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AREA OF STUDY 1
HOW DO SUBSTANCES INTERACT WITH WATER?

13 Acid-base reactions in
water

13.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

13.1.1 Introduction

FIGURE 13.1 Baking powder has many uses,
including cooking and cleaning.

The notion of acids and their presence in citrus
fruits with their sour taste is familiar to most people,
as is acid in the stomach to help break down food.
Perhaps you also know about acid in car batteries,
where it is used as an electrolyte. Less commonly
known is information about the chemical opposite
of acids, which are called bases. Bases neutralise acids
and are also regularly used in everyday life. Baking
soda, otherwise known as sodium hydrogen carbonate,
has a multitude of uses from cooking to cleaning.
Magnesium hydroxide is taken as an antacid and
ammonia is widely used as a cleaning agent. Bases are
particularly good at dissolving grease. Blocked drains
and stained ovens require the heavy-duty power of the
strong base sodium hydroxide which, like many acids,
is highly corrosive and needs to be used with care.

Most people know more about what
acids and bases do rather than what they are. This topic
provides definitions of acids and bases, and explains
how acidity is measured and how acids and bases react.
The distinction between strong and concentrated acids
and bases in terms of numbers and types of particles
present is also explained. The reactions of acids and
bases with water and with each other are closely linked
to their interactions with water, which were discussed
in the previous topic.

13.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
• the Brønsted–Lowry theory of acids and bases, including polyprotic acids and amphiprotic species, and
writing of balanced ionic equations for their reactions with water including states
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• the ionic product of water, the pH scale and the use of pH in the measurement and calculations of strengths
of acids and bases and dilutions of solutions (calculations involving acidity constants are not required)

• the distinction between strong and weak acids and bases, and between concentrated and dilute acids and
bases, including common examples

• the reactions of acids with metals, carbonates and hydroxides, including balanced full and ionic equations,
with states indicated

• the causes and effects of a selected issue related to acid–base chemistry.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 13 (doc-30927)

Practical investigation logbook (doc-30928)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30929).

13.2 Acids and bases

BACKGROUNG KNOWLEDGE
• All acids share common properties, including a sour taste, will turn litmus red and neutralise bases.
• All bases share common properties, including a bitter taste, will turn litmus blue and neutralise acids.
• Acids and bases react to produce salts.

13.2.1 Acids

FIGURE 13.2 Citrus fruits contain citric
acid. This gives lemons and limes their
characteristic sour taste.

What can send a shiver down your spine, bring tears to
your eyes and make your mouth pucker? Simply the
taste of a freshly cut lemon or unripe pineapple. The
vinegar in salad dressing, though less stringent, has the
same effect. Even a cola or a glass of sparkling wine may
leave a slightly sour taste in your mouth. All of these
foods have a similar effect because of the presence of
compounds called acids.

Hydrochloric acid is found in our stomachs, where it is
used to help break down food. It is also used in industry,
where it is sometimes called ‘spirit of salts’, to clean
bricks and to clean off the coating of oxide on corroded
iron or steel before plating the metal with a protective
layer of zinc or tin. Table 13.1 lists common acids and
their uses.
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TABLE 13.1 Common acids and their uses

Acid Formula Occurrence or use

Nitric HNO3 Used to etch copper and manufacture fertilisers

Hydrochloric HCl Produced in the stomach; used to clean bricks and concrete

Sulfuric H2SO4 Used in car batteries, plastics, insecticides, detergents and pharmaceuticals

Ethanoic CH3COOH Found in vinegar (used in pickling and fermentation of foods)

Citric C6H8O7 Found in lemon juice

Carbonic H2CO3 Found in soft drinks

Lactic C3H6O3 Makes milk sour; used in wrinkle-smoothing face cream

Ascorbic C3H8O6 Found in citrus fruits

Properties of acids
Acids have many common properties. They:
• usually taste sour
• are corrosive
• are molecular in structure and dissolve in water to produce an electrolyte (substance that conducts

electricity)
• affect the colour of certain natural and synthetic dyes (they turn litmus, a plant dye, from blue to red)
• are neutralised by bases.

13.2.2 Bases
Bases are compounds with properties that in some ways complement those of acids. This means that the
characteristic properties of an acid can be reduced by adding a base. If enough base is added, the acidic
properties completely disappear. When this occurs, we say that the acid has been neutralised by the base.
Bases taste bitter, have a soapy feel and are commonly found in cleaning agents. Soap, detergent, oven and
bathroom cleaners, toothpaste and shampoo all contain water-soluble bases in varying degrees of strength.
Table 13.2 lists some common bases and their uses.

TABLE 13.2 Common bases and their uses

Base Formula Use

Ammonia NH3 Fertilisers and detergents

Sodium hydroxide (caustic soda) NaOH Soaps and detergents

Sodium carbonate Na2CO3 Manufacture of glass; washing powder and detergents

Calcium oxide (quicklime) CaO Bricklayers’ mortar

Lead(II) oxide PbO House paint (now phased out)

Calcium hydroxide (slaked lime) Ca(OH)2 Garden lime, plaster and cement

Ammonium hydroxide NH4OH Cleaning agents

Magnesium hydroxide Mg(OH)2 Milk of magnesia (for treatment of indigestion)
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The properties of bases
Bases have many common properties. They:
• usually taste bitter
• feel slippery (they react with the natural oils in the skin and

produce soap, which gives the characteristic ‘slippery feel’)
• turn litmus from red to blue
• are electrolytes (substances that conduct electricity)
• may be corrosive (for example, NaOH, which breaks down

organic substances such as fat, hair and vegetable matter) and are
good drain cleaners

• are generally ionic substances
• are oxides or hydroxides of metals (ammonium hydroxide

is a base)
• are usually insoluble in water (a base that is soluble in

water is called an alkali).

FIGURE 13.3 Caustic soda
is another name for sodium
hydroxide, a strong base.

13.2.3 Safety with acids and bases
Even so-called weak acids can be dangerous. A concentrated sample
of ethanoic acid (acetic acid or vinegar), which is regarded as weak,
can be extremely harmful to eyes and mucous membranes. Strong acids
such as nitric acid, sulfuric acid and hydrochloric acid are extremely
dangerous in concentrated form and should be handled with care even
in their more dilute forms. When diluting a concentrated acid, always
add acid to water. Adding water directly to concentrated acids may
cause them to splatter, and severe burns may result. Strong bases such
as sodium hydroxide and potassium hydroxide are also very dangerous,
particularly in concentrated form and when hot. Acid and base spills
on skin should be rinsed with large quantities of running water.

GARDENING WITH ACIDS AND BASES
Have you ever wondered why hydrangeas can bloom a different shade from year to year? The colour of the
hydrangea bloom depends on the acidity of the soil. If the soil becomes too acidic, pink hydrangea blooms turn
blue. To correct this, calcium oxide, CaO, generally known as ‘lime’ or ‘quicklime’ is added. Calcium oxide
is a base that dissolves in water to form calcium hydroxide, Ca(OH)2, or ‘slaked lime’. This base changes
the colour of the blossoms back to pink.

FIGURE 13.4 Blue hydrangeas grown in acidic oil and pink hydrangeas grown in more basic soil
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13.2 EXERCISE
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.

1. List three examples of acids in the home.
2. Refer to table 13.1 and explain what type of bonding would be present in acids.
3. Refer to table 13.1 and name the element that is common to all acids.
4. Describe a simple method for determining whether an unknown liquid is acidic or basic.
5. State a use that is common to a number of bases and suggest why they are used in this way.
6. Explain the difference between a base and an alkali.
7. Which of the bases in table 13.2 would be soluble? State the dissolving process that occurs for each of

them.
8. Acids and bases are electrolytes; explain what this means.
9. Describe one hazard when using acids and what protection is required.

10. Explain how acids should be diluted.

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

studyON: Practice exam questions

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

13.3 Brønsted–Lowry theory of acids and bases

KEY CONTENT
• The Brønsted–Lowry theory of acids and bases, including polyprotic acids and amphiprotic species, and
writing of balanced ionic equations for their reactions with water including states

13.3.1 Defining acids and bases according to the
Brønsted–Lowry theory
An acid–base theory suggested independently by Brønsted and Lowry in 1923 is still used today. This
theory is summarised by the following two statements:
• An acid is a proton donor.
• A base is a proton acceptor.

The Brønsted–Lowry theory defitinion of acids and bases is as follows:
• An acid is a substance that donates a proton (H+ ion) to another substance.
• A base is a substance that accepts a proton (H+ ion) from another substance.

Since a hydrogen atom is simply a proton and an electron, removing the electron leaves a proton.

A proton is simply a hydrogen ion, H+.

A reaction between an acid and a base involves a proton transfer from an acid to a base. In other words,
the substance that loses a hydrogen ion, H+, is the acid and the substance that accepts the hydrogen ion, H+,
is the base. This is illustrated in figure 13.5 where nitric acid, HNO3, loses a proton to water, which created a
hydronium ion, H3O

+(figure 13.5b). According to the Brønsted–Lowry theory, the water in the equation
shown in figure 13.5 is acting as a base because it accepts a proton.
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FIGURE 13.6 A nitric acid
molecule

The hydronium ion H3O
+(aq) is often shortened

to H+(aq) but it is important to realise that a water
molecule is usually attached to the proton.

Acids are proton donors.
Bases are proton acceptors.

Video eLessons The Brønsted–Lowry theory (eles-2490)

13.3.2 Conjugate acid–base pairs
When chemists want to refer to particles that could be atoms, ions or molecules, the term that is used is
species. The conjugate base of a Brønsted–Lowry acid is the species formed after the proton is donated. In
the following example, the conjugate base of the acid HNO3 is NO3

–.
The conjugate acid of a base is the species formed after a base accepts a proton. The conjugate acid of

the base H2O is H3O
+.

In this case, the conjugate pairs are (HNO3/NO3
−) and (H3O

+/H2O).

HNO3(aq) + H2O(I)

acid1 acid2base2 base1

H3O
+(aq) + NO3

–(aq)

The conjugate pairs in this reaction are NH4
+/NH3 and H2O/OH−.

NH3(g) + H2O(I)

base1 acid1acid2 base2

NH4
+(aq) + OH–(aq)

FIGURE 13.5 (a) Nitric acid, HNO3, loses a proton to water, creating a hydronium ion, and (b) a
water molecule accepts a proton to create a hydronium ion, H3O

+.

Nitric

acid

loses a

proton

HNO3(I) + H2O(I) H3O
+(aq) + NO3

–(aq)

H+

Base

gains a

proton

Hydronium ion

(a)

O

HH
H

H
H

+

H3O
+

δ
+

δ
+

δ
−

δ
−

Hydronium ion, H3O
+Water molecule, H2O

Hydrogen ion, H+

O+H+

(b)
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Conjugate acid–base pairs differ by a proton, H+. To find the conjugate base of an acid, subtract one H+;
to find the conjugate acid of a base, add one H+.

