reactant. In the 
redox reaction included here, chlorine is oxidised and sodium is reduced. 
However, when sodium metal is produced, it is extremely reactive and will 
explode on contact with air or water as shown in figure 5.16.

FIGURE 5.15  Sodium 
metal exploding on water

electron transfer    movement of 
electrons from one atom, ion or 
molecule to another

redox reactions    chemical 
reactions involving oxidation and 
reduction; that is, electron transfer

oxidation    chemical reaction 
involving the loss of electrons by 
a substance 

reduction    chemical reaction 
involving the gain of electrons by 
a substance

The mnemonic OIL RIG may help you to remember these processes: oxidation is loss of electrons, reduction is gain 
of electrons.
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5.5.3 Corrosion
Corrosion is a chemical reaction in which a metal is ‘eaten 
away’ by substances in the air or water. The tarnishing of 
silver jewellery and cutlery, rust, and the green coating that 
appears on copper are all examples of corrosion. Corrosion is 
an oxidation reaction usually involving oxygen.

Rust protection
If you look at a sheet of galvanised iron, you will notice that 
it does not have a shiny metallic surface. Galvanised iron has 
been coated with a layer of zinc metal. The zinc prevents the 
iron underneath from reacting with oxygen and water in the 
air and rusting. Instead, the zinc corrodes first.  

Corrosion of zinc
 1. In the corrosion of the layer of zinc used to protect iron from rusting, a transfer of electrons from the zinc 

atoms to the oxygen molecules occurs. This causes the formation of positive zinc ions and negative oxide 
ions. This is the redox process, which happens in the presence of water. 

  2Zn (s)   +  O  2   (g)  2Zn2+ (aq) + O2– (aq)

  In this reaction, zinc atoms lose electrons, so zinc is oxidised. Oxygen molecules gain electrons, so 
oxygen is reduced. Remember that oxidation and reduction always occur together.

 2. These oppositely charged ions attract and bond together to form the ionic compound zinc oxide.
  In this reaction, zinc atoms lose electrons, so zinc is oxidised. Oxygen molecules gain electrons, so 

oxygen is reduced. Remember that oxidation and reduction always occur together.

2Zn2+ + 2O2– (aq)  2ZnO (s)

  5.5.4 Displacement reactions
In the classroom laboratory, waste solutions containing silver ions are never 
poured down the sink. They are collected and sent to commercial laboratories 
where the valuable silver is recovered from the solutions. Silver metal can be 
recovered from silver nitrate solution simply by adding a piece of copper wire. 

Reactions of this type, where an element displaces another element from a 
 compound, are called displacement reactions. In this example, copper has 
displaced the silver from the silver nitrate solution. The reactions of metals 
with acids are examples of displacement reactions.

Zinc 
atoms

Oxygen 
molecules

Zinc 
ions

Oxygen 
ions

Zinc 
ions

Oxygen 
ions

Zinc oxide 
Compound

FIGURE 5.16  The rusting of these old car 
wrecks is an example of corrosion.

corrosion    chemical reactions 
that wear away a metal 

galvanised    describes a metal 
coated with a more reactive metal 
that will corrode first, preventing 
metal from corrosion 

displacement reactions    
chemical reactions in which a 
less reactive element in a reactant 
is replaced by a more reactive 
element

Resources

Video eLesson Sodium metal reacts with liquid (eles-2717)

The chemical equation for the displacement of the silver ion from silver nitrate by copper is:

 copper + silver nitrate  silver copper + nitrate

Cu (s) + 2AgNO3 (aq)  2Ag (s) + Cu(NO3)2 (aq)
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In this reaction, electrons are transferred from the copper atoms to the silver ions. Silver ions (Ag+) in the 
solution gain electrons to form atoms of solid silver. Thus, silver ions are reduced. Copper atoms (Cu) lose 
electrons, forming copper ions (Cu2+), which dissolve into a solution. The formation of copper ions changes 
the colour of the solution from colourless to blue. The copper atoms are oxidised. The nitrate ion is not 
involved in the electron transfer.

5.5.5 Combustion – a burning question
Combustion reactions are those in which a substance reacts with oxygen, and heat is released. Examples of 
combustion reactions include the burning of petrol in a motorcycle engine, wax vapour in a candle flame and 
natural gas in a kitchen stove. In each of these cases, hydrocarbons (compounds containing only the elements 
carbon and hydrogen) combine with oxygen in the air to form carbon dioxide gas and water vapour. This is shown 
in the following equation for the combustion of methane (natural gas) in a gas jet.

In this redox reaction, oxygen is added to the carbon atom in methane so oxygen is reduced and the carbon in 
methane is oxidised.

INVESTIGATION 5.2

Decomposing zinc carbonate

Aim
To observe a decomposition reaction

Materials

•  laboratory coat and safety glasses
•  zinc carbonate powder
•  spatula
•  Bunsen burner, heatproof mat and matches
•  large Pyrex test tube and test-tube rack

•  test-tube holder
•  electronic balance
•  marking pen
•  stereo microscope
•  Petri dish

Resources

Video eLesson Displacement reaction between copper wire and silver (eles-2714)

Resources

Video eLesson Burning a candle (eles-2715)

CH4 (g) + 2O2 (g)     CO2 (g) + 2H2O (g)
methane 
molecule

oxygen 
molecule

carbon 
dioxoide 
molecule

water 
molecule

elog-0558

combustion reactions    chemical 
reactions in which a substance reacts 
with oxygen and heat is released

hydrocarbons    compounds 
containing only carbon and hydrogen

decomposition reactions    chemical 
reactions in which one single 
compound breaks down into two or 
more simpler chemicals

5.5.6 Decomposition
In decomposition reactions one single compound breaks down into two or more 
simpler chemicals. An example of this is the decomposition of zinc carbonate. This is 
represented by the equation:

  ZnCO  3    (s)   ZnO (s)  +  CO  2    (g)  
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5.5.7 Combination reactions
Often two elements combine in chemical reactions to form a compound. Such reactions are called 
combination reactions. The reaction of magnesium with oxygen is a spectacular example. Magnesium burns 
in air, producing a brilliant flash of white light. 

In this reaction, electrons are transferred from the atoms in the magnesium metal to the oxygen atoms in the 
oxygen molecule. This forms positive metal ions and negative oxide ions. These ions are attracted to each other 
because of their opposite charges and form the white ionic solid magnesium oxide. Magnesium, which loses 
electrons, is oxidised, and oxygen is reduced.

Notice that this combination reaction is also a combustion reaction. It is also an 
exothermic reaction because it transfers energy to the surroundings. (Endothermic 
reactions are chemical reactions that absorb energy from the surroundings.)

combination reactions    
chemical reactions in which two 
substances, usually elements, 
combine to form a compound

The chemical equation describing the combination of magnesium and oxygen as a result of burning is:

 2Mg (s)  +  O  2   (g)    2MgO (s)  

Method

 1. Place two spatulas of zinc carbonate powder in the test tube. Weigh the test tube and record the mass.
 2. Mark the level of the powder in the test tube with the marking pen.
 3. Heat the test tube gently in a blue Bunsen burner flame for 5 to 10 minutes.
 4. While heating the test tube, hold a lit match at the 

mouth of the tube. Record your observations.
 5. Allow the test tube to cool down. Note any change in 

the level of powder and then reweigh the test tube. 
Record the mass.

 6. Place small amounts of zinc carbonate and the 
powder from the test tube in the Petri dish. Examine 
them using a stereo microscope. Record your observations.

Results

Record your observations, and ensure you note down any recorded masses.

Discussion

 1. Which gas was given off during the reaction?
 2. Explain any change that occurred in the mass.
 3. Write word and formula equations for the reaction.
 4. Explain why a lighted match is held over the test tube.
 5. Suggest how this experiment test could be improved.

Conclusion

Write a conclusion for this investigation, linking back to the aim.

CAUTION

Wear safety glasses and a laboratory coat. Make 
sure the test tube is not pointing at anyone.

Resources

Video eLesson Magnesium burning (eles-2716)
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5.5.8 Photochromic reactions
People who wear glasses often don’t want to swap over to 
sunglasses when they go outside. Photochromic lenses solve 
the problem by darkening as the wearer moves from indoors 
into bright sunshine. They lighten again when the wearer 
moves back into an area of low light. Plastic photochromic 
glasses use organic material that darkens the lenses when 
exposed to ultraviolet light.

Glass photochromic glasses work due to the presence of 
silver chloride (AgCl) crystals in the glass. When in sunshine, 
ultraviolet light is absorbed by the silver chloride crystals and 
a redox reaction occurs. Electrons are transferred from the 
chloride ions to the silver ions according to the equation:

   Ag   +   
ion

    +   Cl  
ion

      −  Ag  
atom

   +   Cl  
atom

   

Silver particles then form in the glass, darkening the lens so 
that visible light is absorbed and reflected.

The fading of the dark glass is more complicated. The chlorine atoms are very reactive. To stop them reacting 
with the silver atoms and reversing the process too quickly, singly charged copper ions are dissolved in the 
molten glass during the manufacturing process. These ions react with the chlorine atoms to form chloride ions 
and doubly charged copper ions in the reaction:

  Cu   +  + Cl  Cu   2   +  +  Cl   −  

When the glasses are no longer in the sunlight, the doubly charged copper ions accept an electron from the 
silver atom. The silver ion re-forms and the dark lens becomes light again.

  Cu   2   + + Ag   Cu   +  +  Ag   +  

5.5.9 Synthesis of pharmaceuticals
Aspirin is one of the most widely known pharmaceuticals in the world. It was created from a reaction between 
salicylic acid, found naturally in the bark of some willow trees, and acetic anhydride. The chemical reaction is 
shown in figure 5.18.

