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How to use this book

The Pearson Chemistry Queensland Units 3 & 4 Skills and
Assessment Book takes an intuitive, self-paced approach
to science education that ensures every student has
opportunities to practise, apply and extend their learning
through a range of supportive and challenging activities.

This resource has been developed by highly
experienced and expert author teams, with leading
Queensland specialists who have a working
understanding of what teachers are looking for
to support teaching and learning across the new
Queensland Certificate of Education (QCE).

Fully written to the new QCE Unit 1-4 Syllabus, the
Skills and Assessment Book is organised by units and
topics, and the unit opener outlines the unit objectives

TOOLKIT

A complementary Toolkit supports the
development of the skills and techniques
needed to undertake Practical activities, the
Data test, Student experiment and Research
investigation, and also study skills. It also
includes checklists and helpful hints to assist
in fulfilling all assessment requirements.

that are addressed. The Skills and Assessment Book
is further organised into topics. Each topic addresses
all the subject matter and practical activities from the
Syllabus.

All activities integrate into the Pearson Chemistry
Queensland Units 3 & 4 Student Book for a complete
teaching, learning and assessment program, making
integration of practice and rich learning activities a
seamless inclusion. The resource has been designed so
that it can be used independently of the Student Book,
providing flexibility in when and how the Skills and
Assessment Book is engaged with.

knowledge co
notegthat cover

Key knowledge

Chemical equilibrium

REVERSIBLE REACTIONS—D)
EQUILIBRIUM ame
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WORKSHEETS g

A diverse offering of instructive and self-contained worksheets

is included in each topic. Common to all topics are the initial

‘Knowledge preview’ worksheets to activate prior knowledge; ;L, s s Jomns |
a ‘Literacy review’ worksheet to explicitly build language and ‘;j;:iii;rff
application of scientific terminology; and finally, a ‘Thinking about ‘:’:**I" e -

my learning’ worksheet, which encourages students to reflect :
on their learning and identify areas for improvement. Other
worksheets, with their range of activities and tasks, focus on the
application of subject matter to assist in the consolidation of
learning and the making of connections between subject matter.
Worksheets may be used as formative assessment and are
clearly aligned to the Syllabus. A range of questions provide
scaffolded support in alignment with the revised Syllabus. These
worksheets build students’ proficiency in skills and knowledge z

reactants and proc an
2t equillrium. The table below gives the results of ssven of

Iae) = 241
frations (ol L) for Hifg) + 1(g) = 2Hi(g) at 458-C.

foooseiro[ooossto[aviesssn

mmou Joomsmo aumssa

1 Uit Topic 1 o

required to respond effectively to assessment requirements.

Effect of concentration changes on equilibrium yields P R ACT I c AL ACT IV I TI E

Suggested duration: 50 minutes

RESEARCH QUESTION

RATIONALE

eNo7806557 18710 P

EXAM PRACTICE QUESTIONS

ts the opportunity to
subject matter covered in the

Each topic concludes with a

comprehensive set of question items o ‘;’“.“”“““':“’“ e
ultiple-choice questions
consisting of multiple-choice and short- —_— P

answer responses taken from past QCAA
Chemistry examination papers. This
provides students with exposure to, and the
opportunity to practise, drawing together
subject matter and skills to respond to
examination-style assessment.

iemistry 2023 Paper 1 (Mtiple Choice) 2

QCAA Chenistry 2022 Paper 1 (Mltple Choice) 11

(QCAA Chemistry 2021 Paper 1 (Multple Chaice) 10
ifthe ttal creased.

1 U3 Topic 1 o

QuesTIoN s

QCAA Cheistry 2024 Paper 1 Mulple Choice) 10

QAR Chemistry 2024 Paper 1 (Hattple Choce) 5

]
® i) = oK
QUEsTION 10

sa978 0655716710
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SAMPLE ASSESSMENT TASKS : : ICONS AND FEATURES
: :  Many of the Practical activities are
further supported by a complementary
SPARKIab alternative practical.
Use the activities for practice, application and
revision of subject matter.

Sample assessment tasks for the Data test,
Student experiment and Research investigation
provide opportunities for students to practise
responding to these assessment tasks. The
activities are designed to support students by : :
guiding and scaffolding them through each aspect : The safety icon highlights significant
of these assessments. : : o S

hazards, indicating caution is needed.

The safety glasses icon highlights
that protective eyewear is to be worn

e e
Data test (60 marks) : : during the practical activity.
Task e : ................................................................................ .

