
YOU WIll eXaMINe:

■ the distribution of water available on the Earth’s surface

■ how solutions may be described based on the level of

solute they contain

■ solubility curves as a means of summarising the

relationship between solubility and temperature, and

their use as predictive tools

■ the range of units used to measure concentration

■ environmental issues such as how the solubility of
gases in the oceans may be affected by increasing
temperature and eutrophication

■ how supplies of drinking water may be increased by
distillation and by reverse osmosis, and how new
technologies may affect these processes.

CHapTeR

14 Measuring solubility and
concentration

The top four sample tubes contain varying amounts 
of the same solution. The lower images show the 
same tubes after water has been added. This 
changes their concentration.

When the well is dry, we 
know the worth of water.
Benjamin Franklin

Using water
Solubility curves
The concentration of substances
A special unit of concentration
Environmental issues
Water for drinking
Chapter review
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281CHAPtER 14 Measuring solubility and concentration

Using water
Nearly all the water that is used around the world every day, including that used 
for drinking, is not pure. Th is is because, as we have seen in previous chapters, 
water is an excellent solvent. In the environment, water comes into contact 
with many substances that dissolve in it. As water falls through the atmosphere 
in the form of rain, gases from the atmosphere, both natural and pollutants, 
dissolve in it to some extent. When it travels over the Earth’s surface, or soaks 
into the ground, naturally occurring salts also dissolve. As all water eventually 
fl ows into the oceans as part of the water cycle, this is precisely why the sea is 
so salty and contains a wide range of dissolved substances.

fresh water 2.5%
surface/other
fresh water

atmosphere
3.0%

living things
0.26%

lakes
20.9%

ground
ice and

permafrost
69.0%

glaciers
and

icecaps
68.7%

ground water
30.1%

oceans
96.5%

other saline
water 0.9%

swamps,
marshes
 2.6%

soil
moisture
3.8%

surface water and
other fresh water

fresh watertotal global
 water

1.2%

rivers
      0.49%

Despite the huge amount of 
water on the Earth, very little 
of it is both pure enough and 
easily sourced for drinking 
purposes.

Table 14.1 Major ions in sea water

ion typical concentration (mg L−1)

chloride, Cl− 18  980

sodium, Na+ 10  556

sulfate, SO4
2−  2  649

magnesium, Mg2+  1  262

calcium, Ca2+   400

potassium, K+   380

bicarbonate, HCO3
−   140

strontium, Sr2+    13

bromide, Br−    65

borate, BO3
3−    26

Th e question that we therefore need to ask, from a realistic viewpoint, 
is whether the water we use is suitable for the purpose we have in mind. To 
answer such a question, we need to know not only what is dissolved in the 
water, but also how much. And we also need to know how to measure what the 
water contains.

Unit 2 availability of 
fresh water
Summary screen 
and practice 
questions

aOS 2

Topic 1

Concept 1

Unit 2 Water sampling
protocols
Summary screen 
and practice 
questions

aOS 2

Topic 1

Concept 2
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Solubility of solids in water
What do cola, coffee, tea, lemonade, soup and cordial have in common? They are 
all mixtures and they all contain water. Some of them are heterogeneous mix-
tures (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.

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.

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. Solubility is influenced by the 
temperature of the solution. Most salts become more soluble at high tempera-
ture, 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.

Table 14.2 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

Solubility tables
Table 11.2 on page 212 is an example of a solubility table. These allow us to 
predict whether a salt is soluble or insoluble. As we have already seen in chap-
ters 11 and 12, such tables can be used to identify a likely precipitate from the 
mixing of two or more solutions. In many industries, knowledge of likely pre-
cipitates can be used to achieve a desired goal. In chapter 15, 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 puri-
fication, 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 

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. 
A solubility curve is a graph of 
solubility (g per 100 g water) versus 
temperature. Most solids are more 
soluble as temperature increases.
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283CHAPtER 14 Measuring solubility and concentration

water as it settles. Subsequent filtering easily removes the precipitate and these 
undesired particles. A solubility table would also warn us 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.

Solubility curves
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 exten-
sive use in medical, pharmaceutical and industrial applications where com-
pounds need to be isolated and purified.

Sample problem 14.1

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 fol-
lowing table.

temperature (°C) 10 30 50 70 80 90

Solubility (g/100 g) 190 220 287 320 362 415

(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?

(a) 
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(b) At 75 °C, solubility = 340 g/100 g (from graph).

 Therefore, 340 g sugar dissolves in 100 g of water.

Unit 2 Solubility  
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(c) At 20 °C, solubility = 204 g/100 g.

 Therefore, 204 × 
250

100
 = 510 g dissolves in 250 g of water.

(d) At 50 °C, solubility = 260 g/100 g.

 Therefore, 100 × 
110

260
 = 42.3 g of water is required at this temperature.