Unfortunately, some people experience problems when taking aspirin, so a more 
effective and easily digested pharmaceutical was developed called ibuprofen. This 
has a similar chemical structure to aspirin and can be used in a similar way. Many 
pharmaceuticals are developed in this way.

FIGURE 5.17  Photochromic lenses darken 
in bright sunshine and lighten in areas of 
low light.

photochromic    describes lenses 
made from glass that darkens in 
bright light

ASPIRIN

The chemical equation for the formation of aspirin is shown in figure 5.19. The hexagonal structure is called a 
benzene ring, which is a cyclical hydrocarbon containing six carbon atoms bonded together in a ring with six 
hydrogen atoms attached. The reaction is a type of substitution reaction, where one species is substituted for 
another.

24 Jacaranda Science Quest 10 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS



Resources

eWorkbook  Metal displacement  (ewbk-4803)  
 Corrosion and combustion  (ewbk-4805)  

Interactivity Time Out: ‘Reaction’ (int-0759)

Additional automatically marked question

To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at www.jacplus.com.au.

 Remember and understand 

     1.  Complete the following table to summarise each of the groups of reactions discussed in this subtopic.           

  Reaction type    Description    Example  

 Corrosion 

 Displacement  When an element displaces another element 
to form a compound 

 Reaction between petrol and oxygen in 
a car engine 

 When a compound breaks down into two or 
more simpler substances 

 Combination 

 Reactions that involve the transfer of electrons  Darkening 

HO O

O

O

OH

Salicylic acid Acetic anhydride Acetylsalicylic acid
(aspirin)

Acetic acid

H3C CH3

H+

+ +

HO O

O

O

CH3
O

CH3HO

O

  FIGURE 5.18    The chemical equation for the formation of aspirin  

   5.5  Exercise  

Select your pathway

LEVEL 1

Questions
1, 2, 3, 5

LEVEL 2

Questions
4, 8, 9, 10

LEVEL 3

Questions
6, 7, 11, 12
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 2. Explain what all redox reactions have in common.
 3.  MC  When does oxidation occur?
 A. Electrons are ‘gained’, or transferred to an atom or ion
 B. Electrons are ‘lost’, or transferred away from an atom or ion
 C. Electrons are ‘gained’ or ‘lost’ from an atom or ion
 D. One single compound breaks down into two or more simpler 

chemicals
 4. Outline the difference between a redox and a decomposition 

reaction.
 5. Explain where the word redox comes from.

Apply and analyse

 6. Consider the reaction:

 2Zn (s)  +  O  2    (g)  → 2ZnO (s)  

Show from which reactant are the electrons being transferred.
 7. Photochromic glasses work due to the presence of silver 

chloride crystals in the glass. Explain how the glasses darken 
in bright sunshine and lighten in areas of low light.

 2Zn (s)  +  O  2    (g)  → 2ZnO (s)  

 8. a. Consider the following reaction:

 copper   metal + zinc   sulfate   solution → zinc   metal + copper   sulfate   solution 

 i. Write a balanced equation using formulae for the reaction.
 ii. What type of reaction is this?

 b. Consider the following reaction:

 Sodium   metal + oxygen   gas → solid   sodium   oxide 

 i. Write a balanced equation using formulae for the reaction.
 ii. What type of reaction is this?

 c. Consider the following reaction:

 Carbon   monoxide   gas + oxygen   gas → carbon   dioxide   gas 

 i. Write a balanced equation using formulae for the reaction.
 ii. What type of reaction is this?

 d. Consider the following reaction:
Hydrogen peroxide solution breaks down to form hydrogen gas and oxygen gas
 i. Write a balanced equation using formulae for the reaction.
 ii. What type of reaction is this?

 9. The Statue of Liberty is a famous landmark with an iconic blue-green colour. 
However, it wasn’t always this colour. When the statue was unveiled in 1886, it was a 
shiny brown colour, like a penny. Explain why the statue looks blue-green now.

Evaluate and create

 10. Aluminum is more reactive than iron; however, most aircrafts are made of aluminium. 
Research and explain why doesn’t it degrade due to oxidation.

 11.  SIS  An iron nail can be placed into a solution of copper sulfate. 
 a. Design an experiment that would allow the results of this reaction to be 

determined.
 b. Research the expected results and show these using a chemical formula.

 12.  SIS  Research another pharmaceutical, different from aspirin, and outline its synthesis.

Fully worked solutions and sample responses are available in your digital formats.
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  5.6   Batteries and electrolysis    

  5.6.1  Batteries 
 The chemical reactions that produce electrical 
energy in  electric cells  (more commonly known 
as batteries) are redox reactions. In electric 
cells, electrons are transferred from one reactant 
to another through the wires that make up the 
electric circuit. This is very useful because the 
moving electrons can provide the energy to 
operate our appliances. Chemical energy from the 
redox reaction is converted to electrical energy. 
The reactants in the cells are not in direct contact 
with each other. In an ordinary carbon battery or 
dry cell, the reactants are separated by a paste 
that allows the movement of electric charge. The 
electrons fl ow from one reactant at the negative 
electrode, through the electric circuit to the 
other reactant at the positive electrode. Chemical 
products are formed at both electrodes.  

  LEARNING INTENTION 

  At the end of  this subtopic, you will be able to explain the working of batteries and the process of electrolysis in 
the extraction of metals. 

Cathode
carbon/graphite

Electron
�ow

Manganese
dioxide paste

Anode
(zinc case)

Expansion
space

  FIGURE 5.19    The electron fl ow in a dry cell battery  

  INVESTIGATION 5.3     

 Making a Daniell cell 

 Aim 

 To make a Daniell cell 

 Materials 

•   copper strip, 1 cm × 5 cm 
•   zinc strip, 1 cm × 5 cm 
•   2 × 100 mL beakers 
•   50 mL 1 mol L −1  zinc sulfate solution 
•   50 mL 1 mol L −1  copper sulfate solution 
•   strip of fi lter paper 
•   0.5 mol L −1  potassium nitrate solution 
•   2 connecting leads with alligator clips at one end and banana plugs at the other end 
•   galvanometer 

  elog-0560  

electric cells    where electrons 
are transferred from one reactant 
to another through the wires that 
make up the electric circuit
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electrolysis    passing an electric 
current through the molten ore or 
liquid

5.6.2 Extraction of metals through electrolysis
Metal extraction is the method used to extract metals from their ores depends on their reactivity. This always 
involves chemical reactions and often smelting, in which the mineral ore is melted. Smelting is used in the 
extraction of iron, copper and zinc ores.

The reactivity of a metal also influences how easily it is extracted. Silver and gold, for example, are unreactive 
and so are found naturally in their elemental state, which is why they have been known and used since ancient 
times. More reactive metals must be extracted from their ores. Ores are rocks that are mixtures of different 
compounds such as oxygen and carbon and from which it is economically viable to separate out the metal.

Electrolysis
Extraction of aluminium from ore is achieved by electrolysis of molten aluminium ore. This involves passing 
an electric current through the molten ore. This is a very expensive process because of the amount of electrical 
energy needed. The high cost of aluminium extraction is one of the reasons that 
recycling of aluminium cans is so important.

The metal obtained from the extraction process still contains impurities. These are 
removed, leaving behind the pure metal. Copper and zinc are purified by electrolysis.

Method

 1. Pour 50 mL of copper sulfate solution into one beaker and 50 mL of zinc sulfate solution into the other 
beaker.

 2. Soak the filter paper in potassium nitrate solution.
 3. Connect the circuit as shown in the diagram.

Results

Record the reading on the galvanometer.

Discussion

 1. What evidence was there that a chemical reaction was taking place?
 2. Was chemical energy transformed into electrical energy? How do you know?
 3. What do you think would happen if you left the circuit connected overnight?

Conclusion

Write a conclusion for this investigation outlining your observations of the Daniell cell.

TABLE 5.4  Reactivity of metals and their extraction methods

Reactivity Metal Extraction

Unreactive Silver, gold platinum Found as free elements

Less reactive Copper, mercury Heating the metal ore in air

Reactive Zinc, iron, tin, lead Heating the metal ore with carbon

Very reactive Aluminium, calcium, sodium, magnesium, potassium Electrolysis of molten compound
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Carbon anode

Oxygen gas
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4Al3+ 4Al12e–
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+ 4Al 3O2+
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  FIGURE 5.20    Extraction of aluminium using electrolysis  

  EXTENSION: World’s 10 most precious metals 

  Rhodium (symbol Rh) is one of the rarest and most valuable precious metals. It is 
silvery white in colour and its major use is in the catalytic convertors in vehicles. 
In order, the world’s most precious metals are: 

 1.  rhodium 
     2.  platinum 
     3. gold 
     4.  ruthenium 
 5.  iridium 

 6.  osmium 
     7.  palladium 
     8.  rhenium 
 9.  silver 
     10.  indium.   

To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at www.jacplus.com.au.

   5.6  Exercise  

Select your pathway

LEVEL 1

Questions
1, 2

LEVEL 2

Questions
3–5

LEVEL 3

Questions
6, 7

  Rhodium (symbol Rh) is one of the rarest and most valuable precious metals. It is 

Resources

Additional automatically marked question
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5.7  Producing salts

5.7.1 Neutralisation reactions
Neutralisation is the name given to the chemical reaction in which an acid and a base react with each other to 
produce water. The other substance produced in a neutralisation reaction is called a salt. Many neutralisation 
reactions occur in water. These reactions are said to occur in ‘solution’.

