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AREA OF STUDY 1
HOW DO SUBSTANCES INTERACT WITH WATER?

12 Water as a solvent

12.1 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.

12.1.1 Introduction
Water is often described as the ‘universal solvent’ but if this were to mean water can dissolve anything,
a number of problems would arise. A major one would be storing water because it would dissolve
any container.

Water is, however, an excellent solvent for many ionic and polar substances. We know this because
although most of the surface of the Earth is covered with water, very little of it is suitable for human use
and only a small fraction of that fresh water is accessible. Pure water does not exist in the environment;
all water from nature contains some dissolved and some fine undissolved particles. But why do some
substances dissolve and others do not? Previously, when looking at other properties of water, it was shown
that hydrogen bonding had a significant impact. How readily a substance dissolves also depends on the
polar nature of the water molecules as well as the nature of the substance that dissolves in it. Many ionic
compounds seem to disappear when dissolved in water but when oil is added to water it will form a layer
on top of it. Some molecular compounds dissolve but others are insoluble. These solvent properties of
water are useful in certain situations. The importance of these properties in some biological, domestic and
industrial situations is also examined.

Most of the reactions that you will study in this unit occur in water. When two solutions react and
produce an insoluble product, this is described as a precipitation reaction. In this topic, you will learn how
to write and balance full and ionic equations to represent these reactions.

FIGURE 12.1 Coloured solutions of transition metal salts
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12.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:
• the comparison of solution processes in water for molecular substances and ionic compounds
• precipitation reactions represented by balanced full and ionic equations, including states
• the importance of the solvent properties of water in selected biological, domestic or industrial contexts.

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

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 12 (doc-30912)

Practical investigation logbook (doc-30913)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30914).

12.2 Solution processes

KEY CONCEPT
• The comparison of solution processes in water for molecular substances and ionic compounds

12.2.1 Solubility

FIGURE 12.2 Dissolving sugar
(solute) in a cup of tea (solvent),
forming an aqueous solution

Dissolving occurs when one substance is pulled apart by another
or moves into the spaces within another. The solute is the
substance that is dissolved and the solvent is the liquid that
the solute is dissolved in. Together the solute and the solvent
form a homogeneous solution. This means that it has uniform
composition and properties throughout the whole solution. If the
solvent is water, the solution is known as an aqueous solution.
When sugar is dissolved in a cup of tea, for example, an aqueous
solution is formed. Our survival is dependent on reactions that
occur in aqueous solutions inside and outside of the cells in
our body.
Solubility is the extent to which a solute can dissolve in a

solvent. Solubility is determined to a large extent by the polar
or non-polar nature of the solute and the solvent. This situation
demonstrates the ‘like dissolves like’ rule used by chemists;
namely, that, if both the solvent and solute particles contain
charged regions, it is likely that the solute will dissolve. The
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process of dissolving depends on the strength of the attractions or bonds between the solute particles, the
attractions or bonds between the solvent particles and the new bonds that form between the solute and the
solvent. The strength is related to the size of the energy required to break these bonds, compared to the
energy released when the new attractions or bonds are formed. In the coming subtopics, the interaction
between water molecules and ionic compounds as well as between water molecules and polar molecular
compounds will be explored. For some substances, the energy required to break the bonds in either the
solute or the solvent is too great and the substance is insoluble.

Water is an effective solvent for many substances due to its polarity and ability to form
hydrogen bonds.

12.2.2 Ionic substances in water
Energy is required to break bonds and energy is released when new bonds form. When ionic compounds
are mixed with water, the negative ends of the water molecules are attracted to the positive ions (cations)
and the positive ends of the water molecules are attracted to the negative ions (anions). If this attraction
is strong enough to break the bonds between the cations and the anions, the compound dissolves. The
ions move apart and spread throughout the water to form a solution. These ions are described as being
hydrated and the interaction between a water molecule and an ion is an ion–dipole attraction. The ions
are surrounded by water molecules and so cannot recombine. The process by which ions separate when an
ionic compound dissolves in a solvent is called dissociation. An example of dissociation is shown in the
following equation:

NaCl(s) H2O⃯Na+(aq)+ Cl−(aq)

When ionic substances dissolve in water, they dissociate.

FIGURE 12.3 Sodium chloride dissolving in water
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If the strength of the bonds between the ions is very strong, the water molecules are unable to separate
the ions and the salt is insoluble; for example, silver chloride, AgCl. In this case, not enough energy is
released when the ion–dipole interactions are formed to provide the energy needed to break the bonds
between the ions.

12.2.3 Molecular substances in water
Molecular compounds are covalently bonded and many do not dissolve in water. As seen in topic 6, the
interactions between covalent molecules include dispersion forces, dipole–dipole and hydrogen bonds.
Pdf_Folio:3

TOPIC 12 Water as a solvent 3

UNCORRECTED PAGE PROOFS



“C12WaterAsASolvent_print” — 2019/5/22 — 20:17 — page 4 — #4

Water molecules are attracted to each other by comparatively strong hydrogen bonds. Molecules that
dissolve in water are highly polar, and are described as dipoles. These polar molecules will interact with
polar water molecules and dissolve, either because they form ions in water or because they form hydrogen
bonds with water.