FIGURE 13.7 Conjugate acids and bases

Conjugate acid–base pair

Conjugate acid–base pair

Conjugate

acid

Conjugate

base

Brønsted–Lowry

base

Brønsted–Lowry

acid

H A + B A– +

+

H B

The convention is that the acid is always
written first in the conjugate pairs.

conjugate acid
–H+

⇄
+H+

conjugate base

For example:

conjugate acid conjugate base

H3PO4

−H+

⇄
+H+

H2PO4
−

Note that a conjugate acid and a conjugate
base can re-form the original acid and base
by once again transferring a proton in a
‘backwards’ reaction according to our
definitions.

Conjugate base = acid−H+

Conjugate acid = base+H+

SAMPLE PROBLEM 1

Show that the following reaction is a proton transfer reaction and state the conjugate pairs.
HCl(aq) + H2O(l)→ H3O+(aq) + Cl–(aq)

Teacher-led videos: SP1 (eles-XXXX)

THINK WRITE

1. Decide whether the each of the reactants has
donated or gained a proton.

HCl has become Cl–; it has lost a
proton (H+).
H2O has become H3O

+; it has gained
a proton, (H+).

2. The substance that has donated a proton is
the acid.

HCl is an acid.

3. The substance that has gained a proton is
the base.

H2O is a base in this reaction.

4. Conjugate base = acid – H+.
Conjugate acid = base + H+.
TIP: Remember that the acid should be put first in
each pair.

Conjugate base is Cl–.
Conjugate acid is H3O

+.
Conjugate pairs are HCl/ Cl– and
H3O

+/ H2O.

PRACTICE PROBLEM 1
Show that the following reaction is a proton transfer reaction and state the conjugate pairs:

NH3 (aq) +HNO3 (aq) → NH4
+ (aq) + NO3

− (aq)
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13.3.3 Amphiprotic species
You may have noticed in the previous section that water is acting as a base in the first reaction and then
acting as an acid in the second reaction. Some substances can act as acids or bases, according to their
chemical environment. This means that they can donate or accept protons. Such substances are described as
amphiprotic.

Water can act as an acid or base depending on whether it is reacting with a stronger acid or base. This is
illustrated in the examples in the previous section. Other examples of amphiprotic substances are HSO4

−,
HCO3

− and HS−. These ions have both a proton that they can donate and a negative ion to attract an H+.

Amphiprotic species have both a proton, H+, that they can donate and a negative ion or
pole to attract a proton, H+ .

An example of the hydrogen carbonate ion, , acting as an amphiprotic species is as follows:

HCO3
− (aq) + H2O (l) → H3O

+ (aq) + CO2−
3 (aq)

acid base acid base

HCO3
− (aq) + NH4

+ (aq) → H2CO3 (aq) + NH3 (aq)
base acid acid base

13.3.4 Monoprotic, diprotic and triprotic acids
Acids can be classified as monoprotic, diprotic or triprotic depending on the actual number of protons that
can be donated. A polyprotic acid can donate more than one proton.

Hydrochloric acid, HCl, is an example of a monoprotic acid because it can donate only one proton.
Ethanoic acid, CH3COOH, despite the fact that it has four hydrogen atoms, is also monoprotic because it
can only donate the proton attached to the oxygen atom in the polar covalent bond.

FIGURE 13.8 Ethanoic acid,
CH3COOH, is a monoprotic acid.

FIGURE 13.9 Sulfuric acid, H2SO4, can donate
two protons.

A polyprotic acid can donate more than one proton per molecule of acid. An acid such as sulfuric acid,
H2SO4, is called a diprotic acid because it can donate two protons. This occurs in two stages, as shown in
the following equations:

Stage 1 H2SO4 (aq)+ H2O (l) → H3O
+ (aq)+ HSO4

− (aq)
Stage 2 HSO4

− (aq)+ H2O (l)⇄H3O
+ (aq)+ SO2−

4 (aq)
Pdf_Folio:8

8 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

HCO3
−

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“C13ReactionsInWater_print” — 2019/6/21 — 10:40 — page 9 — #9

FIGURE 13.10 Phosphoric acid, H3PO4, can
donate three protons.

The first stage is more extensive than the second.
The single arrow shows that virtually all of the H2SO4

molecules ionise. In stage two, the double arrow
shows that while some HSO4

– ions are reacting with
water to form SO4

2– some SO4
2– ions are recombining

with water to form HSO4
– ions.

Phosphoric acid, H3PO4, is an example of a triprotic
acid because it has three protons that
it can donate.

Polyprotic acids can donate more
than one proton.

13.3 EXERCISE
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.

1. In the following reaction, which substance is acting as an acid and which is acting as a base?

H2SO4 (l)+ H2O (l) → H3O+ (aq)+ HSO4
− (

aq
)

2. Identify the reactant that is acting as an acid in each of the following.
(a) OH–(aq) + HBr(aq)→ H2O(l) + Br–(aq)
(b) HSO4

–(aq) + OH–(aq)→ SO4
2–(aq) + H2O(l)

(c) HCO3
–(aq) + HSO4

–(aq)→ H2O(l) + CO2(g) + SO4
2–(aq)

(d) H3O
+(aq) + OH–(aq)→ 2H2O(l)

3. Which of the following reactions can be classified as proton-transfer reactions?
(a) Ag+(aq) + Cl−(aq)→ AgCl(s)
(b) H3PO4(aq) + H2O(l)→ H3O

+(aq) + H2PO4
−(aq)

(c) O2−(aq) + H2O(l)→ 2OH−(aq)
(d) Mg(s) + 2HCl(aq)→ MgCl2(aq) + H2(g)
(e) CO3

2−(aq) + H2O(l)→ HCO3
−(aq) + OH−(aq)

4. Write the formulas of the conjugate bases of the following acids.
(a) H2SO4

(b) H2S
(c) HS−

(d) H2O
(e) NH4

+

5. Write the formulas of the conjugate acids of the following bases.
(a) OH−

(b) HCO3
−

(c) S2−

(d) H2O
(e) CN−

6. Consider this equation: NH3(aq) + H2O(l)⇌ NH4
+(aq) + OH–(aq). Which substances are acting as acids in

this reaction?
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7. Classify each of the following as a Brønsted–Lowry acid, base or amphiprotic substance.
(a) Cl–

(b) H2O
(c) HSO4

–

(d) HNO3

(e) OH–

8. (a) Write equations to illustrate H3PO4 acting as a triprotic acid in water.
(b) Identify the conjugate acid–base pairs for the equations you wrote in part (a).

9. Write equations to illustrate the amphiprotic nature of the following species.
(a) HS−

(b) HSO4
−

10. Classify each of the following as monoprotic, diprotic, triprotic or amphiprotic.
(a) H3PO4

(b) CH3COOH
(c) HCO3

2–

(d) H2CO3

(e) HNO3

( f) H2O

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

studyON: Practice exam questions

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

13.4 Concentrating on acids and bases

KEY CONTENT
• The distinction between strong and weak acids and bases, and between concentrated and dilute acids and
bases, including common examples

13.4.1 Calculating concentration using molarity
When working with solutions, the concentration can have implications on how they react. Concentration
refers to the quantity of solute in a particular volume of solution. Concentration in chemistry is usually
measured in units of moles of solute per litre (mol L–1 or M) of solution. This is known as the molarity
of a solution. You may already have noticed this on bottles of chemicals that you have used. The molarity
of solutions is one of the most commonly used measures in chemistry. For example, a 3.0 M HCl solution
contains 3.0 moles of HCl dissolved in 1 litre of solution, and a 0.5 M NaOH solution has 0.5 mole of
sodium hydroxide dissolved in 1 litre of solution.

Concentration is number of moles of solute per litre (mol L–1); also known as molarity.

c = n
V
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Alternatively, the moles of solute in a given volume of solution of a known concentration.

n = c × V

Where:
n is the number of moles of solute
c is the concentration or molarity (mol L–1)
V is the volume (L)

SAMPLE PROBLEM 2

Calculate the number of mole present in 250 mL of 3.00 M HCl.

Teacher-led videos: SP2 (eles-XXXX)

THINK WRITE

1. Identify the given information and compare units
given to units required. The volume of the solution
is given in mL, while the concentration is calculated
in L. Convert from mL to L.

Identify the unknown quantity.

c(HCl) = 3.00M

V(HCl) = 250mL

1000
= 0.25L

n(HCl) = ?

2. Use the formula to calculate the number of moles:
n = c × V
TIP: Remember to check significant figures and
units.

n (HCl) = 3.00 × 0.250
= 0.750M

PRACTICE PROBLEM 2
Calculate the number of mole present in 100 mL of 1.35 M NaOH.

If you are required to make up a solution of a particular concentration, you will need to start with a mass
of the substance because it is not possible to measure out moles directly. In this case, you need to use the
formula introduced in topic 5 to calculate n:

n = m

M

where m is the mass in grams and M is the molar mass in g mol–1. These calculations will be explored in
topic 16.

Concentrated and dilute solutions
A concentrated acid has a large amount of acid dissolved in a given volume, and a dilute acid has a small
amount of acid dissolved in a given volume. It is possible to have a concentrated strong acid or strong base
as well as a concentrated weak acid or weak base. The concentration of a solution can be changed by adding
water; however the strength cannot be changed.

Concentrated solutions have a large number of solute particles in a given volume.
Dilute solutions have a small number of solute particles in a given volume.

Pdf_Folio:11

TOPIC 13 Acid-base reactions in water 11

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“C13ReactionsInWater_print” — 2019/6/21 — 10:40 — page 12 — #12

13.4.2 Strength of acids and bases
The strength of an acid or base is related to the ease with which it donates or accepts a proton.

Strong acids and bases
FIGURE 13.11 Hydrochloric acid must be
handled with care.

A strong acid donates protons readily.
A strong base accepts protons readily.

Common strong laboratory acids
include hydrochloric acid, HCl, nitric acid, HNO3, and
sulfuric acid, H2SO4. There are only a few strong acids
and they fully ionise in water, producing many ions.
Their solutions, therefore, are strong electrolytes. All
protons are donated to water, forming hydronium ions.
Hydrochloric acid fully reacts with water to produce a
hydronium ion and a chloride ion.

HCl (g)
strong acid

+ H2O (l)
virtually
complete
→ H3O

+ (aq)+ Cl− (aq)

FIGURE 13.12 Strong electrolytes show high
conductivity because they produce many ions in
solution; water is classified as a non-conductor
because it very few ions.