Your stomach contains hydrochloric acid, which helps to break up food for digestion. Too much acid, however, 
can be a problem. If your stomach produces too much acid, you may need to take an antacid such as milk of 
magnesia. This medicine has the solid base magnesium oxide (MgO) suspended in it. This base reacts with the 
hydrochloric acid in your stomach according to the equation:

  MgO (s)   
base

    +  2HCl (aq)   
 acid

       MgCl  2    (aq)   
 salt

    +    H 2   O (l)    
 water

    

The products are the salt magnesium chloride and water. The salt contains the 
positive metal ion from the base and the negative non-metal ion from the acid.

LEARNING INTENTION

At the end of this subtopic, you will be able to explain the neutralisation reaction and the production of salts.

Remember and understand

 1.  MC  What are the chemical reactions in batteries?
 A. Substitution reactions
 B. Redox reactions
 C. Combustion reactions
 D. Precipitation reactions
 2.  MC  In electric cells, how are electrons transferred from one reactant to another?
 A. Through the wires that make up the electric circuit.
 B. Through the casing of the battery.
 C. Inside the battery.
 D. Through the carbon rod
 3.  SIS  Using table 5.4 in section 5.6.2, explain the trends seen in the reactivity of different metals.

Apply and analyse

 4. Explain the process of electrolysis and give two examples where this process could be beneficial. 
 5. Using table 5.4 in section 5.6.2, explain how the most reactive elements are extracted from their ores.

Evaluate and create

 6. Explain why the process of electrolysis involves passing an electric current through a liquid or molten 
substance.

 7.  SIS  Research how another metal is extracted and refined.

Fully worked solutions and sample responses are available in your digital formats.

neutralisation    reaction between

an acid and a base

salt    one of the products of the 
reaction between an acid and a 
base 

Neutralisation reactions

metal hydroxide + acid  salt + water
metal oxide + acid  salt + water
metal carbonate + acid  salt + carbon dioxide + water 
metal hydrogen carbonate + acid  salt + carbon dioxide + water
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The base sodium hydrogen carbonate, commonly known as bicarb, is a component of baking powder. It has the 
formula NaHCO3 and contains the hydrogen carbonate ion HCO3

–. When bases containing this ion react with 
acids, carbon dioxide gas is produced as well as salt and water. When hydrochloric acid and bicarb are mixed 
together, the following reaction takes place:

NaHCO3 (s) + HCl (aq)  Nacl (aq) + CO2 (g) + H2O (l)  

In both of the reactions mentioned, the salts formed were metal chlorides, because they contained the chloride ion 
(Cl−) from the hydrochloric acid. Neutralisation reactions between many different acids and bases are possible; 
therefore, it is possible to produce many different salts. Some of these reactions are summarised in table 5.5.

base acid salt carbon 
dioxide

water

TABLE 5.5  Neutralisation reactions

Base Acid Negative ion present in salt Salt Formula of salt

Sodium hydroxide Sulfuric acid Sulfate SO4
2– Sodium sulfate Na2SO4

Magnesium oxide Hydrochloric acid Chloride Cl– Magnesium chloride MgCl2
Sodium oxide Acetic acid Acetate CH3COO– Sodium acetate CH3COONa

Copper(II) oxide Nitric acid Nitrate NO3
– Copper(II) nitrate Cu(NO3)2

CASE STUDY: Different types of salts

Often when we hear the term salt, we automatically think of table 
salt (sodium chloride). However, sodium chloride is just one 
type of salt! Many salts are brightly coloured and can be highly 
poisonous. Salts containing copper ions are usually blue, those 
containing nickel are pale green, those containing chromium can 
be green or orange, cobalt salts are pink, and manganese salts 
are usually black.

FIGURE 5.21  Many salts are brightly 
coloured.

INVESTIGATION 5.4

Exploring neutralisation reactions

Aim

To identify the products of a reaction between an acid and a base

Materials

•  safety glasses and laboratory coat
•  50 mL burette
•  retort stand, bosshead and clamp
•  tripod and gauze mat
•  Bunsen burner, heatproof mat and matches
•  20 mL pipette
•  100 mL conical flask
•  pipette bulb
•  white tile
•  dropping bottle of phenolphthalein indicator
•  wire shaped into a loop with a handle
•  small funnel

elog-0562
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•  1 mol L–1 hydrochloric acid solution
•  1 mol L–1 sodium hydroxide solution
•  evaporating dish
•  silver nitrate solution in a dropping bottle
•  sample of sodium chloride
•  test tube

Method

 1. Rinse the burette with the hydrochloric acid solution and 
then, using the funnel, fill the burette with the hydrochloric 
acid solution.

 2. Rinse the pipette with sodium hydroxide solution using the 
pipette bulb.

 3. Set up the equipment as shown in the diagram. Use the pipette 
and bulb to transfer 20 mL of the sodium hydroxide solution into 
the conical flask.

 4. Add a few drops of phenolphthalein indicator to the sodium 
hydroxide.

 5. Add the acid from the burette carefully until the pink colour of 
the indicator disappears. The colour change indicates that the 
 neutralisation reaction is complete.

 6. Pour the contents of the flask into an evaporating dish. Heat the 
dish with the Bunsen burner and gently evaporate the water. Be 
careful — spattering may occur.

 7. When the water has nearly evaporated, turn off the Bunsen burner 
and allow the dish to cool and the remaining water to evaporate 
without further heating.

 8. Test the white crystals in the dish for the presence of sodium ions 
by placing a few crystals on a wire loop and heating in a Bunsen 
burner flame. Compare this flame colour with a known sample of 
sodium chloride.

 9. Test for the presence of chloride ions by dissolving a few  crystals 
in half a test tube of water and adding a few drops of silver 
nitrate solution. A white cloudiness indicates that chloride ions 
are present.

Results

Record your observations for this investigation.

Discussion

 1. Write a word equation for the neutralisation reaction.
 2. Write a balanced equation, using formulae, for the neutralisation reaction.
 3. Design a test to show that water was the other product of the reaction.
 4. Comment on the information that the flame and silver nitrate tests provided. 
 5.  Which substance is the silver nitrate testing for?

Conclusion

Write a conclusion for this investigation, outlining your observations.

CAUTION

Wear safety glasses and a laboratory coat.

Burette
�lled with
hydrochloric
acid solution

Retort
stand,
bosshead
and
clamp

Conical
�ask with
20 mL of
sodium
hydroxide
solution

White tile

Resources
eWorkbook Acids, bases and neutralisation (ewbk-4807)

Neutralisation and salts (ewbk-4809)

Additional automatically marked question
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5.8  Fuels and hydrocarbons

5.8.1 It begins with the sun
The term fossil fuels refers to coal, natural gas and oil, all of which were formed 
from decaying plants or animals over tens or hundreds of millions of years.

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  What is a salt?
 A. An ionic compound
 B. The result of a reaction between an acid and a base
 C. The result of a reaction between a metal and an acid
 D. All of the above
 2. Explain the main difference between the reaction of a metal oxide with an acid and a metal carbonate with an 

acid.

Apply and analyse

 3. Write equations for the following reactions. (Refer to section 5.2 for chemical formulae.)
 a. Solid sodium hydrogen carbonate and sulfuric acid react to form a sodium sulfate solution, carbon dioxide 

and water.
 b. Solid potassium hydroxide and hydrochloric acid react to form a solution of potassium chloride and water.
 c. Solid copper oxide reacts with sulfuric acid to form a solution of copper sulfate and water.
 4. Identify the name of the salt that forms from the following reactions. (Refer to table 5.5 to assist.)
 a. Magnesium hydroxide and hydrochloric acid
 b. Potassium hydroxide and acetic acid
 c. Sodium carbonate and sulfuric acid
 5. Explain why an antacid is used for heartburn.

Evaluate and create

 6. You may have noticed some bare patches of soil under pine trees. This is due to the acidity in the soil. 
Research and explain how the acidity in the soil can be controlled.

 7.  SIS  Universal indicator can be used to measure the pH of substances. Design an experiment that shows the 
change in pH during a neutralisation reaction. You may wish to research universal indicator and pH before 
you start.

Fully worked solutions and sample responses are available in your digital formats.

LEARNING INTENTION

At the end of this subtopic, you will be able to describe the formation, production and combustion of fossil fuels.

fossil fuels    substances such 
as coal, oil and natural gas that 
have formed from the remains of 
ancient organisms

5.7 Exercise

Select your pathway

LEVEL 1

Questions
1, 4

LEVEL 2

Questions
2, 3, 5

LEVEL 3

Questions
6, 7
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The formation of fossil fuels begins with a chemical reaction called photosynthesis. This reaction requires 
energy from the sun and a pigment in plants called chlorophyll.

 Animals eat plants (or other animals that eat plants), so almost all energy in food consumed by animals begins 
with photosynthesis.

When animals and plants die, they decay and after millions of years form fossil fuels but the chemical energy 
stored within them remains in the fossil fuels. When fossil fuels are burnt, that chemical energy is converted to 
other forms of energy in combustion reactions (see subtopic 5.5).

5.8.2 Gas fuel
The flame you see on a gas stove results from the burning of 
natural gas. This gas was formed millions of years ago when the 
remains of tiny marine and freshwater plants and animals were 
transformed into natural gas that became trapped in rock. When 
natural gas is burned to heat water, your home or to cook food, 
methane reacts with oxygen to produce carbon dioxide and water 
vapour. During the reaction, the chemical energy stored in the 
methane molecules is transformed, heating the surrounding air, 
water or food.

5.8.3 Solid fuel
Another fuel that is formed over a period of millions of years is coal. Coal is formed 
from the remains of plants that were buried in sediments between 20 million and 300 
million years ago. As coal (which consists mainly of carbon) is burned, it reacts with 
oxygen to produce carbon dioxide gas.

