Worked solutions to textbook questions
4

Chapter 12 Water: removing dissolved solutes 

Q1.

a
Name the precipitate formed when aqueous solutions of the following compounds are mixed together. 

i
K2S and MgCl2
ii
CuCl2 and AgNO3
iii
KOH and AlCl3
iv
MgSO4 and NaOH
b
Write a balanced full chemical equation for each reaction.

A1.

Chemicals containing the ions Na+, K+, NH4+ and NO3– almost never form a precipitate.

a
i
MgS(s)

ii
AgCl(s)

iii
Al(OH)3(s)

iv
Mg(OH)2(s)

b
i
K2S(aq) + MgCl2(aq) ( MgS(s) + 2KCl(aq)

ii
CuCl2(aq) + 2AgNO3(aq) ( 2AgCl(s) + Cu(NO3)2(aq)

iii
AlCl3(aq) + 3KOH(aq) ( Al(OH)3(s) + 3KCl(aq)

iv
MgSO4(aq) + 2NaOH(aq) ( Mg(OH)2(s) + Na2SO4(aq)

Q2.

Write:

i
a full chemical equation, and
ii
an ionic equation 
for each of the following precipitation reactions.
a
AgNO3(aq) + NaCl(aq) (
b
CuSO4(aq) + Na2CO3(aq) ( 

c
(NH4)2SO4(aq) + BaCl2(aq) ( 

d
K2S(aq) + Pb(NO3)2(aq) ( 

e
CaCl2(aq) + Na3PO4(aq) (
f
NaOH(aq) + Pb(NO3) 2(aq) (
A2.

a
i
AgNO3(aq) + NaCl(aq) ( AgCl(s) + NaNO3(aq)

ii
Ag+(aq) + Cl–(aq) ( AgCl(s) 

b
i
CuSO4(aq) + Na2CO3(aq) ( CuCO3(s) + Na2SO4(aq)

ii
Cu2+(aq) + CO32–(aq) ( CuCO3(s)

c
i
(NH4)2SO4(aq) + BaCl2(aq) ( BaSO4(aq) + 2NH4Cl(aq)

ii
SO42–(aq) + Ba2+(aq) ( BaSO4(aq) 

d
i
K2S(aq) + Pb(NO3)2(aq) ( PbS(s) + 2KNO3(aq)

ii
S2–(aq) + Pb2+(aq) ( PbS(s)
e
i
3CaCl2(aq) + 2Na3PO4(aq) ( 6NaCl(aq) + Ca3(PO4)2(s)

ii
3Ca2+(aq) + 2PO43–(aq) ( Ca3(PO4)2(s)

f
i
2NaOH(aq) + Pb(NO3) 2(aq) ( 2NaNO3(aq) + Pb(OH)2(s)

ii
2OH–(aq) + Pb2+(aq) ( Pb(OH)2(s)

Q3.

Decide whether each of the following statements is true or false. If the statement is false, make the necessary corrections to make it true.

a
When water is purified by distillation, the ions dissolved in the water are boiled off, leaving behind pure water.

b
In the process of reverse osmosis, high pressures are used to force dissolved ions out of salt water.
c
Dispersion forces, as well as covalent and hydrogen bonds, are present in liquid water. 

d
Water supplies are generally treated with chloride ions to ensure that harmful bacteria are destroyed before the water is made available for drinking. 

A3.

a
False. When water is distilled, the water boils off to form a vapour, leaving the ions in the original solution.

b
False. Reverse osmosis involves forcing water, under pressure, to pass from a region of high salt concentration to one of lower salt concentration.
c
True
d
False. Water supplies are generally treated with chlorine to ensure that harmful bacteria are destroyed before the water is made available for drinking.

Q4.

Answer each part of this question with one or two words or formulas only.

a
The process by which small suspended particles in water join together to form larger heavier particles
b
The name of the process whereby insoluble material is removed from solution
c
The name of the process whereby Na+ ions and Cl– ions from salt water are substituted for other ions
d
The formula of two of the ions that cause temporary hardness in water
e
The shape of a water molecule
A4.

a
flocculation

b
filtration

c
ion exchange

d
Ca2+ and HCO3–(aq)

e
bent or V-shaped

Q5.

