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AREA OF STUDY 2
HOW ARE SUBSTANCES IN WATER MEASURED AND ANALYSED?

16 Measurement of solubility
and concentration

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

16.1.1 Introduction
FIGURE 16.1 Salt crystals precipitating out from
the salt saturated Dead Sea.

Most salts and polar gases are soluble in water.
Their solubility is influenced by the temperature of
the solution. This relationship between solubility
and temperature is demonstrated using solubility
curves, which are commonly used as quantitative
and predictive tools in the scientific world. Solubility
curves are introduced in this topic, and their use in
calculating and predicting when a solute will dissolve
or crystallise out of solution. The various units of
solution concentration are also introduced.

Solubility curves allow the determination of how
much solute can be dissolved in a solution. However,
it is possible to increase the level of dissolved solute
beyond what would be expected. This is called a supersaturated solution, and the process relies upon the
relationship between solubility and temperature. Generally, as the temperature increases, the solubility
of a substance increases; that is, more solute can be dissolved in a solution at higher temperatures. If the
solution is cooled at a faster rate than precipitation, the solution will become supersaturated, and then
precipitate once the temperature drops. Supersaturated solutions can be seen in nature in the Dead Sea.
Applications of this include in drug delivery, allowing medicines with a very low solubility to be made into
aqueous form, and delivered in very precise doses.

16.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
• the use of solubility tables and experimental measurement of solubility in gram per 100 g of water
• the quantitative relationship between temperature and solubility of a given solid, liquid or gas in water
• the use of solubility curves as a quantitative and predictive tool in selected biological, domestic or industrial
contexts

• the concept of solution concentration measured with reference to moles (mol L−1) or with reference to mass
or volume (g L−1, mg L−1, %(m/m), %(m/v), %(v/v), ppm, ppb) in selected domestic, environmental,
commercial or industrial applications, including unit conversions.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.
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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 16 (doc-30915)

Practical investigation logbook (doc-30916)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30917).

16.2 Measuring solubility and the use of solubility
curves

KEY CONCEPTS
• The use of solubility tables and experimental measurement of solubility in gram per 100 g of water
• The quantitative relationship between temperature and solubility of a given solid, liquid or gas in water
• The use of solubility curves as a quantitative and predictive tool in selected biological, domestic or
industrial contexts

Topic 12 introduced the concepts of solubility — a chemical property of a known amount of solid, liquid
or gas to dissolve in a known amount of solvent. In this topic, the solvent is water. The substances to be
dissolved in water are known as solutes.

16.2.1 Solubility of solids in water
What do soft drinks, coffee, tea, soup and cordial have in common? They are all mixtures and they all
contain water. Some of them are heterogeneous mixtures (known simply as ‘mixtures’) and others are
homogeneous mixtures called solutions. For example, when sodium chloride is dissolved in water, sodium
chloride is the solute and water is the solvent. The end result is called the solution.

The solvent properties of water make it an excellent medium for chemical reactions. Water samples
containing dissolved substances are called aqueous solutions.

Most salts are soluble in water to some extent (see an example of solubility of various salts in table 16.1).
Solubility is influenced by the temperature of the solution.Most salts becomemore soluble at high temperature,
but a few become less soluble as the temperature increases. Salts with a solubility greater than 0.1 M of water
are classed as soluble and salts with a solubility less than 0.1 M of water are classed as insoluble.

A saturated solution is one that contains the maximum amount of solute for the volume of solution at
a particular temperature. When less than the maximum amount of solute has been added to the solvent, the
solution is called an unsaturated solution.

A supersaturated solution can be prepared by slowly cooling a saturated solution. When this is done,
the solution contains more solute than it should at that temperature. The addition of a small crystal seed
or even some dust causes the excess solute to crystallise. Increasing the temperature of a supersaturated
Pdf_Folio:2
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TABLE 16.1 The solubility of various salts

Salt Formula

Solubility
(g per 100 g

water at 20 °C)

Barium chloride BaCl2 36.0

Barium sulfate BaSO4 0.000 24

Calcium chloride CaCl2 74.0

Calcium sulfate CaSO4 0.21

Copper(II) sulfate CuSO4 20.5

Copper(II) sulfide CuS 0.000 03

Lead(II) sulfate PbSO4 0.004

Potassium chlorate KCIO3 7.3

Potassium nitrite KNO2 300.0

Silver chloride AgCl 0.000 000 1

Silver nitrate AgNO3 217.0

Sodium chloride NaCl 36.0

Sodium nitrate NaNO3 87.0

solution will increase the solubility, leading to more of the solid to be dissolved and to obtain a saturated
solution. Alternatively, more water could be added, so more solid can dissolve.

Use of solubility curves in industry
Solubility curves are used in industry to manage the production of chemicals.

Unnecessarily high temperatures provided to unsaturated solutions result in higher energy usage than
required. This can be avoided by reducing the temperatures of unsaturated solutions to the saturation point
determined from the solubility curves.

Solubility tables or graphs allow us to predict whether a salt is soluble or insoluble. An example of a
solubility table was presented in topic 12, table 12.1, and was used to identify a likely precipitate from
the mixing of two or more solutions. In many industries, knowledge of likely precipitates can be used
to achieve a desired goal. In topic 17, we will see how gravimetric analysis, an important analytical
technique, relies on the ability to form suitable precipitates. In a popular method for large-scale water
purification, aluminium hydroxide precipitate is formed in situ by mixing alum (potassium aluminium
sulfate, KAl(SO4)2), and limewater (calcium hydroxide, Ca(OH)2) together. Freshly prepared aluminium
hydroxide is a gelatinous precipitate that adsorbs and traps particles of dirt and bacteria from the impure
water as it settles. Subsequent filtering easily removes the precipitate and these undesired particles. A
solubility table would also highlight that one of the other possible products, calcium sulfate, is only slightly
soluble; this would need to be taken into account when calculating the amounts of alum and limewater that
need to be added.

16.2.2 Solubility of liquids and gases
As discussed in Topic 12, the solubility of solids, liquids and gases depends on the polarity of the solute.
Liquids that dissolve in water (such as ethanol) are polar molecules and are said to be miscible. Liquids
that do not dissolve (such as oil in water) are non-polar molecules and will form layers if left to settle.
Such liquids are termed immiscible. With gases, the situation is the same. That is, polar gases, such asPdf_Folio:3
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methane are more soluble in water than non-polar gases like oxygen. It should also be noted that gases
usually behave in the opposite way to solids as far as temperature is concerned — that is, as the temperature
increases, the solubility of a gas decreases.

Environmentally, this has the potential to become a significant problem for the Earth. As atmospheric
temperatures increase due to higher levels of greenhouse gases (such as carbon dioxide), the upper layers
of the oceans also increase in temperature. This leads to reduced amounts of gases such as oxygen and
carbon dioxide being dissolved in the water and significant amounts of these gases being returned to the
atmosphere. This would further increase the level of carbon dioxide in the atmosphere and would seriously
hamper respiration and photosynthesis for marine organisms due to the lower amounts of dissolved oxygen
and carbon dioxide that remain.