FIGURE 5.22  The flame burning on a 
gas stove is fuelled by methane

   methane + oxygen    carbon dioxide + water vapour

CH 4    (g)  + 2O 2    (g)      CO 2    (g)  + 2 H 2  O (g)      

  
carbon + oxygen

  
   carbon dioxide

     C (s)  +  O  2    (g) 
  
    CO  2    (g) 

   

PHOTOSYNTHESIS

Photosynthesis is described by the chemical equation below:

  6CO  2    (g)  +  6H  2   O (l)       C  6    H  12    O  6    (s)  +  6O  2    (g)  
carbon 
dioxide

water gulcose oxygen

photosynthesis    food-making 
process in plant

chlorophyll    the green-coloured 
chemical in plants that absorbs 
the light energy used in photo 
synthesis

coal    a sedimentary rock formed 
from dead plants and animals 
that were buried before rotting 
completely

light energy
chlorophyll
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In Australia, coal is used mainly in the generation of electricity. In power stations, the energy released in the 
chemical reaction is used to change water into steam. The rapidly moving steam turns turbines that generate 
electricity.

Coal is also used to make other fuels such as coal gas and to make methanol and coke. Coke is used in the 
refining of steel.

5.8.4 Liquid fuel
Crude oil is a sticky, dark, smelly liquid. Most of the chemicals in it are hydrocarbons — compounds of 
hydrogen and carbon atoms. Crude oil was formed from the remains of marine plants and animals that died 
over 200 million years ago.

Crude oil is a mixture of chemicals that includes diesel fuel, petrol, aviation fuel, tar, kerosene and many more 
hydrocarbons. So many chemicals make up crude oil that it has to be separated into the different hydrocarbons 
before it can be useful.

Table 5.6 shows that the longer the molecule becomes, the higher its boiling point. Chemists use this property 
to separate the components of crude oil in a process called fractional distillation.

When crude oil is heated to 370 °C, most of its components are changed into a gaseous state. In fractional 
distillation, this gaseous crude oil is passed into the bottom of a fractionating tower, which becomes gradually 
cooler further up the tower. The hot vapours cool as they rise up the fractionating tower. The heaviest 
hydrocarbons condense back to a liquid near the base of the tower. The other hydrocarbons, still gases, rise 
through the tower until they cool off enough to condense back to a liquid (at a temperature just below their 
boiling point). The different hydrocarbons are separated at different places up the 
tower according to their different boiling points. Each fraction is piped away for 
processing. The longer the carbon chains, the more carbon to carbon bonds and so 
the more energy released by the hydrocarbon when it is combusted. Hence diesel 
fuels release more energy per molecule than gasoline fuels.

fractional distillation    distillation 
of a mixture of substances with 
different boiling points 

fraction    part of a mixture

ACTIVTY: Building hydrocarbons

Use a molecular modelling kit to construct models of some of these hydrocarbons in table 5.6.

TABLE 5.6  The first ten hydrocarbons with single bonds and their boiling points

Hydrocarbon No. of carbon atoms Structure Boiling point (°C)

Methane 1 CH4 −164

Ethane 2 CH3–CH3 −89

Propane 3 CH3–CH2–CH3 −42

Butane 4 CH3–CH2–CH2–CH3 0

Pentane 5 CH3–CH2–CH2–CH2–CH3 36

Hexane 6 CH3–CH2–CH2–CH2–CH2–CH3 69

Heptane 7 CH3–CH2–CH2–CH2–CH2–CH2–CH3 98

Octane 8 CH3–CH2–CH2–CH2–CH2–CH2–CH2–CH3 126

Nonane 9 CH3–CH2–CH2–CH2–CH2–CH2–CH2–CH2–CH3 151

Decane 10 CH3–CH2–CH2–CH2–CH2–CH2–CH2–CH2–CH2–CH3 174
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5.8.5 Alternatives to fossil fuels
The world’s reserves of fossil fuels are limited, and eventually they will run out. At present, in Australia, we 
obtain roughly 80 per cent of our energy needs from fossil fuels. It is important that as well as conserving 
energy, we search for alternatives to fossil fuels. Trends over time in Australia have observed a decrease in the 
percentage of energy supplied by fossil fuels as we turn to renewable sources.

Biofuels
Biofuels are fuels made from biomass. Biomass is the name given to plant and 
animal tissue. Living things, including bacteria, animals and plants, are all energy 

Hydrocarbons with more than 20 carbon atoms. Can be 
separated into lubricating oils, petroleum jelly, candle wax and 
bitumen.

Contains hydrocarbons with 
between 14 and 
20 carbon atoms. Used in fuel 
for trucks, domestic oil 
heaters and in the production 
of asphalt.

Contains hydrocarbons with 
between 10 and 16 carbon atoms. 
Used in aviation fuel, paint solvents 
and paraf�n
for heating and lighting.

Pentane, hexane, heptane, octane, 
nonane and decane. Used as motor 
vehicle fuel and to make plastics and 
detergents.

Contains hydrocarbons with between 8 
and 12 carbon atoms. Used in motor 
vehicle fuel, plastics, pesticides, 
fertilisers and in the processing of 
rubber.

Methane, ethane, propane and butane. 
Some of these gases are used as fuel in 
the heater. Propane and butane are used 

in gas bottles used for gas stoves, 
caravans and barbecues.

Crude oil

HEATER

NAPHTHA  150 °C

DIESEL OILS  260 °C

PETROLEUM GASES
Less than 40 °C

GASOLINE  110 °C

KEROSENE  180 °C

RESIDUE  340 °C

FIGURE 5.23  The fractional distillation of crude oil

biofuels    fuels manufactured from 
plant or animal material

biomass    material produced by 
living organisms

eles-4173
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 China leads the way 
 In China, where about 70 per cent of the population lives on farms or in villages, more than 12 million 
households use biogas digesters to provide energy for lighting and cooking. Human and animal waste is fed 
into the digester. Many digesters are directly connected to toilets and pigsties. The waste is allowed to rot, 
producing a gas that is about 60 per cent methane, which bubbles to the top of the digester. The dark and 
surprisingly odourless sludge residue is drained from the digester and used as 
fertiliser. 

 China also has more than 1500 larger biogas plants that produce gas for heating and 
the generation of electricity.  

converters. When they convert energy, some 
waste is produced. The chemical energy in 
waste and other chemicals made by living 
things can be converted into more useful 
forms of energy.  

 Biogas 
 Imagine producing fuel from human sewage! 
It would not only help solve the problem of 
disposing of human waste in big cities, but 
also reduce the demand for fossil fuels. You 
might be surprised to know that sewage is 
already being used to make fuel. 

 The fuel produced from biomass can be 
a solid (like the wood burned in an open 
fi replace or barbecue), a liquid (like ethanol) 
or a gas. The gas produced from biomass is 
known as   biogas  . 

 Plant and animal wastes can be converted to 
biogas in a biogas digester. Biogas is mainly 
methane and carbon dioxide. The methane 
produced can then be used for heating and 
to power homes and farms.  

 Biogas is the product of the chemical 
reaction that takes place when wastes rot in 
the absence of oxygen. The solids left over 
from the production of biogas can be used 
as fertiliser or combined with compost and 
sand to make organic soils. 

 Sewage treatment plants, and farms on 
which animals graze, are ideal locations for 
biogas digesters because of the availability of animal waste. Farms also provide a use for the leftover solids 
from biogas digesters. 

  FIGURE 5.24    This biogas facility at Melbourne Water’s 
Western Treatment Plant at Werribee is used to generate 
electricity.  

Biogas out

Sludge residue out

Waste in
Liquid

Biogas

Rotting waste

  FIGURE 5.25    A simple household biogas digester  

biogas    gas made from plant or 
animal waste

Resources

Video eLesson Methane bubbles (eles-2718)
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Alcohol — a petrol alternative
Alcohol produced from fermented sugar or corn is a biofuel that can be used to fuel motor vehicles. The alcohol 
produced from the fermentation of sugar is ethyl alcohol, commonly called ethanol. A chemical reaction called 
fermentation takes place in which the glucose is broken down to ethanol by the action of enzymes in the yeast.

The fermentation of sugar is as follows:

FIGURE 5.26  E10 is a blend of 
10 per cent ethanol and 90 per 
cent unleaded petrol

DISCUSSION

When cows burp or pass wind, they release methane gas. In fact, cows are responsible for up to about 20 per 
cent of the methane in the atmosphere. Imagine if the methane could be used as fuel! Discuss the advantages 
and disadvantages this may pose.

C6H12O6(aq) yeast
⎯⎯⎯→ 2C2H5OH(aq) + 2CO2(aq)

sugar yeast
⎯⎯⎯→ ethanol + carbon dioxide

DISCUSSION

In groups, discuss and produce a report on each of the following questions.

 a. Why should the use of biogas as a fuel for heating be encouraged?
 b. Wood is an example of a biofuel. What are the disadvantages in the use of wood as a fuel?
 c. Suggest a range of alternatives to fossil fuels that could be used to supply our energy needs in Australia. List 

the advantages and disadvantages of each alternative.

fermentation    a chemical process in 
which the glucose is broken down to 
ethanol by the action of yeast

ethanol    the common drinking 
alcohol with molecules containing 
two carbon atoms

Ethanol as a fuel source has been most successfully adopted in Brazil, 
where there is a large source of sugar cane and conditions are suitable 
for fermenting and distilling the sugar cane. In Brazil, all passenger and 
light commercial vehicles are powered by ethanol or a blend of petrol 
and ethanol. New cars manufactured in Brazil are now designed to run on 
fuels that are made up of anything between 20 per cent and 100 per cent 
ethanol. They are known as ‘flexible-fuel’ or ‘flex’ vehicles.

Motor vehicles account for about two-thirds of the petroleum used in 
Australia. As reserves of petroleum become more scarce and expensive, 
ethanol is becoming a more desirable alternative. The use of biofuels like 
ethanol also helps to improve air quality and may reduce the production 
of greenhouse gases.