Molecular compounds that ionise in water
Pure hydrogen chloride, HCl, is a gas consisting of covalently bonded H–Cl molecules, which are highly
polar due to the large electronegativity difference between hydrogen and chlorine atoms. Yet, when
dissolved in water, HCl reacts to form hydrogen and chloride ions. The hydrogen ions combine with water
to form hydronium ions, H3O

+, and the aqueous solution is called hydrochloric acid. This happens because
attraction of the polar water molecules increases the polarity of the H–Cl bond and the slightly negative
end of the water molecule attracts the hydrogen atom in HCl, pulling it away from the hydrogen chloride
molecule. This hydrogen atom now becomes covalently bonded to the water molecule. Both of these ions
are hydrated and form ion–dipole interactions in a similar way to the ions described in the previous section.
Ionisation is the process by which polar molecular compounds form ions when dissolved in water.

HCl(l)+ H2O(l) → H3O
+(aq)+ Cl−(aq)

Highly polar molecular substances ionise in water when they dissolve.

FIGURE 12.4 HCl dissolving in water.
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FIGURE 12.5 Hydrated ions with ion–dipole attractions

HCl (g)

δ+
δ+

δ+

δ+
δ+

δ+

δ+
δ+

δ+

δ+

δ+

δ+

H2O (l)

–

δ+

δ+

δ+ δ+

δ+ δ+

Cl– (aq)

+

δ–

δ–

δ– δ–

δ– δ–

H
3
O+ (aq)

Hydronium ion

Weblink HCl dissolving in water
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Molecular compounds that form hydrogen bonds with water
Other polar molecules, although they do not react with water as outlined in the previous section, may still
form hydrogen bonds with water and are soluble. These molecules can be identified because they have a
hydrogen atom bonded to one of fluorine, oxygen or nitrogen. Consider ammonia, NH3: the covalent bonds
between the nitrogen atom and hydrogen atoms in the molecule are highly polar due to the electronegativity
of nitrogen being considerably greater than that of hydrogen. Water can form a hydrogen bond with
nitrogen in ammonia, NH3(g)→ NH3(aq), as shown in figure 12.6.

FIGURE 12.6 Hydrogen bond between ammonia and water molecules shown as a space filling model (a) and
Lewis structure (b)
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Other molecules that are soluble in water include small alcohol molecules. In the simplest hydroxyl
methanol, CH3OH, the covalent bond between oxygen and hydrogen in the hydroxy (–OH) group is highly
polar. Water can form a hydrogen bond with methanol, as shown in figure 12.7. Hydrogen bonding does
not occur between the hydrogen atoms that are bonded to the carbon atoms because the bonds are not very
polar — this is due to a relatively small electronegativity difference between carbon and hydrogen.

CH3OH(l) H2O⃯CH3OH(aq)

It is interesting to note that when water and alcohol molecules interact, they take up less volume due
to the rearrangement of the molecules. The volume of the combined liquids is less than the sum of the
individual volumes.

FIGURE 12.7 Hydrogen bonding between methanol and water molecules shown as a ball-and-stick model (a)
and structural formula (b)
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Molecular compounds that contain hydrogen bonded to fluorine, oxygen or
nitrogen dissolve by forming hydrogen bonds with water.
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Substances that do not dissolve
FIGURE 12.8 Oil is immiscible
in water.When two liquids combine to form a solution, they are described as

miscible. If they do not combine and instead form separate layers,
they are described as immiscible. For example, when oil is added to
vinegar (aqueous solution) in salad dressing, they do not mix and are
referred to as immiscible. Non-polar inorganic or organic compounds
do not interact with water and so do not dissolve in it. Oil, for example,
consists of non-polar molecules, so it does not dissolve in water but will
dissolve in non-polar solvents. Non-polar molecules only have weak
dispersion forces between them and little energy is required to separate
them. As water molecules have stronger hydrogen bonding between
them they tend to stick together and not interact with the non-polar
molecules.

FIGURE 12.9 Oil molecules are non-polar and will not dissolve in water.
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Oil and Water

Don’t Mix

Polar Molecule: In a polar bond, the electronegativity of the atom will be different.

Polar dissolves polar.

Nonpolar dissolves nonpolar.

Water is polar.

Oil is nonpolar.

Polar + Polar = Solution

Nonpolar + Nonpolar = Solution

Polar + Nonpolar = Suspension (won’t mix evenly)

Nonpolar molecule: In a nonpolar bond, the electronegativity of the atom will be equal.

Organic compounds that have a high proportion of very electronegative atoms such as N or O or,
preferably, a number of N–H or O–H bonds are likely to form hydrogen bonds with water and, therefore,
be soluble. For example, simple sugars have many hydroxy groups (–OH) and are therefore soluble.

Dissolving gases
Polar gases dissolve easily in water. For example, both ammonia gas, NH3, and hydrogen chloride gas,
HCl, dissolve in water. Both of these gases are composed of polar molecules.

FIGURE 12.10 Gas is dissolved under pressure in
carbonated drinks

A gas such as oxygen or carbon dioxide is made
up of molecules that are non-polar. These non-
polar gases do not dissolve as easily. Only a very
small amount of oxygen gas dissolves in water, but
this is enough for cellular respiration in plants and
fish. Likewise, the small amount of dissolved carbon
dioxide in water enables photosynthesis to take place
in aquatic plants.

An increase in pressure on the gas–water mixture
causes more of the gas to dissolve in the water.
Carbon dioxide is dissolved in water under pressure
to make ‘carbonated’ drinks, for example. When the
top is removed from a bottle of carbonated drink, the
pressure is released and the gas starts coming out of
solution. Carbon dioxide and water form a weakly acidic solution, so soft drink that has been left open for a
while loses its carbon dioxide gas and this results in the ‘flat’ taste.
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Temperature also influences the amount of gas that dissolves in water. An increase in temperature
generally decreases the solubility of gases in liquids. The dissolved oxygen in sea water decreases as the
temperature increases and this has significant implications for survival of aquatic organisms.

