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Atoms

Structure of atoms
Scientists have discovered 118 different substances that are made of one type of atom only – such substances (e.g. 
hydrogen, oxygen, carbon, gold) are called elements. An atom is the smallest part of an element that can take 
part in a chemical reaction. Atoms are so small that it would take 4 billion sodium atoms to cover this full stop.

Atoms are made of subatomic particles, the 
most important being protons, neutrons and 
electrons.

Protons, neutrons and electrons are shown in the following diagram.

Complete atom
Electrons are in orbit (‘circle’) the nucleus

Nucleus – centre of the atom

Neutrons are large and heavy

Protons are 
large and heavy

Electrons are so tiny they are considered 
to effectively contribute no mass

Other subatomic particles (e.g. quarks) have been identified in the 
high-energy collisions that take place in in particle accelerators.

Aerial view of a US particle accelerator

Copy correctly 
Up to 3% of a workbook 
Copying or scanning from ESA workbooks 
is subject to the NZ Copyright Act which 
limits copying to 3% of this workbook.

L1 Acid & Bases_3rd.indb   1 8/10/15   2:58 pm



2  Achievement Standard 90944 (Science 1.5)

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908315-80-2 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Within the nucleus:
• protons each carry a positive charge
• neutrons are neutral (no charge).

Outside the nucleus and in orbit around it:
• electrons each carry a negative charge.

In any atom of any element, the number of (positive) protons is the same as the number of (negative) electrons, 
therefore atoms have no electrical charge. The number of neutrons varies.

Protons and neutrons contribute virtually all the mass of an atom, are close together, and form the dense nucleus. 
The mass of an atom is calculated by adding together the number of protons and the number of neutrons.

Example: Lithium atom

A lithium atom, symbol Li, is composed of 3 protons, 3 electrons and 4 neutrons.

represents electron

represents proton

represents neutron

The diagram is not to scale.

Atomic number
An element is identified by its atomic number, which is the number of protons in one atom of the element.

atomic number = number of protons

Examples: Hydrogen, carbon and silver

An atom of the element hydrogen, atomic number 1, has one proton.

An atom of carbon, atomic number 6, has 6 protons.

An atom of silver, atomic number 47, has 47 protons.

Because an atom has equal numbers of protons and electrons, its atomic number also indicates how many 
electrons are in the atom.

Examples: Nitrogen, neon and gold

Nitrogen, atomic number 7, has 7 protons and 7 electrons.

Neon, atomic number 10, has 10 protons and 10 electrons.

Gold, atomic number 79, has 79 protons and 79 electrons.
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In the version of the periodic table provided for the AS 90944 examination, the symbol and atomic number for 
each element are shown as follows:

Ca
20

Atomic 
number is 20

Symbol for 
this element 

(calcium)

Mass number
The atomic number says nothing about the number of neutrons in an atom. However, the mass number of an 
atom tells you its number of protons plus its number of neutrons.

mass number = number of protons + number of neutrons

In many versions of the periodic table, both the atomic number and the mass number for each element are shown:

Ca
20

40

Atomic 
number is 20

Symbol for 
calcium

Mass number 
is 40

By subtracting the atomic number from the mass number you can find the number of neutrons.

Example: Finding the number of neutrons in an atom of boron

A boron atom has an atomic number of 5 and a mass number of 11. How many neutrons 
are in one atom of boron?

mass number = number of protons + number of neutrons = 11
atomic number = number of protons = 5
mass number – atomic number = 11 – 5 = 6

Answer: One atom of boron has 6 neutrons
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Structure of atoms
1. a.  Name the two types of subatomic particle that form the nucleus of an atom.

    

b. Name the subatomic particles that move in the space around the nucleus. 

c. Which of the three main subatomic particles is the smallest? 
2. Describe the charge carried by each of the following. If there is no charge, write ‘0’.

a.  proton 

b. neutron 

c. electron 

d. atom 
3. Complete the following sentences using words from the word list.
 atom carbon elements mass neutrons reaction

 Substances made of one type of atom only are called a. . An example of an 

element is b. , chemical symbol C. An c.  is the 

smallest part of an element that can take part in a chemical d. . 

The e.  of an atom comes from the protons and f.  

contained in its dense nucleus.
4. Write one or two words for each of the following definitions.