It is important that only a limited amount of fluoride is added to water supplies.

a
What is the maximum amount recommended?

b
Find out about the problems caused by excess fluoride in drinking water.

A5.

a
Maximum fluoride levels are 1.2 ppm (mg L–1).

b
Excessive fluoride causes mottling of tooth enamel and a tendency to brittle bones. There is some concern that, as a cumulative poison, it will also cause damage to the central nervous system.
E1.

A Melbourne factory that produces a range of metal products is producing waste water containing the metal ions shown in Table 12.4 (page 229). 

a
Use Table 12.2 (page 228) to identify the metal ions that cannot be discharged legally into Melbourne’s sewerage system.

b
The waste water was diluted by a factor of 5.

i
What is the new concentration of each of the ions?

ii
After dilution, identify the metal ions that still cannot be discharged legally into Melbourne’s sewerage system.

iii
Suggest an ionic compound that could be added to the diluted waste water that would precipitate any metal ions identified in part ii.

AE1.

a
1 μg/g = μg × 
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	Ion
	Concentration (mg/L)
	Maximum allowable (mg/L)
	Discharge permitted?

	Copper
	20
	10
	No

	Calcium
	2
	?
	Yes

	Iron
	55
	30
	No

	Lead
	85
	10
	No

	Zinc
	3
	10
	Yes


b
i
Each concentration will now be 0.2 × old concentration.



Copper: 0.2 × 20 = 4 mg/L; calcium: 0.2 × 2 = 0.4 mg/L; iron: 0.2 × 55 = 11 mg/L; lead: 0.2 × 85 = 17 mg/L; zinc: 0.2 × 3 = 0.6 mg/L.
ii
Lead cannot be discharged, even after dilution. (17 mg/L is greater than the allowed maximum of 10 mg/L.)
iii
The desire is to precipitate the lead ions, so a compound containing sulphide (S2–) or phosphate (PO43–) would be best.
Chapter review

Q6.

Copy and complete the following table. Identify which reaction mixtures will produce a precipitate and write their formulas.

	
	NaOH
	KBr
	NaI
	MgSO4
	AgNO3
	BaCl2

	Pb(NO3)2
	
	
	
	
	
	

	KI
	
	
	
	
	
	

	CaCl2
	
	
	
	
	
	

	Na2CO3
	
	
	
	
	
	

	Na2S
	
	
	
	
	
	


A6. 

	
	NaOH
	KBr
	NaI
	MgSO4
	AgNO3
	BaCl2

	Pb(NO3)2
	Pb(OH)2
	 PbBr2
	PbI2
	PbSO4
	 
	PbCl2

	KI
	 
	 
	 
	 
	AgI
	BaI2

	CaCl2
	Ca(OH)2
	 
	 
	CaSO4
	AgCl
	 

	Na2CO3
	 
	 
	 
	MgCO3
	AgCO3
	BaCO3

	Na2S
	 
	 
	 
	MgS
	Ag2S
	BaS


Q7.

Consider the following ions: SO42–, PO43–, Br–, S2–.
Which ions would combine with Fe2+(aq) to give a precipitate?

A7.

From the Solubility Table (see page 199in the textbook), Fe2+ would precipitate in the presence of PO43– and S2– to produce Fe3(PO4)2 and FeS.
Q8.

What precipitate will be formed (if any) when the following solutions are mixed?

a
silver nitrate and potassium carbonate
b
potassium hydroxide and lead(II) nitrate
c
magnesium chloride and sodium sulfide
d
sodium nitrate and iron(II) sulfate
A8.

a
silver carbonate

b
lead(II) hydroxide

c
magnesium sulfide

d
none

Q9.

Write full chemical equations and ionic equations for each of the following precipitation reactions:
a
NH4Cl(aq) + AgNO3(aq) (
b
Fe(NO3)2(aq) + Na2S(aq) (
c
Fe(NO3)2(aq) + KOH(aq) (
d
CuSO4(aq) + NaOH(aq) (
e
Ba(NO3)2(aq) + Na2SO4(aq) (
A9.

a
NH4Cl(aq) + AgNO3(aq) ( NH4NO3(aq) + AgCl(s)


Ag+(aq) + Cl–(aq) ( AgCl(s)

b
Fe(NO3)2(aq) + Na2S(aq) ( FeS(s) + 2NaNO3(aq)