The solubility of gases decreases with increasing temperature.

SAMPLE PROBLEM 1

Describe the process by which potassium chloride dissolves in water, including an equation and
diagram.

Teacher-led video: SP1 (eles-XXXX)

THINK WRITE

1. Determine the type of bonding present.
If it is an ionic compound, bonds will be broken
between ions.
If it is a polar molecular compound, ions are formed.
If it is a molecular compound that contains H bonded
to F, O or N, hydrogen bonds are formed.

Potassium chloride is an ionic
compound because it consists of a
metal and non-metal.
Potassium ions and chloride ions
are dissociated by the polar water
molecules.

2. Interactions occur between the ions and water, and the
ions present become hydrated.

The positive potassium ions are
attracted to the negative ends of the
water molecules by ion–dipole
interactions.
The negative chloride ions are
attracted to the positive ends of the
water molecules by ion–dipole
interactions.

3. The ions are surrounded by water molecules. The ions are separated and
hydrated.

4. Write the equation and draw a diagram. KCl(s) H2O⃯K+(aq) + Cl−(aq)
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PRACTICE PROBLEM 1
This is the structure of ethanol.

CH C O

HH

H H H

Describe the process by which ethanol dissolves in water.
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12.2.4 Electrical conductivity
FIGURE 12.11 Apparatus
used to test for conductivity
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Measuring the electrical conductivity is a useful way to test the quantity
of ions formed in a solution. A substance conducts electricity only
if it contains charged particles that are able to move. The covalent
bonding in water molecules, which results in the formation of neutral
molecules, means that it should not conduct electricity — even though
these molecules move freely in the liquid state. However, pure water
does conduct electricity very slightly. The amount is so tiny that it
is still often described as a non-conductor. The reason for this is the
ability of water molecules to react slightly with themselves to form a
small number of ions. This is called the self-ionisation of water and is
discussed more fully in topic 13. The equation for this reaction is:

H2O(l)+ H2O(l)⇄H3O
+(aq)+ OH−(aq)

Double (reversible) arrows are used to indicate that this reaction is simultaneously reacting in the
forward direction and in the reverse direction. The small extent of this reaction means that only a few ions
are formed at any instant and the resulting conductivity is virtually zero. This fact may surprise a number
of people. We are all accustomed to warnings that water and electricity do not mix and have seen such
warnings on appliances such as hair dryers and bathroom heaters. These warnings are necessary because
the water that we use every day is never pure, but contains other substances dissolved within it. Often these
substances are ionic or react to form ions in the water. Once such ions are present, the water conducts freely
because the charged particles are able to move.

Substances that produce ions when dissolved are classified as electrolytes. Mobile ions can be generated
in the dissolving process by some ionic compounds and some polar molecular compounds. The degree
of solubility of compounds that form ions in solution can be determined by measuring their conductivity.
Electrical conductivity can be measured using either a handheld conductivity meter or the apparatus
shown in figure 12.11. In this apparatus, the globe lights up if sufficient mobile ions are present to conduct
the current.

Conductivity of solutions can be used to compare the quantity of ions present.

12.2 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. Explain the difference between the terms ‘solute’ and ‘solvent’. Give an example of each.
2. Describe how the structure of a water molecule makes it a good solvent for ionic and polar molecular

compounds.
3. In order to dissolve the salt lithium bromide, LiBr, in water, what types of bonds need to be broken and

what interactions are formed?
4. Describe the process by which NaOH dissolves in water.
5. Write dissociation equations for (a) CuCl2(s), (b) Na3PO4(s) and (c) (NH4)2SO4(s).
6. Write ionisation equations for (a) HNO3(l), (b) H2SO4(l) and (c) HBr(g).
7. Why are substances like oil insoluble in water?
8. What is the meaning of the word miscible?
9. Which of the following liquids would be miscible with water: cordial, olive oil, vinegar, wine.

10. Name the interactions that occur when each of the following types of compounds dissolve in water.
(a) Ionic compound
(b) Polar molecular compound like HCl
(c) Molecular compound that contains H bonded to F, O or N

Pdf_Folio:8
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11. The gases NH3 and HCl dissolve in water. Discuss the similarities and differences in the way the dissolve.
12. What is an electrolyte?

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.

12.3 Precipitation reactions

KEY CONCEPT
• Precipitation reactions represented by balanced full and ionic equations, including states

12.3.1 Forming a precipitate
Precipitation occurs when two solutions combine and a new compound of low solubility in water is formed,
with the unreacted ions remaining in solution. This low-solubility compound forms as solid particles that
eventually settle. It is called a precipitate. To predict whether a precipitate will form, we must know which
substances are soluble in water and which substances are insoluble.
Precipitation reactions are used in many areas of everyday life. Water authorities often add chemicals

such as alum (a hydrated double sulfate salt) to their water to deliberately bring about precipitation. As the
newly formed precipitate settles, it also traps very fine suspended particles from the water, thus effectively
removing them and making the water much clearer. A second common use is the removal of ‘hardness’
from water by adding hydrated sodium carbonate (also known as washing soda). Ions that cause hardness,
such as Mg2+ and Ca2+, react with the carbonate ions to form the corresponding insoluble carbonate. The
ions are removed from the water and cannot react with soap to form a scum.