16.2.3 Solubility curves

FIGURE 16.2 Solubility curves for several
substances
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Depending on the amount of solute present, solutions may be
described as saturated, unsaturated or supersaturated.

The solubility of a substance in water depends on
temperature. Most solids are more soluble as temperature
increases. The solubility of soluble substances can be easily
measured by experiment. A convenient unit used for this
purpose is g/100 g of water. When this is done across a range
of temperatures, the result may be drawn as a graph of
solubility versus temperature. Such graphs are called
solubility curves. These find extensive use in medical,
pharmaceutical and industrial applications where compounds
need to be isolated and purified.

In this context, 100 mL of water is the same as 100 g
water. Several examples of solubility curves are shown in
figure 16.2. Most substances in these examples increase their
solubility as the water temperature increases, except for some
gases.

Important characteristics for interpreting solubility curves
include the following:
• All the points on the solubility curve represent the

maximum amount of solute that can be dissolved in 100 g
water at the specific temperature. Therefore, any point on
the curve represents a saturated solution.

• Any point above the curve represents the amount of substance in a supersaturated solution, where only
a part of the substance is dissolved, while some part is still found as solid.

• Any point below the curve represents the amount of substance completely dissolved, in an unsaturated
solution.

SAMPLE PROBLEM 1

The solubility of a white crystalline substance known to be a type of sugar was determined over a
range of temperatures. The results are shown in the following table.

Temperature (°C) 10 30 50 70 80 90

Solubility (g/100 g) 190 220 260 320 362 415

Pdf_Folio:4
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a. Plot the solubility curve for this sugar.
b. What mass of sugar dissolves in 100 g of water at 75 °C?
c. What mass of sugar dissolves in 250 g of water at 20 °C?
d. What mass of water is required to dissolve 110 g of sugar at 50 °C?

Teacher-led videos: SP1 (tlvd-0582)

THINK WRITE

a. Read values from the table and create a graph
using appropriate scales, with the x-axis showing
Temperature °C units and the y-axis showing
g/100 g units.
Plot the graph.
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b. Starting from 75 °C on the x-axis, draw a line
to the curve, and then from the curve to the
y-axis, to determine mass of sugar dissolved in
100 g water. Read the answer off the graph.
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At 75 °C, solubility = 340 g/100 g
(from graph).
Therefore at 75 °C, 340 g sugar
dissolves in 100 g of water.

Pdf_Folio:5

TOPIC 16 Measurement of solubility and concentration 5

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c16MeasurementOfSolubilityAndConcentration_print” — 2019/6/30 — 7:35 — page 6 — #6

c. 1. Starting from 20 °C on the x-axis, draw a
line to the curve, and then from the curve to the
y-axis, to determine mass of sugar dissolved in
100 g water. Read the answer off the graph.
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2. Determine the amount of sugar in 250 g of water.

At 20 °C, solubility = 204 g/100 g.

For 250 g water:

204 × 250

100
= 510 g

Therefore, at 20 °C, 510 g sugar
dissolves in 250 g water.

d. Starting from 50 °C on the x-axis, draw a line to
the curve, and then from the curve to the y-axis,
to determine mass of sugar that can be dissolved
in 100 g water.
The actual mass of sugar required to be

dissolved (110 g) at 50 °C is less than the
maximum that can be dissolved (260 g). To
determine how much water is required to dissolve
110 g sugar at 50 °C, ratios can be used.
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At 50 °C, solubility = 260 g/100 g.

Therefore, 100 × 110

260
= 42.3 g of water

is required at this temperature.
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PRACTICE PROBLEM 1
The solubility of NaCl was determined over a range of temperatures. The results are shown in the
following table.

Temperature (°C) 0 10 20 30 40 50

Solubility (g/100 g) 35.7 35.8 36.0 36.3 36.6 37.0

a. Plot the solubility curve for NaCl.
b. What mass of NaCl dissolves in 100 g water at 35 °C?
c. What mass of NaCl dissolves in 150 g water at 10 °C?

SAMPLE PROBLEM 2

Discuss two analytical methods you can use under standard laboratory conditions (SLC) to
obtain an unsaturated solution of NaNO3 from 1.53 mols of NaNO3/100 g (use figure 16.2).

Teacher-led videos: SP2 (tlvd-0583)

THINK WRITE

1. As solubility curves are shown in g/100 g, the mass
of NaNO3 in the 1.53 mols of NaNO3 must be
determined.

Recall the formula n = m

M
and calculate the mass

of NaNO3 per 100 g H2O.

n = m

M
m = n ×M
= 1.53 × (23 + 14 + 3 × 16)
= 1.53 × 85

= 130 g NaNO3/100 g H2O
2. Use figure 16.2 to determine solubility of NaNO3 at

25 °C (laboratory conditions) and identify the state
of the solution.
From 25 °C on the x-axis, draw a line until it

intersects with the solubility curve for NaNO3.
From that point draw a horizontal line to intersect
with the y-axis. This will determine the amount of
grams solute per 100 g H2O.
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3. Identify the state of the solution. At 25 °C, solubility of NaNO3 is
around 93 g NaNO3/100 g H2O.
Therefore, a sample of 130 g
NaNO3/100 g H2O will form a
supersaturated solution.

4. Answer the question. Since the solubility graphs
represent mass of solute with per 100 g H2O versus
temperature, think of changes to either the
temperature or the volume of water to obtain an
unsaturated solution. (In this case, the concentration
was not required to be kept constant.)
a. Option 1: consider the effect of a change in

temperature on the solubility curve. To obtain an
unsaturated solution of NaNO3, the temperature
would need to be increased to at least 65 °C, so
all NaNO3 can dissolve.

b. Option 2: consider the effect of a change of
water volume while maintaining temperature.
Determine how much water is required to be
added to the sample to obtain an unsaturated
solution.
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Option 1: The NaNO3 sample would
need to be heated to at least 65 °C.
Option 2: Since solubility of NaNO3

at 25 °C is 93 g/100 g H2O, 130 g
NaNO3 would need:

130 × 100

93
= 139.78 = 140 g water to

become completely dissolved.
So, at least 40 g of H2O must be

added to the supersaturated solution.

PRACTICE PROBLEM 2
Using figure 16.2 and working at SLC, discuss a method to obtain an unsaturated solution of KCl
from 0.700 mols of KCl/100 g.
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16.2.4 Crystallisation
Crystallisation is a technique that is used to isolate substances and is based on the difference in solubility
between two temperatures. As a hot solution is cooled, it eventually reaches a temperature at which it is
saturated. Further cooling results in it becoming supersaturated — an unstable situation. Crystals then
precipitate out of the solution and, the more it is cooled, the more crystals are formed. These crystals can
then be collected easily by filtration. This technique can also be used to purify substances. Solubility curves
are an important predictive tool for both these processes.