Some strong bases include lithium hydroxide, LiOH,
sodium hydroxide, NaOH, and potassium hydroxide,
KOH. Strong bases are generally hydroxides
of metals found in group 1 of the periodic table. Strong
bases fully dissociate in water producing many ions.
Their solutions, therefore, are also strong electrolytes.
Sodium hydroxide ionises in water to form sodium ions
and hydroxide ions.

NaOH(s) H2O⃯Na+(aq) + OH−(aq)

Strong acids completely ionise in water.
Strong bases completely dissociate in water.

Weblink Acid strength

Weak acids and bases
Examples of weak acids are ethanoic acid, lactic acid and citric acid. Weak acids only partially ionise in
water, resulting in a solution that is a poor conductor of electricity because not many ions are formed.
Ethanoic acid partially reacts with water to form hydronium ions and ethanoate ions. Double arrows are
used to show that these are partial reactions.

CH3COOH (l)+ H2O (l) ⇌ H3O
+ (aq)+ CH3COO− (aq)

However, a weak base such as ammonia does not readily ionise and accept protons. It forms very few
ions in solution. Ammonia is a poor conductor of electricity.

Weak acids partially ionise in water.
Weak bases partially dissociate in water.
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TABLE 13.3 Relative strengths of common acids and their conjugate bases

Name of acid Formula Conjugate base Name of base

very

strong

strong

weak

very

weak

d
e
c
re

a
s
in

g
 s

tr
e
n
g

th

o
f 

a
c
id

s
Hydrochloric HCl Cl− Chloride ion very

weak

strong

very

strong

in
c
re

a
s
in

g
 s

tr
e
n
g

th

o
f 

b
a
s
e
s

weak

Nitric HNO3 NO3
− Nitrate ion

Sulfuric H2SO4 HSO4
− Hydrogen sulfite ion

Hydronium ion H3O
+ H2O Water

Phosphoric H3PO4 H2PO4
− Dihydrogen phosphate ion

Hydrofluoric HF F− Fluoride ion

Ethanoic (acetic) CH3COOH CH3COO
− Ethanoate (acetate) ion

Carbonic H2CO3 HCO3
− Hydrogen carbonate ion

Hydrogen sulfide H2S HS− Hydrogen sulfide ion

Ammonium ion NH4
+ NH3 Ammonia

Hydrogen carbonate ion HCO3
− CO3

2− Carbonate ion

Hydrogen sulfide ion HS− S2− Sulfide ion

Water H2O OH− Hydroxide ion

Hydroxide ion OH− O2− Oxide ion

Hydrogen H2 H− Hydride ion

13.4.3 Concentration versus strength
In summary, the concentration of an acid or base refers to the quantity of solute in a given volume of
solution, whereas the strength of a solution refers to the extent of ionisation or dissociation of the acid or
base. A strong acid fully ionises in solution and a strong base fully dissociates in solution.

FIGURE 13.13 Concentrated and dilute weak and strong acids

concentrated strong acid

Cl−

Cl−

Cl−

Cl−

Cl−

Cl−

Cl−

Cl−H3O
+

H3O
+

H3O
+

H3O
+

H3O
+H3O

+

H3O
+

H3O
+

dilute solution of strong acid

Cl−

Cl−

Cl−
H3O

+

H3O
+

H3O
+

concentrated weak acid

H3O
+

H3O
+

CH3COOH
CH3COOH

CH3COOH

CH3COOH

CH3COOH

CH3COOHCH3COOH

CH3COOH

CH3COOH

CH3COOH

CH3COOHCH3COOH

CH3COO−CH3COO−

dilute solution of weak acid

CH3COO−

H3O
+

CH3COOH
CH3COOH

CH3COOH

CH3COOH
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13.4 EXERCISE
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.

1. Calculate the number of mole present in the following.
(a) 0.100 L of 1.30 M NaOH.
(b) 120 mL of 2.00 M HCl
(c) 50.0 mL of 0.950 M NHO3

2. If a 0.0850 litre solution contains 0.0750 moles of H2SO4, what is the molarity?
3. Calculate the volume, in L, of each of the following solutions that contain 2.50 moles of the substance.

(a) 3.50M NaOH
(b) 0.500 M KOH
(c) 0.240 M CH3COOH

4. Sea water contains about 35.0 g of the neutral salt, NaCl, per litre. What is the molarity of sodium chloride in
sea water?

5. How many mole of H3O
+ ions are present in 10.5 mL of 0.180 M HCl?

6. The acids found in fruit juice are weak acids. Explain what this means.
7. Using HBr and HS− as examples, write equations, with appropriate arrows, to illustrate the difference

between a strong acid, HBr, and a weak acid, HS–. Explain the difference in strength in terms of the
conductivity of the resulting solution.

8. Dimethylamine, HN(CH3)2, is a weak base that reacts in water like ammonia, NH3. Write an equation to
illustrate the reaction of dimethylamine with water.

9. Acids, such as nitric and hydrochloric, are used by artists to make engravings on metal plates made from
copper, zinc or iron.
(a) Use table 13.3 to find the conjugate pairs of the acids used by the artists for their etchings.
(b) What safety precautions would you recommend an artist working with strong acids should take?

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

studyON: Practice exam questions

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

13.5 pH and acidity

KEY CONTENT
• The ionic product of water, the pH scale and the use of pH in the measurement and calculations of strengths
of acids and bases and dilutions of solutions (calculations involving acidity constants are not required).

13.5.1 Ionic product of water

FIGURE 13.14 Self-ionisation of water

++

⇌H2(I) + H2O(I) H3O
+(aq) + OH–(aq)

Because water can act as
it can also react with itself according to the
equation shown in figure 13.14.

Careful measurements have shown that
this does indeed occur and that the concentration
of these ions in neutral water is 10−7 M (at 25 °C).
Such values indicate that this reaction occurs only
to an extremely small extent.

Furthermore, measurements have shown that, even when dissolved acids and bases are present, the
mathematical product of these two ions is always 10−14. If the concentration of H3O

+ ions increases due to
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the presence of a dissolved acid, the concentration of OH− ions decreases such that the product is still 10−14.
The reverse applies if a source of OH− ions (a dissolved base) is present.

For any acidic, basic or neutral solution, use square brackets to show concentration in mol L–1.
Kw is termed the self-ionisation constant for water, and [H3O

+][OH−] is called the ionic product.
It follows that:
• if [H3O

+] > [OH−], the solution is acidic
• if [OH−] > [H3O

+], the solution is basic
• if [H3O

+] = [OH−], the solution is neutral.
However, in all cases, the product [H3O

+][OH−] equals 10−14.
This information is useful when calculating the pH of basic solutions.

For all aqueous solutions Kw = [H3O+][OH−] = 10−14 M2 at 25 °C.

13.5.2 The pH scale
The pH scale is used to measure the acidity of a solution. It is usually applied over a range from 1 to 14.
Using this scale, a neutral solution has a pH of 7. Values lower than 7 indicate an acidic solution. The
stronger the acid, the lower the pH value. For example, a solution of pH 3 is stronger than a solution of pH 4.
Any pH value greater than 7 indicates a basic solution. In this case, the higher the value, the stronger the
base. It is interesting to note that pH does not have a unit because it is just a number on a scale and that the
temperature is specified because the pH can change slightly if the temperature changes. The pH scale of
some common acids and bases is shown in figure 13.15.

FIGURE 13.15 The pH of common acids and bases

pH 1.0 6.8

increasing acidity

2.0 2.5 2.9 3.2 3.8 5.2 5.5 5.9 6.8

pH 8.8 9.5 10.0 11.0 11.0 11.9 12.5 13.0

increasing alkalinity

Pdf_Folio:15

TOPIC 13 Acid-base reactions in water 15

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“C13ReactionsInWater_print” — 2019/6/21 — 10:40 — page 16 — #16

THE CHEMISTRY OF HAIR

hydrogen bond

salt bridge

disulfide bond

δ+ δ−

H H

H H

N H O

O

C

C CS S

−O

C

NH
3

+

Hair is made from amino acids that polymerise into long
chains held together by hydrogen bonding, salt bridges
between the acid and base groups, and disulfide bonds.
Hair is normally acidic (pH 4 to 5), and for this reason
alkaline shampoos, which clean the hair, are followed
by an ‘acidic rinse’ or conditioner. However, both
strongly acidic solutions and slightly alkaline solutions
can damage the hair. Strongly acidic solutions (pH 1 to 2)
break the H–bonding and salt bridges of the hair. Slightly
alkaline (pH 8.5) solutions break some of the disulfide
bonds, causing the outer surface of hair strands to
become ruffled and appear dull, as light is unevenly
reflected from their surfaces.

Digital document Experiment 13.1 Indicators and pH (doc-30861)

Teacher-led video Experiment 13.1 Indicators and pH (eles-3264)

13.5.3 Calculating pH of strong acids
If we know the concentration of the hydronium ion in moles per litre of solution, we can calculate the pH
using the following formula.

pH = − log10 [H3O
+]

This means that pH is the negative logarithm of the molar hydronium concentration. This formula enables
pH to be calculated for any known H3O

+ or OH− concentration by using a calculator with a log function. A
logarithm is a quantity representing the power to which a fixed number (the base) must be raised to produce
a given number. In this case the base is 10, so the logarithm is the power of 10. So, this formula can be
rearranged to find the concentration of acid when given the pH:

[H3O
+] = 10−pH

If the [H3O
+] is easily converted into a power of 10, a calculator is not needed. This formula can only be

used for strong acids because strong acids are completely ionised. So for a strong acid, HA:

[H3O
+] = [HA]

This is not true for weak acids because if the acid (HA) is weak, it is only partially ionised and the
[H3O

+] << [HA] and cannot be calculated using this formula.
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To calculate the pH of strong acids, HA:

[HA] = [H3O+] = 10−pH

pH = −log 10 [H3O+] .

SAMPLE PROBLEM 3

Calculate the pH of a 0.0001 M solution of HCl at 25 °C.
Teacher-led videos: SP3 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

[HCl] = 0.0001 M
pH = ?

2. HCl is a strong acid and so is fully ionised. This
means the concentration of H3O

+ = [HCl]
[H3O

+] = [HCl]
[H3O

+] = [HCl]
= 0.0001 M

3. Convert this concentration to a power of 10. [H3O
+] = 10–4 M

4. Find the pH using pH = −log10[H3O
+]. pH = − log10(10

−4)
pH = − (power of 10)

= − (−4)
= 4

PRACTICE PROBLEM 3
A solution is found to have a H3O+ concentration of 0.01 M at 25 °C. Calculate its pH.

If the [H3O
+] is not a number that can easily be converted into a power of 10, the procedure is simple

using a calculator.

SAMPLE PROBLEM 4

Calculate the pH of 0.054 M solution of HCl at 25 °C.

Teacher-led videos: SP4 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

[HCl] = 0.054M
pH = ?