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 tech-
nique can also be used to purify substances. Solubility curves are an important 
predictive tool for both these processes.

Sample problems 14.2 and 14.3 illustrate both of these techniques. 

Sample problem 14.2

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 solubility curve for potassium chlorate on page 285.)

At 90 °C, solubility = 46 g/100 g. Therefore, all the 40 g is dissolved — the solu-
tion is unsaturated.

At 20 °C, solubility = 6 g/100 g. Therefore, only 6 g can remain dissolved.

Therefore, the mass of crystals formed = 46 − 6 = 40 g.

Sample problem 14.3

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.
(a) Do both these salts dissolve at this temperature?
(b) The solution is cooled to 20 °C. Describe what you would expect to happen.
(Use the solubility curves shown on the next page.)
(c) If we attempt to obtain a pure sample of potassium chloride, why would it 

be inadvisable to cool the solution below 20 °C?

(a) At 80 °C, solubility of potassium chloride = 46 g/100 g

  and solubility of potassium sulfate = 21 g/100 g.

 Therefore, both the salts dissolve.

(b) At 20 °C, solubility of potassium chloride = 32 g/100 g.

 Therefore, 46 − 32 = 14 g of crystals forms.

 Solubility of potassium sulfate = 12 g/100 g.

 Therefore, all the potassium sulfate is still dissolved, and no crystals form.

 We therefore predict that 12 g of pure potassium chloride crystals is 
formed.

(c) We would not cool below 20 °C, because potassium sulfate crystals would 
then start to form as well, and the potassium chloride crystals would no 
longer be pure.

Solution:

Solution:
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285CHAPtER 14 Measuring solubility and concentration

Reduced-pressure crystallisation
Crystallisation is used extensively in industry. However, as heating, especially 
on a large scale, is a major cost, a modification of the process described on the 
previous page 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 it 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.

Revision questions

1. Use the following graph to determine the amount of potassium chlorate that 
dissolves in 100 g of water at 35 °C.
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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 14.3 to draw solubility curves for silver nitrate 

and sodium chloride on the same set of axes.

Table 14.3

AgnO3 naCl

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

Solubility (g of salt 
per 100 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

Gases can also dissolve in water. 
As a general rule, the solubility of 
gases decreases as temperature 
increases.
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Solubility of liquids and gases
As is the case with solids, the solubility of liquids and gases depends on the 
polarity of the solute. Liquids that dissolve in water (such as ethanol) are said 
to be miscible. Liquids that do not dissolve (such as oil and water) form layers 
if left to settle. Such liquids are termed ‘immiscible’.

With gases, the situation is the same. It should also be noted that gases 
usually behave opposite to solids as far as temperature is concerned. Th at is to 
say, as the temperature increases, the solubility of a gas decreases.

Environmentally, this has the potential to become a signifi cant 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. Th is leads to reduced amounts of gases such as 
oxygen and carbon dioxide being dissolved and signifi cant amounts of these 
gases being returned to the atmosphere. Th is 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 dis-
solved oxygen and carbon dioxide that remain.

the concentration of substances
Concentration is usually defi ned in terms of the amount of solute per 
volume of solvent. Th e 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 coff ee, the higher the concentration of sugar 
in the coff ee solution.) When there is only a very small amount of solute 
present, the solution may be called dilute (i.e. 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. Th e unit of 
concentration depends on the units for the quantity of solution and the quan-
tity of solute.

A concentrated solution may be diluted by the addition of more solvent.

Each fl ask contains half the 
amount of solute of the fl ask 
on its left. The lightest coloured 
fl ask has 

1
16 the concentration 

of the darkest fl ask.

Th e 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 
diff erent units therefore exist.
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287CHAPtER 14 Measuring solubility and concentration

Ways of expressing concentration
There are many ways to express concentration units. A common form is the 
ratio of the units of solute to the units of volume (e.g. g L−1, mg L−1).

c
V

Concentration ( )
in grams per litre (g L )

mass of solute in grams

volume ( ) of solution in litres
1 =−

When the concentration unit mg L−1 is required, the mass in grams is con-
verted to mass in milligrams by multiplying by 1000. For smaller solute  
amounts, mg L−1 is usually more convenient to use. (Some useful conversions 
are listed in the margin.)

Sample problem 14.4

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 concen-
tration (c) of this solution in g L−1 and then in mg L−1.

STep 1

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

= =V
2250

1000
2.250 L

STep 2 

Use the equation for concentration in g L−1.

=

=

= −

c
mass of solute in grams

volume of solution in litres
4.00

2.250

1.78 g L 1

STep 3 

To convert to mg L−1, multiply 1.78 by 1000.

c = 1780 mg L−1

Sample problem 14.5

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

STep 1

Convert mL to L.