Sample problem 3 illustrates this technique.

Evaporative crystallisation

FIGURE 16.3 Salt formation at the Dead Sea
An example of natural crystallisation through
evaporation takes place around hypersaline seas
situated in a dry and warm climate. The Dead Sea
is known to display formation of salt bodies growing
from water during certain periods of the year (see
figure 16.3). The salinity of the Dead Sea is 33.7
g/100 g water.

As seen in table 16.2, solubility of NaCl is only
minimally affected by temperature increase. Climate
characteristics around the Dead Sea (such as average
temperatures between 32 °C and 40 °C for half of
the year, very low humidity and a low 50 mm annual
rainfall) lead to water evaporation to a point where
crystallisation occurs. The crystals dissolve as soon
as the water is replenished during the wetter months.

TABLE 16.2 Solubility of AgNO3 and NaCl salts at various temperatures

AgNO3 NaCl

Temperature (°C) Solubility (g of salt per
100 g of water)

Temperature(°C) Solubility (g of salt per100 g of water)

0 122 0 35.7

10 170 10 35.8

20 222 20 36.0

30 300 30 36.3

40 376 40 36.6

50 455 50 37.0

Reduced-pressure crystallisation
Crystallisation is used extensively in industry. However, because heating, especially on a large scale, is a
major cost, a modification of the process described previously is often employed. If pressure is reduced,
water boils at a lower temperature. It also evaporates faster under such conditions. By reducing the pressure,
the water may, therefore, be ‘sucked’ out of solution, making the remaining solution more and more
concentrated. Once the solution becomes saturated, removing further water from the solution results in
the formation of crystals. Using reduced pressure to achieve crystallisation, rather than heating and then
cooling, is more cost effective in some situations.
Pdf_Folio:9
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Domestic application

FIGURE 16.4 Reusable heat pack
The process of crystallisation is also used to generate heat.
One such reaction is the use of a supersaturated solution of
sodium acetate and a metal (or crystal) that helps induce the
crystallisation. This process provides instant heat, because the
reaction is exothermic. This reaction can be used for single-use
heat packs or reusable heat packs.

Solubility curves are an important predictive tool for both
these processes. Sample problems 3 and 4 illustrate these
techniques.

SAMPLE PROBLEM 3

A solution of potassium chlorate contains 40 g dissolved in 100 g of water at 90 °C. It is cooled to
20 °C. What mass of crystals form? Use the following figure to determine your answer.

Teacher-led videos: SP3 (tlvd-0584)
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THINK WRITE

1. Identify the curve for
potassium chlorate. From
90 °C on x-axis, draw a vertical
line to intersect the curve. Then
draw a horizontal line to the
y-axis to determine the
solubility of KClO3 per 100 g
H2O. Identify the state of
solution.

potassium sulfate 

potassium chloride 

sodium chloride 

so
diu

m
 s

ul
fa

te
 

potassium chlora
te

 

S
o

lu
b

il
it

y
 (

g
/1

0
0
 g

 w
a

te
r)

Temperature (°C)

60

50

40

30

20

10

0
10 20 30 40 50 60 70 80 90 100

At 90 °C, solubility equals 46 g/100 g. Therefore, all the
40 g of KClO3 is dissolved, and the solution is unsaturated.Pdf_Folio:10

10 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

UN
CO
RR
EC
TE
D
PA
GE
PR
OO
FS



“c16MeasurementOfSolubilityAndConcentration_print” — 2019/6/30 — 7:35 — page 11 — #11

2. Repeat the same steps for
20 °C and determine the state
of the solution.
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At 20 °C, solubility equals 6 g/100 g.
Therefore, only 6 g can remain dissolved, and the solution
is supersaturated.

3. Answer the question. Recall
the mass of KClO3 at the start
and calculate the difference
with maximum mass that can
be dissolved at 20 °C.

The mass of crystals formed
m(KClO3) = 40 − 6

= 34 g.

PRACTICE PROBLEM 3
A mixture is known to contain 46 g of potassium chloride and 12 g of potassium sulfate. The mixture
is dissolved in 100 g of water at 80 °C. Use the solubility curves in sample problem 3 to complete the
following:
a. Do both these salts dissolve at this temperature?
b. The solution is cooled to 20 °C. Describe what you would expect to happen.
c. If you wish to obtain a pure sample of potassium chloride, why would it be inadvisable to

cool the solution below 20 °C?

Digital document Experiment 16.1 Determine a solubility curve (doc-30852)

Teacher-led video Experiment 16.1 Determine a solubility curve (tlvd-0639)
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16.2 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.
Use the following solubility curves to answer questions 1 to 3.
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1. Determine the amount of potassium chlorate that dissolves in 100 g of water at 35 °C.
2. What mass of potassium chloride dissolves in 50 g of water at 80 °C?
3. Which salt is most soluble at 40 °C?
4. Use the information in table 16.2 to draw solubility curves for silver nitrate and sodium chloride on the

same set of axes.
Use figure 16.2 to answer questions 5 to 8.

5. 60 mL of a saturated solution of NH4Cl contains 25 g of solute. What temperature is it at?
6. What mass of water would be needed to completely dissolve 300 g of NaNO3 at 60 °C?
7. At what temperature is the solubility of HCl 27 g/50 g water?
8. How many mols of KNO3 could dissolve in 40 mL of water at 35 °C?
9. Using the solubility values provided in sample problem 1, determine the following:

(a) What type of solution will 260 g of sugar form at 55 °C?
(b) What mass of sugar dissolves in 150 g water at 50 °C?
(c) What mass of water is required to dissolve 245 g of sugar at 20 °C?
(d) What type of solution would form from 250 g of sugar/100 g water at 20 °C?

10. The solubility of two gases is shown in the following table.

(a) Identify the trend of solubility for nitrogen and oxygen gases.
(b) Carbon dioxide (CO2) is 89 times more soluble than N2(g) at 20 °C and 28 times more soluble than O2(g)

at 50 °C. How much CO2 could dissolve in 150 mL of water at 20 °C?
(c) Discuss the trend in solubility of CO2 versus temperature.

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.
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16.3 Solution concentration

KEY CONCEPT
• The concept of solution concentration measured with reference to moles (mol L−1) or with reference to
mass or volume (g L−1, mg L−1, %(m/m), %(m/v), %(v/v), ppm, ppb) in selected domestic, environmental,
commercial or industrial applications, including unit conversions

16.3.1 Units conversion

FIGURE 16.5 Solutions with decreasing
concentration from left to right (the lightest

coloured flask has 1

6
th of the concentration of the

darkest flask).