Definition Word(s)

a. The mass of an atom is greatest here

b. Positively charged subatomic particle

c. Number of protons plus number of neutrons

d. Effectively contribute no mass to an atom

e. Made of one type of atom only

5. Write a sentence explaining what the following diagram (of a small part of the version of the periodic table 
that is given in the AS 90944 examination) tells us about a particular atom. Include the words protons, 
electrons, atom and nitrogen in your answer.

 

N
7

6. a.  Explain the difference between the atomic number of an element and the mass number of the same 
element.

Answers
p.  77
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Acids And bAses

Properties of acids and bases

Acids
Acids are common in everyday life.

Citric acid in  
oranges and lemons

Carbonic acid in  
fizzy drinks

Ethanoic acid  
in vinegar

An acid is a substance that releases hydrogen ions when dissolved in water. 

Example: An acid in water 

In water hydrochloric acid separates into hydrogen ions and chloride ions:

Word equation

hydrochloric acid  →  hydrogen ion  +  chloride ion

Chemical equation

HCl  →  H+  +  Cl–

The table shows three important laboratory acids and the ions each forms.

Name and formula Positive ion Negative ion

hydrochloric acid, HCl H+ Cl– (chloride ion)

sulfuric acid, H2SO4 2 H+ SO4
– (sulfate ion)

nitric acid, HNO3 H+ NO3
– (nitrate ion)

An acid in a solid form (e.g. citric acid crystals), has no acidic properties until it comes in contact with water. When 
acids react in water, more hydrogen ions, H+, are present in the resulting solution than in pure water. The more 
hydrogen ions present, the more acidic the solution is.

Acids are corrosive (cause damage through chemical reactions) and have a sour taste.
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Bases
Bases are also common in everyday life. For example, bases such as sodium carbonate, Na2CO3, are used in 
washing powder to soften water and help to dissolve grease.

Cleaning products

A base is a substance that can neutralise an acid; bases release hydroxide ions, OH–, when dissolved in water. 

Example: A base in water

The base sodium hydroxide, NaOH, separates into sodium ions and hydroxide ions when in water:

Word equation

sodium hydroxide  →  sodium ion  +  hydroxide ion

Chemical equation

NaOH  →  Na+  +  OH–

When a base reacts with an acid, the hydroxide ions react with the acid’s hydrogen ions, forming 
water, which is neutral (neither an acid nor a base).

The equation shows how water is formed from the H+ and OH– ions:

Word equation

hydrogen ion  +  hydroxide ion  →  water

Chemical equation

H+  +  OH–  →  H2O

The table shows four important laboratory bases, and the ions each forms.

Name and formula Positive ion Negative ion

sodium hydroxide, NaOH Na+ OH– (hydroxide ion)

potassium hydroxide, KOH K+ OH–

ammonium hydroxide NH4OH NH4
+ OH–

calcium hydroxide, Ca(OH)2 Ca2+ 2 OH–

There are four main families of bases:
• metal hydroxides – e.g. sodium hydroxide, NaOH (‘caustic soda’)
• metal oxides – e.g. magnesium oxide, MgO (‘magnesia’)
• metal carbonates – e.g. calcium carbonate, CaCO3 (‘chalk’)
• metal hydrogen carbonates – e.g. sodium hydrogen carbonate, NaHCO3 (‘baking soda’).

www.istock.com ID 12210121
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Many bases are insoluble – they do not dissolve in water. For example, copper oxide, CuO, is a base that does 
not dissolve in water. If bases dissolve in water the solution feels ‘soapy’ on the skin. Strong bases are corrosive 
and just as dangerous as strong acids.

Strong and weak acids and bases
In a strong acid such as hydrochloric acid, HCl, all the acid molecules release their hydrogen ions when they are 
in water – strong acids are said to ‘completely dissociate’.

In a strong base such as sodium hydroxide, NaOH, all the base molecules release their hydroxide ions when 
they are in water – strong bases are said to ‘completely dissociate’.

In a weak acid such as ethanoic acid, only some of the acid molecules release their hydrogen ions when they are 
in water, so the reactions of weak acids are not as vigorous as the reactions of strong acids.

In a weak base such as sodium hydrogen carbonate, NaHCO3 (baking soda), only some of the base molecules 
react to form hydroxide ions when they are in water, so the reactions of weak bases are not as vigorous as the 
reactions of strong bases.