V = 50 mL = 0.050 L

STep 2

Manipulating the concentration equation, we get:

mass of solute (g) = concentration (g L−1) × volume of solution (L)

STep 3

Calculate the mass of solute.

mass of sodium bromide = 0.40 × 0.050

= 0.020 g

Mass conversions
1 g = 106 µg
1µg = 10−6 g
1 mg = 10−3 g

Volume conversions
1 m3 = 1000 L = 1  000  000 mL
1 m3 = 103 L = 106 mL
1 mL = 10−3 L

Unit 2 Concentration  
units
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Sample problem 14.6

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

STep 1

Convert mg to g.

Mass of solute = 125 mg = 0.125 g

STep 2

Use the equation for volume of solution (L).

V
mass of solute (g)

concentration (g L )

0.125

0.0500
2.50 L

1=

=

=

−

Revision questions

5. 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

6. 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?

7. 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?

Micrograms per gram (ppm)
When very small quantities of solute are dissolved to form a solution, the con-
centration 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
=

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.)

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

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.

Solution:

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).
A number of percentage measures 
are also used — %(m/m), %(m/v), 
%(v/v).
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Sample problem 14.7

(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).

(b) Would this water be fit to drink?

(a) (i) 

STep 1

Convert the volume unit to litres.

V = 2.5 × 106 L

STep 2

Use the equation for concentration in g L−1.

c
mass of solute in grams

volume of solution in litres
10 g

2.5 10

4 10 g L

6

6 1

=

=
×

= × − −

    (ii) 

STep 1

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 soluttion in grams

Mass of solute:

Convert g to µg; mass of solute = 10 × 106 = 1 × 107 µg

Mass of solution:

Density of water = 1 g mL−1 (which means that 1 mL has a mass of 1 g).

So we have 2.5 × 103 × 106 mL, which has a mass of 2.5 × 109 g.

STep 2 

Calculate the concentration in ppm.

c
1 10

2.5 10

4 10 ppm

7

9

3

=
×
×

= × −

(b) The water is unfit to drink as there is insufficient chlorine to kill the bac-
teria. (Note: When the solvent is water, mg L−1 also equals ppm.)

Sample problem 14.8

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

STep 1

Convert mg to µg.

mass of solute = 1.250 mg = 1250 μg

Solution:

Solution:
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STep 2

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

c
mass of solute in micrograms

volume of solution in litres
1250

5.00
250 ppb

=

=

=

Revision questions

 8. 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).

 9. 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.

10. 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.

Percentage by mass, %(m/m)
Solutions of concentrated acids and some household cleaners often carry a label 
with %(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 solu-
tion. So, 98% sulfuric acid means there is 98 grams of sulfuric acid solute per 100 g  
of solution. We can calculate this mass percentage using the equation below.

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

mass of solution in g
100%= ×

Sample problem 14.9

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

%(m/m)
mass of solute in g

mass of solution in g
100%

18.5

50.0
100%

37.0%

= ×

= ×

=

Revision questions

11. 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

12. Calculate the mass of sodium hydrogen carbonate in 250 g of a 
0.500%(m/m) solution.

13. 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.

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

Solution:
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Percentage 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%= ×

Sample problem 14.10

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.

V 0.500 L 500 mL

%(m/v)
mass of solute in grams

volume of solution in mL
100%

4.30

500
100%

0.860

= =

= × = ×

=

Revision questions

15. Calculate the %(m/v) of the following solutions.
(a) 200 mg of potassium chloride in 50.0 mL of solution
(b) 50 kg of sodium bromide in 250 L of solution
(c) 0.025 g NaCl in 500 mL of solution

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

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

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

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 there is 40 mL 
of ethanol (alcohol) in each 100 mL of liqueur. Calculations can be performed 
using the equation:

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

volume of solution in mL
100= ×

Sample problem 14.11

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).

Volume of solution = 200 mL

%(v/v)
volume of solute in mL

volume of solution in mL
100%

9.80

200
100%

4.90

= ×

= ×

=

Solution:
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Revision questions

19. 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).

20. Ethanoic acid is dissolved in aqueous solution to make a 5.00%(v/v) solu-
tion 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?

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

A special unit of concentration
Concentration can be expressed in a number of ways. Chemists most com-
monly use molar concentration or molarity, which is the amount of solute, 
in moles, present in each litre of solution. Th e symbol for concentration is c. 
Th e unit of measurement for molar concentration is moles per litre, which can 
be expressed as M or sometimes mol L−1. Th erefore a 1.5 M solution has a con-
centration 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 dis-
solved in a total volume of 0.5 L of water, the concentration of the solution is 1 M.