Concentration is usually defined in terms of the
amount of solute per volume of solvent. The greater
the quantity of solute added to the solvent, the more
concentrated the solution becomes. For example,
the more sugar you dissolve in your cup of coffee,
the higher the concentration of sugar in the coffee
solution. When only a very small amount of solute
is present, the solution may be called dilute (that is,
its concentration is relatively low). Often, we use
the terms ‘concentrated’ and ‘dilute’ comparatively.
A concentrated solution of hydrochloric acid, for
example, contains 37 g of HCl in 100 g of solution.
If the same volume of the solution contained only
10 g of HCl, it would be called a dilute solution of
hydrochloric acid. The unit of concentration depends
on the units for the quantity of solution and the
quantity of solute.

A concentrated solution may be diluted by the addition of more solvent.
The concentration of a solution is a measure of how much solute has been dissolved in a certain volume

of solvent. It is often expressed as a ratio of the solvent amount unit to the volume unit. A number of
different units are typically used.

16.3.2 Common units of concentration

FIGURE 16.6 How to convert
between different units of mass

× 10
3

× 1000

× 10
3

× 1000

× 10
6

× 1000000

÷ 10
3

÷ 1000

÷ 10
3

÷ 1000

÷ 10
6

÷ 1000000

Common units of concentration include:
• grams per litre (g L−1)
• milligrams per litre (mg L−1)
• parts per million (ppm)
• micrograms per gram (μg g−1)
• micrograms per litre (μg L−1)
• parts per billion (ppb).

16.3.3 Concentration with reference
to mass or volume
The concentration of a solution can be represented in various
units, and the conversion of those units becomes very
important. Mass is measured in grams (g), milligrams (mg) and
micrograms (μg).

Volumes of liquids are measured in litres (L) and millilitres (mL),
where 1000 mL = 1 L. Remember that 1000 L is equal to 1 cubic
metre (1 m3).Pdf_Folio:13
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Mass conversions Volume conversions
1 g = 1000 mg = 1 000 000 μg 1 mL = 10−3 L
1 g = 103 mg = 106 μg 1 L = 1000 mL = 103 mL
1 μg = 10−3 mg = 10−6 g 1000 L = 1 000 000 mL= 1 m3

103 L = 106 mL = 1 m3

Concentration in grams per L (g L−1; mg L−1)
There are many ways to express concentration units. A common form is the ratio of the units of solute to
the units of volume (for example, g L−1, mg L−1).

Concentration (c) in grams per litre
(
gL−1) = mass of solute in grams

volume (V) of solution in litres

Concentration (c) in milligrams per litre
(
mgL−1) = mass of solute in milligrams

volume (V) of solution in litres

When the concentration unit mg L−1 is required, the mass in grams is converted to mass in milligrams by
multiplying by 1000. For smaller solute amounts, mg L−1 is usually more convenient to use.

SAMPLE PROBLEM 4

A fence-post preservative solution is prepared by dissolving 4.00 g of zinc chloride in enough
water to make 2250 mL of solution. Find the concentration (c) of this solution in g L−1 and then
in mg L−1.

Teacher-led videos: SP4 (tlvd-0585)

THINK WRITE

1. Compare units given to units required. The volume
of the solution is given in mL, while the
concentration is required in g L−1. We need to
convert from mL to L.

Convert 2250 mL to a volume in litres.
Since 1000 mL = 1L:

V = 2250

1000
= 2.250L

2. Use the equation for concentration in g L−1.

c = mass of solute in grams

volume of solution in litres

c = mass of solute in grams

volume of solution in litres

= 4.00
2.250

= 1.78 g L−1

3. The result from the previous step is in g L−1 and
needs to be converted to mg L−1.
Remember, 1 g = 1000 mgL−1.

c = 1.78 × 1000

= 1780mg L−1

PRACTICE PROBLEM 4
Find the mass of sodium bromide required to prepare 50 mL of a 0.40 g L−1 solution.

Pdf_Folio:14
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SAMPLE PROBLEM 5

What volume of solution is required to dissolve 125 mg of lithium chloride to give a concentration
of 0.0500 g L−1?

Teacher-led videos: SP5 (tlvd-0586)

THINK WRITE

1. Compare units given to units required. The mass
of the solution is given in mg, while the
concentration is required in g L−1. We need to
convert from mg to g.

Since 1000 mg = 1 g

Mass of solute = 125mg

1000
= 0.125 g

2. Use the equation for volume of solution (L).

V = mass of solute (g)
concentration

(
g L−1)

V = mass of solute (g)
concentration

(
g L−1)

= 0.125
0.0500

= 2.50L

PRACTICE PROBLEM 5
What volume of solution is required to dissolve 425 mg of sodium chloride to give a concentration of
0.100 g L−1?

Concentration in ppm
When very small quantities of solute are dissolved to form a solution, the concentration can be measured in
parts per million (ppm). This can be written as mg L−1 or μg g−1. The concentration of chemicals in the
environment and trace elements in the soil are often expressed in ppm. This is a method of comparing the
amount of solute, measured in millionths of a gram (micrograms or μg), to the mass of solution, measured
in grams. So this is really a mass per mass ratio.

parts per million (ppm) = mass of solute in micrograms
mass of solution in grams

= mass of solute in milligrams
volume of solution in litres

Our drinking water is treated with chlorine to kill bacteria. Too much chlorine is dangerous and too little
does not kill the bacteria. A safe amount is about 1 part per million (ppm), or 1 microgram of chlorine in
each gram of solution. (A microgram, μg, is 10−6 g, or 0.000 001 g.)

Concentration in ppb
For even smaller concentrations, parts per billion (ppb) is an appropriate unit to use. This is the same
as μg kg−1 or μg L−1.

parts per billion (ppb) = mass of solute in micrograms
mass of solution in kilograms

= mass of solute in micrograms
volume of solution in litres

Pdf_Folio:15
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A number of organic water pollutants, for example, may have their allowable levels measured in this unit.
Dieldrin, a chemical previously used against soil pests and termites, has been banned for many years but
may still persist in the environment and, therefore, pollute water. Australian guidelines for drinking water
state that the allowable level for dieldrin is 0.3 ppb.

SAMPLE PROBLEM 6

a. If 10 g of chlorine gas is dissolved in every 2 500 000 L of water, express the concentration of the
chlorine water in (i) g L−1 and (ii) ppm (μg g−1). (Note: 1 mL water = 1 g.)

b. Would this water be fit to drink?
Teacher-led videos: SP6 (tlvd-0587)

THINK WRITE

a. Compare units given to units required. V = 2.5 × 106 L

i. Use the equation for concentration in
g L−1.

c = mass of solute in grams

volume of solution in litres

c = mass of solute in grams

volume of solution in litres

= 10 g

2.5 × 106

= 4 × 10−6 g L−1

ii. Use the equation for concentration in ppm to
find the mass of the solute and the mass of the
solution.

c = mass of solute in micrograms

mass of solution in grams

Mass of solute:
Convert g to μg;mass of solute = 10 × 106

= 1 × 107 μg
Mass of solution:
Convert L to g:
mass of solution = 2.5 × 106 × 103

= 2.5 × 109 g

Calculate the concentration in ppm.

c = 1 × 107

2.5 × 109

= 4 × 10−3 ppm

b. Recall that a safe amount of chlorine in water to kill
bacteria is about 1 part per million (ppm), or 1
microgram of chlorine in each gram of solution.
Determine whether water is fit to drink.