Precipitation occurs when two solutions
combine and a new compound of low solubility
in water is formed.

FIGURE 12.12 Precipitate of lead iodide

12.3.2 Rules for solubility
Although water is an excellent solvent for many ionic
substances, it cannot dissolve some substances. For
substances such as these, water is unable to dissociate the
ionic lattice structure and they are therefore insoluble.
When different solutions containing dissolved ions are
mixed, they will sometimes form an insoluble combination.
This produces solid particles that eventually settle out as a
precipitate.

To identify the precipitate, refer to a table of solubilities
such as shown in table 12.1.
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TABLE 12.1 Solubility in water of compounds of common ions

Name of
ion Symbol

Soluble compounds
of ion

Insoluble
compounds of ion

SAMPLE PROBLEM 2

Use table 12.1 to determine whether PbSO4 is soluble.

Teacher-led video: SP3 (eles-XXXX)
THINK WRITE

1. Identify the ions present. Pb2+ and SO4
2–

2. Refer to table 12.1, looking at the
symbols column and determine if either
ion is listed.

SO4
2– is listed.

3. Identify solubility and check the table
for exceptions.

Compounds containing SO4
2– are mostly soluble.

PbSO4 is an exception.

4. Answer the question. PbSO4 is insoluble.

PRACTICE PROBLEM 2
Use table 12.1 to determine whether MgCl2 is soluble.

Pdf_Folio:10
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Group I ions
Li+, Na+, K+,
Rb+, Cs+, Fr+

Ammonium NH4
+

Hydrogen H+
All None

Nitrate NO3
−

Nitrite NO2
−

Chlorides Cl− Ag+, Pb2+, Hg2+ (PbCl2 is
moderately soluble in hot water.)

Bromides Br−

Iodides I−
Most

Sulfates SO4
2−

Ba2+, Pb2+ (Ag2SO4 and CaSO4

are slightly soluble.)

Carbonates CO3
2−

Na+, K+, NH4
+ Most

Phosphates PO4
3−

Sulfides S2− Na+, K+ Most (MgS, CaS, BaS, Al2S3 and
Fe2S3 decompose in water.)

Hydroxides OH−
Na, K+, Ba2+ (NH4OH and

(NH4)2O do not exist as solids.)
Most (Ca(OH)2 is slightly soluble.)

Oxides O2−

Note: Most of the ionic compounds not listed here may be assumed to be insoluble in water.
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An easy way of remembering some common soluble and insoluble compounds is to use the
SNAPE and CHOPS initials.

12.3.3 Full equations for precipitation reactions
As covered in section 12.2.2, when a salt is dissolved in water it breaks up, or dissociates, into its
constituent ions, which then become hydrated. For example:

NaCl(s) H2O⃯Na+(aq)+ Cl−(aq)

The symbol (aq) indicates that each ion is separated and has become surrounded by water molecules.
Silver nitrate is another salt that is soluble in water.

AgNO3(s)
H2O⃯Ag+(aq)+ NO3

−(aq)

If these two solutions are combined, an insoluble compound, a precipitate, is formed. By examining the
solubility table, it becomes apparent that the precipitate observed must be silver chloride. The full equation
can therefore be written:

NaCl(aq)+ Ag (aq) → NaNO3(aq)+ AgCl(s)

That is, the Ag+ ions combine with the Cl− ions to form solid AgCl while the Na+ and NO3
−

ions remain in solution. When equations for precipitation reactions are written, the substance that
forms the precipitate is signified by using the solid symbol of state (s). Na+ and NO3

− ions are
referred to as spectator ions because they do not take part in the reaction, as shown in figure 12.13.

FIGURE 12.13 The formation of a precipitate of
silver chloride from the mixing of solutions of
sodium chloride and silver nitrate
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NO3
−(aq)

Na+(aq)

Na+(aq)
Cl−(aq)

Cl−(aq)
Na+(aq)

NO3
−(aq)

NO3
−(aq)

NO3
−(aq)

Ag+(aq)
Ag+(aq)

Spectator ions

Precipitate

FIGURE 12.14 Silver chloride forms a white precipitate.
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Compounds containing these ions
are soluble

Sodium Na+

Nitrate NO3
–

Ammonium NH4
+

Potassium K+

Ethanoate CH3COO
–

Compounds containing these ions
are usually insoluble

Carbonate CO3
2–

Hydroxide OH–

Oxide O2–

Phosphate PO4
3–

Sulfide S2–

NO3
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Steps for writing balanced precipitation full equations
1. Write out the reactants.
2. Write out the products (swap the anions), ensuring the formulas are correct.
3. Write a skeleton equation (just the reactants and products).
4. Balance the equation.
5. Use the solubility table to find out if one of the products is insoluble. This is the precipitate (sometimes

a precipitate may not form and on rare occasions two precipitates are formed).
6. Add states, remembering that the insoluble compound, the precipitate, must be solid(s).

SAMPLE PROBLEM 3

Predict the products and write a balanced equation for the reaction occurring between sodium
carbonate solution and copper (II) sulfate solution.

Teacher-led video: SP3 (eles-XXXX)
THINK WRITE

1. Write the reactants. Na2CO3 + CuSO4

2. Predict the products formed,
ensuring that you have written
the correct formulas.

Na2SO4 + CuCO3

3. Write the skeleton equation for
the reaction.

Na2CO3+ CuSO4 → Na2SO4 + CuCO3

4. Balance the equation. Na2CO3+ CuSO4 → Na2SO4 + CuCO3

(No balancing is required.)