A blend of ethanol and petrol is now available in Australia as E10, which is 10 
per cent ethanol and 90 per cent unleaded petrol. Most new cars manufactured in 
Australia are able to run on E10.

Resources

Additional automatically marked question
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5.8 Exercise

Select your pathway

LEVEL 1

Questions
1, 2, 4, 5

LEVEL 2

Questions
3, 6, 7, 8, 9, 11

LEVEL 3

Questions
10, 12–15

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  Identify the type of chemical reaction in which fossil fuels are converted to other forms of energy.
 A. Combination
 B. Displacement
 C. Corrosion
 D. Combustion

 2.  MC  What is the word equation for the burning of methane?
 A. Methane + oxygen → carbon dioxide + water
 B. Methane + carbon dioxide → oxygen + water
 C. Methane + water → carbon dioxide + oxygen
 D. Methane + oxygen → carbon dioxide + methane

 3. Complete the following table, providing examples of how each crude oil can be used.

Crude oil Use

Petroleum gas

Gasoline

Naphtha

Kerosene

Diesel

Residue

 4. Explain the difference between biomass and biogas.
 5. Explain what is meant by the term fossil fuel and why we need alternatives to fossil fuel.
 6. Explain how alcohol produced from fermented sugar or corn is a biofuel that can be used to fuel motor vehicles.

Apply and analyse

 7. Explain why fractional distillation is an important process.
 8. Describe the process of producing biogas in a digester.
 9. Explain why sites such as sewage treatment plants and farms on which animals graze are ideal locations for 

biogas digesters.
 10.  MC  Which type of chemical reaction is used to produce ethanol by fermentation?
 A. Displacement reaction
 B. Corrosion reaction
 C. Combustion reaction
 D. Redox reaction

 11. ‘Fossil fuels can be referred to as stores of solar energy.’
Explain the meaning of this statement.

Evaluate and create

 12.  SIS  Research the differences between kerosene and diesel oil. Summarise the differences they have, 
including in boiling points.

 13. Which hydrocarbons release more energy per molecule, diesel oils or gasoline? Explain your answer.
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5.9  Polymers

5.9.1 Plastics
Which material is strong, light in weight and cheap to make, comes in a huge range of colours and can be 
moulded into any shape?

It could only be one of the synthetic (manufactured) materials we know as plastics. All plastics are products 
of chemical reactions. They are used to manufacture food containers and packaging, ballpoint pens, plumbing 
materials, car parts, rubbish bins, cling films such as GLAD®Wrap and a multitude of other items.

5.9.2 Monomers and polymers
All of the synthetic materials we call plastics are 
 polymers. However, not all polymers are synthetic. 
Cotton, wool, leather and rubber are examples of 
 natural polymers.

Polymers are very large molecules that consist of 
many repeating units called monomers. Monomers are 
small molecules and most contain the element carbon. 
Polymer molecules may, therefore, contain thousands 
of carbon atoms. The other elements commonly found 
in monomers and polymers include hydrogen, oxygen, 
chlorine, fluorine and nitrogen.

The chemical reactions that occur when polymers form 
can be modelled using plastic beads or blocks that 
click together to form a long chain. Each plastic bead or block represents a single 
monomer molecule. The long chain, which may contain thousands of monomers, 
represents a polymer molecule.

The prefix poly (meaning ‘many’) is often used when naming polymers. For example, 
polyvinyl acetate (PVA) is a polymer made from the monomer known as vinyl 
acetate.

LEARNING INTENTION

At the end of this subtopic, you will be able to explain the formation of polymers from monomers and the 
difference between thermoplastic and thermosetting polymers.

Each molecule of ethylene is made
up of two carbon atoms and four
hydrogen atoms bonded together.

The polymer polyethylene is made of thousands
of ethylene monomers all bonded together

in long chains.

Ethylene
monomer

FIGURE 5.27 A polymer is made up of smaller units 
called  monomers bonded together.

synthetic    manufactured by people

plastics    synthetic substances 
capable of being moulded

polymer    made up of monomers 
joined together in long chains

monomers    small repeating units 
that make up a polymer, usually 
containing carbon and hydrogen, 
and sometimes other elements

Resources

Video eLesson A 3-D printer (eles-2720)

 14.  SIS  Use the information in table 5.6 of hydrocarbons to draw a graph showing the relationship between 
the number of carbon atoms in a hydrocarbon and the boiling point of the hydrocarbon. Explain how this 
relationship is useful in the refining of crude oil.

 15.  SIS  Compare the difference between different types of fuels that may be used.

  Provide a summary of each and explain which one is the most detrimental to the environment.

Fully worked solutions and sample responses are available in your digital formats.
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Synthetic polymers
Polyvinyl chloride, also known as 
PVC, is formed from the monomer 
vinyl chloride. PVC is light, rigid and 
doesn’t corrode, making it ideal for use in 
drainage and sewerage pipes.

Polyethylene is formed from the 
monomer ethylene. It is light, tough 
and resistant to most acids and bases. 
Polyethylene is used to make plastic bags, 
soft-drink bottles, buckets, cling wrap and 
many other household products.

Nylon is one of a group of polymers 
known as polyamides, which are formed 
from monomers joined by amide bonds. 
It is used to make fabrics for clothing, 
ropes, guitar strings, machine parts and 
much more.

polyvinyl chloride    polymer 
formed from the monomer vinyl 
chloride; also known as PVC

polyethylene    a material formed 
from the monomer ethylene 

nylon    one of a group of polymers 
called polyamides and used to 
make clothing, rope, guitar strings 
and machine parts

co-polymer    polymer in which 
two different monomers alternate

polymerisation    chemical reaction 
joining monomers in long chains 
to form a polymer

FIGURE 5.28 PVC pipes, polyethylene bottle and nylon rope

Resources

Interactivities Synthetic polymers (int- 5746)
Natural polymers (int-5747)

5.9.3 Co-polymers
Some polymers form when identical monomer units link together. Teflon, 
which is used as a non-stick coating on pans and baking trays, is a polymer of 
this type. Other polymers, such as nylon and synthetic rubber, are formed when 
two different monomers alternate in the chain, creating a co-polymer. The 
chemical reactions that join monomers together are known as polymerisation 
(polymer-forming) reactions.
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5.9.4 Versatile polymers
A plastic fruit juice container and a toilet seat are both made from polymers, 
or plastics. Some plastics are flexible and soften when they are heated. They 
can be moulded easily into a variety of useful products such as milk and fruit 
juice containers, rubbish bins, spectacle lenses, electrical insulation and laundry 
baskets. Other plastics are quite rigid and do not soften when heated. These 
plastics are used to make items such as toilet seats, electrical switches, bench 
tops, outdoor furniture, lampholders and other products that require strength and 
rigidity. C C

F

F

F

F

FIGURE 5.30 A tetra-
fluoroethene molecule; 
this is the monomer 
from which teflon is 
formed.

DISCUSSION

Australia was the fi rst country in the world to use only plastic 
notes.

 a. Research advantages and disadvantages of using plastic 
notes instead of paper notes.

 b. Are any new types of money being designed? How do you 
think a new design could improve on plastic notes?

FIGURE 5.31  Australia’s plastic notes

CASE STUDY: Making nylon

A co-polymer is formed when two different monomers join together or polymerise. The two different monomers 
are shown in the figure 5.31; one begins and ends with a blue oxygen atom and the other begins and ends with a 
green nitrogen atom. When these two monomers join, a hydrogen ion is released from one and a hydroxide ion is 
released from the other. These form a water molecule, so this type of reaction is called a condensation reaction.

One of the many uses for nylon is in eyelash-lengthening mascara, where tiny threads of nylon are applied with a 
small brush that attach to the natural eyelash to make it appear longer.

O

CH2
CH2

CH2
CH2

CH2
CH2

CH2
CH2

CH2

n

n

NHCH2

C
C

NH

O

FIGURE 5.29  Nylon is a co-polymer.

42 Jacaranda Science Quest 10 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS



5.9.5 Two of a kind
Thermoplastic polymers soften when they are heated. They 
melt easily and can be moulded into useful products when 
hot. Polythene and PVC are examples of thermoplastic 
or thermosoftening polymers. Polythene (also called 
polyethylene or, more correctly, polyethene) is a soft plastic 
used to make cling film, squeeze bottles, milk crates and 
many other useful items. PVC has many different uses; 
for example, as shoe soles, mouthguards, drainpipes, floor 
tiles and packaging. The chains of monomer molecules in a 
thermoplastic polymer are able to slide past each other when 
the polymer is heated, allowing the plastic to soften and 
melt.

Thermosetting polymers do not soften when they are 
heated, but char (blacken) instead. They are hard, rigid and 
sometimes brittle. Bakelite, which is used to make electrical 
switches, doorhandles and lampholders, is a thermosetting 
polymer. Other thermosetting polymers such as melamine 
are used to make laminates for benchtops. In thermosetting 
polymers, the chains of monomer molecules are locked 
together firmly by chemical bonds between the chains, 
known as crosslinks. Strong heating can break down their 
structure, leaving the black element carbon.

thermoplastic    describes plastics 
that soften when heated

thermosetting    describes plastics 
that char when heated instead of 
softening

char    become coated with black 
carbon when heated

crosslinks    chemical bonds 
formed between polymer chains

Heat

Linear
chains

Linear chains
move apart.

FIGURE 5.32 Structure of a thermoplastic 
polymer. The chains of monomer molecules 
are able to slide past one another when the 
polymer is heated.

Heat

BranchCrosslinks

Polymer
decomposes
as crosslinks
are broken.