Molar concentration is defi ned as:

c

c

n

V

concentration ( )
quantity of solute (moles)

volume of solution (L)

moles

volume

(in M)

=

=

=

Th e formula for concentration can be manipulated to calculate the amount, 
and hence the mass, of the solute.

n = c × V (Note: Volume must be in litres.)
m = n × molar mass

In order to prepare a particular volume of solution of known concentration, 
the following fi ve 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 = cV.

2. Calculate the mass of the solute needed, using the formula m = nM.
3. Partially fi ll a volumetric fl ask with water, and add the correct mass of solute.
4. Dissolve the solute.
5. Add water to the required volume.

Sample problem 14.12

Calculate the number of moles of sodium chloride needed to prepare 500 mL of 
a 0.0800 M salt solution. What mass of sodium chloride would be weighed out?
STep 1

List the known information.
volume (V) = 0.500 L
concentration (c) = 0.0800 M

Th e concentration of a solution 
is the number of moles that 
it contains in each litre. Th e 
concentration of a solution 
is calculated using the formula 

=c
n
V

. Th is can be transposed to 

fi nd the number of moles, n = cV.

1 L

0.5 mol solute

The preparation of a solution 
of known concentration. To 
make a 0.5 M solution, add 
0.5 mole of solute to a 1.0 litre 
volumetric fl ask half fi lled with 
water. Swirl the fl ask carefully 
to make the solute dissolve. 
Finally, fi ll the fl ask with water 
exactly to the 1.0 L mark.

Solution:
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STep 2

Calculate the number of moles (n) of NaCl needed.

= ×
= ×
=

n c V

0.0800 0.500

0.0400 mol

STep 3

Calculate the mass represented by the number of moles.

= ×
= ×
=

m n molar mass

0.0400 58.5

2.34 g

Revision question

22. Calculate the concentration (molarity) of copper(II) sulfate, CuSO4, in:
(a) 1 L of solution containing 200 g CuSO4·5H2O
(b) 2.0 L of solution containing 250 g CuSO4·5H4O
(c) 700 mL of solution containing 750 g CuSO4·5H2O
(d) 125 mL of solution containing 50 g CuSO4·5H2O.

the concentration of water
All pure liquids have a concentration, since concentration can be defi ned as 
the number of particles in a given volume. Given that it is possible to mix two 
liquids together and get a smaller volume, it follows that empty space exists 
between the liquid molecules. Although, to the naked eye, water appears to 
have no gaps, at the molecular level there is always empty space (vacuum) 
between the water molecules. So liquid water has a concentration.

Th e concentration of water can be expressed as grams per litre (density) or 
moles per litre.

Given that the density of water is 1 g mL−1, it follows that 1000 mL of water 
has a mass of 1000 g. Th is can be converted to moles using the formula 

=n
m

M
.  Th e molar mass of water (M) is 18 g mol−1. Th erefore:

n(H O)
1000

18
55.5 mol

2 =

=

One litre of pure water therefore contains 55.5 mol of water molecules.

Calculating the concentration of 
ions in solution
Many ionic substances are soluble. Th e process of dissolving involves the 
ionic lattice breaking up and the anions and cations dissociating from each 
other.

Th e concentrations of the resulting ions can be calculated. Th ese concen-
trations 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.

Sodium bicarbonate tablet 
dissolving in water, releasing 
carbon dioxide bubbles. Many 
chemical reactions occur in 
water.

Na2CO3(s)

Na2CO3(s)

H2O
2Na+(aq) + CO3

2−(aq)

Na+

Na +
Na+

Na+

CO3
2−

CO3
2−

Dissolving sodium carbonate 
brings about dissociation of 
the sodium and carbonate 
ions.
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Sample problem 14.13

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?

(a) 

STep 1

Calculate the number of moles.

n
m

M
(Na CO )

10.6

106
0.100 mol

2 3 = =

=
STep 2

Calculate the concentration.

c
n

V
(Na CO )

0.100

0.500
0.200 M

2 3 = =

=

(b)
STep 1

Write the dissociation equation:
H2O

Na2CO3(s)  2Na+(aq) + CO3
2−(aq)

STep 2

Write the mole ratios.

1 mol Na2CO3 produces 2 mol Na+ and 1 mol CO3
2−

STep 3

Use mole ratios to determine ion concentration as the volume is constant:

c(Na+) = 2 × c(Na2CO3) = 2 × 0.200 = 0.400 M

c(CO3
2−) = c(Na2CO3) = 0.200 × 1 = 0.200 M

Sample problem 14.14

In an Al2(SO4)3 solution, the concentration of SO4
2− is 0.050 M. What is the 

concentration of solute?