2. HCl is a strong acid and so is fully ionised. This
means the concentration of H3O

+ = [HCl].
[H3O

+] = [HCl]
[H3O

+] = 0.054 M
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3. Find the pH using pH = −log10[H3O
+].

This time a calculator is needed:
• Press the negative key
• Press the log key
• Key in the number
• Press enter

pH = − log10(10
−4)

pH = 1.3

PRACTICE PROBLEM 4
Calculate the pH of 0.037 M solution of HNO3 at 25 °C.

If you need to find the concentration of [H3O
+], the pH formula must be rearranged.

SAMPLE PROBLEM 5

Calculate the concentration of a solution of HCl with a pH of 2.1 at 25 °C.

Teacher-led videos: SP5 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

pH = 2.1
[HCl] = ?

2. HCl is a strong acid and so is fully ionised. This
means [HCl] = [H3O

+].
Find [H3O

+] using [H3O
+] = 10–pH.

[H3O
+] = 10–2.1 M

3. Calculate using a calculator:
• Press 10
• Press ˆ
• Press −2.1
• Press enter

[H3O
+] = 7.9 × 10–3 M

4. Since HCl is a strong acid [HCl] = [H3O+] [HCl] = [H3O
+] = 7.9 × 10−3 M

PRACTICE PROBLEM 5
Calculate the concentration of a solution of HNO3 with a pH of 1.8 at 25 °C.

13.5.4 Relative strengths of acids and bases and pH
The strength of an acid or base is measured by its tendency to donate (in the case of acids) or accept (in the
case of bases) protons. The strength of an acid has to be taken into consideration when calculating the pH,
because it determines the acid’s ability to ionise.

It has been found experimentally that not all acids of 0.1M concentration have the same pH, and do not
conduct electricity to the same extent. Remember that the conductivity of a solution is directly related to the
number of ions in solution. Consider two acids, HCl and CH3COOH, with the same concentration of 0.1M
at 25 °C. Experimental results confirm that hydrochloric acid has a pH of 1; however, ethanoic acid has a pH
of 3. This is explained by the differing abilities of the two acids to ionise. Almost every HCl molecule
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donates protons to water. This is consistent with the fact that HCl is a strong acid and ionises virtually
completely to produce a good electrolyte. CH3COOH, on the other hand, is a weak acid. Only one in every
hundred CH3COOH molecules loses a proton, and therefore a solution of ethanoic acid is a poor electrolyte
and hence a poor conductor of electricity. This variability is illustrated in table 13.4.

TABLE 13.4 pH values for solutions of a range of acids

Acid Formula pH (0.01 M solution) pH (0.001 M solution)

Benzoic acid C6H5COOH 3.1 3.6

Ethanoic acid CH3COOH 3.4 3.9

Hypochlorous acid HOCl 4.8 5.3

Lactic acid HC3H5O3 2.9 3.4

Methanoic acid HCOOH 2.9 3.4

Nitrous acid HNO2 2.6 3.1

The pH of a basic solution is also affected by the ability of the base to dissolve or dissociate in water. For
example, a 0.1M solution of NaOH, a strong base, has a higher pH than a 0.1M solution of NH3, a weak
base. The sodium hydroxide solution is, therefore ,a stronger base than the ammonia solution.

This dependence of pH on acid strength can be used to compare the relative strengths of a range of acids.
Provided that the concentrations of the acids are all the same, the lower the pH the stronger the acid is (refer
to table 13.4). Note that nitrous acid is the strongest acid of those listed (lowest pH) while hypochlorous acid
(highest pH) is the weakest. It does not matter which concentration is used to make this comparison, as long
as it is the same for all the acids that you are comparing.

13.5.5 Calculating pH of strong bases
The definition of pH is based on the concentration of the hydronium ion H3O

+, so to find the pH of a basic
solution it is necessary to use the expression given for the self-ionisation of water, remembering that in
aqueous solutions Kw = [H3O

+][OH−] = 10−14 M2.
Therefore, by rearranging this formula, the concentration of hydronium ion can be found and the pH can

then be found using a calculator as shown in sample problem 5.

To calculate the pH of strong bases:

[H3O+] = 10−14

[OH−]
pH = −log 10 [H3O+] .

SAMPLE PROBLEM 6

Calculate the pH of a solution of 1.5 M NaOH solution at 25 °C.

Teacher-led videos: SP6 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

[NaOH] = 1.5 M
pH = ?
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2. [OH–] = [NaOH] because NaOH is a strong base.
To find [H3O

+] use the formula from the
self-ionisation of water:

[H3O
+] = 10−14

[OH−]

[OH–] = [NaOH]
[OH–] = 1.5M

3. To find [H3O
+] use a calculator:

• Press 10
• Press ˆ
• Press −14
• Press enter
• Press ÷ 1.5

[H3O
+] = 10−14 M

1.5
[H3O

+] = 6.7 × 10–15 M

4. Now to find the pH, apply the formula:
pH = −log10[H3O

+]
And use a calculator:

• Press −log (2nd ans)
• Press enter

pH = − log10[6.7 × 10–15]

5. Check that the pH is greater than 7
(because NaOH is a base).

pH = 14.2

PRACTICE PROBLEM 6
Calculate the pH of a solution of 2.4 × 10–2 MNaOH solution at 25 °C.

If you are required to find the concentration of a base given the pH, the method is shown in sample
problem 7.

SAMPLE PROBLEM 7

Calculate the concentration of a solution of NaOH with a pH of 12.5 at 25 °C.

Teacher-led videos: SP7 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

pH = 12.5
[NaOH] = ?

2. Recall the formula [H3O
+] = 10–pH [H3O

+] = 10–12.5 M

3. To find [OH–] use the formula from the
self-ionisation of water:

[H3O
+] = 10−14

[OH−]

[OH− ] = 10−14

10−12.5

= 10−1.5 M

4. Use a calculator:
• Press 10
• Press ˆ
• Press −1.5
• Press enter

[OH–] = 0.032M

5. [NaOH] = [OH–] because NaOH is a strong base. [NaOH] = 0.032M
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PRACTICE PROBLEM 7
Calculate the concentration of a solution of KOH with a pH of 11.8 at 25 °C.

CONTROLLING THE pH OF SWIMMING POOLS
The growth of algae
and bacteria is controlled in swimming pools
through the use of chlorine compounds. Sodium
hypochlorite, NaOCl, and calcium hypochlorite,
Ca(OCl)2, are used, undergoing hydrolysis
to produce the weak acid hypochlorous
acid, HOCl, according to the equation:

OCl− (aq)+ H2O (l) → HOCl (aq)+OH− (aq)

However, if the pH is too high, the
concentration and effectiveness of HOCl are
reduced. To lower the pH, an acid solution (such
as hydrochloric acid or solid sodium hydrogen
sulfate) can be used to neutralise the excess
hydroxide ions. If the pH is too low, however, the
acid content of the water can cause eye and skin irritation and damage to pool fittings. The pH can be raised by
neutralising with sodium carbonate or sodium hydrogen carbonate.

13.5.6 Measuring pH

FIGURE 13.16 Colour changes for different indicators across a
range of pH

Indicator name

Methyl violet violet

pH range for colour change

yellow

0 2 4 6 8 10 12

yellow

yellow

yellow

colourless

red

red

red

yellow

yellow

yellow

blue

blue

pink

red

Methyl orange

Methyl red

Thymol blue (basic range)

Phenolphthalein

Alizarin yellow R

Thymol blue (acidic range)

Bromophenol blue

Bromocresol green

Bromothymol blue yellow blue

yellow blue

Measuring pH can be performed
using indicators or a pH meter.

Indicators
Indicators are dyes that are themselves
weak acids or bases. They have
the important characteristic that they
show a different colour in an acidic
solution from a basic solution, because
their conjugate base has a different
colour from their conjugate acid.
They can be used to determine whether
a substance is acidic or basic and also
how acidic or basic it is. Each indicator
changes colour at a certain pH so it
is important to choose an indicator that
is appropriate for a particular reaction.

Litmus, phenolphthalein, methyl
orange and universal indicator are the
most commonly used indicators. Universal indicator, a mixture of several indicators, changes colour
gradually from red to green to violet as the solution changes from acidic to neutral to basic.

The pH of a solution can be measured by adding universal indicator and matching the colour shade
obtained against a special chart (see figure 13.17).
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FIGURE 13.17 Universal indicator paperIndicators are useful tools, although they
have certain limitations. The indicator colours found
in charts are quoted for 25 °C; at other temperatures
an indicator may change colour at a different pH. If a
solution being tested has a colour of its own, the colour
of the indicator may be distorted. As the naked eye
is used to make the comparison between the indicator
colour and the pH chart, this can be a problem,
especially for people who are colourblind. More
accurate readings can be obtained through the use of
specially designed pH meters.

The pH meter
Most laboratories in industry have a pH meter that is used to make rapid, accurate measurements of pH. It
can be connected to a computer to monitor pH changes continuously.

The voltage of the electrode changes with the [H3O
+] in the solution into which it is dipped. Values of pH

obtained by a pH meter are accurate to within 0.01 units of the true pH and are not affected by the colour
and cloudiness of the unknown solution. Hospitals use pH meters to find small but significant changes of pH
in blood and other body fluids. Soils, ponds, rivers, sewage and industrial effluents are also easily monitored
with a pH meter.

13.5.7 Dilution of solutions

FIGURE 13.18 Before and after a dilution; the volume
changes but the number of moles remains the same.

V
1 V

2

Chemicals are often bought and stored
in concentrated form known as stock solutions.
They are then diluted to the concentration
required. Dilution is the process of adding
more water to a solution. In this process, the
volume increases and the concentration decreases
but the number of mole has not changed
because no solute has been added or removed.
When using this process, it is essential to be able
to accurately calculate the concentration of the
diluted solution or the volume of water required
to be added to produce a desired concentration.

Consider a beaker with volume V1 and
concentration c1. The number of moles present is n = c1V1. If water is added to this beaker, there is a new
volume V2 and a different concentration c2; however, the moles present are the same, n = c2V2 (see figure
13.18).

When a solution is diluted, the new volume (V) or concentration (c) can be determined by:

c1V1 = c2V2

The units of volume can be either mL or L but both V1 and V2 must be the same unit.
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SAMPLE PROBLEM 8

If 50.0 mL of a 2.50 M solution is diluted to 85.0 mL, what is the final concentration?

Teacher-led videos: SP8 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

c1 = 2.50 M

V1 = 50.0 mL

V2 = 85.0 mL

c2 = ?
2. Rearrange the dilution formula, cIV1= c2V2, to find c2.

TIP: Remember to check significant figures and units and
that the concentration is lower after dilution.

c2 =
c1V1

V2

c2 =
2.50 × 50.0

85.0
= 1.47M

PRACTICE PROBLEM 8
If 125.0 mL of a 1.80 M solution is diluted to 220 mL, what is the final concentration?