Concentrated and dilute
‘Strong’ and weak’ when applied to acids and bases have a different meaning from ‘concentrated’ and ‘dilute’. In 
a given volume of water:
• a concentrated acid or base solution has many molecules of acid or base present and/or dissolved
• a dilute solution has fewer acid or base molecules present and/or dissolved.

Whether a substance is concentrated or dilute depends on how much water it is mixed with. Concentration has 
nothing to do with whether an acid or a base is strong or weak.

Example: A concentrated weak acid

Ethanoic acid (the acid in vinegar) dissociates poorly and releases comparatively few H+ ions, 
making ethanoic acid a weak acid. However, ethanoic acid dissolves readily in water. So, if a lot 
of ethanoic acid was added to water, the result would be a concentrated solution of a weak acid. 
A (concentrated) solution of the (weak) acid ethanoic acid can kill warts. www.istock.com ID 

12203519
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Properties of acids and bases
1. Give the chemical name of an acid and of a base that might be found in a New Zealand home.

 Acid:   Base: 
2. a.  Complete the definition of an acid.

  An acid is a substance that 

b. Complete the definition of a base.

  A base is a substance that 

3. Complete the table showing names and formulae of some common laboratory acids and bases.

Name Formula Name Formula

hydrochloric acid a. e. H2SO4

b. NaOH f. KOH

ammonium hydroxide c. calcium hydroxide g. 

nitric acid d. h. Na2CO3

4. a.  Explain the difference between a strong acid and a weak acid in terms of their dissociation to form

  hydrogen ions in water. 

b. Name one example of a strong acid and one example of a weak acid.

  Strong acid:  Weak acid: 
c. Explain the difference between the meanings of the terms strong acid and concentrated acid.

5. Which property common to strong acids and strong bases can make them dangerous to use?

6. a.  Name and give the symbol for the ion common to all solutions of acids.

 b. Name and give the symbol for the ion common to all solutions of bases.
c. Write a word equation and a chemical equation to show how water is formed from the ions in a. and b.

Answers
p.  82
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Neutralisation

Neutral substances
Substances that are not acidic or basic are neutral – e.g. sodium chloride (table salt), NaCl, is a neutral substance. 
Pure water is also a neutral substance. A very small number of water molecules (only about 2 molecules per 
billion) dissociate into the ions H+ and OH–. Having equal amounts of H+ and OH– causes water to be neutral.

The reaction between an acid and a base is neutralisation.

Acids and bases are ‘chemical opposites’. When they react, they ‘cancel 
each other out’. The neutralisation reaction between an acid and a base 
forms water and a salt. 

When equal amounts of acid and base of the same concentration are 
reacted together, the resulting products (a salt and water) are neutral.

acid + base → salt + water

Example: Neutralisation

When dilute solutions of hydrochloric acid, HCl, and magnesium hydroxide, Mg(OH)2, are mixed, the H+ 
ions (from the HCl) react with the OH– ions (from the Mg(OH)2) to form water, H2O. Water is neutral.

The Mg2+ ions and the Cl– ions form a salt, magnesium chloride, MgCl2. Magnesium chloride is 
neutral. When the water is evaporated, white crystals of MgCl2 remain.

Word equation

hydrochloric acid + magnesium hydroxide → magnesium chloride + water

Chemical equation

HCl  + Mg(OH)2  → MgCl2  + 2H2O

Acid Base Neutral

hydrochloric acid 
HCl

magnesium hydroxide 
Mg(OH)2

magnesium chloride and water 
MgCl2 + H2O

White 
MgCl2 
crystals

Heat

H2O vapour

acid base

salt + water
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Salts
A salt is an ionic compound that contains positively charged ions (often metal ions) and negatively charged ions. 
Sodium chloride, NaCl, is an example of a very common salt (called simply ‘salt’), but there are many other salts.

Salts are formed (along with water) when acids react with bases during neutralisation reactions.

To make a salt, you need to use an acid plus excess metal, excess base or excess carbonate. (Excess of the 
reactant the acid reacts with is used so none of the original acid remains – if acid was in excess, then the solution 
would still be acidic.)

Naming salts
The name of a salt comes from the reactants that formed the salt. The first part of the name comes from the base 
and the second part from the acid that formed the salt. For example, when the base magnesium hydroxide and 
the acid hydrochloric acid react, the salt formed is magnesium chloride.

magnesium hydroxide + hydrochloric acid → magnesium chloride + water

For the three common laboratory acids:
• hydrochloric acid forms chlorides
• sulfuric acid forms sulfates
• nitric acid forms nitrates.