FIGURE 5.33 Structure of a 
thermosetting polymer. The 
chains of monomer molecules 
are locked firmly together. 
When the polymer is heated it 
does not melt, but eventually 
breaks down (decomposes).

FIGURE 5.34 Lego blocks are produced 
using a thermoplastic polymer that is 
kept molten at 235 °C and then moulded 
under pressure. It cools to form a solid in 
about 15 minutes.
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DISCUSSION

Imagine if all the objects made from plastics suddenly disappeared. How would your life be changed? You may 
like to talk to someone over the age of 70 about life before plastics.

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  Which of the following is NOT a polymer?
 A. PVC
 B. Nylon
 C. Polyethylene
 D. Carbon
 2. Explain what polymers are and provide one difference between synthetic and natural polymers. 
 A. monomers
 B. zeolites
 C. co-polymers
 D. enzymes
 3.  MC  Which element is contained in most monomers and polymers?
 A. Chlorine
 B. Fluorine
 C. Carbon
 D. Hydrogen
 4. Explain why all the polymers are made up of long chains of hydrocarbons.
 5. Explain the difference between a polymer and a co-polymer. Give one example for each. 

CASE STUDY: Adding road markings

Road markings are sometimes made from thermoplastic polymer. The polymer is heated by a gas torch or hot 
roller and is applied directly onto the road. The thermoplastic can also be pre-made to include reflective glass 
pellets in it, which make the polymer reflect car head lights that shine on it at night.

eles-####

Resources

eWorkbook Polymers (ewbk-4811)

Video eLesson Addition polymerisation (eles-2481)

Interactivity Making polymers (int-3849)

Additional automatically marked question

5.9 Exercise

Select your pathway

LEVEL 1

Questions
1, 2, 3, 7

LEVEL 2

Questions
4, 5, 8–10

LEVEL 3

Questions
6, 11–13
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 6. For each of the following, identify if you would use a thermosetting or thermoplastic polymer. Provide a 
reason for each response.

 a. Bucket
 b.  Toothbrush
 c. Door handle
 d.  Saucepan handle

Apply and analyse

 7. Identify the polymer formed from the following monomers.
 a. Ethene
 b.  Styrene
 c. Propene

 8. Explain the advantage and disadvantage of thermoplastic over thermosetting. Give one example for each.
 9. Explain the process of crosslinking and identify where this process is used.
 10. Explain what are versatile polymers and what are their advantages over other types of polymers?

Evaluate and create

 11.  SIS  Design an experiment to compare the strength of plastic supermarket bags with the strength of other 
types of bags. Ensure your tests are fair.

 12.  SIS  Thermosoftening plastics are usually sold to manufacturers in the form of powders or small granules. 
Find out about the following ways of moulding the granules into useful products.

 a. Vacuum forming
 b. Calendering
 c. Blow moulding

 13.  SIS  Most plastics undergo photodegradation. What does this mean? Design a fair test to investigate 
photodegradation.

Fully worked solutions and sample responses are available in your digital formats.

5.10  Rates of reaction

5.10.1 Reaction rate
The rate at which chemical reactions occur varies. Some reactions occur within a fraction of a second, while 
others may take days or even years. Sometimes it is necessary or convenient to speed up a chemical reaction.

The speed, or rate, of a reaction can be very important. We need to know how long food will take to cook or 
how long it will take for a medicine such as an antacid to make us feel better. Controlling the rate at which 
reactions occur is therefore of great interest to scientists. Increasing the temperature, the surface area of solid 
reactants, the concentration of the reactants or, in some cases, the exposure to light can increase the rate of 
chemical reactions.

Change the amount
The burning of wood is a combustion reaction. When you’re out camping, you might want to boil your billy quickly 
or maybe just get warm by the fire. You could speed up the rate of burning by fanning the flames of the fire. This 
increases the amount of oxygen reaching the wood. This is an example of changing the 
amount, or concentration, of a reactant. Another way is by adding more firewood and 
in smaller pieces to increase the surface area available to combust.

LEARNING INTENTION

At the end of this subtopic, you will be able to explain how factors such as temperature, particle size, increase in 
concentration or abundance, and presence of a catalyst or enzyme affect the rate of a chemical reaction.

rate    how fast an event happens; 
e.g. the speed of a reaction
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Resources

Interactivity Reaction rates (int-0230)

5.10.2 Catalysed reactions
Another way to increase the rate of a 
reaction is to use a catalyst. Catalysts 
are not changed by the reaction. There 
is always as much catalyst present at the 
end of a reaction as there was at the start. 
Catalysts work by helping bonds to break 
more easily; therefore, the reactants need 
less energy to react and the reaction is 
faster. A catalyst can be recovered and 
used again and again. We all make use of 
catalysts every day. Cars have catalytic 
converters; contact lenses are cleaned 
using a catalysed chemical reaction; and 
there are catalysts in the food you eat 
every day. There are also thousands of 
catalysts in your body without which you 
could not live. These biological catalysts are called enzymes.

Catalysts in industry
Industry makes use of many catalysts. For example:

 • Iron and iron oxide are used to catalyse the production of ammonia gas. Ammonia is used to make 
fertilisers and explosives.

 • Vanadium oxide (V2O5) is used in the production of sulfuric acid. One important reaction in this process, 
between sulfur dioxide gas and oxygen, has a very slow rate at room temperature. However, it proceeds 
rapidly at 450 °C in the presence of a vanadium oxide catalyst according to the  
equation:

  2SO  2    (g)  +  O  2    (g)  2SO  3    (g)  
V2O5,

450°C

Reactants

Combination
reaction

Catalyst

Decomposition
reaction

New
compound

Catalyst Compound New
products

Before reaction During reaction After reaction

FIGURE 5.35  How catalysts work

catalyst    chemical that speeds up 
reactions but is not consumed in 
the reaction

enzymes    biological catalysts

Change the temperature
Many types of organism are found in food. Chemical reactions that spoil food take place in microbes. 
Refrigeration cools the food and the microbes. This makes the chemical reactions inside the microbes slow 
down and so the food keeps for longer.

Heating things up can make a reaction happen more quickly. Think of frying an egg. If you do it on a low 
flame, it takes longer than if you use a high flame. Heating makes the particles in the reactants move faster and 
collide more often. This helps to speed up the reaction.

Change the surface area
Bath bombs are sold as solid balls. When they are added to water, the chemicals inside them begin to dissolve. 
The ball slowly disappears. But what if the same bath bomb was crushed into smaller pieces? A much larger 
surfce area comes in contact with the water, and the bath bomb dissolves much more quickly.
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zeolites    crystalline substances 
consisting of aluminium, silicon 
and oxygen that are used as 
catalysts to break up large 
molecules in crude oil

Note that the catalyst is written above the arrow and not on the side of the reactants. It is not changed as 
the reaction takes place.

 • Crystalline substances made of aluminium, silicon and oxygen called zeolites are used to ‘crack’ (break 
up) the large molecules in crude oil to form the smaller molecules, such as octane, found in petrol.

Everyday catalysts
In the confined space of the internal 
combustion engine, the fuel does not 
completely react with oxygen. As a result, 
carbon monoxide (CO), a highly poisonous 
gas, is produced. Nitrogen oxides are 
other harmful gases produced by car 
engines. In order to reduce the amount of 
pollution from these gases, cars are fitted 
with catalytic converters as part of the 
exhaust system. These converters have a 
honeycombed surface that is coated with 
the metals platinum and rhodium, and with 
aluminium oxide. At the catalyst surface, 
the nitrogen oxides are converted to less 
harmful gases and the carbon monoxide is 
reacted with more oxygen to form carbon 
dioxide according to the equation:

 2CO (g)  +  O  2    (g)  →  2CO  2    (g)  

Catalysts can also help clean your contact 
lenses. One cleaning product makes use of 
a platinum catalyst. A solution of hydrogen 
peroxide (H2O2) is poured into a small 
container that contains a platinum-coated 
disc. The platinum causes the peroxide to 
decompose according to the reaction:

  2H  2    O  2    (aq)   2H  2   O (l)  +  O  2    (g)  

Any microbes not tolerant to oxygen on 
the contact lenses are killed by the oxygen 
released.

platinum

Converters coated with
platinum, rhodium and
aluminium oxide  

Catalytic
converter at
front of exhaust  

 
 

Exhaust pipe

Carbon dioxide, 
water and nitrogen

 Carbon monoxide, nitrogen dioxide
and hydrocarbons 

FIGURE 5.36  Catalytic converters have a large surface area 
and are coated with a metal catalyst.

FIGURE 5.37  The honeycombed surface of catalytic 
 converters helps to maximise their surface area and help 
convert harmful gases into harmless ones.

Resources

Video eLesson A platinum disc catalyst (eles-2719)
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amylase    enzyme in saliva that 
breaks down starch into sugar

catalase    enzyme in the liver 
involved in the breakdown of 
hydrogen peroxide, a toxic waste 
product from cells in the body

substrate    a molecule acted upon 
by an enzyme

Catalysts in living things
Almost every one of the chemical reactions that take place in 
your body is controlled by an enzyme. Enzymes are large protein 
molecules essential for digesting food, breaking down toxic waste 
products, and numerous other chemical processes that keep you 
alive and healthy. The enzyme amylase, which is present in your 
saliva, is involved in the breakdown of starch into sugar.

Your liver contains an enzyme called catalase. Catalase speeds 
up the breakdown of hydrogen peroxide, a toxic waste product 
 produced in your cells.

Enzymes are also used to make bread, cheese, vinegar and many 
other food products. Generally the reactants are called substrates.

FIGURE 5.38  Enzymes are used to 
make many food products, including 
bread, cheese and vinegar.