The water is unfit to drink because
insufficient chlorine is present to kill
the bacteria. (Note: when the solvent
is water, mg L−1 also equals ppm.)

PRACTICE PROBLEM 6
A mass of 15 g of a substance is dissolved in 100 m3 of water. Calculate its concentration in g L−1 and
ppm.
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SAMPLE PROBLEM 7

If 5.00 m3 of river water was found to contain 1.250 mg of an organic pollutant, calculate its
concentration in ppb.

Teacher-led videos: SP7 (tlvd-0588)

THINK WRITE

1. Compare units given to units required.
ppb is μg L−1. Convert mg to μg and m3 to L.

Mass of solute = 1.250mg = 1250 μg
And 5.00 m3 = 5000 L

2. Use the equation for concentration in μg L−1 (ppb).

c = mass of solute in micrograms

volume of solution in litres

c = mass of solute in micrograms

volume of solution in litres

= 1250 μg
5000L

= 0.25 ppb

PRACTICE PROBLEM 7
Calculate the concentration (ppb) of 0.3 g of a drug found in 1 m3 of waste water.

16.3.4 Concentration in percentage by mass or volume
Concentration in percentage by mass (%m/m)
Solutions of concentrated acids and some household cleaners often carry a label showing %(m/m);
for example, sulfuric acid, 98%(m/m). The unit %(m/m) expresses the concentration of the solute as a
percentage of the mass (or weight) of solution. So, 98% (m/m) sulfuric acid means there is 98 grams
of sulfuric acid solute per 100 g of solution. We can calculate this mass percentage using the following
equation.

Concentration in%(m/m) = mass of solute in g
mass of solution in g

× 100
1

SAMPLE PROBLEM 8

Find the concentration in %(m/m) obtained when 18.5 g of hydrochloric acid is dissolved in 50.0
g of solution.

Teacher-led videos: SP8 (tlvd-0589)

THINK WRITE

1. Compare units given to units required for the
formula for %(m/m).

%(m/m) = mass of solute in g

mass of solution in g
× 100

1
No need to convert units.

18.5 g HCl and 50.0 g solution.
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2. Calculate %(m/m) by applying the formula for
%(m/m).

% (m/m) = mass of solute in g

mass of solution in g
× 100

1

= 18.5
50.0

× 100

1

= 37.0%

PRACTICE PROBLEM 8
Calculate the concentration in %(m/m) when 24.5 g of copper sulfate is dissolved in 50 g of solution.

Concentration in percentage by mass/volume (%m/v)
An oven cleaner may have on its label ‘active ingredient 1%(m/v) sodium hydroxide’. The expression
%(m/v) expresses the concentration as mass of solute in grams per 100 mL of solution. We can use the
following formula to perform calculations.

Concentration% (m/v) = mass of solute in g
volume of solution in mL

× 100
1

SAMPLE PROBLEM 9

Find the %(m/v) of a physiological saline solution consisting of 4.30 g of sodium chloride
dissolved in 0.500 L of aqueous solution.

Teacher-led videos: SP9 (tlvd-0590)

THINK WRITE

1. Compare units given to units required for the
formula for %(m/v).

%(m/v) = mass of solute in grams

volume of solution in mL
× 100

1
Need to convert L to mL.

V = 0.500L × 1000
= 500mL
= 500 g

2. Calculate %(m/v) by applying the formula. % (m/v) = mass of solute in grams

volume of solution in mL
× 100

1

= 4.30
500

× 100

1
= 0.860

PRACTICE PROBLEM 9
Calculate the %(m/v) of 200 mg of potassium chloride in 50.0 mL of solution.
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Concentration in percentage by volume (%v/v)
The percentage by volume, %(v/v), expresses the concentration unit for liquid solutes as volume of liquid
solute in mL per 100 mL of solution. For example, a one-litre bottle of liqueur is labelled 40% alc/vol. This
means 40 mL of ethanol (alcohol) is present in each 100 mL of liqueur. Calculations can be performed
using the following equation.

Concentration% (v/v) = volume of solute in mL
volume of solution in mL

× 100
1

SAMPLE PROBLEM 10

If a standard glass (0.200 L) of a particular brand of beer contains 9.80 mL of ethanol, calculate
the concentration of the beer in %(v/v).

Teacher-led videos: SP10 (tlvd-0591)

THINK WRITE

1. Compare units given to units required for the
formula for %(v/v).

%(v/v) = volume of solute in mL

volume of solution in mL
× 100%

We need to convert L to mL.

V = 0.200L × 1000
= 200mL

2. Calculate %(v/v) by applying the formula. % (v/v) = volume of solute in mL

volume of solution in mL
× 100

1

= 9.80
200

× 100

1
= 4.90

PRACTICE PROBLEM 10
The label of an organic vanilla essence used for cooking shows a 35%(v/v) alcohol content. Tests in
the lab found that a 25 mL sample of the essence contained 8 mL organic alcohol. Is the label on the
bottle correct?

16.3.5 Molar concentration
Concentration can be expressed in a number of ways. Chemists most commonly use molar concentration
or molarity, which is the amount of solute, in moles, present in each litre of solution. The symbol for
concentration is c. The unit of measurement for molar concentration is moles per litre, which can be
expressed as M or sometimes mol L−1. Therefore a 1.5 M solution has a concentration of 1.5 mol L−1.

If 1 mol of solute is dissolved in a total volume of 1 L of water, the concentration of the solution is
1 M. If 0.5 mol of solute is dissolved in a total volume of 1 L of water, the concentration of the solution is
0.5 M. If, however, 0.5 mol of solute is dissolved in a total volume of 0.5 L of water, the concentration of
the solution is 1 M.
Pdf_Folio:19
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Molar concentration:

concentration (c) = quantity of solute (moles)
volume of solution ( )L

c = n
V
( mol−1)

TIP: This formula for concentration can be found in table 3 of the VCE Chemistry Data Book by
manipulating the formula for the number of moles of a substance, n = cV

The mass of solute (m) can be determined by manipulating the formulas for concentration and the
number of moles of a substance. Note: volume must be in litres; M is molar mass.

n = c × V (Note: volume must be in litres.)
m = n ×M

In order to prepare a particular volume of solution of known concentration, the following five steps
should be followed:
1. Calculate the number of moles of solute that are needed to obtain the correct concentration of solution

for the volume of solvent to be used, according to the formula n = c × V.
2. Calculate the mass of the solute needed, using the formula m = n × M.
3. Partially fill a volumetric flask with water, and add the correct mass of solute.
4. Dissolve the solute.
5. Add water to the required volume.
The volume (V) required for a specific concentration can be determined by manipulating the molar

concentration formula. Note: volume must be in litres.