To calculate the water added to achieve a new concentration, remember to subtract the initial volume.
Water added = V2 – V1

SAMPLE PROBLEM 9

How much water would be added to 500 mL of a 2.20 M HCl solution to make a 1.50 M solution?

Teacher-led videos: SP9 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

c1 = 2.20M
V1 = 500.0mL

c2 = 1.50M
V2 = ?
Water added = ?

2. Rearrange the dilution formula, c1V1 = c2V2, to find V2. V2 =
c1V1

c2

V2 =
2.20 × 500

1.50
= 733 mL

3. Determine amount of water added. Remember to check for
significant figures and units.

V2–V1 = 733 − 500
= 233mL

PRACTICE PROBLEM 9
How much water would need to be added to 750 mL of a 3.20 M HCl solution to make a 2.00 M
solution?
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If pH values are provided instead of concentrations, it is necessary to convert the pH into a concentration
of acid or base (as shown in section 13.5.3) before proceeding with the dilution formula.

For solutions dilutions that involve acidic or basic solutions, this affects the concentration of H3O
+ ions

that are present and, hence, the pH. Because pH is on a logarithmic scale, the factor by which H3O
+ changes

is not the same as that by which pH changes. A change in pH of 1 means a change in concentration of a
factor of 10.

This means that a solution of pH 3 is 10 times more dilute than a solution of pH of 2.

SAMPLE PROBLEM 10

60.0 mL of a solution of hydrochloric acid of concentration 0.0550 M is diluted by adding
40.0 mL of water. Calculate the pH of the resulting solution.

Teacher-led videos: SP10 (eles-XXXX)

THINK WRITE

1. Identify the given information and the unknown
information.

c1 = 0.0550M
V1 = 60.0mL

V2 = 100.0mL
pH = ?

2. To determine the pH, the concentration must first be
determined by applying the dilution formula:

cIV1= c2V2

c1V = c2V

c2 =
c1V1

V2

= 0.0550 × 60.0
100

= 0.0330M
c2 = [HCl] = 0.0330M

3. [H3O
+] = [HCl] because HCl is a strong acid. Use

the formula pH = −log10[H3O
+] to find pH of the

diluted solution.

pH = − log10[H3O
+]

= − log10(0.033)
= 1.48

PRACTICE PROBLEM 10
20.0 mL of a solution of hydrochloric acid of concentration 0.250 M is diluted by adding 40.0 mL of
water. Calculate the pH of the resulting solution.

Digital documents Experiment 13.2 Finding the pH of common household substances (doc-30855)

Experiment 13.3 The reactions of acids (doc-30860)

Teacher-led videos Experiment 13.2 Finding the pH of common household substances (eles-3258)

Experiment 13.3 The reactions of acids (eles-3263)
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13.5 EXERCISE
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.

1. (a) Refer to the ionic product of water and determine [OH–] if the concentration of [H3O
+] = 10–5 M.

(b) Is this solution acidic or basic?
2. What is the pH scale and how can pH be calculated?
3. What is the difference between a dilute and a concentrated solution of an acid or base?
4. Determine the pH of the following given that [H3O

+] is:
(a) 10−5 M.
(b) 0.1 M.

5. Determine the pH of the strong acid HClO4, which has a concentration of 0.0015 M.
6. Determine the pH of the following given that [OH−] is:

(a) 10−4 M.
(b) 0.1 M.

7. 90.0 mL of water is added to 10.0 mL of 0.650 M HNO3. What is the new pH?
8. Determine the pH of a solution where:

(a) [H3O
+] = 9.2 × 10−4 M.

(b) [OH−] = 1.8 ×10−5 M.
9. Using the formula for pH, explain why a neutral solution has a pH of 7 (at 25 °C).

10. Nitric acid (HNO3) is a corrosive acid. When purchased from a chemical company, its molarity is 16 M. How
much of the stock solution of nitric acid needs to be used to make 2.5 L of a 0.20 M solution?

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

studyON: Practice exam questions

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

13.6 Reactions of acids

KEY CONTENT
• The reactions of acids with metals, carbonates and hydroxides, including balanced full and ionic equations,
with states indicated.

13.6.1 Salts
Acid reactions occur all around us and in us, and are used in agriculture and in industry. Many industrial
products rely on the use of acids as raw materials. The physical properties of acids and bases have been
discussed so it is appropriate to look at some chemical properties of acids, in particular. In chemical
reactions a new product is formed and, as with many other aspects of chemistry, there are patterns in the
products that make it easier to learn what happens. A salt solution is often a product of a reaction of an acid
with another substance. If the solid salt is required, the solution can be heated to evaporate the water. The
specific reactions that will be studied are reactions of acids with metals, carbonates and hydroxides.
Salt is commonly thought of as a substance that is added to food and has been used for flavouring and as a

food preservative for thousands of years. In chemistry, however, there are other salts besides table salt,
sodium chloride. A salt is an ionic compound formed when an acid is neutralised by a base. Ionic
compounds consist of a positive ion (cation), usually a metal, which comes from the base and a negative ion
(anion), usually a non-metal, which comes from the acid. These compounds were studied in topic 3.
Examples of salts include KCl, Na2CO3 and Zn(NO3)2.
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TABLE 13.5 Some common salts and their applications

Name Formula Application

Ammonium sulfate (NH4)2SO4 Fertiliser

Barium sulfate BaSO4 X-ray of digestive tract

Calcium sulfate dihydrate CaSO4 · 2H2O Plasterboard

Copper sulfate pentahydrate CuSO4 ·5H2O Dyeing; fungicides

Sodium chloride NaCl Table salt

Potassium chloride KCl Sodium-free salt substitute

13.6.2 Reactions of acids with metals
The reaction of an acid on a metal depends on the type of metal and the strength and concentration of the
acid. Many metals, but not all, react with acids and the reactions can be very vigorous (Na, K, Li) to very
slow (Ni) or not at all (Cu, Hg, Au, Ag). Other metals that react with acid include Ca, Mg, Mn, Zn, and Fe.
The general reaction for an acid and a metal is as follows.

Acid + metal → salt + hydrogen

The salt produced depends on the acid used: if the acid is hydrochloric acid, the salt is a chloride salt; if
the acid is nitric acid, the salt is a nitrate salt; and if the acid used is sulfuric acid, the salt is a sulfate. For
example:

Hydrochloric acid + zinc → zinc chloride + hydrogen

2HCl (aq) + Zn (s) → ZnCl2 (aq) + H2 (g)

Even though this reaction involves an acid, it is not officially classified as an acid reaction because no
proton transfer occurs. It is a redox reaction, which involves electron transfer. Redox reactions are discussed
in the next topic.

The production of hydrogen can be tested in this experiment using the ‘pop’ test. The gas produced can
be collected above the reaction text tube (because hydrogen is lighter than air) and then a lit match or ignited
splint is placed at the opening. A ‘pop’ sound is heard if enough gas is collected (figure 13.20), showing the
presence of hydrogen gas.

2H2 (g)+ O2 (g) → 2H2O (l)

FIGURE 13.19 Measuring the volume of
gas produced during a reaction between
acid and zinc

FIGURE 13.20 Pop test for hydrogen

Test tube

Test tube

Lighted wooden

splint

Acid

Magnesium ribbon

Gas

POP!
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Ionic equations
As with precipitation reactions, it is possible to write ionic equations for reactions of acids. Ionic equations
include only the species that have taken part in the reaction and omit spectator ions.

For the reaction of zinc and hydrochloric acid, the acid is ionised and so exists as separate ions in
solution, and the product, zinc chloride, is an ionic compound that will be dissociated in solution.

Inspection of this expanded equation shows that the chloride ions are the only species that have not taken
part in the reaction. This means that they can be omitted from the ionic equation.

2H+ (aq)+�����2Cl− (aq) + Zn (s) → Zn2+ (aq)+�����2Cl− (aq) + H2 (g)

The ionic equation for this reaction is 2H+(aq) + Zn(s)→ Zn2+(aq) + H2(g).

SAMPLE PROBLEM 11

For the reaction between dilute nitric acid and zinc metal, write
a. the full equation representing the reaction.
b. the ionic equation representing the reaction.

Teacher-led videos: SP11 (eles-XXXX)

THINK WRITE

a. 1. Write out the correct formulas of the
reactants.
The general equation for this reaction is
acid + metal→ salt + hydrogen.

Reactants are HNO3 and Zn
Acid: HNO3

Metal: Zn

2. The salt formed from nitric acid is a nitrate
salt. Write out the correct formulas for the
products.

Zn(NO3)2 + H2

3. Write out a skeleton equation. HNO3 + Zn→ Zn(NO3)2 + H2

4. Balance the equation. 2HNO3 + Zn→ Zn(NO3)2 + H2

5. Add states to complete the full equation. 2HNO3(aq) + Zn(s)→ Zn(NO3)2(aq) + H2(g)

b. 1. Write out the equation showing ions present. 2H+(aq) + 2NO3
–(aq) + Zn(s)→ Zn2+(aq) +

2NO3
–(aq) + H2(g)

2. Write the ionic equation by omitting the
species that have not reacted — in this case,
the NO3

– ions.

2H+(aq)+ Zn(s)→ Zn2+(aq) + H2(g)

PRACTICE PROBLEM 11
For the reaction between magnesium metal and dilute sulfuric acid, write:
a. the full equation representing the reaction
b. the ionic equation representing the reaction.

13.6.3 Reactions of acids with carbonates
When having a break from writing equations, you may decide to have a piece of cake. Consider while you
are eating your cake that it is likely that the cake is light and fluffy because a reaction occurred while it was
cooking between sodium hydrogen carbonate (baking soda) and an acid to produce carbon dioxide. The
carbon dioxide made the cake rise.
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Like reactions of acids with metals, the reaction between acids and metal carbonates produce salt and a
gas but this time the gas is carbon dioxide and not hydrogen. The salt is the same and water is also produced.

If the metal carbonate is in solution, the equations for the reaction are as follows.

Acid + metal carbonate → salt + carbon dioxide + water

For example:
2HCl (aq)+ Na2CO3 (aq) → 2NaCl (aq)+ CO2 (g)+ H2O (l)

This equation can be written as follows.

2H+ (aq)+�����2Cl− (aq) +�����2Na+ (aq) + CO2−
3 (aq) → �����2Na+ (aq) +�����2Cl− (aq) + CO2 (g)+ H2O (l)

The sodium and chloride ions have not reacted and so are spectator ions. The ionic equation is

2H+ (aq)+ CO2−
3 (aq) → CO2 (g)+ H2O (l)

If the metal carbonate is in solid form the equations would be as follows.