5. Refer to the solubility table to
determine if either of the
compounds is insoluble.

Sodium sulfate is aqueous (since all group I compounds are
soluble), but copper (II) carbonate is an insoluble compound.

6. Include symbols of state; the
insoluble compound has (s) for
the symbol of state.

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

PRACTICE PROBLEM 3
Predict the products and write balanced equations for the reaction KOH(aq) + Ca(NO3)2(aq).

Digital document Experiment 12.1 Testing for solubility (doc-30857)

Teacher-led video Experiment 12.1 Testing for solubility (eles-3260)

Weblink Precipitation reactions

12.3.4 Ionic equations
In all the preceding equations, the elements and compounds have been written in their molecular or formula
unit forms. However, in aqueous solutions, the reactions are best represented by simpler equations called
ionic equations. Ionic equations are equations that show only the species that are formed or changed in a
reaction. Spectator ions are not included in an ionic equation because they remain in solution unchanged in
the reaction.Pdf_Folio:12
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Steps for writing ionic equations
1. Write the balanced full chemical equation as described previously.
2. Expand the equation by dissociating all the soluble compounds into their free ions. Check for any

molecular substances such as acids and certain bases that react with water to produce ions. Replace the
formulas of these substances by the ions that they form.

3. Cancel all free ions that are unchanged on both sides of the equation (the spectator ions).
4. Write out the ions and formulas remaining. This is the ionic equation.
5. Make sure that equation is balanced in charge as well as in the number of atoms.
6. Spectator ions are still in solution so write these with commas between (there is no need for

coefficients).

SAMPLE PROBLEM 4

Write a balanced ionic equation for the reaction occurring between sodium carbonate solution
and copper (II) sulfate solution. State the spectator ions.

Teacher-led video: SP4 (eles-XXXX)

THINK WRITE

1. Write out the full equation using the
steps outlined above.

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

2. Expand the equation by dissociating or
ionising all of the soluble compounds.

2Na+(aq) + CO2−
3 (aq) + Cu2+(aq) + SO2−

4
(aq) →

2Na+(aq) + SO2−
4 (aq) + CuCO3(s)

3. Cancel all free ions that are unchanged
on both sides of the equation (these are
the spectator ions).

���2Na+ (aq) + CO2−
3 (aq) + Cu2+(aq) +���SO2−

4 (aq) →
���2Na+ (aq) +���SO2−

4 (aq) + CuCO3(s)

4. Write out the remaining ions and
formula; this is the ionic equation.

Cu2+ + CO2−
3 → CuCO3

5. Check that the equation is balanced
and includes states.

Cu2+(aq) + CO2−
3 (aq) → CuCO3(s)

6. Spectator ions are those that have not
reacted.

Na+, SO4
2–

PRACTICE PROBLEM 4
Write a balanced ionic equation for the reaction between MgCl2 and NaOH. State the spectator ions.

Spectator ions are omitted in ionic equations FIGURE 12.15 Filtration apparatus
(funnel, filter paper and a conical flask)
used to separate precipitate from
solution

The precipitate formed may be separated from the mixture
by filtration, using a funnel, filter paper and a conical flask
(Figure 12.17). The precipitate remains in the filter paper and is
referred to as the residue, and the clear solution in the conical
flask is the filtrate and contains the spectator ions. The filter
paper with the residue can be placed in an oven at 110°C to
evaporate the water.
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Weblink Balancing ionic equations

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

1. (a) What is a precipitation reaction?
(b) Describe what you would observe by mixing of two solutions which then form a precipitate.

2. State the names and formulas of the ions present in the following solutions.
(a) K2SO4

(b) (NH4)3PO4

(c) AgNO3

3. Use table 12.1 to determine whether each of the following ionic compounds is soluble.
(a) BaSO4

(b) Pb(NO3)2
(c) AgI
(d) sodium sulfide.

4. Explain which of the following reactions would be classified as precipitation reactions.
(a) 2HCl(aq) + Mg(s)→ MgCl2(aq) + H2(g)
(b) Ca(OH)2(s)→ CaO(s) + H2O(g)
(c) K2CO3(aq) + CaCl2(aq)→ CaCO3(s) + 2KCl(aq)

5. Use table 12.1 to determine
(a) which sodium compounds are soluble.
(b) which potassium compounds are insoluble.
(c) which silver compounds are soluble.

6. Predict which of the following pairs of solutions will form a precipitate when mixed.
(a) Iron lll nitrate and sodium hydroxide
(b) Barium chloride and copper sulfate
(c) Sodium nitrate and ammonium carbonate

7. Predict products and write balanced equations for the following.
(a) 2LiOH(aq) + Ca(NO3)2(aq)
(b) Na2S(aq) + (CH3COO)2Pb(aq)
(c) 2(NH4)3PO4(aq) + 3CaCl2(aq)

8. Write ionic equations for the following reactions and identify the spectator ions.
(a) Barium chloride and magnesium sulfate solutions reacting to form a precipitate of barium sulfate

and magnesium chloride solution
(b) Calcium nitrate reacting with sodium carbonate in solution to form solid calcium carbonate and

sodium nitrate solution
9. Suggest a method of obtaining a sample of solid zinc carbonate from solutions of zinc nitrate and

potassium carbonate.
10. Zahra wishes to test a solution for the presence of chloride ions. Name a soluble salt solution she could

add to produce a precipitate containing chloride ions, and write the ionic equation for the reaction.