(10 marks)

v obtained the data n Tabe 1 for the gaseous equiibrium between ntrogen

N:04(&) = 2NO(g)

in four separate experiments, so different
in a sealed vessel at 25-C.

tures

expression for the equilbrium faw for this reaction in
@ marky

Hem 2: Use the da. valus of
i e gt alus ofthe equilibriam constant for each mixture, then determine the avers

ge
@ marks)

Mem 3t Calculate the equilibrium constant ot 25°C for the reaction:

ANOL(E) = 210,
0= 2000 @marks)

a7
08SE7IE7LO - Paarson ety Queentand Unts 384 2 adiion | Sl ad Assssment | U3 Topic 2

of most of the worksheets, all practical activities and sample

ith the opportunity for self-reflection and self-assessment. Students
an continue to improve, and to identify areas of focus for further skill
is tool has been based on the syllabus requirements to provide teachers

This innovative feature ap
assessment tasks. It provi
are encouraged to consider how th
and subject matter development.
with a simple yet effective tool for gauging student needs.

RATE MY o |getit. e |getit. ¢ | almost get it. ¢ | get some of it. e ldon’t get it.
(RCGOULCEN - | can apply/teach it. ¢ | can show | get it. e | might need help. * | need help. * | need lots of help.

Teacher support

Fully worked solutions, suggested answers and responses to sample
assessment tasks, as well as practical activity support including full risk
assessments, expected results and handy hints, are provided for teachers

through the teacher support subscription.
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Chemistry toolkit

This Toolkit serves as a reference to be consulted as needed throughout the course of study. It has been
developed to constructively scaffold skills, and provides scaffolded steps for undertaking practical activities,
research, planning, presenting and responding to task requirements.

The Toolkit complements the advice included in Chapter 1 Skills and Assessment Toolkit of
Pearson Chemistry Queensland Units 3 & 4 2nd edition Student Book. The information in this Toolkit
explains how responses will be assessed against the characteristics in the Instrument-Specific Marking
Guides (ISMG).

Assessment The key areas assessed in the Data test are your

. . ability to:
The assessments you will be required to undertake for Y

Units 3 and 4 Chemistry are:

* Data test IA1) in Unit 3, 10%

¢ Student experiment (IA2) in Unit 3, 20%

¢ Research investigation (IA3) in Unit 4, 20%

* Examination (EA), at the end of Units 3 & 4, 50%.

PART A: Data test (1A1)

The Data test is completed in Unit 3. The test is
completed under test conditions, with 5 minutes reading
time and 60 minutes writing time.

The test may include:

* apply your understanding of subject matter to
provided data sets

* look critically at evidence and analyse it by
performing calculations

» reach conclusions based on the interpretation of
evidence.

* questions ranging from short answers to longer ill provide you with opportunities to prepare for the
responses s and subject matter assessed in the Data test. You can

e scenario situations take some additional opportunities to practise and

« problem-solving. repdre, as outlined in the Data test: Preparation checklist,

ich directs you to resources to assist in revision.

Resource Feature Revisio Check v/
Pearson Practical * Re hrough each practical completed in class, stopping before ‘Analysis’

Chemistry activities thedata.

Queensland . te the analysis section of each practical again, without looking at

Units 3 & 4 r original analysis, interpretation and conclusion.

Student Book ompare your analysis, interpretation and conclusion for each practical

with those of your original practical.

SkillBuilders, « SkillBuilders outline a method or technique and step you through the skill

Worked examples to support the application.

and Try yourself | . Often, a SkillBuilder will be followed by a Worked example that provides the
thinking and process for each step of working through a problem.

+ Refer to Worked examples and their mirror Try yourself problems that
are placed at relevant stages in the chapters. Many focus on skills in
calculations using algorithms.

» Select examples in which you need to improve skills and read the
SkillBuilder and the Worked example, then complete the Try yourself and
check your answer.

Questions/ » Refer to module and chapter reviews, focusing on tasks listed under

instructions ‘Analysis’. Some of these tasks require the same skills needed to complete
the Data test.

+ Select some questions and complete them.

» Check your answers against the fully worked solutions provided in your eBook.

Chapter 1 » Refer to Chapter 1 Chemistry Skills and Assessment Toolkit, Part A, in the
Skills and eBook.

Assessment » Use this reference, as needed, to improve your mathematical skills, analysis
Toolkit and visual interpretation skills.

continued over to next page

ISBN 978 0 6557 1871 0 Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Chemistry toolkit



Resource Feature Revision activity Check v/
Pearson Practical activities | « See suggestions and support for practicals; these include working with data.

