Worked solutions to textbook questions
14

Chapter 10 Water: essential to life 
Q1.

Describe some practical ways in which you and your family can reduce water consumption.

A1.

Answers could include technological solutions, such as installing a water-saving shower head, dual-flush toilet and water-efficient washing machine or dishwasher, and planting drought-tolerant plants in the garden. Also, changing the way we use water, such as taking shorter showers, only using the machines with a full load and water the garden less frequently.

Q2.

Describe some of the important ways in which water is used in industry.

A2.

Water can be used as a coolant in energy production, such as in power plants. It is used to remove wastes or as a cleaning agent in industries ranging from food production to car manufacture. Farming activities use large volumes of water for irrigation.

Q3.

Water is regarded as a unique liquid.

a
List the physical properties that make water unique.

b
Indicate the significance of polarity and hydrogen bonding in relation to these properties of water.

A3.

a
Properties that are special to water include:

•
high boiling temperature for its molecular size
•
decrease in density on freezing
•
high heat capacity
•
high latent heat of fusion and evaporation for a substance of its molecular size
b
The bond between H and O atoms in water is highly polar. As a result, hydrogen bonds exist between water molecules. Hydrogen bonds are stronger than other intermolecular bonds (although still weaker than the covalent intramolecular bonds) and so require more energy to break. Thus, water has a relatively high boiling temperature and heat of vaporisation.
Q4.

a
Describe the forces that must be overcome in order to melt ice.

b
Sketch, or describe, a portion of a lattice of ice.

c 
Explain why ice is less dense than liquid water.

A4.

a
The hydrogen bonds that hold water molecules in an ice lattice must be disrupted if ice is to melt.

b
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c
As it freezes, water expands, unlike most liquids. This is because of hydrogen bonding. Each molecule is surrounded by four others in what is almost a crystal-type situation. (See graph below, which shows the variation in density of water with temperature.) Therefore, ice is less dense than liquid water, and it floats on liquid water. (For most liquids, the solid is denser than the liquid.) This is good news for fish, but not good news for travellers on the Titanic!
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Q5.

Use the data in Table 10.2 (page 193) to answer the following questions:
a
How much energy is needed to raise the temperature of 500 g of water from 23(C to 90(C?
b
How much energy would be required to raise the temperature of an equal mass of lead by the same number of degrees?

A5.

a
E = SHC × mass × ΔT = 4.2 × 500 × 67 = 140 700 J = 141 kJ 

b
E = SHC × mass × ΔT = 0.13 × 500 × 67 = 436 J 
Q6.

Methanol (CH3OH) and glucose (C6H12O6) are compounds that can form hydrogen bonds with water. They will dissolve in water without ionising. Write chemical equations to represent the dissolving process for each of these compounds. 

A6.

CH3OH(l) ( CH3OH(aq)
C6H12O6(s) ( C6H12O6(aq)
Q7.

Hydrogen iodide (HI) will ionise when it dissolves in water. The ionisation reaction is similar to that of HCl (see Figure 10.20 on page 197). Write a chemical equation to represent the dissolving process for this compound.

A7.

HI(s) + H2O(l) ( H3O+(aq) + I–(aq) 
Q8.

Sodium nitrate (NaNO3) and calcium hydroxide (Ca(OH)2) will both dissociate when they dissolve in water. Write chemical equations to represent the dissolving process for each of these compounds.

A8.

NaNO3(s) 
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 Na+(aq) + NO3–(aq)

Ca(OH)2(s) 
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 Ca2+(aq) + 2OH–(aq)

Q9.

Which of the following substances would you expect to be soluble in water?

A 
sodium carbonate
B 
lead(II) nitrate

C
magnesium carbonate

D
ammonium sulfate

E
iron(II) sulfate
F
magnesium phosphate

G
zinc carbonate
H
sodium sulfide

I
silver chloride
J
barium sulfate
A9.

A, B, D, E, H 
Q10.

Which of the following compounds would you expect to be insoluble in water?

A 
silver carbonate
B
zinc nitrate

C 
copper carbonate
D 
silver chloride

E
lead bromide
F
magnesium hydroxide

G
barium nitrate
H
aluminium sulfide

A10.

A, C, D, E, F, H 
Q11.

Write the formulas of the ions produced when these compounds dissolve in water:
a
sodium carbonate
b
calcium nitrate

c
potassium bromide
d
iron(III) sulfate

e
copper(II) chloride
A11.

a
Na+/CO32–
b
Ca2+/NO3–
c
K+/Br–
d
Fe3+/SO42–
e
Cu2+/Cl–
Q 12.

Suggest why:

a
concentrated deposits of nitrate compounds are found only in desert regions
b
the sea is a rich source of sodium, chloride, and sulfate ions
A12.

a
Nitrates are highly soluble in water. If found on Earth, they would dissolve in rainwater and wash into the oceans. Therefore, they are found only in areas of low rainfall.

b
The high solubility of sodium, chloride, and sulfate ions results in them dissolving and flowing into the world’s oceans. 

E1.
State whether the following mixtures are solutions, colloids or suspensions:
a
rainwater

b
KNO3 in water

c
ink

d
milk

e
BaSO4 in water

AE1.

a
solution

b
solution

c
colloid

d
colloid

e
suspension
E2.

Suggest how a mixture of white potassium sulfate and sand could be separated and collected.

AE2.

Boil off water and collect sediment.

E3.

You notice that the instructions on a bottle of medicine tell you to shake the bottle before measuring the dose. Is this medicine a solution? Explain.

AE3.
No, this must be a suspension. In a solution, the particles remain homogeneous over time; in a suspension they do not. 
Chapter review

Q13.

Water boils at 100(C. However, a much higher temperature (over 1000(C) is needed to decompose water molecules into hydrogen gas and oxygen gas.

a
Using water as an example, explain the meaning of the terms intermolecular forces and intramolecular forces.

b
Which of the two types of forces described in part a is stronger? Justify your answer by using the information at the beginning of this question.

A13.

a
Intermolecular forces are those between one molecule and other molecules. For water, these are hydrogen bonds. Intramolecular forces are those holding the atoms together within a molecule. For water, these are covalent bonds.

b
Covalent bonds are stronger. Evidence for this is the high temperatures required to break the bonds between the oxygen and hydrogen atoms inside the water molecule and so decompose it into its constituent gases. Changing liquid water into gaseous water involves breaking hydrogen bonds to separate one molecule from another. The lower temperatures needed to do so indicate that hydrogen bonds are weaker.

Q14.

a
A student was asked to record the temperature changes as a sample of ice was heated. The ice was placed in a beaker and heated with a Bunsen burner for 20 minutes. The graph shows the temperature, in degrees Celsius, recorded at 
1-minute intervals.
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i
Explain what is happening, at a molecular level, between the 2.0- and 4.0-minute marks. 

ii
Even though heating is continued for 20 minutes, no further temperature rise is observed after 16 minutes. What happens to the added heat between 16 and 20 minutes? 

b
Given that the specific heat capacity of water is 4.2 J g–1 (C–1, how much heat, in kJ, would be needed to heat 200 g of water from 25(C to the boiling point?

A14.

a
i
The crystal lattice of ice is disrupted and molecules have greater freedom of movement. During this time, all solid ice is being converted to liquid water.

ii
The added energy is taken up in overcoming the hydrogen bonds between molecules, separating the molecules to form a gas. 

b
Step 1: Find the temperature change.


(T = 100 – 25 = 75(C


Step 2: Find the energy required.


Energy
= 4.2 ( 200 ( 75



= 63 000 J



= 63 kJ

Q15.

Keep a 24-hour record of the ways in which you use water. Estimate the amount of water (in litres) you use in each instance.

Q16.

Water that is 100% pure is not found in a natural environment. Why do you think this is so?

A16.

Water is such an effective solvent that it will dissolve many other solids, liquids and gases. Rainwater forming from clouds dissolves oxygen, carbon dioxide, dust, nitrogen oxides and sulfur oxide before it lands on the ground. It then dissolves soluble minerals as it flows down hillsides into streams and rivers while on its way to the oceans.

Q17.

Explain why glass bottles of drink placed in the freezer compartment of a refrigerator often crack if left there for several hours.

A17.

Water expands on freezing due to the formation of a regular lattice of water molecules held together by hydrogen bonds. The expanding ice may exert enough force to crack a glass bottle.

Q18.

Figure 10.11 (page 192) shows the arrangement of water molecules in ice. This structure is quite open and results in the low density of ice relative to the density of liquid water. Give evidence from everyday situ​ations that you could use to convince a fellow student of the strong tendency water has to arrange itself in this way.
A18.

When water freezes in a confined space, such as a bottle or a metal pipe, its expansion can cause the bottle to break or the pipe to crack. The forces between particles in glass and in metal are strong; the tendency of water to expand must be a powerful one for it to overcome these strong forces and cause containers to break.

Q19.

Describe what happens to the forces between solute and solvent particles when an ionic substance such as potassium bromide dissolves in water.

A19.

When an ionic solute, such as potassium bromide, dissolves in water, the following changes occur:

•
the attraction between the positive potassium ions and the negative chloride ions is overcome
•
hydrogen bonds between some water molecules are broken
•
ion–dipole attractions are formed between the ions and water molecules
Q20.

Explain why water is such a good solvent for polar and ionic substances.

A20.

A solution is most likely to form when the polarity of bonding in the solute is similar to that in the solvent. The bonds formed between solute and solvent are then similar to those that existed between solute particles and between solvent particles. Water, being polar, is therefore a good solvent for ionic and polar substances. Likewise, a non-polar solvent will be a good solvent for non-polar solutes.

Q21.

What ions will be produced when the following compounds dissociate in water? 

a
Cu(NO3)2
b
ZnSO4
c
(NH4)3PO4
A21.

a
Cu2+(aq), NO3–(aq)
b
Zn2+(aq), SO42–(aq) 

c
NH4+(aq), PO43–(aq)

Q22.

What ions would be produced when the following compounds are added to water?

a
potassium carbonate
b
lead(II) nitrate
c
sodium hydroxide
d
sodium sulfate
e
magnesium oxide
f
iron(II) nitrate
g
potassium sulfide

h
iron(III) nitrate
A22.

a
K+/CO32–
b
Pb2+/NO3–
c
Na+/OH–
d
Na+/SO42–
e
Mg2+/O2
f
Fe2+/NO3–
g
K+/S2–
h
Fe3+/NO3–
Q23.

Write equations to show the ions produced when the following compounds are dissolved in water: 

a
magnesium sulfate
b
sodium sulfide
c
potassium hydroxide
d
copper(II) acetate
e
lithium sulfate
A23.

Note that it is accepted that the formula for water is not included in these equations. Use the format shown in the answers, or use ‘aq’ as a reactant; for example:

MgSO4(s) + aq ( Mg2+(aq) + SO42–(aq)

a
MgSO4(s) 
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 Mg2+(aq) + SO42–(aq)
b
Na2S(s) 
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 2Na+(aq) + S2–(aq)

c
KOH(s) 
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 K+(aq) + OH–(aq)

d
(CH3COO)2Cu 
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 2CH3COO–(aq) + Cu2+(aq)

e
Li2SO4(s) 
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 2Li+(aq) + SO42–(aq)

Q24.

Predict which of the following substances are likely to be soluble in water:
(
ammonium sulfate ((NH4)2SO4)
(
zinc nitrate (Zn(NO3)2)
(
silicon dioxide (SiO2)
(
octane (C8H18)
(
silver chloride (AgCl)
(
ethylene glycol (HOCH2CH2OH)
A24.

Ammonium sulfate, zinc nitrate and ethylene glycol are soluble. The axiom ‘like dissolves like’ is useful when working out solubility issues. Organic compounds, such as octane, will usually dissolve other organic compounds. Because water is a polar molecule, ionic or polar–covalent compounds tend to be soluble.

Q25.

Of the substances listed in Question 24, which are likely to dissolve by forming hydrogen bonds with water?

A25.

ethylene glycol 
Q26.

Write down the formulas of three sulfate compounds that are:

a
soluble in water

b
insoluble in water
A26.

There are a number of possible answers to this question. Use the information in Table 10.4 (page 199). For example, Na2SO4, K2SO4 and (NH4) 2SO4 are soluble whereas CaSO4, BaSO4 and PbSO4 are insoluble.

Q27.

Write down the formulas of three carbonate compounds that are: 

a
soluble in water

b
insoluble in water
A27.

There are a number of possible answers to this question. Use the information in Table 10. 4 (page 199). For example, Na2CO3, Li2CO3 and K2CO3 are soluble whereas CaCO3, MgCO3 and Ag2CO3 are insoluble.

Q28.

State whether the following compounds are soluble or insoluble in water:
(
sodium chromate
(
dysprosium carbonate
(
silver sulfate
(
ammonium permanganate
(
mercury hydroxide
(
hafnium nitrate
A28.

Sodium chromate, ammonium permanganate and hafnium nitrate are soluble. The axiom ‘like dissolves like’ is useful when working out solubility issues. Organic compounds, such as octane, will usually dissolve other organic compounds. Because water is a polar molecule, ionic or polar–covalent compounds tend to be soluble. Students intending to continue their studies in chemistry would do well to remember the solubility information in Table 10.4 (page 199).
Q29.

DDT is a hazardous agricultural insecticide that has been banned in many countries. It is only slightly soluble in water but is very soluble in fats and oils, and so accumulates in the fat deposits of animals. What can you deduce about the polarity of the DDT molecule from its solubility characteristics?

A29.

DDT is most likely non-polar because it is soluble in fats, which are non-polar, but is insoluble in polar water.

Q30.

Examine Figures 10.21 and 10.22 (page 198) and describe, in your own words, the solution process for sodium chloride. Your description should include a discussion of the relevant forces involved.

A30.

In solid sodium chloride, there is an electrostatic attraction between the positive sodium ions and the negative chloride ions. Water molecules, being polar, are attracted to the sodium ions and the positive ends of the water dipoles are attracted to the chloride ions. The formation of these ion–dipole attractions helps to pull the ions out of the crystal. When an ion leaves the crystal, it is completely surrounded by water molecules. The ions are said to be hydrated. It is the energy released when ions are hydrated that compensates for the energy required to separate the ions in the lattice.
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Q31.

The following ionic substances are all soluble in water. Write equations to represent their dissociation in water. Calcium nitrate (Ca(NO3)2) has been done for you as an example:

Ca(NO3)2(s) 
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 Ca2–(aq) + 2NO3–(aq)

a 
sodium phosphate, Na3PO4
b 
aluminium chloride, AlCl3
c 
copper(II) sulfate, CuSO4
d 
potassium hydroxide, KOH

e 
calcium ethanoate, (CH3COO)2Ca

f 
ammonium sulfate, (NH4)2SO4
g 
sodium hydrogen carbonate, NaHCO3
A31.

a
Na3PO4(s) ( 3Na+(aq) + PO43–(aq)

b
AlCl3(s) ( Al3+(aq) + 3Cl–(aq)

c
CuSO4(s) ( Cu2+(aq) + SO42–(aq)

d
KOH(s) ( K+(aq) + OH–(aq)

e
(CH3COO)2Ca(s) ( 2CH3COO–(aq) + Ca2+(aq)

f
(NH4)2SO4(s) ( 2NH4+(aq) + SO42–(aq)

g
NaHCO3(s) ( Na+(aq) + HCO3–(aq)

Q32.

Give concise explanations for the following observations:
a
Ammonia (NH3) and methane (CH4) are both covalent molecular substances. Ammonia is highly soluble in water but methane is insoluble.

b
Glucose (C6H12O6) and common salt (NaCl) are very different compounds. Glucose is a covalent molecular substance whereas common salt is ionic, and yet both of these substances are highly soluble in water.

A32.

a
Ammonia is a highly polar molecule and forms hydrogen bonds with water. It is therefore very soluble in water. Methane, however, is non-polar. Weak (dispersion) forces would occur only between methane and water, and these are unable to disrupt the stronger hydrogen bonds between water molecules. Therefore, methane does not dissolve in water.

b
Glucose dissolves in water because it has very polar –OH groups that can form hydrogen bonds with water molecules. Sodium chloride is ionic; hence, there is an ion–dipole attraction between the ions and water. This is strong enough to overcome the attraction between the sodium ions and chloride ions in the solid NaCl lattice.

Q33.

Samuel Taylor Coleridge wrote in his poem ‘The Rime of the Ancient Mariner’:

Water, water everywhere

Nor any drop to drink

a
i
Give the formulas of two positively charged ions that can be found in seawater. 

ii
Give the formulas of two negatively charged ions that can be found in seawater.
b
Although seawater cannot be used by humans for drinking, the presence of large bodies of seawater on Earth has a significant effect on the environment in which we live. 

i
What property of water is most directly responsible for the effect of seas and oceans on the Earth’s climate? 

ii
Explain how this property affects the climate of coastal towns.
A33.

a
i
Na+, K+, Mg2+, Ca2+, Au+
ii
Cl–, CO32–, PO43–, Br–, I–
b
i
Water has a very high specific heat capacity, which transfers heat energy from the warm equatorial region of Earth to the cooler temperate zones via ocean currents. This tends to moderate the climate of the planet and reduce temperature extremes.

ii
Towns located close to the ocean tend to have cooler days and warmer nights than those further inland.

Q34.

a
Water supports life as we know it in a range of ways. Describe one way in which living things are dependent on each of the following properties of water:
i
Water is a good solvent. 

ii
Water can be used as a reactant in chemical reactions. 

iii
Water has a high heat capacity and so can transfer heat effectively. 

b
Give two reasons why the supply of fresh water is not sufficient to meet the world’s demands, even though approximately three-quarters of the Earth’s surface is covered with water.

A34.

Students’ answers will vary but an example is:

a
i
Water dissolves the oxygen and carbon dioxide, which supports animal and plant life in aquatic ecosystems. Water is essential within all cells, to enable biological chemical processes to occur.

ii
Water is a reactant in photosynthesis to produce sugars and oxygen:

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

iii
Water’s high heat capacity enables the oceans to store vast amounts of heat energy, which transfers heat from the hot tropics to the cooler, higher latitudes, thus moderating the Earth’s temperatures to provide suitable conditions for life to exist. Water is also involved in moderating the temperature of individual organisms and thus avoid overheating (or cooling).

b
Most of the world’s water is locked up in ice at the poles, is too high in dissolved ions, such as those those found in the oceans, or is found in inaccessible groundwater. Also, the rainfall across the planet is not distributed evenly.

Q35.

Figure 10.24 (page 200) summarises the relationships between the structure and bonding of different groups of substances and their solubility in water.

Use this information as a guide to explain how you would predict the solubility of each of the following substances:
a
nitrogen (N2)

b
hydrogen peroxide (H2O2)

c
ethane (C2H6)

d
ethanol (C2H5OH)

e
strontium sulfate (SrSO4)

A35.

Water is effective at dissolving ionic or polar substances. 

a
Nitrogen is not polar and is insoluble.
b
Hydrogen peroxide will form hydrogen bonds with water and dissolve.
c
Ethane is non-polar and insoluble.
d
Ethanol has a polar –OH group, will form hydrogen bonds with water and dissolve.
e
Strontium sulfate is ionic and will form ion–dipole bonds to dissolve in water. 
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