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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12.4 Solvent properties of water in biological,
domestic or industrial concepts

KEY CONCEPT
• The importance of the solvent properties of water in selected biological, domestic or industrial contexts

FIGURE 12.16 Plants and fish rely on gases dissolved
in water to survive.

We know that water is particularly useful as
a solvent because of its ability to dissolve an
enormous number of substances. Water can
transport dissolved chemicals around our body
and act as a medium for chemical reactions to
occur. It is an important solvent in the home,
and for environmental, industrial and agricultural
processes.

12.4.1 Solvent properties of water
in biological contexts
The bodies of most organisms are made up of a
large percentage of water. Humans, for example,
are about 60% water. Blood plasma and cells
contain dissolved substances such as amino
acids, proteins, mineral ions, various types of
sugars, some vitamins, digestion products and
hormones, to name just a few. Waste products are
also present, such as urea and carbon dioxide, and these are carried away by water. In plants, water in the
cells and sap has a wide range of dissolved materials, including nutrients, amino acids and sugars produced
from photosynthesis. The oxygen and carbon dioxide dissolved in waterways are essential for the survival
of aquatic animals and plants.

Problems may be caused by the solubility of fertilisers, particularly those containing nitrogen and
phosphorus, which are transported through the ground into rivers and lakes and encourage the growth of
algae and plants in the water. These eventually die and the decay process uses up oxygen, which results in
the death of fish. This process is known as eutrophication and is discussed in topic 15.

12.4.2 Solvent properties of water in domestic contexts
In the garden, many pesticides and nutrients are dissolved in water before being applied. Vinegar is a
solution of ethanoic acid. Beverages contain a number of solutes responsible for their flavours, and aerated
drinks contain dissolved carbon dioxide. In the medicine cabinet are many aqueous solutions or products
that are dissolved in water before being taken. Personal care products such as perfumes and mouthwashes
can be added to this list and soaps and detergents dissolve in water to help keep household items and
ourselves clean.

12.4.3 Solvent properties of water in industrial contexts
Many chemicals are more easily and safely handled and transported as solutions than in their
pure states. Water facilitates many reactions by providing a convenient medium to bring reactants
together. In electrolysis reactions, solutions in water often provide a less expensive lower
temperature alternative to using molten materials to achieve conductivity. From a safety point of
Pdf_Folio:15
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view, chemicals can be diluted so that they pose less of a risk — larger
volumes of more dilute solutions can be used instead of smaller volumes
of more concentrated and potentially dangerous solutions. Water can be
used to conveniently capture and dissolve by-products of industrial
reactions, allowing them to be turned into useful products or to be
processed further before release into the environment. Water is used as a
solvent in many manufacturing industries, including the production
of foods, medicines, fertiliser, detergents, paints and paper.

FIGURE 12.17 Two soluble
aspirin tablets in glass of water

A special mention should also be made of soaps and detergents.
These products are part of a larger group called surfactants and they
contain molecules that are polar at one end and non-polar at the other.
This enables them to dissolve in both water and oil, making them
ideally suited as cleaning agents where oil and grease need to

removed.

12.5 Review
12.5.1 Summary
Solution processes

• Water is an excellent solvent for many ionic and polar substances. This is due to its polarity and ability
to form hydrogen bonds. Water is, therefore, attracted to ions and polar substances. If these attractions
are strong enough to overcome the attractions between the molecules or ions of the other substance,
that substance dissolves (the ‘like dissolves like’ rule).

• A solute is a substance that is dissolved in a solvent to make a solution.
• Solubility is the extent to which a solute can dissolve in a solvent and this depends on the temperature.
• The process of dissolving depends on
• The strength of the bonds between the solute particles and the energy required to separate them.
• The strength of the bonds between the solvent particles and the energy required to separate them.
• The amount of energy released when new interactions or bonds are formed between the solute and

the solvent.
• Ionic compounds that dissolve do so because they dissociate in water, forming hydrated ions.
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12.4 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. Describe how the solvent properties of water are of benefit in the human body.
2. Explain how dissolved substances keep plants and fish alive in a pond.
3. List two examples of water acting as a solvent in a meal.
4. Why is it important that fertilisers are soluble in water and what problem may result from this?
5. How is water useful in the industrial production of materials?
6. What disadvantages might there be in the use of water in chemical industries?

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 VCE exam questions

Fully worked solutions and sample responses are available in your digital formats.
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• Dissociation is the process by which particles in the solid state are pulled apart by water and become
able to move around. This results in the solid dissolving and a solution being formed.

• Molecular compounds that dissolve either
• ionise in water (when the molecules are highly polar)
• form hydrogen bonds (when the molecules contain H bonded to F, O or N) with water.

• Polar gases such as ammonia and hydrogen chloride dissolve readily in water.
• Non-polar gases such as oxygen and nitrogen have low solubility, but enough to sustain aquatic life.
• An increase in pressure generally increases the solubility of a gas in liquids.
• An increase in temperature generally decreases the solubility of gases in liquids.
• Conductivity of solutions can be used to determine the quantity of ions formed.

Precipitation reactions

• Precipitation reactions occur when solutions of soluble substances are mixed and an insoluble
substance is formed.

• A solubility table may be used to predict the formation of a precipitate when solutions are mixed.
• Salts that contain any of the ions Na+, NO3

−, NH4
+, K+, and CH3COO– (SNAPE ions) are soluble.