Volume (V ) =
quantity of solute(moles)
concentration (moles L−1)

= n

c

SAMPLE PROBLEM 11

Calculate the number of moles of sodium chloride needed to prepare 500 mL of a 0.0800 M salt
solution.

Teacher-led videos: SP11 (tlvd-0592)

THINK WRITE

1. List the known information, and then compare the
units given to units required for the formula.
n = c × V.
Convert mL to L.

2. Calculate the number of moles (n) of NaCl needed. n = c × V
= 0.0800 × 0.500
= 0.0400mol
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PRACTICE PROBLEM 11
Calculate the concentration (molarity) of copper(II) sulfate, CuSO4, in 1 L of solution containing
200 g CuSO4 · 5H2O.

SAMPLE PROBLEM 12

What mass of NaCl would be required to prepare 0.250 L of a solution of 0.0800 M solution?

Teacher-led videos: SP12 (tlvd-0593)

THINK WRITE

1. List the known information and then compare the
units given to units required for the formulas that
can assist.

c = n

V
and n = m

M
.

No conversion required.

V = 0.250L
c = 0.0800M

2. Calculate moles from concentration. c = n

V
n = cV

= 0.0800 molL−1 × 0.25 L

= 0.0200 mol

3. Rearrange n = m

M
to calculate mass of NaCl. n = m

M
m = n ×M
= 0.0200mol × (23 + 35.5)
= 1.17 g

PRACTICE PROBLEM 12
Calculate the mass of solute in 120 mL of 1.7 M Mg(NO3)2.

SAMPLE PROBLEM 13

What volume of water would be required to prepare a solution of 0.0800 M with 5 g of NaCl?

Teacher-led videos: SP13 (tlvd-0594)

THINK WRITE

1. List the known information and then compare the
units given to units required for the formulas that
can assist.

= n

V
and n = m

M
No conversion required.

c = 0.0800M
m = 5 g

2. Calculate moles from the mass of NaCl given. n = m

M

= 5

(23 + 35.5)
= 0.0855mol
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3. Use calculated moles to calculate V by rearranging
formula c = n

V
.

= n

V

V = n

c

= 0.0855 mol

0.0800 (mol L−1)
= 1.07 L

PRACTICE PROBLEM 13
A student needs to prepare a solution of 0.100 M from 7.50 g of AlCl3. What volume of water would
they need to use?

16.3.6 Concentration of ions in solution

FIGURE 16.7 Dissolving sodium
carbonate brings about dissociation
of the sodium and carbonate ions.

Na2CO3(s)

Na2CO3(s)

H2O
2Na+(aq) + CO3

2−(aq)

Na+

Na +

Na+

Na+

CO3
2−

CO3
2−

Many ionic substances are soluble. The process of dissolving
involves the ionic lattice breaking up and the anions and cations
dissociating from each other.

The concentrations of the resulting ions can be calculated.
These concentrations are called ionic concentrations and they
are designated by square brackets. For example:
[Na+] = 0.5 M means that the ionic concentration of Na+ ions

in solution is 0.5 M.

Ionic concentrations are calculated by finding
the concentration of the solution, and then
multiplying the mole ratio of ions in the
dissociation equation.

SAMPLE PROBLEM 14

Sodium carbonate, Na2CO3, is often used as an ingredient in washing powders because it softens
hard water. It dissolves readily in water. If 10.6 g of sodium carbonate is dissolved in 500 mL of
water:
a. what is the concentration of the solution?
b. what is the concentration of each ion in the solution?

Teacher-led videos: SP14 (tlvd-0595)

THINK WRITE

a. 1. Calculate the number of moles by applying
the formula n = m

M
.

n(Na2CO3) =
m

M

= 10.6
106

= 0.100mol
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2. Calculate the concentration by applying the
formula c = n

V

b. 1. Write the dissociation equation.

2. Look at equation to observe how many
moles of ions are produced.

3. Since c = n

V
and the volume is constant,

calculate concentration of each ion.

PRACTICE PROBLEM 14
In an Al2(SO4)3 solution, the concentration of SO2−

4 is 0.050 M. What is the concentration of solute?

Digital document Experiment 16.2 Preparation of a solution of known concentration (doc-30853)

Teacher led video Experiment 16.2 Preparation of a solution of known concentration (tlvd-0640)

16.3 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. Calculate the concentration in g L−1 and mg L−1 for each of the following solutions.
(a) 0.425 g barium nitrate in 25.0 mL of solution
(b) 26.4 mg sodium bicarbonate in 55.0 mL of solution

2. How many grams of sodium chloride would you need to prepare 475 mL of a solution with a concentration
of 0.200 g L−1?

3. If you dissolve 200 mg of potassium chloride in sufficient solution to give a concentration of
50.0 g L−1, what volume of solution is required?

4. Calculate the concentration in μg g−1 of a solution formed by dissolving 7.50 mg of aluminium sulfate in
each 2.00 L of water processed by a water treatment plant (density of water = 1 g mL−1).

5. A sample of pond water contained 88.00 μg g−1 of dissolved oxygen gas. Calculate the amount in grams of
dissolved oxygen in 4.00 L of pond water.

6. A desirable level of dissolved oxygen in river water is 8 ppm. A sample of river water is found to have less
than this, with 5.60 ppm oxygen. If 1.40 μg of dissolved oxygen was actually present in the sample,
calculate the mass of water tested.

7. Calculate the concentration in %(m/m) for the following solutions.
(a) 38.4 g of NaCl in 150.0 g of solution
(b) 0.25 g benzalkonium chloride (active ingredient in an antibacterial kitchen cleaner) in 50.0 g of solution
(c) 144 mg of sugar in 200 g of solution

8. Calculate the mass of sodium hydrogen carbonate in 250 g of a 0.500% (m/m) solution.
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9. Calculate the mass of solution required to prepare a 6.00% (m/m) tile and household cleaner solution
containing 15.5 g of sodium phosphate.

10. Calculate the concentration in % (m/m) when 24.5 g of copper sulfate is dissolved in 50 g of solution.
11. Calculate the % (m/v) of the following solutions.

(a) 50 kg of sodium bromide in 250 L of solution
(b) 0.025 g NaCl in 500 mL of solution

12. Calculate the mass of sodium hypochlorite required to prepare 375 mL of a 1.5%(m/v) solution of bathroom
cleaner.

13. (a) Calculate the volume of solution required to dissolve 100 mg of plant food to make a concentration of
0.50%(m/v).