Substrate

Enzyme

Enzyme–substrate
complex

Products

FIGURE 5.39  An example of an enzyme catalysed reaction

INVESTIGATION 5.5

A liver catalyst

Aim

To observe the effect of a catalyst on a decomposition reaction

Materials

•  heatproof mat
•  2 test tubes and test-tube rack
•  20% hydrogen peroxide solution
•  spatula

•  fresh liver
•  safety glasses
•  mortar and pestle

Method

 1.  Pour hydrogen peroxide to a depth of 3 cm into the test tubes. Label the test tubes 1 and 2.
2.  Grind a small piece of liver in the mortar and pestle. Add liver to test tube 1 only.

Results

Design a table and outline your observations for test tube 1 and test tube 2.

Discussion

 1. What effect did the liver have on the breakdown of hydrogen peroxide?
 2. What evidence suggests that a chemical reaction has taken place?
 3. Suggest a reason the liver was ground up before it was placed in the hydrogen peroxide solution.
 4. What is the function of test tube 2?

Conclusion

Write a conclusion for this investigation, linking this back to the aim of the investigation.

elog-0564
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5.10 Exercise

Select your pathway

LEVEL 1

Questions
1, 3, 4

LEVEL 2

Questions
2, 5, 6, 8

LEVEL 3

Questions
7, 9, 10

Resources

eWorkbook Speeding up reactions (ewbk-4813)

Additional automatically marked question

To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au.

Remember and understand

 1.  MC  What is a catalyst?
 A. A catalyst is a chemical that helps speed up a reaction but is not changed by the reaction.
 B. A catalyst is a chemical that slows down a reaction but is not changed by the reaction.
 C. A catalyst is a chemical that speeds up a reaction and will be changed by the reaction.
 D. A catalyst is a chemical that slows down a reaction and will be changed by the reaction.
 2. Explain why catalysts are important to industry. Provide at least three examples.
 3. Explain what enzymes are and why they are needed for our bodies.
 4. Describe the different ways to speed up a chemical reaction.
 5. SIS  A basic homemade bread recipe suggests this step: 

Dissolve yeast and 1/2 teaspoon sugar in lukewarm water and let stand until bubbles form on surface.

  Explain why the yeast is added to lukewarm water.

Apply and analyse

 6. Explain why catalytic converters have a honeycombed surface. 
 7. Explain why leaded petrol cannot be used in cars fitted with catalytic converters. 
 8.  SIS  Research the production of cheese. Find out the enzymes used to produce a range of cheeses. 

Summarise your findings.

Evaluate and create

 9.  SIS  Several diseases are caused by the body’s failure to produce a particular enzyme. Phenylketonuria 
(PKU) and galactosemia are two such diseases. Research one of these diseases and present a report about 
their causes and treatment.

 10.  SIS  Cooking potatoes in the oven is an example of a chemical reaction. Design an experiment that outlines 
at least two ways of changing the speed of the reaction involved in cooking potatoes.

Fully worked solutions and sample responses are available in your digital formats.
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 5.11  Thinking tools — Target maps
5.11.1 Tell me

What is a target map?
A target map is a very useful thinking tool that can assist you to 
identify (target) which concepts are relevant to the topic and which 
concepts are not relevant to the topic. They are sometime called 
circle maps.

Why use a target map?
Target maps identify and describe the subtopics and concepts that 
relate to the topic of content. Compared to other maps (such as 
single bubble maps or mind maps), target maps separate ideas into 
relevant and non-relevant material, providing a point of focus at a 
glance.

5.11.2 Show me
To create a target map:
 1. Draw three concentric circles on a sheet of paper.
 2. Write the topic in the centre circle.
 3. In the next circle, write words and phrases that are relevant to 

the topic.
 4. In the outer circle, write words and phrases that are not relevant 

to the topic.

Relevant

Non-relevant

Topic

Target map

FIGURE 5.40  Setting up a target map

Salt

Acid

Water

Hydro-
carbons

Galvanised

Condensation

Burning

Rust

Decomposition

Base

Acid–base
reactions

FIGURE 5.41  A target map of acid–base reactions
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5.11.3 Let me do it
Use the following activities to practise using this tool.

5.11 ACTIVITIES

 1. Create a target map of different factors that can change the rate of a chemical reaction. Try to include at least 
eight terms.

 2. Use the following terms to construct target maps that are relevant to the following.
 a. All chemical reactions
 b. Combustion reactions
 c. Corrosion reactions

Terms:
 • Decomposition
 • Hydrocarbons
 • Galvanised
 • Condensation
 • Burning
 • Rust

 • Base
 • Acid
 • Salt
 • Water
 • Precipitate
 • Oxygen

 • Melting
 • Energy absorbed
 • Reactants
 • Products
 • Evaporation
 • Broken bonds

 2. Use the following terms to create target maps that are relevant to the following.
 a. Salts
 b. Fuels
 c. Catalysts

Terms:
 • Biogas methane

 • Sodium chloride  
platinum

 • Enzymes propane

 • Magnesium chloride sodium 
acetate

 • Coal ethanol
 • Zeolites copper nitrate

 • Hydrocarbons vanadium 
oxide

 • Amylase sodium sulfate
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 5.12  Project — Flavour fountain
Scenario
The Sparky Cola Corporation has a series of advertisements 
for which they are famous that always involve a Mentos lolly 
being dropped by various means into a plastic bottle of Sparky 
Cola, causing a huge foaming jet to burst out of the bottle. As 
a good science student, you know that the jet is the result of 
the carbon dioxide dissolved in the cola being able to form 
sizable gas bubbles very quickly on the rough surface of the 
lolly. You may well have even done this trick yourself.

Sparky Cola have decided that they want bigger jets than ever 
before and they pride themselves on using real video footage 
rather than CGI. They are providing a special prize at the next 
Science Fair for the project that determines how the biggest 
jet can be produced from a single Mentos lolly and 600 mL 
of cola. You are to provide not only a scientific report but 
also video footage of your highest fountain that they can use 
in their next ad. You and your friends are determined to win 
the cash prize at the Science Fair and the TV fame for your 
Flavour Fountain footage!

Your task
You will design and carry out an investigation that will test 
a number of different factors (for example, regular cola or 
diet cola) to determine which will produce the highest cola 
fountain from a 600 mL plastic bottle of cola and a Mentos 
lolly. Your findings will be presented in the form of a scientific 
report. You will also produce video footage of the highest 
fountain that you can make using what you have discovered.

FIGURE 5.42  Carbon dioxide dissolved 
in cola to form sizable gas bubbles very 
quickly

Resources

ProjectsPLUS Flavour fountain (proj-0247)
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 5.13  Review
5.13.1 Summary
Chemical formulae and equations

 • Chemical equations use formulae to show how atoms in a reaction rearrange to form new products.
 • Chemical equations should always be balanced with the same number of atoms in the reactants and the 

products.

Precipitation reactions
 • When ionic compounds are soluble in water, the ions are able to separate and form an aqueous solution.
 • When a insoluble compound forms in a reaction, it forms a solid precipitate which is insoluble.
 • During reactions, mass is conserved — and the mass of the products equals the mass of the reactants.

Dangerous goods and hazardous substances
 • Many chemicals can be health hazards. Dangerous goods and hazardous substances must have appropriate 

hazard warnings to alert people to these risks.
 • Safety data sheets and risk assessments are vital in any experiment to understand the chemicals in use, 

and to assess and minimise any risks.

Types of chemical reactions
 • Redox reactions involve the transfer of electrons between reactants through the processes of reduction and 

oxidation.
 • Corrosion is a type of oxidation reaction in which a metal rusts and is eaten away.
 • Displacement reactions involve the replacement of a less reactive element in a reactant with a more 

reactive element.
 • Combustion reactions involve the burning of a substance in oxygen, often leading to the production of 

carbon dioxide and water.
 • Decomposition reactions involve a compound breaking down into simpler compounds of elements. 

Combination reactions are the opposite to this, and involve two or more elements or compounds 
combining to form a larger compound.

Batteries and electrolysis
 • The chemical reactions that produce electrical energy in batteries (electric cells) are redox reactions, 

involving the transfer of electrons.
 • Electrolysis is a process in which an electric current is passed through molten ore or liquid, and can be 

used to extract metals.

Producing salts
 • Neutralisation reactions are reactions occurring between an acid and a base, which leads to the production 

of a salt (such as sodium chloride or magnesium sulfate).

Fuels and hydrocarbons
 • Fossil fuels, such as coal, natural gas and oil, are non-renewable resources that can be burnt through 

 combustion reactions to convert energy.
 • Many alternatives to fossil fuels are available, such as biofuels and biogas, and these are renewable.