STep 1 

Write the dissociation equation.
H2O

Al2(SO4)3(s)  2Al3+(aq) + 3SO4
2−(aq)

STep 2

Compare the mole ratios. Since 1 mol Al2(SO4)3 produces 3 mols of SO4
2−:

n

n

n n

(Al (SO ) )

(SO )
=

1

3

(Al (SO ) ) =
1

3
(SO )

2 4 3

4
2

2 4 3 4
2×

−

−

Solution:

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

Solution:

UNCORRECTED P
AGE P

ROOFS



295CHAPtER 14 Measuring solubility and concentration

STep 3 

Since the volume is constant:

c c( ( ) ) ( ) .

.

Al SO SO 0 050 M

0 0166

42 4 3
21

3

1

3
= × = ×

=

−

MM

0 017 M= .

Revision questions

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

24. Calculate the concentration of an Mg(NO3)2 solution in which the concen-
tration of nitrate ions is 0.030 M.

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

Environmental issues
In many ways it is unfortunate that water is such a good solvent. Almost any-
thing we put in the sea is eventually dissolved or broken down into constituent 
atoms, molecules or ions. For hundreds of years it has been a convenient and 
highly effi  cient water treatment plant. Salts have dissolved in rivers as water 
runs over rocks and soil. Effl  uent, too, has been poured into rivers, which 
eventually fl ow out to the sea.

Recently, we have been hearing of beaches becoming dangerous: sea water 
too dangerous to swim in; effl  uent being washed up on the sand. Why? What 
has gone wrong with the sea? Why won’t it do its job anymore?

Th e volume and type of waste being poured into the sea is astounding. Oil is 
washed out of the holds of tankers. Factories discharge waste directly into the sea. 
Many cities pour their sewage directly into the sea without any pretreatment.

Th e more sophisticated our technology becomes, the more complex are 
the pollutants that we discharge. Th is means that it takes longer for the sea to 
degrade the waste. Some waste is biodegradable. Th is means that it is broken 
down by natural processes. However, an increasingly larger proportion of 
waste is non-biodegradable.

Pollution of the water from 
a sewer outfall can cause 
excessive growth in aquatic 
plants. This can upset 
the natural balance in the 
ecosystem.

Th e excellent solvent properties 
of water mean that it is diffi  cult to 
obtain pure water and that it is also 
easily polluted.
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Micro-organisms
Fresh water contains many microscopic organisms such as phytoplankton, 
bacteria, algae and protozoa. Th ese organisms may be harmful or benefi cial 
to other forms of life. For example, the biological decay of plant and animal 
matter often produces nitrogen-rich urea and ammonia, both of which are very 
soluble. Bacteria may then react with these compounds, ultimately converting 
the nitrogen in them into free atmospheric nitrogen. Th is is a critical step in 
the nitrogen cycle, so it is important to life. On the other hand, disease-causing 
(pathogenic) bacteria may be present, especially if run-off  has been in contact 
with animal waste, or poorly treated sewage has entered the water. By testing 
water for the presence of various bacteria, scientists can determine whether 
water is contaminated. Th e presence of Escherichia coli (E. coli) indicates that 
the water contains pathogenic bacteria.

Eutrophication
When conditions are right, phytoplankton (and especially blue-green algae or 
cyanobacteria) may reproduce explosively to seriously aff ect water quality. Th ese 
conditions usually include still water, sunlight and an excess of nutrients required 
for growth. Two important such nutrients are nitrates and phosphates, which may 
be present in excess as a result of human activity. Domestic waste water, agricul-
tural practices and sewage are the main sources of these excess nutrients. Th is out-
of-control growth is often noticed as an ‘algal bloom’ and, besides being unsightly, 
can have serious consequences. When these organisms die, their subsequent 
decomposition seriously depletes the level of dissolved oxygen in the water. As a 
result of this, animals, especially fi sh, and even plants may die due to a lack of 
oxygen required for respiration. Additionally, all this decay may produce biotoxins, 
which can be a serious health hazard to any organism that consumes this water. 

Th is condition is called eutrophication.

Escherichia coli (commonly known as E. coli) is a micro-organism commonly 
found in the bowel. If it is present in waterways, however, it can indicate a 
serious health hazard.

Unit 2 Contamination
of water
Summary screen 
and practice 
questions

aOS 2

Topic 1

Concept 3
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Heavy metals
The dangers of some heavy metals were first exposed after a tragedy in Mine-
mata Bay in Japan during the 1950s. Before the cause had been identified, at least 
60 people had been seriously affected. The victims had been eating fish. These fish 
had accumulated a large quantity of methyl mercury in their bodies. The source of 
the mercury was a chemical company that had been using mercury as a catalyst 
in the production of organic chemicals and was discharging large quantities of 
mercury waste into the sea. Bacteria converted the waste to toxic methyl mercury.

Mercury, lead and cadmium are just some of the heavy metals that pose a 
major disposal problem. Inorganic and organic lead compounds are extremely 
poisonous and are difficult to dispose of.

Shellfish accumulate heavy metals and should not be eaten if they are taken 
from near a sewage outlet or a polluted river.