(b) Calculate the volume of solution required to prepare a 10%(m/v) solution of sodium hydroxide from a 10
mg sample of sodium hydroxide.

14. Glycerol is a syrupy, sweet tasting liquid used in cosmetics and candy. If 10.0 mL of glycerol is dissolved in
0.455 L of aqueous solution, calculate the concentration as %(v/v).

15. Ethanoic acid is dissolved in aqueous solution to make a 5.00%(v/v) solution of vinegar.
(a) What volume of ethanoic acid is in 0.750 L of vinegar?
(b) What volume of vinegar contains 25.0 mL of ethanoic acid?

16. A particular brand of champagne has an alcohol concentration of 11.5%(v/v). What is the alcohol content
of a 750 mL bottle?

17. Calculate the concentration (molarity) of copper(II) sulfate, CuSO4, in:
(a) 2.0 L of solution containing 250 g CuSO4 · 5H4O
(b) 700 mL of solution containing 750 g CuSO4 · 5H2O
(c) 125 mL of solution containing 50 g CuSO4 ·5H2O.

18. Caustic soda, NaOH, is an ingredient in household drain cleaners. If a 250 mL bottle of cleaner contains
20 g of caustic soda, calculate the following.
(a) The concentration of the solution
(b) The concentration of each ion in the solution

19. Calculate the concentration of an Mg(NO3)2 solution in which the concentration of nitrate ions is
0.030 M.

20. Calculate the concentration of a solution of ammonium phosphate, (NH4)3PO4, in which the concentration
of ammonium ions is 1.25 M.

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.

16.4 Review
16.4.1 Summary
Measuring solubility and the use of solubility curves

• A solute is a substance that is dissolved in a solvent to make a solution. A dilute solution contains a
small amount of solute. Volumes of water containing dissolved substances are called aqueous
solutions.

• Solubility is the extent to which a solute can dissolve in a solvent and this depends on the temperature.
• A saturated solution contains the maximum amount of solute that can be dissolved for the volume of

solution at a given temperature.
• An unsaturated solution contains less than the maximum amount of solute that can be dissolved.
• A supersaturated solution is prepared by slowly cooling a saturated solution so that it contains more

solute than normal at that temperature.
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• A solubility curve is a graph of temperature versus solubility. It can be used to predict how much
solute dissolves at a given temperature.

• Increasing temperatures in the upper levels of the oceans reduces the amount of dissolved carbon
dioxide and oxygen, which will have serious implications for life in these regions.

Solution concentration

• Concentration is defined as the amount of solute per volume of solution. When more solute is added to
the solution, a concentrated solution results. When more solvent is added to the solution, a dilute
solution results.

• Concentration units can be expressed as g L−1, mg L−1, g μL−1, parts per million (ppm), parts per
billion (ppb), %(m/m), %(m/v) and %(v/v). Molar concentration (M) is an especially useful unit in
chemistry.

Concentration units Formula

g L–1 c =
massof solute (g)

volumeof solution (L)

mg L–1 c =
massof solute (mg)

volumeof solution (L)

ppm ppm =
massof solute (µg)
massof solution (g)

=
massof solute (mg)

volumeof solution (L)

ppb ppb =
massof solute (µg)
massof solution (kg)

=
massof solute (µg)
volumeof solution (L)

%(m/m) % (m/m) =
massof solute (g)

massof solution (g)
×
100

1

%(m/v) (m/v) =
massof solute (g)

volumeof solution (mL)
×
100

1

%(v/v) (v/v) =
volumeof solute (mL)

volumeof solution (mL)
×
100

1

Molar concentration, M or mol L–1 c =
quantity of solute (n)

volumeof solution (V)
; V in litres

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

16.4.2 Key terms

aqueous solutions mixtures in which substances are dissolved in water
concentration the amount of solute that is dissolved in a known volume of solvent
dilute not concentrated
ionic concentrations concentrations of the anions and cations resulting from the dissolution of an ionic lattice;

designated by square brackets
molarity concentration of a solute in a solution in units of M, or mol L−1

parts per million (ppm) number of a particular component present within one million objects
saturated solution solution in which the maximum amount of solvent has been dissolved
solubility curves graphs of grams of a substance that will dissolve in 100 g of solvent at a particular temperature
solutions solute dissolved in a solvent
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supersaturated solution solution in which a greater amount of solute is dissolved at a particular temperature
than is predicted by a solubility curve temperature

unsaturated solution solution containing less than the maximum amount of solute that can dissolve
%(m/m) percentage mass per mass
%(m/v) percentage mass per volume
%(v/v) percentage volume per volume

Digital document Key terms glossary — Topic 16 (doc-30915)

16.4.3 Practical investigations

Experiment 16.1
Determine a solubility curve

Aim: To obtain the solubility curve for potassium chloride, KCl
Digital document: doc-30852
Teacher-led video: tlvd-0639

Experiment 16.2
Preparation of a solution of known concentration

Aim: To prepare a solution of known concentration

Digital document: doc-30853
Teacher-led video: tlvd-0640

16.4 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.

16.4 Exercise 1: Multiple choice questions
1. A saturated solution is best described as a solution in which

A. there is a small amount of solute in a large amount of solvent.
B. crystals of the solute can stay without growing or dissolving.
C. the addition of further solvent produces a precipitate.
D. there is a very large amount of solute in a small amount of solvent.
Questions 2–5 refer to the information shown in the following graph.
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2. To completely dissolve 35.0 g of potassium nitrate in 50.0 g of water, what would the minimum
temperature have to be?
A. 25 °C
B. 35 °C
C. 45 °C
D. 55 °C

3. Various solutions of ammonium chloride are represented by the letters W, X, Y and Z. Which letter
represents a supersaturated solution?
A. W
B. X
C. Y
D. Z

4. Which letter corresponds to 11 g solution /25 g H2O?
A. W
B. X
C. Y
D. Z

5. A total of 80 g of ammonium chloride was dissolved in 200 g of boiling water. If the solution were
cooled slowly, when would the first crystals of ammonium chloride be expected to appear at?
A. 100 °C
B. 40 °C
C. 80 °C
D. 10 °C

6. The concentration of sodium chloride in a sample of sea water is 28.5 g L−1. What would the mass of
salt remaining be if 2.00 L of the sea water were evaporated to dryness?
A. 14.3 g
B. 57.0 g
C. 28.5 g
D. 42.8 g

7. What volume of water is required to dissolve 0.15 g of copper sulfate to make a solution of
250 mg L−1?
A. 0.60 L
B. 1.7 L
C. 6.0 × 10−4 L
D. 1.6 × 103 L

8. A recommended safe level of the heavy metal cadmium in drinking water is 0.01 ppm. What would the
mass of cadmium in a litre of drinking water be (density of water = 1.0 g mL−1)?
A. 10 mg
B. 0.010 μg
C. 0.010 g
D. 0.010 mg