2HCl (aq)+ Na2CO3 (s) → 2NaCl (aq)+ CO2 (g)+ H2O (l)

This equation can be written as the ions are not dissociated.

2H+ (aq)+�����2Cl− (aq) + Na2CO3 (s) → 2Na+ (aq)+�����2Cl− (aq) + CO2 (g)+ H2O (l)

Only the chloride ions have not reacted and so are spectator ions. The ionic equation is

2H+ (aq)+ Na2CO3 (s) → Na+ (aq)+ CO2 (g)+ H2O (l)

To test for carbon dioxide, direct the gas produced (carbon dioxide is heavier than air) into a tube of
limewater (Ca(OH)2). If enough gas is produced, a precipitate of calcium carbonate forms.

Ca (OH)2 (aq)+ CO2 (g) → CaCO3 (s)+ H2O (l)

FIGURE 13.21 Test for carbon dioxide

Delivery tube

CO2 gas

Limewater

solution

turns milky

Marble

chips

Acid
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SAMPLE PROBLEM 12

For the reaction between dilute sulfuric acid and solid potassium carbonate, write
a. the full equation representing the reaction.
b. the ionic equation representing the reaction.

Teacher-led videos: SP12 (eles-XXXX)

THINK WRITE

a. 1. Write out the correct formulas of
the reactants.
The general equation is acid +
metal carbonate→ salt + carbon
dioxide + water.

Reactants: H2SO4 and K2CO3

Acid: H2SO4

Metal carbonate:K2CO3

2. The salt formed from sulfuric acid
is a sulfate salt. Write out the
correct formulas for the products.

K2SO4 + CO2 + H2O

3. Write out a skeleton equation. H2SO4 +K2CO3→ K2SO4 + CO2 + H2O

4. Balance the equation. H2SO4 +K2CO3 → K2SO4 + CO2 + H2O

5. Add states to complete full equation. H2SO4 (aq) + K2CO3 (s)→ K2SO4 (aq) + CO2 (g) + H2O (l)

b. 1. Write out the expanded equation to
show ions present.

2H+ (aq) + SO4
2– (aq) + K2CO3 (s)

→ 2K+ (aq) + SO4
2– (aq) + CO2 (g) + H2O (l)

2. Write the ionic equation by
omitting the spectator ions – in this
case, the ions.

2H+ (aq) + K2CO3 (s)→ 2K+ (aq) + CO2 (g) + H2O (l)

PRACTICE PROBLEM 12
For the reaction between dilute ethanoic acid and solid sodium carbonate, write
a. the full equation representing the reaction.
b. the ionic equation representing the reaction.

FIGURE 13.22 Indicator changing
colour showing neutralisation has
occurred

Metal hydrogen carbonates also react with acids to produce
a salt, carbon dioxide and water; for example, the reaction
of hydrochloric acid and sodium hydrogen carbonate is as follows.

HCl (aq)+ NaHCO3 (s) → NaCl (aq)+ CO2 (g)+ H2O (l)

13.6.4 Reactions of acids with hydroxides
Hydrochloric acid is present in our stomachs to assist enzymes to
catalyse the digestion of the proteins in the food that we eat. If too
much acid is produced, we can feel pain. Relief of this
discomfort can be achieved by using antacids, which neutralise
some of the excess acid. Antacids contain bases like aluminium
hydroxide and magnesium hydroxide.

Pdf_Folio:29

TOPIC 13 Acid-base reactions in water 29

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“C13ReactionsInWater_print” — 2019/6/21 — 10:40 — page 30 — #30

When an acid and metal hydroxide react, they usually produce a salt and water. This is called
neutralisation. The general equation is:

Acid + metal hydroxide → salt + water

For example:

HCl (aq)+ NaOH (aq) → NaCl (aq)+ H2O (l)

This equation can be written as follows.

H+ (aq)+����Cl− (aq) +�����Na+ (aq) + OH− (aq) → �����Na+ (aq) +�����Cl− (aq) + H2O (l)

If the spectator ions are omitted, the ionic equation is:

H+ (aq)+ OH− (aq) → H2O (l)

Metal oxides also react with acids to produce a salt and water.

SAMPLE PROBLEM 13

For the reaction between dilute nitric acid and potassium hydroxide solution, write
a. the full equation representing the reaction.
b. the ionic equation representing the reaction.

Teacher-led videos: SP13 (eles-XXXX)

THINK WRITE

a. 1. Write the correct formulas of the reactants.
The general equation is acid + metal
hydroxide→ salt + water.

Reactants: HNO3 and KOH
Acid: HNO3

Metal hydroxide: KOH

2. The salt formed from nitric acid is a nitrate
salt. Write out the correct formulas for the
products.

KNO3 + H2O

3. Write out a skeleton equation. HNO3 + KOH→ KNO3 + H2O

4. Balance the equation. HNO3 + KOH→ KNO3 + H2O

5. Add states to complete full equation. HNO3 (aq) + KOH (aq)→ KNO3 (aq) + H2O (l)

b. 1. Write out the equation showing all of the
ions present.

H+ (aq) + NO3
– (aq)+K+ (aq) + OH– (aq)

→ K+ (aq) + NO3
– (aq) + OH– (aq)+ H2O (l)

2. Write the ionic equation by omitting the
spectator ions – in this case, the K+ and
NO3

– ions.

H+ (aq) + OH– (aq)→ H2O (l)

PRACTICE PROBLEM 13
For the reaction between dilute hydrochloric acid and magnesium hydroxide solution, write
a. the full equation representing the reaction.
b. the ionic equation representing the reaction.
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FIGURE 13.23 Hydrogen
chloride gas and ammonia
gas reacting to form a salt.

An unusual acid–base reaction does not involve water. Pure hydrogen
chloride, HCl, is a gas; it can be dissolved in water to produce a
concentrated solution. Both concentrated HCl and ammonium hydroxide,
NH4OH, produce fumes. These fumes react to produce a fine white solid,
ammonium chloride, NH4Cl.

Summary of general reactions for acids:
• acid + metal→ salt and hydrogen
• acid + metal carbonate→ salt + water + carbon dioxide
• acid + metal hydroxide→ salt + water.

Digital documents Experiment 13.3 Making copper sulfate crystals (doc-30845)

Experiment 13.4 The reactivity of metals and their salts (doc-30865)

Teacher-led videos: Experiment 13.3 Making copper sulfate crystals (eles-3218)

Experiment 13.4 The reactivity of metals and their salts (eles-3268)

13.6 Exercise
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.

1. Complete the following table.

Acid Formula of acid

Type of salt
formed from

the acid Anion present

Hydrochloric

Nitrate

SO4
2–

Ethanoic

2. Write the general equations for the reactions of acids with the following.
(a) Metals
(b) Metal carbonates
(c) Metal hydroxides

3. Complete and balance the following equations.
(a) Zn (s)+ HBr (aq)
(b) Ca (s)+ H2SO4 (aq)
(c) K (s)+ HNO3 (aq)

4. Complete and balance the following equations.
(a) MgCO3(s) + CH3COOH(aq)
(b) Na2CO3(s) + HCl(aq)
(c) MnCO3(s) + HNO3(aq)
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5. Complete and balance the following equations.
(a) NaOH + H2SO4

(b) Ca(OH)2 + HCl
(c) Mg(OH)2 + HNO3

6. Write ionic equations for part (a) of questions 3, 4 and 5. State the spectator ions.
7. For each of the following reactions, write full equations and ionic equations.

(a) The acid and solid metal that could be used to produce calcium sulfate
(b) The acid and metal carbonate that could be combined to produce zinc nitrate
(c) The acid and metal carbonate solution that could be combined to produce sodium chloride

8. (a) Describe how to collect and test for hydrogen gas.
(b) Write a balanced equation for this reaction.
(c) If no reaction was observed when this test was applied, does this imply that no hydrogen was produced?

9. (a) Describe how to collect and test for carbon dioxide gas.
(b) Write a balanced equation for this reaction.

10. Write both full and ionic equations for the reactions that result when the following substances are mixed.
State the spectator ions. Assume all reactions go to completion.
(a) Nickel metal and dilute sulfuric acid
(b) Aluminium metal and dilute sulfuric acid
(c) Solid calcium carbonate and dilute nitric acid

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

studyON: Practice exam questions

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

13.7 Acids and the environment

KEY CONTENT
• The causes and effects of a selected issue related to acid–base chemistry.

Acidic oxides react with water to form acids, and are usually oxides of non-metals. Some acidic oxides are
released into the atmosphere as a result of human activity and have an impact on the environment.

13.7.1 Acid rain
Normal rain is slightly acidic due to dissolution of carbon dioxide in water according to the following
equation:

CO2 (g)+ H2O (g) → H2CO3 (aq)

The product is the weak acid carbonic acid, which reacts slightly with water to produce a few hydronium
ions, as per the following equation:

H2CO3 (aq)+ H2O (l) ⇌ H3O
+ (aq)+ HCO3

− (aq)

Many industrial processes involve the burning of coal, oil or some other fossil fuel. Many of these fuels
contain sulfur in varying amounts. When sulfur is burned in air, it forms sulfur dioxide, SO2. This gas is
often released into the air in vast quantities.

It must be noted that sulfur dioxide is released in many natural processes as well. In particular, active
volcanoes release a large amount of sulfur dioxide into the air. The atmosphere can cope with largePdf_Folio:32
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quantities of sulfur dioxide if it is given time to disperse the gas and break it down. When a large number of
industries are all producing the gas over a small area, however, it cannot disperse in the air fast enough and
becomes too concentrated to be safe.

Sulfur dioxide (SO2) can react with water to produce sulfurous acid (a weak acid). It can also react with
oxygen in the air to produce sulfur trioxide, SO3, which then reacts with water to produce the strong acid
sulfuric acid. The equations for these three processes are:

SO2 (g)+ H2O (l) ⇄ H2SO3 (aq)
2SO2 (g)+ O2 (g) ⇄ 2SO3 (g)
SO3 (g)+ H2O (l) → H2SO4 (aq)

The production of acid rain
Other gases contribute to the acid rain

problem and many of these are produced by
industry and by every car that uses the internal
combustion engine.

In a car engine, the temperature produced by
the spark plug is sufficient to cause the nitrogen
and oxygen in the air to combine and form
nitrogen monoxide, NO. Nitrogen monoxide
combines spontaneously with oxygen in the air
to form nitrogen dioxide, NO2. This nitrogen
dioxide reacts with rainwater to form nitric acid,
another contributor to the problem known as
acid rain.

The equation for this reaction is:

3NO2 (g)+ H2O (g) → 2HNO3 (aq)+ NO (g)

It must be noted, however, that carbonic acid
and the oxides of sulfur are largely responsible
for acid rain.