A suitable way to prepare most salts is to neutralise a solution of the relevant metal hydroxide with the 
appropriate acid and then evaporate the water (water is present from the original solution(s) and from the water 
that forms during a neutralisation reaction).

Example: Preparing a salt

Question: Describe how to prepare a solution of potassium sulfate. Give a word equation and a 
balanced chemical equation.

Answer: Neutralise a solution of potassium hydroxide with dilute 
sulfuric acid and heat to evaporate the water.

potassium hydroxide + sulfuric acid → potassium sulfate + water
 2KOH + H2SO4 → K2SO4 + 2H2O

Uses for neutralisation reactions
Everyday uses of acid-base reactions include the following.
• Use: Making soil less acidic, so plants can grow.

Reactant(s): Bases – calcium oxide, CaO (lime) and calcium hydroxide, 
Ca(OH)2

• Use: Neutralising excess stomach acid, hydrochloric acid (HCl) that causes 
pain.
Reactant(s): Bases – Mg(OH)2, sodium hydrogen carbonate, NaHCO3

• Use: Making fertilisers, e.g. ammonium nitrate, NH4NO3

Reactant(s): Acid and base – sulfuric acid, H2SO4 and ammonia gas, NH3

• Use: Making hair conditioner to balance the alkaline effect of hair 
shampoo and keep hair smooth.
Reactant(s): Weak acid, e.g. citric acid

Neutralisation reactions make 
soil less acid
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Structure of atoms (page 4)
1. a.  protons, neutrons

b. electrons

c. electrons

2. a.  + (positive)

b. 0

c. – (negative)

d. 0

3. a.  elements

b. carbon

c. atom

d. reaction

e. mass

f. neutrons

4. a.  nucleus

b. proton

c. mass number

d. electrons

e. element

5. The diagram gives the symbol for nitrogen, N, and shows that 
nitrogen’s atomic number is 7; therefore an atom of nitrogen has 7 
protons and 7 electrons.

6. a.  The atomic number describes the number of protons in an atom 
of the element, while the mass number describes the number of 
protons plus neutrons in an atom of the element.

b. Electrons are so tiny that they are considered to effectively 
contribute no mass to the atom.

7. a. 1

b. 1

c. electron

proton

–

d. The one proton (positive, +1) and the one electron (negative, –1)  
‘cancel each other out’, making the atom electrically neutral.

8. The answers are highlighted.

Element

Number 
of 

protons

Number 
of 

neutrons

Number 
of 

electrons
Atomic 
number

Mass 
number

helium, He 2 2 2 2 4

lithium, Li 3 3 3 3 6

boron, B 5 6 5 5 11

carbon, C 6 6 6 6 12

nitrogen, N 7 7 7 7 14

oxygen, O 8 8 8 8 16

aluminium, 
Al

13 14 13 13 27

AnsweRs

Element

Number 
of 

protons

Number 
of 

neutrons

Number 
of 

electrons
Atomic 
number

Mass 
number

silicon, Si 14 14 14 14 28

phosphorus, 
P

15 16 15 15 31

sulfur, S 16 16 16 16 32

9. a.  19

b. 18

c. 12

d. 
6

Catomic number symbol

10. a. 5

b. boron, B

11. Check your answer with the periodic table on page v. of this book.

Electrons and energy levels (page 8)
1. a. nucleus

b. energy level 1

c. energy level 2

d. energy level 3

e. energy level 4

2. a. 2

b. 8

c. 8

3. a. 

b. 

nucleus
2 electrons in the first shell 

4 electrons in the second shell 

c. 

nucleus
2 electrons in the first shell 

8 electrons in the second shell 

nucleus
2 electrons in the first shell 

1 electron in the second shell 
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neutral (substances) 45
neutralisation 45, 46
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nitrate 46
nucleus 1, 7

particle theory 32
period (in periodic table)  10
periodic table 10
pH 50
pH scale 50
polyatomic ion 20
pop test  59
positive charge 2
positive ion 14
product 27
proton 1

reactant 27
reaction rate 32, 33
reactive (element) 7

salt 45, 46
stable (element) 7
strong (acids and bases) 43
subatomic particle 1
sulfate 20, 46
surface area 33

temperature 34

universal indicator 51
unreactive (element)  7

valence shell 7

weak (acids and bases) 43
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