• Salts that contain CO3
2–, OH–, O2–, PO4

3– and S2– (CHOPS ions) are usually insoluble unless
combined with the SNAPE ions.

• An ionic equation is one that shows only the ions that are formed or changed during a chemical
reaction.

• Those ions that do not react are known as spectator ions and are not shown in ionic equations.
• Ionic equations are particularly useful for summarising precipitation reactions.

Solvent properties of water in biological, domestic or industrial concepts

• Biological processes involve the transportation of chemicals and waste products, and are dependent on
the solvent properties of water.

• Many solutions are common in households, including drinks, detergents and medications.
• Water is an important solvent for the industrial manufacture of various materials; for example,

pharmaceuticals, fertilisers and dyes.

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30914).

12.5.2 Key terms

aqueous solution with water as the solvent
covalent bond sharing of electrons between nuclei that bonds them together in a molecule
dissociation the process by which ions separate when an ionic compound dissolves in a solvent
double (reversible) arrows arrows used in an equation for a reaction where the forward reaction is occurring at

the same time as the reverse reaction
electrolyte solution or liquid that can conduct electricity
eutrophication excess nutrients in rivers and lakes that promote growth and decay of plant life to the detriment

of other species
filtrate liquid that has passed through a filter
full equation equation that includes all of the reactants and products that are present
homogeneous uniform composition throughout
hydrated containing water molecules within the structure
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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

immiscible when two substances are unable to form a homologous solution
insoluble will not dissolve
ion–dipole attraction attraction between an ion and a polar molecule
ionic equation equation without the spectator ions
ionisation reaction in which a substance reacts with water to produce ions
like dissolves like strongly polar and ionic solutes tend to dissolve in polar solvents, and non-polar solutes tend

to dissolve in non-polar solvents
miscible able to be mixed and form a solution
molecular group of atoms bonded together covalently
non–polar molecules that have an even distribution of charge
polar molecules that have an uneven distribution of electrons due to differences in electronegativity of the atoms
precipitate solid with low solubility formed in a liquid
precipitation reaction reaction where two solutions are mixed and a solid is formed
residue substance remaining in filter paper after the process of filtration
self-ionisation reaction in water where water ionises very slightly to form H3O

+ and OH–

solubility grams of a substance that will dissolve in an amount of solvent at a particular temperature
soluble will dissolve
solute dissolved substance in a solution
solvent substance in which the solute is dissolved
spectator ion ions that take no part in a reaction but maintain electrical neutrality in a solution

Digital document Key terms glossary Topic 15 (doc-30912)

Pdf_Folio:18

18 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

12.5.3 Practical work and experiments

Experiment 12.1

FPO

Testing for solubility

Aim: To investigate the formation of precipitates in aqueous solution
and gain skill in writing ionic equations to represent them

Digital document: doc-30857
Teacher-led video: eles-3260

12.5 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.
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12.5 Exercise 1: Multiple choice questions
1. Which properties explain the ability of water to act as a solvent?

(i) Hydrogen bonding, (ii) polarity of water molecules or (iii) high specific heat capacity of water?
A. (i) and (ii) only
B. (i) and (iii) only
C. (ii) and (iii) only
D. (i), (ii) and (iii)

2. Which of the following terms best describes a substance that dissolves when added to water?
A. Solvent
B. Solute
C. Insoluble
D. Solution

3. Which of the following is NOT a characteristic of a solution?
A. Homogeneous
B. Miscible
C. Solute and solvent cannot be distinguished by the naked eye
D. Solute particles can be separated by filtering

4. The following interactions are involved in the solution process:
(i) solute–solvent, (ii) solute–solute and (iii) solvent–solvent.

Which of the interparticle attractions must be overcome in order for a solute to dissolve in a solvent?
A. (i) and (ii)
B. (i) and (iii)
C. (ii) and (iii)
D. (i), (ii) and (iii)

5. In general, to increase the solubility of a gas in water it is necessary to have:
A. high temperature and high pressure.
B. low temperature and high pressure.
C. high temperature and low pressure.
D. low temperature and low pressure.
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6. For which of the following types of ionic compounds are most examples insoluble in water?
A. Nitrates
B. Sulfides
C. Chlorides
D. Ethanoates

7. Which of the following includes only water-soluble substances?
A. Ammonium chloride, magnesium nitrate, sodium hydroxide, sodium sulfide
B. Ammonium nitrate, magnesium hydroxide, ammonium hydroxide, sodium chloride
C. Magnesium chloride, sodium nitrate, silver chloride, potassium chloride
D. Potassium nitrate, magnesium nitrate, copper sulfide, copper nitrate

8. Which of the following compounds would appear as a precipitate in solution?
A. Ammonium sulfate
B. Barium nitrate
C. Barium sulfate
D. Ammonium hydroxide

9. An ionic equation does not show
A. reactants.
B. charges on ions.
C. solid products.
D. spectator ions.
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10. Which of the following is a correctly balanced ionic equation?
A. Ba+(aq) + SO4

–(aq)→ BaSO4(s)
B. HSO4

−(aq) + H2O(l)→ SO4
2−(aq) + H3O

+(aq)
C. Na+(aq) + 2Cl–(aq)→ NaCl2(s)
D. 2H+(aq) + SO4

2−(aq) + 2K+(aq) + 2OH−(aq)→ 2K+(aq) + SO4
2−(aq) + 2H2O(l)

12.5 Exercise 2: Short answer questions
1. a. Explain why only one hydrogen atom of the six present in ethanol (CH3CH2OH) can form a

hydrogen bond with a water molecule.
b. Why is ethanol (CH3CH2OH) soluble in water and ethane (CH3CH3) insoluble?