Impacts and control
Acid rain has been responsible for the defoliation of significant amounts of forest in both Europe and North
America. In Australia, it is one of the principal causes of the ‘lunar’ landscape that occurred around
Queenstown in Tasmania where large amounts of sulfur dioxide were produced as a result of copper ore
smelting during the last century.

Where acid rain has run off into lakes, the pH of such lakes has in some instances dropped to the point
where they have been unable to sustain life.

A range of responses has now evolved to reduce the input of gases into the atmosphere that cause acid
rain. These include:
• catalytic converters in car exhausts to change nitrogen oxides into nitrogen and oxygen
• the use of natural gas as a fuel (natural gas contains lower levels of sulfur impurity) in place of other

fuels such as oil and coal
• switching to coal with a lower sulfur content
• taking measures to assist the dispersal of SO2, such as by using taller chimney stacks
• the use of scrubbing, which is where exhaust gases are treated to remove undesirable emissions.
An increasing number of processes are now removing SO2 from their emissions and concentrating it so

that it can be used as a feedstock to produce sulfuric acid. This has an extra advantage because sulfuric acid
is a valuable industrial acid and can be sold to offset the costs of the original process.
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13.7.2 Ocean acidification
As we have seen previously, carbon dioxide dissolves in water to produce carbonic acid. The oceans
are slightly alkaline, but research has shown that, since the start of the Industrial Revolution, their pH has
dropped from 8.2 to 8.1. While many localised variations are in these figures, such a change is significant.
This is directly attributable to the increased level of carbon dioxide in the atmosphere. Although the effect
of this is the subject of ongoing research, problems that might arise as a result of this acidification include:
• coral bleaching
• interference with marine organisms, particularly those at the lower end of the food chain
• reproductive disorders in certain marine organisms
• interference with shell building in shellfish and other similar organisms.
The shells of many marine species have calcium carbonate as an important constituent. Others, including

corals, form skeletons using calcium carbonate. Although calcium carbonate is virtually insoluble, Ca2+ and
CO3

2− ions are present in sea water at concentrations that are low but nevertheless important. However,
carbonate ions can be removed by a reaction between themselves, water and carbon dioxide according to:

CO2 (g)+ H2O (l)+ CO2−
3 (aq) → 2HCO3

− (aq)

If the carbonate ion concentration is lowered too much, it is possible that the calcium carbonate in the
shells of marine organisms may dissolve in an attempt to replace the removed carbonate ions.

CaCO3 (s) → Ca2+ (aq)+ CO2−
3 (aq)

13.7 EXERCISE
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.

1. What is acid rain?
2. Write a word and symbol equation showing the formation of carbonic acid.
3. Explain whether carbonic acid a strong or weak acid. Use an equation in your answer.
4. Show using equations how the presence of SO2 in the atmosphere results in the production of sulfuric acid.
5. List some sources of SO2 in the atmosphere.
6. Describe three possible methods of controlling the input of SO2 in the atmosphere.
7. Explain how acid–base reactions are involved in the acidification of the ocean.
8. Calculate the concentration of hydroxide ions and hydrogen ions in the ocean where the pH is 8.1.
9. State problems that might occur as oceans become less basic.

10. Outline the effect the decrease in pH has on shell fish, including an equation to illustrate your answer.

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

studyON: P ractice exam questions

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

13.8 Review
13.8.1 Summary
Acids and bases

• Common acids include HCl, H2SO4, HNO3, H3PO4, CH3COOH and H2CO3. These have similar
properties. They taste sour, are corrosive, molecular in structure and turn litmus red.
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• Common bases include metal hydroxides (for example, LiOH, NaOH, KOH) and molecular ammonia,
NH3. These have similar properties. They taste bitter, feel slippery, are corrosive, turn litmus blue and
apart from ammonia are ionically bonded.

• Alkalis are bases that dissolve in water (for example, group 1 hydroxides).
• Acids and bases need to be handled with care because some can be corrosive.
• When diluting acids, add acid to water.

Brønsted–Lowry theory of acids and bases

• The Brønsted–Lowry theory defines acids and bases as follows:
• An acid is a proton donor.
• A base is a proton acceptor.

• Acid–base reactions thus involve proton transfer, in which one hydrogen ion, H+, is transferred from
the acid to the base.

• A conjugate acid–base pair is formed when an acid reacts with a base.
• These pairs differ by a proton, H+ (for example, HCl/Cl−, H3O

+/H2O).
• To find a conjugate pair, subtract one H+ from the acid or add it to the base.

• Acids can be classified according to their ability to donate protons:
• Monoprotic acids can donate one proton (for example, HCl).
• Polyprotic acids can donate more than one proton: diprotic acids can donate two protons (for

example, H2SO4), and triprotic acids can donate three protons (for example, H3PO4).
• Amphiprotic substances can act as acids or bases depending on their chemical environment (for

example, H2O, HS−, HSO4
−).

Concentrating on acids and bases

• Concentration refers to the quantity of solute in a particular volume of solution.
• Concentration is usually measured in moles per litre (mol L–1 or M).
• To calculate the number of moles in a solution, use the formula n = c × V, where c is the concentration

in mol L–1 and V is the volume measured in litres.
• Concentrated solutions have a large quantity of solute dissolved in a given volume of solution. Dilute

solutions have a small quantity of solute dissolved in a given volume of solution.
• Acids and bases may behave in water in the following ways:
• Ionisation occurs when an acid donates a proton to water. The water acts as a base and forms the

hydronium ion, H3O
+.

• When an ionic base dissolves in water, it dissociates or separates into its constituent ions.
• The strength of acids (or bases) relates to their ability to readily donate (or accept) protons.
• Concentration of acids (or bases) relates to the amount of the substance dissolved in a given volume of

water. A large amount results in a concentrated solution while a small amount gives a dilute solution.
• There are only a few strong acids including nitric, sulfuric and hydrochloric acids. Most acids are weak

acids; for example, ethanoic acid is a weak acid.
• Strong bases include sodium hydroxide and potassium hydroxide. Ammonia is a weak base.

pH and acidity

• In any aqueous solution at 25 °C, KW= [H3O
+][OH−] = 10−14 M2. This is known as the ionic product

of water.
• The pH scale is a convenient way of measuring the level of acidity or basicity in a solution.
• In neutral solutions, pH = 7.
• In acidic solutions, pH < 7.
• In basic solutions, pH > 7.

• For strong acids [H3O
+] = the concentration of the acid, because the acid is fully ionised.

• pH depends on H3O
+ concentration and is defined by the formula pH = −log10[H3O

+].
• To find the [H3O

+] rearrange the formula: [H3O
+] = 10–pH.

• To calculate the pH of a basic solution, first find the [H3O
+] using the ionic product of water.
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• pH measurements can be used to compare the relative strengths of acids (and bases), providing the
concentrations of the acids (or bases) are the same.

• An indicator is a dye that is a weak acid or base. It has a different colour in acidic and basic solutions.
• Universal indicator is a mixture of indicators and is a useful and commonly used indicator.
• Solutions may be required to be diluted for different purposes.
• To calculate volumes or concentrations after dilution, the formula c1V1 = c2V2 is used. The same unit

for volume must be used for V2 and V1.
• Water added in a dilution can be calculated using V2 − V1.

Reactions of acids

• Chemical reactions of acids include:
• acid + metal (not Cu, Hg, Ag or Ag)→ salt + hydrogen gas
• acid + metal carbonate→ salt + carbon dioxide gas + water
• acid + metal hydrogen carbonate→ salt + carbon dioxide gas + water
• acid + metal oxide (basic oxide)→ salt + water
• acid + base (metal hydroxide)→ salt + water.

• When writing ionic equations, omit spectator ions
• To test for hydrogen, collect gas and test with lit match. A ‘pop’ shows that H2 is present.
• To test for carbon dioxide, collect gas and direct into limewater. Cloudiness shows CO2 is present.
• When an acid and base react, the process is called neutralisation and a salt and water are usually

produced. The ionic equation of neutralisation is:

H+ (aq) + OH− (aq) → H2O (l) (where H+ is written in place of H3O
+).

Acids and the environment

• Two significant environmental issues associated with acid–base chemistry are acid rain and ocean
acidification.

• Acidic oxides in the atmosphere such as CO2, SO2, SO3 and NO2 react with water and contribute to
acid rain. They have detrimental effects on the environment.

• Carbon dioxide dissolved in the ocean decreases the pH and affects the growth and development of
aquatic life.

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30929).

13.8.2 Key terms

acid substance that can donate a proton to a base
acid rain rain made acidic by mixing with atmospheric pollution resulting a pH less than 5
acidic oxide oxide of a non-metal
alkali soluble base
amphiprotic substance that can accept or donate protons
base substance that can accept a proton from an acid
concentrated has a large quantity of solute in a known volume of solution
concentration the amount of solute that is dissolved in a known volume of solution
conjugate acid the product that a base forms when it has accepted a proton from an acid
conjugate base the product that an acid forms when it has donated a proton to a base
dilute has a small quantity of solute in a known volume of solution
diprotic can donate two protons
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dissociation the process by which ions separate when an ionic compound dissolves
double arrow used to show a chemical equation is reversible
electrolyte solution or liquid that can conduct electricity
hydronium ion H3O

+, combination of a proton with a water molecule
indicator substances that undergo an observable change in an acidic or basic solution
ionise reaction in which a substance reacts with water to form ions
logarithm quantity representing the power to which a fixed number (the base) must be raised to produce a given

number
molarity concentration measured in units of moles of solute per litre (mol l–1 or M) of solution
monoprotic can donate one proton
neutralisation chemical reaction in which an acid and a base react to form a salt
pH scale used to measure acidity; pH can be calculated using pH = –log10[H3o

+]
polyprotic able to donate more than one proton to a base
pop test test for hydrogen gas where a small amount of the gas is collected and a lit match is placed nearby
salt ionic compound formed when an acid is neutralised by a base
self-ionisation constant Kw; in all aqueous solutions this value is constant and results from the self-ionisation of
water: H2O (l) + H2O (l)⇌ H3O

+ (aq) + OH− (aq)
Kw = [H3O

+] [OH−] = 10−14 M2

species general term that could refer to atoms, molecules, molecular fragments or ions
stock solution concentrated solution that will be diluted as required for later use
strong acid acid that fully ionises in water
strong base base that fully dissociates in water
triprotic acid that can donate three protons
weak acid acid that partially ionises in water
weak base base that partially dissociates in water

Digital document Key terms glossary Topic 13 (doc-30927)

3.7.3 Practical work and investigations

Experiment 13.1
Indicators and pH

Aim: To investigate the colours of various indicators in solutions of various acids and bases, and use a pH chart to
estimate the pH of the substances tested

Digital document: doc-30861
Teacher-led video: eles-3264

Experiment 13.2
Finding the pH of common household substances

Aim: To determine the pH of a variety of common household substances and compare the accuracy of devices used to
measure pH

Digital document: doc-30855
Teacher-led video: eles-3258

Experiment 13.3
The reactions of acids

Aim: To investigate the reactions of a typical acid (dilute hydrochloric acid) with metals, metal hydroxides, and metal
carbonates

Digital document: doc-30860
Teacher-led video: eles-3263
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Experiment 13.4
Making copper sulfate crystals

Aim: To observe the reaction between copper oxide and sulfuric acid.�

Digital document: doc-30845
Teacher-led video: eles-3218

Experiment 13.5
The reactivity of metals and their salts

Aim: To react various metals and metal salts with one another to determine a simple order of reactivity

Digital document: doc-30865
Teacher-led video: eles-3268

13.8 Exercises
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.

13.8 Exercise 1: Multiple choice questions
1. Which of the following is the best definition of an acid?

a. An acid is an electron acceptor.
b. An acid is a substance that tastes sour.
c. An acid is a substance that donates H+.
d. An acid is a substance that accepts H+.