Chemistry

Queensland Exam review * Refer to the Exam review tasks for examples of the types of items on the

Units 3& 4 Data test.

Skills and Practice data test | -+ Complete the practice Sample Assessment Task IA1: Data test provided in

Assessment this book.

Book » Complete these tasks under test conditions.

PART B: Student experiment (1A2)

The Student experiment uses practical investigation methodology including a research question or hypothesis
developed by the student, the collection of primary data, and the analysis and synthesis of that data.

The Research question developed must:
» relate back to a practical related to the subject matter.

CONDUCTING THE STUDENT EXPERIMENT

A great deal of preparation is needed before starting the experiment. Use the S
guide.
Refer to Pearson Chemistry Queensland Units 3 & 4 Student Book, Chap
» Part A covers Scientific skills such as mathematical basics, representations
analysis.
» Part B covers all aspects of the student experiment and includes &

nt Experiment Checklist as a

bles and graphs, data

Student Experiment Checklist

Task Activity Date due | Complete v/
Form Initial practical your student’s

ideas and

develop the

experiment Background/ . j d all aspects of the assessment

question Rationale

e original class experiment and to
describe your reason for conducting the

u¥€es and secondary data

d the data of the original experiment.

the independent and dependent variables of the
class practical.

» Understand the relationship between the dependent

and independent variables shown in the findings of this

investigation.

identify the controlled variables and consider how they will

be kept constant.

Variables

Modification * Modify the original experiment.

» Develop a new experiment research question to be

investigated in your student experiment.

Identify the dependent and independent variables and check

whether they can be measured to provide data.

» Use your understanding of chemical concepts to identify
change(s) to be made to the class practical—modify, refine,
extend or redirect.

Justification « Justify/provide rationale for the modification of the new
experiment question.

Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Chemistry toolkit ISBN 978 06557 1871 0



Student Experiment Checklist

Task

Activity

Date due

Complete v

Find the
methodology
and data

Methodology

» Plan the method to be followed for the experiment.

» Write a statement of the aim that covers what the scientist
wants to show, verify or find out in the experiment.
¢ May be expressed as a statement or question.
e May be one or two sentences.

« Often written as ‘To investigate the effect of ... on ... or
‘To investigate if a correlation exists between ... and ...".

’

Risk
assessment

+ Identify and manage risks and potential dangers by
completing the Risk Assessment Form.

» Also consider ethical and environmental issues.

Materials

» Make a list of all equipment, chemicals and materials used.
* Include quantities (chemicals) and sizes (equipment).

The
experiment

» Conduct the experiment.
+ Collect the relevant data to answer the research question.

Results

» Record all measurements taken during the experiment as
well as observations.

+ Collect sufficient and relevant data.

» Observations may be recorded as text, diagra
videos.

» Process data and present it correctly.

* Most common records of primary data are tab
and units.

» Most common records of processe
and can include calculations.

Analyse the
evidence

Organise data
collected

Interpret and
evaluate the

Work with
data collected;

Communication

evidence relate back to .

the experiment

question

e suggestions for improvements and extensions to the
experiment.

The Presentation » Decide on the presentation format: written or multi-modal.
experiment format + Check length requirements for your selected format.
report

« Communicate ideas in scientific language and
representations.

+ Include in-text citations and reference list.

« Write using your own words to avoid plagiarising.

» Ensure length requirements are not exceeded.

ISBN 978 0 6557 1871 0 Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Chemistry toolkit
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Equilibrium, acids and

UNIT )
redox reactions

Chemical equilibrium systems
Oxidation and reduction

Unit 3 objectives

Students will:

» Describe ideas and findings about chemical equilibriu stems and oxidation
and reduction

Apply understanding of chemical equilibrium systems
Analyse data about chemical equilibrium sys

Interpret evidence about chemical equili
reduction

Evaluate processes, claims and conc ical equilibrium systems
and oxidation and reduction

Investigate phenomena associatedfwit ical equilibrium systems and
oxidation and reduction.
General Se \i’ é eensland Curriculum & Assessment Authority v1.2 2025 Chemistry
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Key knowledge

Chemical equilibrium

REVERSIBLE REACTIONS—DYNAMIC
EQUILIBRIUM

In chemistry, a system is usually regarded as the
chemical reaction being studied, and the surroundings
are everything else around it (the rest of the universe).
Systems may be open systems, which exchange matter
and energy with the surroundings, or closed systems,
which exchange only energy with the surroundings.