9. What is the %(m/v) of a 1 L solution of commercial bleach that contains 50 g of sodium hypochlorite?
A. 50%(m/v)
B. 2.0%(m/v)
C. 5.0%(m/v)
D. 0.050%(m/v)
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10. A solution contains a mixture of two salts: potassium nitrate and potassium sulfate. If the concentration
of potassium ions is 1.40 M and the concentration of nitrate ions is 0.600 M, what is the concentration
of the sulfate ions?
A. 0.400 M
B. 0.800 M
C. 0.900 M
D. 1.800 M

16.4 Exercise 2: Short answer questions
1. An amount of 0.2 g of solute is dissolved in 500 L (500 kg) of aqueous solution. Express this in the

following units.
a. g L−1

b. ppm (μg g−1)
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2. Consider the solubility curves shown and answer
the questions
a. At what temperature is the solubility of

CuSO4 · 5H2O
i. 30 g/100 g?
ii. 40 g/100 g?
iii. 20 g/100 g?

b. At what temperature does 60 g of KNO3 dissolve in
50 g of water?

c. What is the solubility of the following solids at
35 °C?
i. NaCl
ii. NaNO3

iii. KNO3

3. Distinguish between the terms ‘unsaturated’, ‘saturated’ and ‘supersaturated’.
4. Calculate the percentage by mass, %(m/m), of the solute in each of the following.

a. A 45 g solution containing 5 g of potassium nitrate
b. A 24.5 g solution containing 250 mg of ammonium nitrate

5. A solution of potassium chloride is 8.5%(m/m). An experiment requires 3.4 g of KCl. How many grams
of the solution do you need for this experiment?

6. The label on a bottle says that it contains a 7.5%(m/m) solution of ammonium nitrate. The bottle
contains 125 g of this solution. How many grams of ammonium nitrate are in the bottle?

7. A chemist dissolves 3.5 mL of ethanoic acid in water to give a total of 120 mL. What is the
concentration in %(v/v)?

8. What volume of ethanol is required to prepare the following alcoholic solutions?
a. 4.0 L of 10%(v/v)
b. 350 mL of 40%(v/v)

9. A saline solution contains 2.5%(m/v). How much salt would be present in 2.0 L of this solution?
10. Calculate the mass of solute in each of the following solutions.

a. 300 mL of 1.5 M NaOH
b. 250 mL of 2.0 M H2SO4

c. 17.5 L of 1.5 M Na2CO3

d. 200 mL of 2.5 M CuSO4 · 5H2O
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11. Calculate the concentration (molarity) of solute in each of the following solutions.
a. 250 mL of solution containing 17 g sodium bromide, NaBr
b. 500 mL of solution containing 200 g magnesium sulfate, MgSO4

c. 1.5 L of solution containing 1500 g magnesium nitrate, Mg(NO3)2
d. 100 mL of solution containing 1000 g sodium phosphate, Na3PO4

e. 2.00 L of solution containing 500 g potassium carbonate, K2CO3

f. 40.0 mL of solution containing 12.5 g aluminium chloride, AlCl3
12. Calculate the concentrations of the following solutions.

a. 4.0 g of sodium hydroxide in 200 mL of solution
b. 12.6 g of sodium carbonate in 350 mL of solution
c. 5.35 g of magnesium carbonate in 500 mL of solution

13. Calculate the number of moles of solute needed to prepare the following.
a. 30 mL of 0.10 M AgNO3

b. 300 mL of 1.5 M Mg(NO3)2
c. 230 mL of 0.40 M KCl
d. 2.5 L of 0.2 M KNO3

14. Calculate the mass of solute needed to make each of the following quantities of solution.
a. 250 mL of a 1.5 M sodium bromide, NaBr, solution
b. 500 mL of a 1.75 M magnesium sulfate, MgSO4, solution
c. 1.50 L of a 0.575 M magnesium nitrate, Mg(NO3)2, solution
d. 100 mL of a 0.850 M sodium phosphate, Na3PO4, solution
e. 2.00 L of a 0.00500 M potassium carbonate, K2CO3, solution
f. 40.0 mL of a 2.30 M aluminium chloride, AlCl3, solution

15. How many grams of CH3COONa are obtained when 400.0 mL of a 0.500 M solution of CH3COONa is
evaporated to dryness?

16. What is the concentration of each of the following solutions?
a. 58.5 g of H2SO4 dissolved in enough water to produce 2.00 L of solution
b. 2.7 g of HCl dissolved in enough water to produce 500 mL of solution
c. 4.04 g of KNO3 dissolved in enough water to produce 150.0 mL of solution
d. 234 g of sodium chloride dissolved in enough water to produce 6.00 L of solution.

17. Most common fertilisers contain nitrogen compounds. Ammonium nitrate, NH4NO3, is soluble in water
and so is quickly taken up by the plant’s root system. If a 1.5 L bucket contains 150 g of ammonium
nitrate calculate the following.
a. The concentration of the solution
b. The concentration of each ion in the solution

18. Aluminium chloride, AlCl3, is found in antiperspirants. A student wishes to do some tests on
antiperspirant, so a jar of it is dissolved into a beaker containing 700 mL of water. The label on the jar
states that it contains 200 g of aluminium chloride. Calculate the following.
a. The concentration of the solution
b. The concentration of each ion in the solution

19. Calcium hydroxide, Ca(OH)2, is found in plaster and cement, and is used in the treatment of drinking
water. If the concentration of OH− of a solution of calcium hydroxide is 0.050 M, calculate the
concentration of the calcium hydroxide.

20. In an Fe2(SO4)3 solution, the concentration of SO4
2− is 0.25 M. What is the concentration of solute?
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16.4 Exercise 3: Exam practice questions
Question 1 (3 marks)
Various solutions of potassium nitrate are represented by the letters T, U, V, W, X, Y and Z on the solubility
curve shown in the figure. Which letters represent
a. saturated solutions? 1 mark
b. unsaturated solutions? 1 mark
c. supersaturated solutions? 1 mark
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Question 2 (6 marks)
Calculate the concentration of the following aqueous solutions in (i) g L−1 and (ii) mg L−1 (ppm).
a. 3 g of solute in 100 mL solution 2 marks
b. 0.004 g in 800 mL 2 marks
c. 500 mg in 200 mL 2 marks

Question 3 (7 marks)
It has been proposed that gold could be obtained from sea water. The concentration of gold varies from 0.1
to 2.0 mg per tonne.
a. Assuming that 1 tonne is equal to 1000 L of sea water, calculate the concentration of gold in parts per

billion. 4 marks
b. Assuming that sea water contains 1.0 mg of gold per tonne, calculate the volume of sea water that would

need to be processed to produce a one-kilogram gold ingot. 2 marks
c. Why do you think this proposal would be uneconomical? 1 mark

16.4 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.
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