Fe2+(aq) + S2–(aq) ( FeS(s)

c
Fe(NO3) 2(aq) + 2KOH(aq) ( 2KNO3(aq) + Fe(OH)2(s)

Fe2+(aq) + 2OH–(aq) ( Fe(OH)2(s)

d
CuSO4(aq) + 2NaOH(aq) ( Cu(OH)2(s) + Na2SO4(aq)


Cu2+(aq) + 2OH–(aq) ( Cu(OH)2(s) 

e
Ba(NO3)2(aq) + Na2SO4(aq) ( BaSO4(s) + 2NaNO3(aq)


Ba2+(aq) + SO42–(aq) ( BaSO4(s)

Q10.

Write a full chemical equation and ionic equation for the reaction that takes place when solutions of the following compounds are mixed. In each case, name the spectator ions. (You may need to refer to Table 10.4 on page 199 to identify the precipitate.)

a
copper(II) sulfate and sodium carbonate
b
silver nitrate and potassium chloride
c
sodium sulfide and lead(II) nitrate
d
iron(III) chloride and sodium hydroxide
e
iron(III) sulfate and potassium hydroxide
A10.

a
CuSO4(aq) + Na2CO3(aq) ( CuCO3(s) + Na2SO4(aq)

Cu2+(aq) + CO32–(aq) ( CuCO3(s)

spectator ions: Na+, SO42–
b
AgNO3(aq) + KCl(aq) ( AgCl(s) + KNO3(aq)

Ag+(aq) + Cl–(aq) ( AgCl(s)

spectator ions: K+, NO3–
c
Na2S(aq) + Pb(NO3)2(aq) ( PbS(s) + 2NaNO3(aq)

Pb2+(aq) + S2–(aq) ( PbS(s)

spectator ions: Na+, NO3–
d
FeCl3(aq) + 3NaOH(aq) ( Fe(OH)3(s) + 3NaCl(aq)

Fe3+(aq) + 3OH–(aq) ( Fe(OH)3(s)

spectator ions: Na+, Cl–
e
Fe2(SO4)3(aq) + 6KOH(aq) ( 2Fe(OH)3(s) + 3K2SO4(aq)

Fe3+(aq) + 3OH–(aq) ( Fe(OH)3(s)

spectator ions: K+, SO42–
Q11.

Write an overall chemical equation and the ionic equation for the reaction that occurs between each of the following pairs of reagents:
a
magnesium sulfate and sodium sulfide
b
potassium hydroxide and copper(II) nitrate
c
ammonium phosphate and zinc sulfate
d
copper(II) acetate and sodium sulfide
e
sodium hydroxide and iron(III) nitrate
f
silver nitrate and sodium chloride
g
aluminium chloride and potassium sulfide
h
calcium nitrate and sodium carbonate
i
potassium sulfide and aluminium nitrate
j
barium bromide and ammonium sulfate
k
sodium carbonate and calcium chloride
l
aluminium chloride and silver nitrate
m
barium chloride and copper(II) sulfate
A11.

When writing ionic equations, do not show the ions still present in the solution. Table 10.4 (page 199) is a useful guide to this work. The ions Na+, NH4+ and NO3– are almost never involved in ionic equations.

a
MgSO4(aq) + Na2S(aq) ( MgS(s) + Na2SO4(aq)

Mg2+(aq) + S2–(aq) ( MgS(s)

b
2KOH(aq) + Cu(NO3)2(aq) ( Cu(OH)2(s) + 2KNO3(aq)

Cu2+(aq) + 2OH–(aq) ( Cu(OH)2(s)

c
2(NH4)3PO4(aq) + 3ZnSO4(aq) ( Zn3(PO4)2(s) + 3(NH4)2SO4(aq)

3Zn2+(aq) + 2PO43–(aq) ( Zn3(PO4)2(s)

d
Cu(CH3COO)2(aq) + Na2S(aq) ( CuS(s) + 2NaCH3COO(aq)

Cu2+(aq) + S2–(aq) ( CuS(s)

e
3NaOH(aq) + Fe(NO3)3(aq) ( Fe(OH)3(s) + 3NaNO3(aq)