Table 14.4 Maximum permitted levels of some contaminants in drinking water

Contaminant  Maximum drinking water level (ppm)
mercury 0.002
lindane (an insecticide) 0.004
lead 0.05
2,4-D (a herbicide) 0.1
trihaloalkanes (solvents) 0.1
sodium 160.0

Water for drinking
Water quality is becoming a critical issue for many people around the world as 
the population increases and traditional fresh water supplies become harder 
to find and develop. Humans require high-quality supplies of fresh water for 
agriculture, washing, industry and, of course, for drinking. Experts agree that 
we are rapidly running out of such supplies. The fact that there is so much salt 
water present on the planet has led to much research and development of 
desalination — methods by which salt and other substances can be removed 
from sea water, leaving fresh water. Desalination technologies are currently 
used extensively in the Middle East, and are growing fast in areas such as 
North America, Australia and northern Africa. Small-scale desalination has 
been used for some time on board ships and submarines.

Weblink
improving water quality 
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Th e production and treatment of water for drinking is subject to standards 
to ensure public health. Th ese standards cover allowed levels of biological, 
chemical and radiological contaminants, as well as other issues such as pH 
and turbidity. Various acts describe what the standards are and how they are to 
be monitored. Th ese acts include:
•  Safe Drinking Water Act, 2003 and Safe Drinking Water Regulations, 2005, 

which were set and administered by the Victorian Department of Health
•  Australian Drinking Water Guidelines 2011, which were developed by the 

National Health and Medical Research Council.

Methods of desalination
At the moment there are two main methods of desalination used around 
the world. Th ese are distillation and reverse osmosis. Both of these methods 
use a large amount of energy. Th is results in the fresh water produced being 
higher in cost than fresh water from traditional sources. However, with further 
research and attention to energy-saving measures, it is anticipated that these 
energy requirements will be reduced, resulting in desalination becoming an 
economically viable alternative. 

Another problem is the disposal of the waste products. Removing salt and 
other substances from water means that a waste product is created in the 
form of residual water, in which is dissolved everything that was removed to 
make the fresh water. Th is waste has to be disposed of carefully. Although the 
residual water can be pumped back into the ocean, care must be taken to avoid 
causing localised areas of higher salinity and thus aff ecting the local marine 
fl ora and fauna. In inland areas, care must be taken to prevent such disposal 
contaminating existing fresh water supplies such as rivers, lakes and aquifers.

Piles of salt are mined from 
deep beneath the surface 
of the Earth. This salt was 
deposited here from ancient 
oceans that have since 
receded.

In addition to the two methods mentioned above, there are a number of 
new developments that use advances in membrane technology and nanotech-
nology. Th ese are much more energy effi  cient than the traditional large-scale 
methods, with some of them also showing promise for small-scale, ‘point-of-
use’ applications. 

Principles of distillation
You may recall from Unit 1 that distillation is a process that can separate the 
components of crude oil. Th is was fractional distillation. In more general terms, 

Desalination is the process of 
removing salt and other unwanted 
substances from sea water and 
waste water. It is anticipated that 
this will become an important 
method for producing water that 
is fi t for humans to use in the 
future. Two important methods for 
desalination are distillation and 
reverse osmosis.
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distillation can be used to separate a mixture of substances that have diff erent 
boiling temperatures. If the boiling temperatures are similar, fractional distil-
lation is required. However, if there is a large diff erence in boiling points, as is 
the case with ionic solutions, simple distillation will suffi  ce.

For simple distillation in the laboratory, the impure mixture is placed in the 
distillation fl ask and heated. As the temperature rises and the solvent begins 
to boil, its vapours rise and are led into the condenser. Th is then cools the 
vapours and results in condensation back into droplets of the pure solvent. As 
these droplets coalesce, they run down the condenser and into the collecting 
fl ask. Th e impurities are left behind in the distilling fl ask.

A typical laboratory set-up for simple distillation is shown below.

distilling
�ask

thermometer

burner

collecting
�ask

water in

water out

Liebig condenser

Distillation is used on a large scale to desalinate water. To save energy, it is 
nearly always performed in a series of stages, in a process called multi-stage fl ash 
distillation, with successive stages being at lower and lower pressures. Th is allows 
the water to be boiled at lower and lower temperatures and results in a signifi cant 
saving in heating costs. A typical arrangement for such a plant is shown below.

condensate return distillate

brine

sea water

air extraction
heating steam

112 °C
Multi-stage fl ash distillation 
saves energy by lowering the 
water pressure. This causes 
the water’s boiling point to be 
reduced, meaning that less 
heating is required.