2. Hydrogen sulfide, H2S, is a gas at room temperature and dissolves in water. When this solution is tested,
it conducts electricity and turns litmus solution red. Why is the solution acidic?
a. The H2S has gained a proton.
b. The H2O has gained a proton.
c. The H2S and H2O have gained protons.
d. The H2S and H2O have lost protons.

3. What is the conjugate base of the species H2PO3
−(aq)?

a. H3PO3(aq) b. HPO4
2−(aq) c. H2PO4(aq) d. HPO3

2−(aq)
4. Consider the following equations:

i. Zn(s) + 2H3O
+(aq) Zn2+(aq) + H2(g) + 2H2O(l)

ii. Cl−(aq) + H3O
+(aq) HCl(aq) + H2O(l)

iii. H3O
+(aq) + OH−(aq) 2H2O(l).

Which can represent acid–base reactions?
a. (i) and (ii) b. (i) and (iii) c. (ii) and (iii) d. (i), (ii) and (iii)

5. Which of the following materials is the most acidic?
a. Grapefruit juice of pH 3.0
b. Detergent of pH 10.5
c. Gastric juice of pH 1.0
d. Sea water of pH 8.5

6. When hydrogen chloride gas is dissolved in water, the resulting solution can conduct an electric current.
What is the best explanation for this?
a. Ions in the hydrogen chloride gas are released when dissolved in water.
b. The water reacts with the hydrogen chloride to form ions.
c. The water molecules carry the electric current in one direction while the hydrogen chloride

molecules carry it in the other direction.
d. The water contains impurities that react with the hydrogen chloride to form ions.
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7. Which one of the following species acts as an amphiprotic species in aqueous solution?
a. SO4

2− b. HCO3
− c. PO4

3− d. Cl−

8. What is the strength of an acid determined by?
a. The number of hydrogen ions present
b. Its concentration
c. Its degree of ionisation in aqueous solution
d. Its ability to change the colour of litmus

9. Consider the reaction between methanoic acid and water:
HCOOH + H2O⇌ HCOO– + H3O

+

Which of the following pairs are Brønsted–Lowry acids?
a. H2O, HCOOH b. HCOOH, H3O

+ c. H2O, H3O
+ d. HCOOH, HCOO–

10. What is a substance that is capable of acting as both an acid and as a base known as?
a. Amphiprotic
b. Conjugated
c. Miscible
d. Diprotic

11. At 25 °C, the equation representing the self-ionisation of water is
a. H2O(l) + H2O(l)⇌ H2O2(aq) + O2(g)
b. H2O(l) + H2O(l)⇌ 4H+(aq) + 2O2–(aq)
c. H2O(l) + H2O(l)⇌ 2H2(g) + O2(g)
d. H2O(l) + H2O(l)⇌ H3O

+(aq) + OH–(aq)
12. What is the pH of 0.0001 molar HCl solution?

a. 1 b. 2 c. 3 d. 4
13. Which of the following is correct for an acidic solution at 25 °C?

a. [H3O
+] > [OH–], pH > 7

b. [H3O
+] > [OH–], pH < 7

c. [H3O
+] < [OH–], pH > 7

d. [H3O
+] < [OH–], pH > 7

14. Which of the following reactions takes place when a metal carbonate reacts with an acid?
a. Acid + metal carbonate→ salt + water + carbon dioxide
b. Acid + metal carbonate→ salt + water + oxygen
c. Acid + metal carbonate→ salt + water + hydrogen
d. Acid + metal carbonate→ metal oxide + carbon dioxide

15. When dissolved in rain, which of the following gases does not cause it to be acidic?
a. O2 b. CO2 c. NO2 d. SO3

13.8 Exercise 2: Short answer questions
1. a. What are the characteristic properties of acids?

b. Illustrate two of these properties with an appropriate equation.
2. a. Define a base and give two examples.

b. Define an alkali and give two examples.
3. Classify the following list of properties and uses as acidic, basic, both acidic and basic, or neutral.

a. A sour taste
b. The bubbles in champagne
c. Corrosive
d. Dissolves oxide coating on metals
e. Dissolves marble statues
f. Feels slippery

g. A bitter taste
h. Breaks down vegetable matter
i. Can be used to clean drains
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j. Produced in stomachs
k. Used for upset stomachs

4. a. In terms of the Brønsted–Lowry theory, define an acid, a base and a proton-transfer reaction. You
may use an equation in your explanations.

b. Explain, using equations, why a solution of hydrochloric acid conducts electricity but pure hydrogen
chloride does not.

5. Antacid tablets are used to neutralise the hydrochloric acid in the stomach. Use the two bases mentioned
in the discussion of antacids in section 13.6.3 to write neutralisation equations for the reactions that may
happen in our bodies.

6. a. What are conjugate acid–base pairs?
b. State the formulas of the conjugate acid of the following bases:

c. State the formulas of the conjugate base of the following acids:

7. Write two equations to illustrate the amphiprotic ion HCO3
−.

8. Sulfuric acid is a strong, diprotic acid. Explain, using equations, what this term means.
9. Beatrice took the lid off a bottle of glacial ethanoic acid, CH3COOH, and immediately noticed the very

potent smell of vinegar. ‘This must be a very strong acid’, she exclaimed. ‘No’, said her sister Freyja. ‘It
is merely a concentrated acid’. Using appropriate definitions, explain who is right.

10. In a pH test on a swimming pool, the water is found to have a pH of 4.5.
a. What would you add to the water to raise the pH?
b. The pH should be about 7.5 for best conditions. Is this acidic or alkaline?

11. Soil contains a number of different elements. Plants need to take up
these elements in order to grow and flower. If the pH of soil is too high
or too low, plants cannot take up these elements. The figure shows how
the pH of the soil influences the amount of an element that can be taken
up by a plant. The narrower the bar, the harder it is for the plant to take
up the element.

4.0 5.0 6.0 7.0 8.0

boron

calcium

iron

magnesium

manganese

nitrogen

phosphorus

potassium

a. Which elements can easily be absorbed at a pH below 4.5?
b. Which elements can be absorbed at a pH of 8?
c. Which elements cannot be taken up easily if the pH is 6?
d. Which elements cannot be taken up easily if the soil pH is 8?
e. Fuchsias require the soil to be acidic. Which elements would be most

important
to these plants?

f. Azaleas require a pH of around 5.5. Which elements are not important to these plants?
g. A gardener comes to you with a problem. He says that he cannot grow

lettuce successfully any longer. It is not an insect problem or a water
problem. Design an experiment you could do to find out the problem
with his soil. (Note: Lettuces need a lot of iron.)

12. Calculate the pH of solutions that have the following H3O
+ concentrations.

a. 0.0010 M b. 0.00050 M
13. Explain why, when an acid is diluted by a factor of 2, its pH does not change by the same factor.
14. Calculate the pH of solutions that have the following OH– ion concentrations.

a. 0.0010 M b. 0.000500 M
15. Write both full and ionic equations for the reactions that result when the following substances are

mixed. Assume all reactions go to completion.
a. Solid sodium sulfide and phosphoric acid, H3PO4

b. Solid copper(II) oxide and hydrochloric acid
c. Potassium hydroxide solution and sulfuric acid
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13.8 Exercise 3: Exam practice questions
1. Two acids, HX and HY, are shown in the figure with their

concentrations and pH values. 1 mark

HX

pH 4.0

0.10 M

HY

pH 4.0

0.00010 M

Which of the following statements is/are correct?
i. HX is a stronger acid than HY.
ii. Both acids ionise to the same extent in water.
iii. The reaction showing the ionisation of HY in water should

be written with a double arrow.
a. (i) only
b. (ii) and (iii) only
c. All statements are correct
d. No statements are correct 1 mark

2. Ethanoic (acetic) acid is a weak monoprotic acid. 8 marks
a. What is meant by the term ‘monoprotic’? 1 mark
b. Write the equation for the ionisation of ethanoic acid in water. 1 mark
c. Write an equation for the neutralisation of ethanoic acid by sodium hydroxide. 1 mark
d. What is meant by the term ‘weak’? Use your equation from part (b) to illustrate

your answer. 2 marks
e. Describe a test that could be used to show that ethanoic acid is a weak acid. 1 mark
f. Draw the structure of an ethanoic acid molecule. Given that it is monoprotic, circle the

hydrogen atom that is donated when it reacts with a base. 2 marks
3. The hydrogen carbonate ion is amphiprotic. 4 marks

a. What is meant by the term ‘amphiprotic?’ 1 mark
b. Write two different equations for the reaction of the hydrogen carbonate ion with water

that demonstrate its amphiprotic nature. 2 marks
c. Solutions of the hydrogen carbonate ion in water are slightly basic. Comment on this with

respect to the two equations that you have written for part (b). 1 mark
4. Ammonium sulfate is used as a fertiliser. 5 marks

a. State two compounds that could be mixed to produce ammonium sulfate. 1 mark
b. Write the full equation for this reaction. 1 mark
c. Write the ionic equation for this reaction. 1 mark
d. How would solid ammonium sulfate be obtained? 1 mark
e. When the solid fertiliser dissolves in water it dissociates. Write an equation showing

this process. 1 mark
5. The increase in carbon dioxide in the atmosphere is causing the pH of rain water to decrease. 6 marks

a. Write the equation for this reaction. 1 mark
b. Explain using a balanced equation how this acid can produce the ion that causes the decrease

in pH. 2 marks
c. Acid rain causes significant damage to limestone, CaCO3, used in buildings. Write an equation

showing the reaction of sulfuric acid with limewater. 1 mark
d. Name other acidic oxides that contribute to acid rain and provide their formulas. 2 marks

13.8 Exercise 4: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.

Pdf_Folio:41

TOPIC 13 Acid-base reactions in water 41

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS




