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AREA OF STUDY 1
HOW DO SUBSTANCES INTERACT WITH WATER?

11 Properties of water

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

11.1.1 Introduction

FIGURE 11.1 The evaporation of sweat helps
control body temperature.

If you have ever put a full bottle of water in the
freezer and forgotten about it, you no doubt
remember what happened. You may have been
surprised to find that the bottle had shattered when
you removed it. This is due to one of water’s
unusual properties: it expands on freezing. Water
has many interesting properties; for example, it has
relatively high melting and boiling temperatures
compared to other hydrides of other group 16
elements. Water can absorb a relatively large
amount of heat with a correspondingly low
temperature rise, which is why it is used as a
coolant in car radiators, and why the evaporation of
sweat cools the body and contributes to regulating
body temperature.

More than 70% of the Earth’s surface is covered by water but only a small percentage is fit to drink.
Through the water cycle, water is recycled in the ocean and the atmosphere, and on the landmass (in
rivers, lakes and sub-surface water). Water is essential for all life. This small molecule consists of two
hydrogen atoms covalently bonded to one oxygen atom. At 25 °C, water is a colourless, transparent
and odourless liquid. It freezes at 0 °C and boils at 100 °C. The properties of water that make it crucial
for life are generally due to the polar nature and hydrogen bonding between the water molecules. Both
intermolecular covalent bonding and intramolecular hydrogen bonding were discussed in topic 6 and are
relevant in this discussion of the properties of water. In this topic, these properties are explained in terms
of water’s structure and bonding. The significance of these concepts for processes in living systems and the
environment is examined.

11.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:
• trends in the melting and boiling points of group 16 hydrides, with reference to the nature and relative
strengths of their intermolecular forces, and to account for the exceptional values for water

• specific heat capacity and latent heat including units and symbols, with reference to hydrogen bonding, to
account for the relatively high specific heat capacity of liquid water, and significance for organisms and
water supplies of the relatively high latent heat of vaporisation of water.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.Pdf_Folio:1
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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 11 (doc-30906)

Practical investigation logbook (doc-30907)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30908).

11.2 Intermolecular forces in water

KEY CONCEPT
• Trends in the melting and boiling points of group 16 hydrides, with reference to the nature and relative
strengths of their intermolecular forces, and to account for the exceptional values for water

FIGURE 11.2 A polar water molecule
showing polar bonds
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11.2.1 Hydrogen bonding in water
Water is a small molecule that contains only three atoms.
It would, therefore, be expected that the dispersion forces
between its molecules are quite weak. While this is true,
another type of force also exists between water molecules.
This force is a hydrogen bond and, although it is certainly
a lot weaker than the covalent bonds that hold the molecule
together, it is nevertheless much stronger than the dispersion
forces already mentioned. It is an intramolecular bond.

FIGURE 11.3 Hydrogen bond between
two water molecules
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Hydrogen bonding is a stronger form of dipole–dipole
bonding described in detail in topic 6. When a molecule
consists of atoms with different electronegativities, the
bonding electrons are attracted toward the atom with the
stronger electronegativity, and this uneven distribution of
charge is called a dipole. The atom gaining a greater share
of the bonding electrons becomes slightly more negatively
charged (represented by the symbol 𝛿−, ‘delta negative’)
than the atom that had the lower electronegativity, which
then becomes slightly positively charged (represented by the
symbol 𝛿+, ‘delta positive’).

Differences in charges at either end of a molecule produce
a polar molecule. These slight negative and positive regions cause the molecules to attract other polar
molecules. The stronger this electrostatic attraction, the closer the molecules become, and the stronger the
resulting intermolecular bond.
Pdf_Folio:2
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When the atoms making up a polar molecule consist of hydrogen bonded to oxygen, fluorine or nitrogen,
a special case exists. The high electronegativity difference causes the hydrogen’s electron to move toward
the more electronegative atom, resulting in a polar molecule. When this molecule approaches another polar
molecule, the slightly positive hydrogen end moves slightly toward the negative end of the other molecule.
Hydrogen has only one electron, and when this electron has moved toward the more electronegative atom
making up the molecule, no other electrons are left to shield the hydrogen nucleus from the negative region
it is approaching. Such molecules can, therefore, attract other molecules very closely, resulting in a stronger
bond than would be the case if hydrogen were not involved. This extra-strong intermolecular force is called
a hydrogen bond. Hydrogen bonding is fundamental for life processes; these interactions hold the two
strands together in the double helix that forms our DNA, for example. Hydrogen bonding significantly
affects the melting and boiling points and other physical properties of many compounds, including water.

Water molecules are not only polar, but also contain hydrogen–oxygen bonds, creating
hydrogen bonding between the water molecules. This bonding is the reason for the
important properties of water.

Video eLesson Hydrogen bonding (eles-2483)

11.2.2 Melting and boiling temperatures of water
FIGURE 11.4 Changing state from a
liquid to solid water is an exothermic
reaction process because energy is
given out.
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The melting and boiling temperatures of a compound depend
on the strength of the intermolecular bonding between the
molecules. Water has relatively high melting and boiling points
compared with similarly sized molecular substances. More heat
is required to enable the molecules to gain sufficient kinetic
energy to break free of the hydrogen bonds, which are stronger
than dispersion forces alone.

The boiling temperature of a substance is the temperature at
which it changes from a liquid to a gas. The input of energy
is required to cause this change of state. Energy must be
provided in this endothermic process to enable the molecules
to gain sufficient energy to break the intermolecular bonds.
The stronger the intermolecular bonds, the higher the boiling
temperature. It is well known that the boiling temperature of
pure water when measured at sea level is 100 oC. Water boils
at lower temperatures at higher altitudes and if not pure; if
the water contains dissolved salt, for example, it has a higher
boiling temperature.

The melting temperature of ice is 0 °C but the presence of hydrogen bonding between water molecules
significantly affects what happens at low temperatures. Most substances become denser as the temperature
decreases because the particles move closer together. Water, however, is quite different.

Water molecules in liquid form have more energy and move more quickly than water molecules in ice.
To change state from liquid to solid, energy must be removed; this is, therefore, an exothermic process. As
the Figure 11.4 temperature is decreased, the molecules start to move more slowly, forming a crystalline
lattice. The open, crystalline lattice of ice places the water molecules further apart than the random
arrangement that occurs in the liquid state. Each water molecule is linked to four other water molecules
by hydrogen bonding in a tetrahedral arrangement (see figures 11.5 and 11.6). Because water expands on
freezing, it is less dense as a solid. Ice, therefore, floats on water.
Pdf_Folio:3
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FIGURE 11.5 Arrangement of water molecules in its three different states
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FIGURE 11.6 Each water molecule forms tetrahedral hydrogen bonds to four other water molecules.
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Density of water and ice at different temperatures
The density of a substance is a measure of the amount of mass that is contained in a certain volume of that

substance. It is calculated by using the formula d = m

v
(where m is the mass of the substance and v is its

volume). Typical units are g mL−1 and kg m−3.

Weblink Water and Ice
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SAMPLE PROBLEM 1

If the density of water at 25°C is 0.997 g mL–1, calculate the mass, in grams, of 200.0 mL of water.

Teacher-led video: SP1 (eles-XXXX)

THINK WRITE

1. State the given information and identify the
quantity required.

d(H2O) = 0.997 gmL–1

V(H2O) = 200.0mL

m(H2O) = ?
2. Recall the formula to calculate density is d = m

V
and rearrange the formula to find the mass.

d = m

V
m = dV

3. Substitute known values to calculate mass.
TIP: Always ensure the answer is given to the least
number of significant figures and the units are
correct.

m (H2O) = 0.997 × 200.0
= 199 g

PRACTICE PROBLEM 1
Calculate the mass, in grams, of 150 mL water at 25.0 °C given that the density of water is
0.997 g mL−1.

The density of water varies across its three states due to expansion and contraction, and this depends on
the water’s temperature. Table 11.1 shows the density of ice and water at selected temperatures, and this is
demonstrated graphically in figure 11.7.

TABLE 11.1 Density of ice and water at selected temperatures

Ice Liquid water

Temperature (°C) Density (𝜌) (g cm−3) Temperature (°C) Density (𝜌) (g cm−3)

−50 0.922 0 0.999 84

−40 0.921 2 0.999 94

−30 0.920 4* 0.999 98

−20 0.919 6 0.999 94

−10 0.919 8 0.999 85

0 0.916 10 0.999 7

20 0.998 2

25 0.997 1

30 0.995 7

Pdf_Folio:5
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FIGURE 11.7 Each water molecule forms
tetrahedral hydrogen bonds to four other
water molecules.
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An inspection of table 11.1 and figure 11.7 reveals two
interesting facts about water. Firstly, water’s maximum
density is not at its freezing point but at 4 °C. This means
that water that is approaching 0 °C, and is therefore close
to freezing, rises to the top because it is less dense than
the surrounding water. The second interesting point is
that ice has a density that is significantly less than water
at the temperatures shown. This is the reason that ice
floats on water.

Water has an unusual property: its solid
form, ice, is less dense than its liquid form.
The molecules in the solid form are arranged
in a more structured hexagonal way. This
means that ice floats on water and that water
freezes from the surface down.

FIGURE 11.8 When ice forms on the surface of water,
it acts as an insulator, preventing the water below from
freezing.

The fact that water freezes with a layer of
ice across the top is attributable to both these
properties. The water that is about to freeze is
at the surface and, when it does turn into ice, its
lower density keeps it there. The layer of ice that
forms then acts as an insulator, preventing the
water below from freezing, and allows aquatic
life to survive in sub-zero conditions. This
decrease in density from liquid to solid water
means that the volume of ice is greater than the
corresponding volume of water. This explains
why bottles of water crack when frozen. It also
results in an important weathering phenomenon
where water freezes after seeping into cracks in
rocks. As it freezes, enough pressure can build
up to crack the rocks and contribute to their
eventual erosion.

11.2.3 Melting point and boiling point of group 16 hydrides
The impact of hydrogen bonding in water can be seen more clearly when we compare melting and boiling
temperatures for other hydrides in group 16. These temperatures are demonstrated in table 11.2 and
figure 11.9.

TABLE 11.2 Melting and boiling temperatures of group 16 hydrides

Hydride Formula
Molar mass
(g mol−1)

Melting
temperature

(°C)

Boiling
temperature

(°C)

Water H2O 18 0 100

Hydrogen sulfide H2S 34 −86 −61

Hydrogen selenide H2Se 81 −65 −42

Hydrogen telluride H2Te 129.6 −51 −2
Pdf_Folio:6
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FIGURE 11.9 Melting and boiling
temperatures of group 16 hydrides
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If either melting or boiling temperatures are compared,
water is an anomaly in the group 16 hydrides. If water
is ignored, there is an obvious trend of increasing
temperatures within the group. The larger the molecule,
the higher are its melting and boiling temperatures. This
is exactly what would be expected if dispersion forces
were the only significant intermolecular force present. The
values for water, however, indicate that the intermolecular
forces are much stronger than expected for just dispersion
forces alone. This is because hydrogen bonding is also
present as an additional, much stronger, force between
the molecules. Water contains hydrogen–oxygen bonds,
which, as mentioned previously, allow for the formation
of comparatively strong permanent dipoles called
hydrogen bonds.

Digital document Experiment 11.1 A water modelling exercise (doc-30859)

Teacher-led video Experiment 11.1 A water modelling exercise (eles-3262)

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

1. Why does water have a higher boiling point than other group 16 hydrides?
2. Arrange the following interactions from weakest to strongest: covalent bonding, dispersion forces,

hydrogen bonding and dipole–dipole forces.
3. (a) Describe the structure of a water molecule.

(b) A water molecule described as polar. Explain this statement.
(c) Draw two water molecules showing correct orientation and label the intramolecular and

intermolecular bonds
4. Changing state from solid to liquid is an endothermic process. Explain whether changing state from gas to

liquid is an exothermic or endothermic process.
5. Explain if covalent bonds or hydrogen bonds are broken when liquid water evaporates into steam.
6. (a) What quantities are required to find density?

(b) State a unit for density.
(c) Is the density of water at 5 °C higher or lower than the density of water at 25 °C?

7. Use the density of water at 25 °C provided in table 11.1 to find the mass (in g) of 65.5 mL of water.
8. Explain why ice floats on water.
9. Use table 11.2 and the graph in figure 11.9 to predict possible melting and boiling points for hydrogen

polonide, H2Po, molar mass (211 g mol–1).
10. The boiling points of water, H2O, and hydrogen sulfide, H2S, are 100 °C and –60 °C respectively. Account

for the large difference in the two temperatures.

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.Pdf_Folio:7
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11.3 Latent heat and specific heat capacity

KEY CONCEPT
• Specific heat capacity and latent heat including units and symbols, with reference to hydrogen bonding, to
account for the relatively high specific heat capacity of liquid water, and significance for organisms and
water supplies of the relatively high latent heat of vaporisation of water

11.3.1 Latent heat FIGURE 11.10 The latent heat of
water. Energy is needed to break the
bonds between the water molecules.
This causes the temperature to
remain constant even though the
water is being heated.
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When a substance changes phase (for example, when ice melts
and becomes water, or water becomes water vapour), energy is
needed. This energy comes from the surrounding atmosphere.
The energy needed to change the phase of a substance at its
melting or boiling temperature is called the latent heat of that
substance. When water is changing state, its temperature remains
constant so no change occurs in the kinetic energy of the water
molecules; the energy comes from or goes to the potential energy
stored in the hydrogen bonds between the molecules. That is why
it is called latent, or hidden, heat. When ice is melting, the energy
supplied is used to break bonds between the molecules and the
temperature only begins to rise again once the change of state
is complete. The symbol for latent heat is L. Common units are
kJ mol–1 and J kg–1.

FIGURE 11.11 Sweating uses heat from the body to
evaporate the moisture.

The latent heat of fusion (Lf ) of water is
the amount of energy needed to change a fixed
amount of water from a solid to liquid phase
at 0 °C.

The latent heat of vaporisation (Lv) of water
is the amount of energy needed to change a fixed
amount of water from a liquid to a gas at 100 °C.

To change a fixed amount of water from a solid
to liquid phase at 0 °C, the energy required (the
latent heat of fusion), breaks the hydrogen bonds
between the ice molecules in the crystal lattice.
This allows the water molecules to move around
more freely in a liquid state. The latent heat of
fusion of water is 6.02 kJ mol–1, so 6.02 kJ of
energy must be supplied to change each mole of
water from solid to liquid.

To change a fixed amount of water from a liquid to a gas at 100 °C, the energy required (the latent heat
of vaporisation), breaks the remaining forces holding the water molecules together, allowing the molecules
to move around freely as a gas. The latent heat of vaporisation is considerably greater than the latent heat of
fusion, because the molecules must be completely separated from each other when changing from liquid to
gas and not just slightly moved apart as when moving from the crystal lattice in ice to liquid water.

Pdf_Folio:8
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FIGURE 11.12 The relatively
high latent heat of vaporisation of
water, 40.7 kJ mol−1, means that
a large amount of energy from the
sun and surroundings is needed
for evaporation to occur in the
water cycle.
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The latent heat of vaporisation of water is 40.7 kJ mol–1, which
means that 40.7 kJ mol–1 energy must be supplied to vaporise one
kilogram of water. The relatively high latent heat of vaporisation of
water is very useful in keeping organisms cool through perspiration.
In humans, when a person perspires, droplets of liquid water on
the skin evaporate. This change from liquid water to water vapour
requires a large amount of heat energy. This is absorbed from the
body, making perspiration an efficient mechanism for removing
unwanted heat from the body. It is interesting to note that, if a lot
of water vapour is already in the air (as is the case when humidity is
high), this process is slow, with the result that people often feel hot
and uncomfortable on such days. Condensation, the reverse process
of evaporation, would require the release of 40.7 kJ mol–1 of energy
per mole of water.

The higher the latent heat of a substance, the greater the amount
of energy it needs when it changes state. Water has much higher
latent heat values than other substances of a similar size owing to the
stronger intermolecular forces within its solid and liquid states. This
means that water evaporates more slowly than many other liquids.
Given that we store large amounts of water in dams and lakes, this
means that losses due to evaporation from their surfaces are lower than they would otherwise be.

Video eLesson Phase changes (eles-2487)

Calculations using latent heat

The heat energy required to change the state of a substance is given by the formula:
q = nL
where
q is the heat energy required or released; kJ
n is the number of mole of substance
L is the latent heat.

TABLE 11.3 Latent heat values

Substance

Melting
point
°C

Latent heat
of fusion

(Lf) kJ mol–1

Boiling
point
°C

Latent heat of
vaporisation
(Lv) kJ mol–1

Ethanol, C2H5OH –114 5.02 78.4 38.6

Methanol, CH3OH –97.6 3.18 64.7 35.2

Methane, CH4 –182 0.94 −165 8.18

Ammonia, NH3 –77.7 5.65 − 33.3 23.4

Water, H2O 0 6.01 100 40.7

Pdf_Folio:9
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SAMPLE PROBLEM 2

Calculate the heat energy (in kJ) required to fully convert 100 grams of ice to liquid water.

Teacher-led video: SP2 (eles-XXXX)

THINK WRITE

1. State the given information and identify the
quantity required.

m (H2O) = 100 g

q (H2O) = ?
2. To use the latent heat formula, q = nLf, first

calculate the number of mole of water, n, where

n = m

M
.

n(H2O) =
m

M

= 100

(2 × 1.0 + 16.0)
= 5.56mol

3. Find q = nLf

Lf = 6.01 (table 11.3)
Check significant figures and units are correct.

q(H2O) = 5.56 × 6.01
= 33.4 kJ

PRACTICE PROBLEM 2
Calculate the heat energy, in kJ, required to fully convert 100 grams of liquid water to steam.

11.3.2 Specific heat capacity FIGURE 11.13 Beaches are popular places on
hot days because of water’s cooling properties.
The water can absorb heat from its warmer
surroundings so that the air temperature by the
seashore is lowered.

The specific heat capacity of a substance is the
amount of energy needed to raise the temperature
of one gram of the substance by one degree Celsius.
It is represented by the letter c. It is, therefore,
a measure of how easy or how difficult it is to
change the temperature of a substance. Water has
a high specific heat capacity (4.18 J g–1 C–1),
which means that its temperature is difficult to alter.

The specific heat capacity of a substance is
the amount of energy required to raise one
gram of it by 1 °C.
q = mc∆T
where
q is the energy required
m is the mass in grams
c is the specific heat capacity of the substance
∆T is the temperature change.

TIP: This formula can be found in Table 3 of the VCE Chemistry Data Book. Note that heat energy is calculated
in joule (not kilojoule) and mass in grams. The symbol ∆ (the upper case Greek letter delta) is used to represent a
change in a quantity — in this case, a change in temperature.

Pdf_Folio:10
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Water has a high heat capacity due to the large amount of hydrogen bonding between water molecules.
Because temperature is dependent upon the velocities of particles, large amounts of energy are required to
overcome the hydrogen bonding, to increase the particles’ velocity and hence heat water. This also makes
water an excellent insulator of heat. With a heat capacity almost five times higher than soil or rock, water
retains heat five times more effectively than land, but may take five times longer than land to heat up. This
means water can absorb large amounts of heat energy with only a minimal increase in temperature. On a
global scale, short-term extremes in temperature can be evened out by the oceans absorbing heat from the
atmosphere in the tropics and releasing it when ocean currents take this water to the polar regions. However,
the oceans are struggling to maintain stable temperatures. At the time of writing, 2018 was the warmest
year on record for the world’s oceans, which provides additional evidence for global warming. Higher
surface temperature of the oceans has the added effect of increasing the severity of storms and cyclones.

TABLE 11.4 Specific heat capacity of some common substances

Substance
Specific heat capacity (c)

(J g−1 °C−1)

Water 4.15

Ethanol 2.5

Vegetable oil 2.0

Soil (wet) 1.5

Aluminium 0.90

Concrete 0.88

Glass 0.84

Sand (dry) 0.80

Soil (dry) 0.80

Copper 0.39

Gold 0.13

Lead 0.13

Note that the symbol for specific heat capacity is c.

It is possible to measure the energy transferred to water when it is being heated using the formula above.

SAMPLE PROBLEM 3

Calculate how much heat energy (in kJ) is needed to raise 250.0 grams of water from 20.0 °C to
100.0 °C. The specific heat capacity of water is 4.18 J g–1 °C–1.

Teacher-led video: SP3 (eles-XXXX)

THINK WRITE

1. State the given information and identify
the quantity required.

m(H2O) = 250 g
c(H2O) = 4.18 J g–1 °C–1

ΔT(H2O) = 100.0 °C – 20.0 °C
= 80.0 °C

q(H2O) = ?

Pdf_Folio:11
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2. Recall the formula to calculate energy is
q = mcΔT

q = 250 × 4.18 × 80 °C

= 8.36 × 104 J

3. Convert J to kJ by dividing by 1000.
Check that significant figures and unit are
correct.

q = 8.36 × 104

1000
= 83.6 kJ

PRACTICE PROBLEM 3
Calculate the amount of heat energy (in kJ) required to warm 1000 grams of water from the fridge at
4.0 °C to room temperature, 25.0 °C.

Digital document Experiment 11.2 Specific heat capacity (doc-30858)

Teacher-led video Experiment 11.2 Specific heat capacity (eles-3261)

11.3 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. What is the name of the energy required to change liquid to gas and vice versa without any change in
temperature?

2. Heat energy is continually supplied to keep water boiling at 100 °C. Explain why the temperature remains
constant.

3. Water has a specific heat capacity of 4.18 J g–1 °C–1. Explain what this means.
4. On a hot day at the beach, the sand feels very warm, but the sea is cold. Explain why.
5. Refer to table 11.4 and state whether greater energy is required to raise the temperature of 10 g of copper

or 10 g of gold by 1.00 °C.
6. Calculate the amount of energy needed to change the temperature of 300 g of water by 30.2 °C (specific

heat capacity of water is 4.18 J g–1 °C–1).
7. At 25.0 °C, 50.0 g of water absorbs 6274 J of heat. What is its final temperature?
8. A 5.10 kg lump of copper is given 30.0 kJ of energy and it rises in temperature by 15.0 °C. Calculate the

specific heat capacity of copper.
9. Calculate the amount of energy needed to change the temperature of 250 g of aluminium from 20 °C to

45 °C (specific heat capacity of aluminium is 0.90 J g–1 °C–1).
10. Calculate the amount of heat energy (in kJ) that must be released from 152 g of liquid water to convert

it to ice.

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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11.4 Review
11.4.1 Summary
Intermolecular bonding in water

• Water molecules are made up of two hydrogen atoms bonded to an oxygen atom by polar covalent
bonds (intramolecular). The presence of two lone pairs repelling the bonding pairs of electrons result
in a bent shape and a polar molecule being formed.

• The bonding between water molecules (intermolecular) is hydrogen bonding. A hydrogen bond is
formed only when the atoms making up the molecule consist of hydrogen bonded to oxygen, fluorine
or nitrogen, which can attract each other very closely.

• The values for the properties of water are higher than for other substances of similar molecular size
due to water’s strong intermolecular forces.

• Water has a higher density in the liquid state than in the solid state. This is because it expands upon
freezing. The more ordered arrangement of water molecules into a crystalline lattice structure is
responsible for the expansion of water in the solid state.

• Marine life can survive in winter because the density of ice is less than liquid water. The ice floats on
water due to its lower density, providing an insulating layer that prevents the water below
from freezing.

• Water has a melting point (of 0 °C) and a boiling point (of 100 °C).
• Water has a higher melting point than any other hydride of group 16 hydrides due to the presence of

hydrogen bonding.

Latent heat and specific heat capacity

• The latent heat of a substance is the energy needed to change the state of a substance at its melting or
boiling temperature.

• Latent heat can be calculated using the formula q = nL where q is the heat energy required or released
in kilojoule, n is the number of mole of water and L is the latent heat.

• Water has a high latent heat of fusion — the latent heat of fusion is the amount of energy needed to
change a fixed amount of water from the solid to the liquid state.

• Water has a high latent heat of vaporisation — the latent heat of vaporisation is the amount of energy
needed to change a fixed mass of water from the liquid to the gaseous state.

• While water is changing state when it is being heated, the temperature of the water remains constant.
The temperature rises again when the change of state is complete.

• The high latent heat of water means that a large amount of the sun’s energy is required to evaporate
water from water sources.

• Specific heat capacity is the amount of energy needed to raise the temperature of 1 gram of water by
1 °C. The specific heat capacity of water is 4.18 J g–1 oC–1.

• To calculate the energy required to change the temperature of a substance, the formula is q = mc∆T,
where q is the energy (in J) required to raise m gram of specific heat capacity c by ∆T degrees Celsius.

• The high specific heat capacity of water means that it can absorb a substantial amount of heat energy
without its temperature rising significantly. This makes water useful as a coolant.

• The ability of water to absorb large amounts of heat from the atmosphere with a minimal increase in
temperature assists in maintaining a relatively stable environment for ocean organisms.

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30908).
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11.4.2 Key terms

boiling temperature temperature at which a liquid boils and turns to vapour
covalent bonding sharing of electrons between nuclei that bonds them together in a molecule
crystalline lattice structure of particles that are held together in an ordered, three-dimensional arrangement
density physical property found by dividing the mass of an object by its volume
dipole unequal sharing of electrons between atoms in a molecule
dipole–dipole bonding weak bonding caused by the positive end of one dipole attracting the negative end of

another dipole
dispersion force the bond between adjacent molecules formed by instantaneous dipoles
electronegativity the power of an atom to attract a shared pair of electrons
electrostatic force of attraction between positive and negative charges
endothermic chemical process or reaction that absorbs energy
exothermic chemical process or reaction that releases energy through light or heat
hydride binary compound containing hydrogen
hydrogen bond the bond between a hydrogen atom covalently bonded to an atom of F, O or N and another

molecule that also contains an atom of H, F, O or N
intermolecular bond bond between molecules
intramolecular bonding bond involving the internal structure of a molecule
latent heat energy needed to change state
latent heat of fusion, (Lf) energy needed to change a fixed amount from the solid to the liquid state
latent heat of vaporization, (Lv) energy needed to change a fixed mass from the liquid to the gaseous state
melting temperature temperature at which state changes from solid to liquid
polar bond bond formed when two atoms that have different electronegativities share electrons unequally
specific heat capacity energy (measured in joules) needed to raise the temperature of 1 g of a pure substance

by 1 oC

Digital document Key terms glossary — Topic 11 (doc-30906)

11.4.3 Practical work and experiments

Experiment 11.1
A water modelling exercise

Aim: To prepare a bonding model for the water molecule, and to use the
model to explain the expansion of water upon freezing

Digital document: doc-30859
Teacher-led video: eles-33262
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Experiment 11.2
Specific heat capacity

Aim: To measure the specific heat capacity of a number of different
liquids

Digital document: doc-30858
Teacher-led video: eles-3261

11.4 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.

11.4 Exercise 1: Multiple choice questions
1. Which one of the following types of bonding would be least likely to be present in a sample of water?

A. Ionic
B. Covalent
C. Dispersion
D. Hydrogen

2. In which of the following substances would you NOT expect to find hydrogen bonding?
A. HF
B. H2O
C. CH4

D. CH3CH2NH2

3. What is the hydrogen bonding in water an example of?
A. Intermolecular bonding
B. Intramolecular bonding
C. Covalent bonding
D. Ionic bonding.

4. Which of the following processes require the absorption of heat?
A. Evaporation
B. Condensation
C. The transition from a gas to a liquid
D. The transition from a liquid to a solid

5. The structure of ice is a crystalline lattice of molecules. The bonding that holds the water molecules in
the lattice together is best described as
A. hydrogen bonding only.
B. dispersion forces and hydrogen bonding.
C. ionic bonding.
D. covalent bonding.

6. Two solids have different masses but the same volume. The solid with the lower mass
A. has a higher density.
B. has a lower density.
C. has the same density because the volume is the same.
D. must be a liquid.
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7. The density of water is 0.997 gmL–1, so the mass of 100 mL of water will be
A. 0.997 grams.
B. 9.97 grams.
C. 99.7 grams.
D. 997 grams.