Distillation is a process that can 
separate substances with diff erent 
boiling temperatures. It is often 
used to recover a solvent from a 
solution or to separate mixtures of 
liquids.
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Notice that there are a number of stages, each one cooler and at a lower 
pressure than the one before it. Th e steam in each stage is cooled by pipes con-
taining the cold, incoming sea water to form the distillate (pure water). Th e 
incoming sea water is, in turn, heated by the steam through which it passes.

Reverse osmosis
Osmosis is the diff usion of a solvent through a membrane towards an area of 
higher concentration of dissolved substances. Th is is important in many bio-
logical situations as a means of moving water, and is a spontaneous process 
that does not require energy. To purify water, however, we want the water to 
move away from a region of dissolved substances so that it can subsequently 
be collected as pure water. Th is process is called reverse osmosis, and it cannot 
occur without energy.

When used to desalinate water, this pro-
cess forces pressurised water through a series 
of membranes. Th ese membranes contain 
tiny holes (or pores) that allow the smaller 
water molecules to pass through but prevent 
larger particles of contaminants. To prevent 
clogging of these membranes, they are often 
used in series, with each successive mem-
brane becoming more selective. Th e diagram 
on the left shows a summary of this process.

new developments in desalination and water purifi cation
Recent developments in nanotechnology have suggested many new and 
exciting possibilities for increasing the supply of drinkable (potable) water and 
lowering its cost. 

Nanofi ltration membranes can be made from materials such as carbon 
nanotubes and work in a similar way to reverse osmosis. However, they operate 
at a lower pressure, resulting in energy and cost savings. Th ey also appear 
easier to clean after becoming fouled due to blockage of their pores. Nano-
materials that could be used in desalination and water purifi cation include 
carbon nanotubes, graphene, nanoparticles of metals (especially silver and 
gold) and nanoparticles made from various metal oxides.

Another technique that is under development is the use of nanocomposite 
materials to enable distillation of sea water in the presence of sunlight. Th ese 
materials convert sunlight into heat energy and, when added in small amounts 
to sea water, can lead to a signifi cant increase in the temperature of the water 
when compared with solar heating alone. Th is results in higher rates of evap-
oration, where the water vapour produced can subsequently be condensed to 
produce pure water. Nanomaterials made from graphene and nanosilver, and 
from graphene and nanogold, appear to be very suitable for this application. 
An additional advantage is that nanosilver has been shown to have antibac-
terial properties. 

Nanomaterials can also be ‘functionalised’ by adding various chemical 
groups to promote adsorption and sterilisation of substances in impure 
water. Th eir high surface area means that they are highly effi  cient at 
adsorption or when acting as catalysts in reactions to remove impurities. 
Th is means that small-scale devices that operate at the ‘point of use’ may 
soon become available. Such devices could be used following natural dis-
asters, for example, when large-scale water treatment and purifi cation 
plants may be rendered inactive. Th ey could also help produce potable 
water from impure supplies in many developing countries. An example of 
such a device currently under development is a straw-like device called a 
‘waterstick’.

water containing
salt and other 
impurities pure water

impurities

Reverse osmosis
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Unit 2 Measuring 
solubility and 
concentration
Summary screens 
and practice questions

aOS 2

Topic 1Chapter review

Summary
 ■ Water is such a good solvent that it is rarely pure. Fresh 

water constitutes only 2.5% of the Earth’s total water 
but may still contain a number of dissolved substances.

 ■ 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 dis-
solved 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 for the volume of solution at a 
given temperature.

 – An unsaturated solution contains less than the 
maximum amount of solute.

 – A supersaturated solution is prepared by slowly 
cooling a saturated solution so that it contains 
more solute than normal at that temperature.

 ■ 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 impli-
cations for life in these regions.

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

 ■ Many pollutants dissolve in water as it is such a 
good solvent. Some waste is biodegradable and can 
be broken down by natural processes, but much is 
non-biodegradable. This poses environmental prob-
lems where species may be endangered due to water 
pollution.

 ■ Eutrophication is caused by excessive levels of 
nutrients in water, which leads to explosive growth 
of micro-organisms such as cyanobacteria. When 
these die, their subsequent decomposition leads to 
depleted levels of dissolved oxygen and the death of 
plants and fish.

 ■ Desalination is the process of removing salt and 
other unwanted substances from water. Two 
common methods for doing this are distillation and 
reverse osmosis. New developments in membrane 
technology and in nanotechnology will offer further 
methods for desalination of water in the future.

Multiple choice questions
 1. The percentage of fresh water on the Earth is  

closest to:
a 2.5%
b 30%
C 70%
D 97.5%.

 2. 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 3–5 refer to the information shown in the 
following graph.

S
o

lu
b

ili
ty

 (g
/1

00
 g

 w
at

er
)

Temperature (°C)

100
90
80
70
60
50
40
30
20
10

0
10 20 30 40 50 60 70 80 90 100

Y

W

pot
as

siu
m

 n
itr

at
e 

ammonium chloride 

X

Z

 3. To completely dissolve 35.0 g of potassium nitrate 
in 50.0 g of water, the minimum temperature would 
have to be:
a 25 °C C 45 °C
b 35 °C D 55 °C.