Systems are said to be homogeneous if all reactants
and products are in the same phase, or heterogeneous if
different phases are present.

Chemical reactions that can occur in both directions
are reversible reactions. Chemical reactions that can
occur only in one direction are irreversible reactions,
that is, they are non-reversible, like baking a cake.

Physical changes are usually reversible processes,
whereas only some chemical changes are reversible.

Reversible reactions in a closed system eventually
reach a point where the rate of the forward reaction is
equal to the rate of the reverse reaction. Three examples
of systems that can be reversible are:
 the evaporation and condensation of water

H,0() — H,0(g)
H,0(g) —» H,00)
The equations above can be written as:

H,O0(D) = H,0(g)
 the dissolution and crystallisation of su,
saturated solution of sugar in
CpHp04(9) =
¢ the reaction of iron(IIl) nit
thiocyanate
Fe**(aq) + SCN™(aq) =
This reaction also involves a colour change: Fe**
solutions are pale yellow, SCN™ solutions are colourless
and FeSCN?" solutions are red.

The synthesis of ammonia

The reaction that occurs when N, gas is mixed with
H, gas in a sealed container is another example of a
reversible reaction. NHj; gas is formed, which then
decomposes back to N, and H,. The reaction can be
represented, using a double-headed arrow, as:

N, (g) + 3H,(g) = 2NH;(g)
When the rates of the forward and reverse reactions

are equal, the reaction is described as being in
equilibrium (Figure 3.1.1).

Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Unit 3 Topic 1

Rates of reactions between
N, gas and H, gas

¢
X\}&
< 2NH,

,,é';'})“’z

e

S

oV

Rate

[N

Time
Equilibrium first
established

FIGURE 3.1.1 Graph showing the changes in the rates of
the forward and reverse reactions with time as a reaction
reaches equilibrium

Concentration (mol L)

T T Time

N,and H,
added to container

equilibrium
established

FIGURE 3.1.2 Changes in concentrations as a mixture
of nitrogen and hydrogen gases reacts at a constant
temperature and reaches equilibrium

A reaction does not actually ‘stop’ at equilibrium.
Reactants are continuously forming products, and
products are continuously changing back into reactants
at the same rate; such systems are described as being in
dynamic equilibrium. Equilibrium can be achieved in
closed systems, but not in open systems.

When equilibrium is achieved, the relative amounts
of reactants and products define the position of
equilibrium. As you will learn soon, an equilibrium
constant, K, can be calculated based on the ratio of the
concentrations of the products to reactants.

ISBN 978 0 6557 1871 0



Energy profile diagrams and
reversible reactions

When reactions occur, bonds of reactant particles are
broken and the new bonds of the product particles are
formed. Energy profile diagrams, such as Figure 3.1.3,
show the energy changes that occur during a reaction.
These diagrams allow you to understand why reactions
can be reversible. When the particles collide with
sufficient energy to break bonds in the reacting particles,
the products form. The reverse process can also occur,
in which product particles absorb energy to break their
bonds and re-form the reactants.

In Figure 3.1.3, the forward reaction is exothermic
(energy-releasing) and the reverse reaction is
endothermic (energy-absorbing). The energy that is
required for the reaction to occur is called the activation
energy and is represented by the peak of the energy
profile diagram. The activation energy for the endothermic
reaction is the sum of the AH for the reaction and the
activation energy for the exothermic reaction.

Energy profile diagram
energy absorbed as
bonds in reactants break

- activation energy (E,)
%D reactants I
5 / !

energy released
as bonds form in
products

AH E, of endothermic reaction =

products l E, of exothermic reaction

Progress of reaction

FIGURE 3.1.3 Energy profile diagram for an exo
reaction

Factors that c
equilibrium
LE CHATELIER’S PRIN

Le Chatelier’s principle states: ‘If a change is imposed
on a system at equilibrium, the system will adjust itself
to partially oppose the effect of the change’.

The effect of a change on an equilibrium can
be predicted by Le Chételier’s principle. You can
understand the basis of Le Chéitelier’s principle
using collision theory: a reaction can occur when
reactant particles collide with sufficient energy and the
appropriate molecular orientation. When the reactants
are mixed initially and the reaction commences, the
number and concentration of product particles will
increase. However, as the frequency of collisions
between the product particles increases, the rate
of reformation of reactant particles also increases.
Eventually, the rates of the forward and reverse reactions
become equal, and equilibrium is established.