Fe3+(aq) + 3OH–(aq) ( Fe(OH)3(s)

f
AgNO3(aq) + NaCl(aq) ( AgCl(s) + NaNO3(aq)

Ag+(aq) + Cl–(aq) ( AgCl(s)

g
2AlCl3(aq) + 3K2S(aq) ( Al2S3(s) + 6KCl(aq)

2Al3+(aq) + 3S2–(aq) ( Al2S3(s)

h
Ca(NO3)2(aq) + Na2CO3(aq) ( CaCO3(s) + 2NaNO3(aq)

Ca2+(aq) + CO32–(aq) ( CaCO3(s)

i
3K2S(aq) + 2Al(NO3)3(aq) ( Al2S3(s) + 6KNO3(aq)

2Al2+(aq) + 3S2–(aq) ( Al2S3(s)

j
BaBr2(aq) + (NH4)2SO4(aq) ( BaSO4(s) + 2NH4Br(aq)

Ba2+(aq) + SO42–(aq) ( BaSO4(s)

k
Na2CO3(aq) + CaCl2(aq) ( CaCO3(s) + 2NaCl(aq)

Ca2+(aq) + CO32–(aq) ( CaCO3(s)

l
2AlCl3(aq) + 6AgNO3(aq) ( 6AgCl(s) + 2Al(NO3)3(aq)

6Ag+(aq) + 6Cl–(aq) ( 6AgCl(s)

m
BaCl2(aq) + CuSO4(aq) ( BaSO4(s) + CuCl2(aq)

Ba2+(aq) + SO42–(aq) ( BaSO4(s)

Q12.

Name two substances that could be dissolved in water and mixed to produce a precipitate of lead iodide.

A12.

A solution of any soluble lead salt mixed with a solution of any soluble iodide will give a precipitate of lead iodide; for example, lead nitrate and potassium iodide.

Q13.

Identify and write balanced ionic equations for a precipitation reaction in the treatment of drinking water. What is its role in the treatment of water?

A13.

The chemical treatment of drinking water is covered in great detail in Chapter 12.
Formation of floc: Al3+(aq) + 3OH–(aq) ( Al(OH)3(s)

Removal of Ca2+ ions from solution: Ca2+(aq) + CO32–(aq) ( CaCO3(s)

Removal of Mg2+ ions from solution: Mg2+(aq) + CO32–(aq) ( MgCO3(s)

Q14.

What is the purpose of the floc in water treatment?

A14.

The floc forms as a jelly-like precipitate in the water. Impurities are trapped in the floc and removed when the water is run off.

Q15.

You add equal amounts of soap to separate 250 mL samples of water from each of the capital cities listed in Table 12.1 (page 225). You then shake each of the samples. In which beaker would you notice the:

a
least scum?

b
most scum?

A15.

a
Least scum would form in the Melbourne water as it has the lowest total concentration of calcium, magnesium and iron(III) ions.

b
Most scum would form in the Brisbane water as it has the highest total concentration of calcium, magnesium and iron(III) ions.

Q16.

Water can be distilled or de-ionised for use in a laboratory.

a
Explain the difference between the two processes.

b
Which process does your school use?

c
Examine the equipment your school uses and briefly explain how it works.

A16.

a
Distillation involves boiling the impure water and collecting and condensing the pure water vapour. The dissolved impurities remain in the original flask. De-ionisation involves passing the impure water over a resin that has the ability to adsorb ions onto its surface, releasing H+ and OH– ions. These react to form water.

b, c
Individual student responses required. 

Q17.

There are many chemical reactions in which water is either a reactant or a product. Write an equation for each of the following reactions that involve water.

a
In our body cells, we react glucose, C6H12O6, with oxygen gas to produce carbon dioxide, water and energy.

b
When an electric current is passed through water, hydrogen and oxygen gases are formed. 

c
Chlorine reacts with water to produce the HOCl, which destroys bacteria. 

d
Magnesium nitrate solid dissociates in water to release its ions

A17.

a
C6H12O6(aq) + 6O2(g) ( 6CO2(g) + 6H2O(l)

b
2H2O(l) ( 2H2(g) + O2(g)

c
Cl2(g) + H2O(l) ( HOCl(aq) + H(aq) + Cl–(aq)

d
Mg(NO3)2(s) ( Mg2+(aq) + 2NO3–(aq) 
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