 4. 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

 5. A total of 80 g of ammonium chloride was dissolved 
in 200 g of boiling water. If the solution were cooled 
slowly, the first crystals of ammonium chloride 
would be expected to appear at:
a 100 °C
b 40 °C
C 80 °C
D 10 °C.
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 6. The concentration of sodium chloride in a 
sample of sea water is 28.5 g L−1. The mass of 
salt remaining if 2.00 L of the sea water were 
evaporated to dryness would be:
a 14.3 g C 28.5 g
b 57.0 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 C 6.0 × 10−4 L
b 1.7 L D 1.6 × 103 L

 8. A recommended safe level of the heavy metal 
cadmium in drinking water is 0.01 ppm. The mass 
of cadmium in a litre of drinking water would be 
(density of water = 1.0 g mL−1):
a 10 mg C 0.010 g
b 0.010 µg 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) C 5.0%(m/v)
b 2.0%(m/v) D 0.050%(m/v)

 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

 11. Warming of ocean waters is likely to cause the 
level of dissolved:
a oxygen and carbon dioxide to both increase
b oxygen to increase but carbon dioxide to 

decrease
C oxygen to decrease but carbon dioxide to 

increase
D oxygen and carbon dioxide to both decrease.

 12. Which of the following would not be likely to 
contribute to eutrophication?
a Phosphates
b Sunlight
C Running water
D Nitrates

Review questions
 1. Eutrophication can cause the stagnation of 

waterways. Find out what eutrophication is 
and explain how hydrogen bonding in water 
contributes to this process.

Solubility
 2. An amount of 0.2 g of solute is dissolved in 500 L 

(500 kg) of aqueous solution. Express this as:
(a) g L−1 (b) ppm (µg g−1).

 3. Consider the following solubility curves and 
answer the questions that follow.
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(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

 4. Distinguish between the terms ‘unsaturated’, 
‘saturated’ and ‘supersaturated’.

Concentration
 5. 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
 6. 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?

 7. 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?

 8. 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)?

 9. 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)

 10. A saline solution contains 2.5%(m/v). How much 
salt would be present in 2.0 L of this solution?
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Molar concentration
 11. 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
(e) 120 mL of 1.7 M Mg(NO3)2

 12. 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
 13. 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
 14. Calculate the number of moles of solute needed  

to prepare:
(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.

 15. 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
 16. How many grams of CH3COONa are obtained 

when 400.0 mL of a 0.500 M solution of 
CH3COONa is evaporated to dryness?

 17. 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.

Concentration of ions in solution
 18. Most common fertilisers contain nitrogen 

compounds. Ammonium nitrate, NH4NO3, 
is soluble in water and hence it is quickly 
taken up by the plant’s root system. If a 
1.5 L bucket contains 150 g of ammonium 
nitrate calculate:
(a) the concentration of the solution
(b) the concentration of each ion in the  

solution.
 19. 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:
(a) the concentration of the solution
(b) the concentration of each ion in the solution.

 20. 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.

 21. In an Fe2(SO4)3 solution the concentration of 
SO4

2− is 0.25 M. What is the concentration of 
solute?

Environmental issues
 22. Excess fertiliser run-off can be a major 

contributing factor to eutrophication. Research 
and answer the following questions relating to 
this problem.
(a) Describe in general terms how run-off 

becomes polluted with fertilisers.
(b) What are the chemical names of the fertilisers 

that contribute to this problem?
(c) Describe how this issue may be managed to 

minimise eutrophication.

Water treatment
 23. Choose a method of desalination.

(a) Draw an annotated diagram of the process.
(b) Prepare an explanation of your chosen process 

that would be suitable for students at your 
year level who are not studying chemistry.

(c) Find out some locations where your chosen 
process is used.
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exam practice questions

In a chemistry examination you will be required to answer a number 
of short and extended response questions.

Extended response questions
1.  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 fi gure below. Which 
letters represent:

 (a) saturated solutions

 (b)  unsaturated solutions

 (c) supersaturated solutions? 3 marks
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2. Calculate the concentration of the following aqueous solutions in:

  (i)  g L−1

(ii)  mg L−1 (ppm).
(a) 3 g of solute in 100 mL solution
(b) 0.004 g in 800 mL
(c) 500 mg in 200 mL 6 marks

3. It has been proposed that gold could be obtained from sea water. Th e 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. 

 (b) Assuming that there is 1.0 mg of gold per tonne of sea water, calculate the volume of sea water that 
would need to be processed to produce a one-kilogram gold ingot.

 (c) Why do you think this proposal would be uneconomical?
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