2. Explain the process by which silver nitrate dissolves in water.
3. Write dissociation equations for the following.

a. KOH(s)
b. Na3PO4(s)

4. Is there more dissolved oxygen in warm water or cold water? Why is this significant for aquatic
organisms?

5. Complete the table using the following compounds: CH4, KI, HNO3 and CH3OH.

Description Compound

This compound is insoluble

This compound ionises when dissolved in water

This compound forms hydrogen bonds when
dissolved in water

This compound dissociates when dissolved in water

6. Use the rules for solubility to decide whether or not each of the following substances would be soluble
in water.
a. Potassium nitrite b. Sodium chloride
c. Lead sulfate d. Calcium carbonate
e. Ammonium hydroxide f. Copper (II) sulfide
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7. Chemists often refer to the ‘like dissolves like’ rule when describing the solubility of various
substances in different liquids. How does this rule explain the following?
a. Potassium chloride dissolves in water
b. Ammonia dissolves in water
c. Methane is insoluble in water

8. Determine whether the following substances are soluble in water or not.
a. CaI2 b. KOH c. AgCl d. AgI e. BaSO4

f. NH4Cl g. Na2S h. MgCl2 i. CuS j. Al(OH)3
9. Complete the following equations.

a. BaCl2(aq) + (NH4)2CO3(aq)
b. 2AgNO3(aq) + H2S(g)
c. K2CrO4(aq) + Pb(NO3)2(aq)

10. Predict whether a precipitate forms when solutions of the following are mixed.
a. AgNO3 and KCl b. H2SO4 and BaCl2 c. H2SO4 and NaCl
d. NaNO3 and KCl e. (NH4)3PO4 and CaCl2 f. (NH4)2S and Pb(NO3)2
g. (NH4)2S and NaNO3 h. CaCl2 and NaBr

11. Write ionic equations for the reactions that form precipitates in question 10.
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12. Write a full equation and an ionic equation for each of the following reactions (if no reaction occurs,
write ‘no reaction’).
a. Solutions of potassium sulfate and calcium nitrate are mixed.
b. Lead (II) nitrate solution is added to potassium iodide solution.
c. Magnesium chloride is added to sodium phosphate solution.
d. Solutions of potassium sulfide and zinc chloride are mixed.
e. Solutions of sodium sulfate and potassium bromide are mixed.

13. What cations could be present in a solution that did the following.
a. Gave a precipitate with sodium sulfate solution but not with sodium chloride.
b. Gave a precipitate with sodium sulfate and with sodium chloride.
c. Gave a precipitate with sodium sulfate solution but not with sodium hydroxide.
d. Gave a precipitate with sodium carbonate but not with sodium hydroxide.

14. Describe simple tests that would allow you to distinguish between solutions of the following.
a. Silver nitrate and zinc nitrate
b. Barium chloride and magnesium chloride
c. Silver nitrate and lead nitrate
d. Potassium sulfate and potassium chloride

12.5 Exercise 3: Exam practice questions
1. Explain the following observations. (6 marks)

a. Glucose, C6H12O6 (shown), is very soluble in water but does not conduct electricity
when dissolved. 2 marks

Glucose

H

CH
2
OH

H OH

HO

H

OH

H

OH H

O

b. Sodium chloride is soluble in water but insoluble in benzene, which is a
non-polar liquid. 2 marks

c. The bonds between water molecules are stronger than the bonds between hydrogen
chloride molecules. 2 marks
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2. Compare the different processes that occur when hydrogen bromide gas, HBr, and ammonia, NH3,
dissolve in water. Include equations. (4 marks)

3. Solutions of sodium chloride and hydrochloric acid are both good conductors of electricity. This means
that they both have mobile ions present. (6 marks)
a. Define the term ‘dissociation’. 1 mark
b. Define the term ‘ionisation’. 1 mark
c. Explain why a solution of sodium chloride can conduct electricity. Use the appropriate term from

parts (a) and (b) in your explanation. 2 marks
d. Explain why hydrochloric acid can conduct electricity. Use the appropriate term from parts (a) and (b)

in your explanation. 2 marks
4. a. From the following list of substances, choose a substance that is insoluble in water: CuSO4, Ba(OH)2,

KOH, BaSO4. 1 mark
b. Write a chemical equation for the reaction between two reactants of your choice that would produce

the precipitate you chose in part (a). 2 marks
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5. Some ammonium carbonate solution is poured into two separate test tubes. Some sodium
solution is then added to test tube A, and some barium chloride solution is added to test

tube B. (8 marks)

Test tube BTest tube A

Barium

chloride

added

Potassium carbonate

solution

Sodium

chloride

added

a. In which test tube would a precipitate be observed to form? 1 mark
b. Write the formula equation for the formation of the precipitate that you have identified from

part (a). 2 marks
c. Write the ionic equation for this precipitation reaction. 1 mark
d. What are spectator ions? In the example from part (c), list the spectator ions that are present. 2 marks
e. Suppose that the precipitate is filtered and the remaining liquid (the filtrate) is then heated to

evaporate the remaining water. Describe what happens, naming any new substances that might be
formed. 2 marks

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

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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