8. What is the latent heat of fusion?
A. The amount of heat required to raise the temperature of a substance by 1 oC
B. The amount of heat required to increase the temperature of a 1 g of a substance by 1 oC
C. The amount of heat required to change the state of a substance from solid to liquid without any

change in temperature
D. The amount of heat required to change the phase of a substance from liquid to gas without any

change in temperature
9. Why does water have a high heat capacity?

A. It can boil at higher temperatures than other liquids.
B. It can form hydrogen bonds with any compound.
C. It can absorb large amounts of heat before the temperature changes.
D. It has a low density as a solid.

10. Why can organisms survive in the ocean even when the temperature is below the freezing point of
water?
A. Water has a low melting point.
B. Ice is denser than water.
C. Water has a high heat capacity.
D. Ice is less dense than water.

11.4 Exercise 2: Short answer questions
1. Explain why water is different from most liquids with respect to its density in the solid and liquid

states.
2. a. What is latent heat?

b. The latent heat of fusion for water is 6.01 kJ mol–1 and the latent heat of vaporisation is
40.7 kJmol–1. Explain the large difference between these two values.

3. a. What is specific heat capacity?
b. Explain how water is unusual with respect to this physical property.
c. Give an example where this property is used.

4. Why do tumble dryers use so much electricity to dry clothes?
5. Cells contain mainly water. If lettuce leaves are placed in the freezer and then defrosted, they become

soft and soggy. Explain this observation.
6. Refer to the graph in figure 11.9 and explain why the boiling points of group 16 hydrides decrease and

then increase.
7. a. Use table 11.3 to calculate the quantity of heat energy (in kJ) given out when 220 g of steam at

100 °C condenses.
b. Why is it more dangerous to receive a burn by steam at 100 °C than one by water at 100 °C?

8. a. The temperature of 435 g of water changed from 33.5 °C to 86.4 °C. How much heat energy (in kJ)
did this sample absorb?

b. When 925 J of heat energy is added to a mass of water, the temperature changed by 5.00 °C.
Calculate the mass of water used.

9. Calculate the final temperature when 1.05 kg of water at 15.0 °C is supplied with 2.5 × 104 J of energy.
10. 6.10 mole of water at 12.0 °C is heated until its temperature is 37.0 °C. Calculate the amount of heat

energy, in kJ, needed to cause this rise in temperature.
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11.4 Exercise 3: Exam practice questions
1. Water has a number of unusual properties. 10 marks

a. Explain what happens to the density of water as the temperature decreases by referring to the
changes in arrangement of its molecules. 5 marks

b. Why is this significant for organisms that live in the sea? 2 marks
c. Describe an experiment to compare the effect on density of freezing water and the effect of freezing

oil. 3 marks
2. When NASA scientists send probes to investigate other planets, one of the first tasks is to search for

water. Explain why you think this is the case. 3 marks
3. Explain what is occurring at the molecular level when the following observations are made. 6 marks

a. A damp cloth placed around a water bottle helps to keep it cool. 2 marks
b. Water droplets form on the sides of a can when it is removed from the fridge. 2 marks
c. Fresh fish is placed on a bed of crushed ice in the supermarket. 2 marks

4. The density of ethanol, C2H5OH, is 0.789 g mL–1 and specific heat capacity is 2.5 J g–1 oC–1. 7 marks
a. Calculate the mass of the ethanol that fills a 250.0 mL container. 2 marks
b. Define the term ‘specific heat capacity’. 1 mark
c. If an equal amount of energy is used to heat 100 g of water and to heat 100 g of ethanol,

explain which substance would experience the higher increase in temperature. 2 marks
d. Calculate the energy (in kJ) required to raise the temperature of 180 g of ethanol by 17 °C. 2 marks

5. The following graph indicates what occurs as water is heated over time. Match the letters to the
statements, noting that each letter may be used more than once. 8 marks
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a. Molecules have the greatest kinetic energy __________ 1 mark
b. Water being heated in a kettle __________ 1 mark
c. State change from solid to liquid __________ 1 mark
d. Represents the highest latent heat value __________ 1 mark
e. Both ice and water present __________ 1 mark
f. Latent heat of fusion __________ 1 mark
g. Corresponds to boiling occurring __________ 1 mark
h. Has the greatest amount of hydrogen bonding __________ 1 mark

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