Polymers
 • Polymers are large molecules made of repeating units called monomers.
 • Thermoplastic polymers soften when they are heated. Thermosetting polymers do not soften when they 

are heated and char instead.
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amylase    enzyme in saliva that breaks down starch into sugar

aqueous solutions    solutions in which water is the solvent

biofuels    fuels manufactured from plant or animal material

biogas    gas made from plant or animal waste

biomass    material produced by living organisms

catalase    enzyme in the liver involved in the breakdown of hydrogen peroxide, a toxic waste product from cells in the body

catalyst    chemical that speeds up reactions but is not consumed in the reaction

char    become coated with black carbon when heated

chlorophyll    the green-coloured chemical in plants that absorbs the light energy used in photosynthesis

coal    a sedimentary rock formed from dead plants and animals that were buried before rotting completely

combination reactions    chemical reactions in which two substances, usually elements, combine to form a compound

combustion reactions    chemical reactions in which a substance reacts with oxygen and heat is released

co-polymer    polymer in which two different monomers alternate

corrosion    chemical reactions that wear away a metal 

crosslinks    chemical bonds formed between polymer chains

dangerous goods    chemicals that could be dangerous to people, property or the environment. They are divided into classes 
including explosive, toxic, corrosive and flammable

decomposition reactions    chemical reactions in which one single compound breaks down into two or more simpler chemicals

displacement reactions    chemical reactions in which a less reactive element in a reactant is replaced by a more reactive 
element

electric cells    in electric cells, electrons are transferred from one reactant to another through the wires that make up the electric 
circuit

electrolysis    passing an electric current through the molten ore or liquid

electron transfer    movement of electrons from one atom, ion or molecule to another

enzymes    biological catalysts

equations    one-line statements describing a chemical reaction, with the reactants on the left and the products on the right 
separated by an arrow

ethanol    the common drinking alcohol with molecules containing two carbon atoms

fermentation    a chemical process in which the glucose is broken down to ethanol by the action of yeast

fossil fuels    substances such as coal, oil and natural gas that have formed from the remains of ancient organisms 

fraction    part of a mixture

fractional distillation    distillation of a mixture of substances with different boiling points

galvanised    describes a metal coated with a more reactive metal that will corrode first; often zinc covering iron

hazardous substances    chemicals that have an effect on human health

hydrocarbons    compounds containing only carbon and hydrogen

ionic compounds    compounds containing positive and negative ions held together by the electrostatic force

monomers    small repeating units that make up a polymer usually containing carbon and hydrogen, and sometimes other 
elements

neutralisation    reaction between an acid and a base

nylon    one of a group of polymers called polyamides and used to make clothing, rope, guitar strings and machine parts

oxidation    chemical reaction involving the loss of electrons by a substance

photochromic    describes lenses made from glass that darkens in bright light

photosynthesis    food-making process in plant

plastics    synthetic substances capable of being moulded

polyethylene    a material formed from the monomer ethylene

polymer    made up of monomers joined together in long chains

polymerisation    chemical reaction joining monomers in long chains to form a polymer

polyvinyl chloride    polymer formed from the monomer vinyl chloride; also known as PVC

Rates of reaction
 • The rate or speed of a reaction can be changed by changing the amount of substance, the temperature or 

the surface area.
 • Catalysts (or enzymes in the body) are chemicals that speed up the rate of the reaction, but are not used up.

5.13.2 Key terms 
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precipitate    solid product of a chemical reaction that is insoluble in water

precipitation reactions    chemical reactions in which there is a water-insoluble product

rate    how fast an event happens; e.g. the speed of a reaction

redox reactions    chemical reactions involving oxidation and reduction; that is, electron transfer

reduction    chemical reaction involving the gain of electrons by a substance

risk assessment    a procedure that identifies the potential hazards of an experiment and gives protective measures to minimise 
the risk

safety data sheet (SDS)    a document containing important information about hazardous chemicals

salt    one of the products of the reaction between an acid and a base 

substrate    a molecule acted upon by an enzyme substrate a molecule acted upon by an enzyme

synthetic    manufactured by people

thermoplastic    describes plastics that soften when heated

thermosetting    describes plastics that char when heated instead of softening

zeolites    crystalline substances consisting of aluminium, silicon and oxygen that are used as catalysts to break up large 
molecules in crude oil

Resources

Digital document Key terms glossary (doc-34932)

eWorkbook Literacy builder (ewbk-4822)
Crossword (ewbk-4824)
Word search (ewbk-4826)
Study checklist (ewbk-4821)

Practical investigation eLogbook Topic 5 (elog-0554)
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To answer questions online and to receive immediate feedback and sample responses for every question, go to 
your learnON title at www.jacplus.com.au. 

Remember and understand

     1.  MC   What is the only reliable evidence indicating that a chemical reaction 
has taken place?    
A.  A change in temperature 
B.  A change in state 
C.  Formation of a new substance 
D.  Disappearance of one or more reactants   

    2.  Outline what a polymer is and outline why plastics are often considered 
polymers.

     3.  Complete the following sentences.

  ________________ are made by joining ________________ together with 
covalent ________________. In some polymers, only one type of monomer 
forms the chain. In others, two different monomers alternate along the 
chain.    

   4    .  When an aqueous solution of barium hydroxide reacts with an aqueous 
solution of ammonium hydroxide, the temperature of the products becomes 
low enough to freeze water. 
a.  What is an aqueous solution? 
b.  This is an example of an exothermic chemical reaction. True or false? 
c.  Where does the energy transferred to or from the reactants go?   

       5.  MC   Which of the following is a balanced equation? 
A.  Na + 2Cl → 2NaCl 
B.  MgO + 2HCl → MgCl + H 2  
C.  MgO + 2HCl → MgCl 2  + H 2 O 
D.  2Na + Cl → 2NaCl   

   6.  Using the following table, write the three steps and the fi nal balanced equation and show physical state symbols.         

  Balancing a chemical equation  
  Example: Ethene gas will burn in air in a combustion 
reaction. This type of reaction produces CO  2   and H  2  O.  

Step  1 :  Start with the word equation and 
name all of the reactants and products. 

 _________ gas +_________ gas → carbon dioxide + water 

Step  2 :  Replace the words in the word 
equation with formulae and rewrite the 
equation. 

 Ethene gas = C 2 H 4  Oxygen gas = ___________ (reactants)
___________ = CO 2  Water vapour = ___________ (products)
_________________ → _________________ 

Step  3 :  Count the number of atoms of each 
element (represented by the formulae of the 
reactants and products). 

   5.13   Exercise  

Select your pathway

LEVEL 1

Questions
1, 2, 5, 7, 8, 15

LEVEL 2

Questions
3, 4, 6, 9, 10, 11, 14, 16

LEVEL 3

Questions
12, 13, 17, 18, 19, 20
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 7.  MC  Which of the following are products of the reaction between silver nitrate and sodium chloride?
 A. Silver nitrate and sodium chloride
 B. Nitrogen chloride and silver sodium
 C. They do not react so there will be no products
 D. Silver chloride and sodium nitrate

Apply and analyse

 8. The two reactants in the chemical reaction taking place in the test tube shown are 
aqueous solutions.
Identify and describe the type of chemical reaction taking place. 

 9.  SIS  Many chemicals are classified as dangerous goods and/or hazardous 
substances. Explain these two terms and what can be done to reduce accidents 
while undertaking experiments in a lab. 

 10. Write the correct balanced equation for the following reactions. Include their states.
 a.  Aluminium   metal + oxygen   gas → solid   aluminium   oxide 
 b.  Solid   carbon + oxygen   gas → carbon   dioxide   gas 
 c. Copper(II) sulfate solution + sodium hydroxide solution → solid copper(II) hydroxide 

+ sodium sulfate solution
 11. Identify the reaction type for each of the reactions listed in the following table.

Reaction Reaction type

Aluminium metal + oxygen gas → solid aluminium oxide 

Potassium metal + oxygen gas → solid potassium oxide 

Solid copper carbonate → solid copper oxide + carbon dioxide gas 

Iron metal + sulfur powder (S8) → solid iron sulfide (FeS2) 

Copper sulfate solution + zinc metal → opper metal + zinc sulfate solution 

Copper(II) sulfate solution + sodium hydroxide solution → solid copper(II) hydroxide + 
sodium sulfate solution

Solid magnesium hydroxide + hydrochloric acid → magnesium chloride + water 

 12. Identify which of the reactions listed in the following table are redox reactions. Justify your response.

Reactions Are they redox 
reactions?

Aluminium metal + oxygen gas → solid aluminium oxide

Potassium metal + oxygen gas → solid potassium oxide

Solid carbon + oxygen gas → carbon dioxide gas

Solid copper carbonate → solid copper oxide + carbon dioxide gas

Iron metal + sulfur powder (S8) → solid iron sulfide (FeS2)

Copper sulfate solution + zinc metal → copper metal + zinc sulfate solution

Copper(II) sulfate solution + sodium hydroxide solution → solid copper(II) hydroxide + 
sodium sulfate solution

Solid magnesium hydroxide + hydrochloric acid → magnesium chloride + water

 13. Describe (in words) the chemical transformation that takes place in a biogas digester.
 14. One of the chemical reactions used during the production of sulfuric acid makes use of the catalyst vanadium 

oxide (V2O5). The chemical equation for this reaction is:

 2  SO  2    (g)   +  O  2    2  SO  3  (g)    

Why doesn’t V2O5 appear as one of the reactants?
 15. Predict the salts that would result from the neutralisation reaction between the following.
 a. Magnesium oxide and hydrochloric acid
 b. Copper(II) oxide and sulfuric acid
 c. Sodium hydroxide and acetic acid
 d. Sodium oxide and nitric acid.

V2O5
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Evaluate and create

16.   SIS  In an experiment to test the effect of the amount of liver on the breakdown of hydrogen peroxide, the 
following results were obtained.

Mass of liver (g) Volume of oxygen released (cm3)

0.5 2.5

1.0 5.1

2.0 9.8

2.5 11.5

 a.  MC  Which of the following is the correct word equation for the reaction occurring in the experiment?
 A. water + oxygen → hydrogen peroxide
 B. hydrogen peroxide → water + oxygen
 C. hydrogen peroxide → water and carbon dioxide
 D. water + carbon dioxide → hydrogen peroxide

 b. Graph the results of the experiment.
 c. What does the graph show about the effect of the liver on the rate of this 

reaction?
 d. Why does the liver affect this reaction?
 17. How does fractional distillation allow for the separation of hydrocarbons? Draw 

a diagram to show this.
 18. Research and explain how methane is produced and how it affects our 

environment.
 19. Explain how temperature, surface area and concentration could affect the rate of 

reactions. Summarise an experiment that would allow you to show this.
 20.  SIS  Research the relationship between the number of carbon atoms in 

hydrocarbon and the boiling point of the hydrocarbon. Provide data to show 
this.
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