We will now explore the effect of different changes on
equilibrium systems.

ISBN 978 0 6557 1871 0
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Effect of concentration change on
equilibrium
Consider a container of N,, H, and NHj at equilibrium:

N,(g) + 3H,(g) = 2NH;(g)

If extra nitrogen gas is added to the container, without
any change in the volume or temperature, the mixture
will momentarily not be in equilibrium. The system
will adjust to form a new equilibrium with different
concentrations of N,, H, and NHj.

Figure 3.1.4(a) on page 6 is a concentration—time
graph showing the result of adding N, to the initial
equilibrium. As predicted by Le Chatelier’s principle,
you can see that adding more reactant to the equilibrium
results in the production of more NHj as the equilibrium
position shifts to use up some of the added N,.

The rate—time graph in Figure 3.1.4(b) on page 6
shows the effects on the rate of the forward and reverse
reactions when the extra nitrogen is added. Initially, there
is a net forward reaction due to the added nitrogen. Then
the rates of the fofvard and reverse reactions become
e equilibrium position has shifted

ystem resStores equilibrium by increasing the overall
cssure. This is done by moving in the direction of the
3t particles. In the example:

N, (g) + 3H,(g) = 2NH;(g)

a’decrease in pressure causes the system to move in

the direction of the reactants (a net reverse reaction),
because there are 4 moles of gas on the reactant side and
only 2 moles of gas on the product side.

Effect of dilution on equilibrium
Now consider the aqueous equilibrium system:
Fe**(aq) + SCN(aq) = FeSCN**(aq)

Figure 3.1.5 on page 6 shows the effect of doubling
the volume of the system by adding water without
any change in temperature. Dilution causes the
concentration of ions in solution to decrease. Le
Chételier’s principle tells us that equilibrium will be re-
established by the system by shifting in the direction that
increases the ion concentration. In this example, there
are 2 moles of ions on the reactant side and 1 mole of
ions on the product side, so the position of equilibrium
shifts in the direction of the reactants and there is a net
reverse reaction.

Note that, although the equilibrium position shifts to
the left, the concentrations of Fe3+(aq) and SCN ™ (aq) at
the new equilibrium are lower than their concentrations
prior to dilution. This is because the shift in the
equilibrium only partially opposes the change.
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(a) (b)

Concentration-time graph Rate-time graph

2. The increased concentration of nitrogen gas causes more
frequent collisions to occur between N, and H, molecules,
producing more NH,. The rate of the forward reaction instantly

rate of the reverse reaction to re-form

b
2 :
§ INCreases. 4. Ultimately, the rates of the forward and
S ! reverse reactions become equal again
© ! and a new equilibrium position is
= .
S ! established.
Q 1
5 ! % 1. System initially at ‘
s ! | equilibrium. Rates |
= ! of forward and Tt
5 : reverse reactions O
g : are equal. ’
1 ’
S ! N,(2) + 3H,(g)=2NH,(g)' 3. As the concentration of ammonia
S A -
N e T ! increases and more frequent collisions
E 2NH,(2) =N,(g) + 3H,(g) occur between ammonia molecules, the

- Time
|r_1|!'ga_l N, and H, increases.
equilibrium
nitrogen o Time
added new equilibrium
established

FIGURE 3.1.4 (a) A representation of changes in concentrations that occur when ad
(b) The effects on the rate of the forward and reverse reactions when more nitr,

ional nitrogen gas is added.
n is added.

Concentration-time

graph
SCN” 1 Ytrations of the reactants or products.
c ! cable 3.1.1 summarises the effect of various changes
8 . / ! equilibrium system when the temperature is
g Fe ! t constant in terms of Le Chatelier’s principle and
g ' colfision theory.
c 1
(o] 1
© [FeSCN™) Effect of temperature change on
o equilibrium
E : A rise in temperature decreases the amount of product
N at equilibrium in an exothermic reaction and increases
initial the amount of product in an endothermic reaction
equilibrium| v equilibri (Table 3.1.2).

dilution esta

FIGURE 3.1.5 Effect of dilution on the equilibrium:
Fe3*(ag) + SCN(aq) = FeSCN?*(aq)

TABLE 3.1.1 The effect of changes on an equilibrium system when the temperature is constant

Change to system Effect on equilibrium Collision theory explanation of the effect of change on

in equilibrium position predicted by Le equilibrium position
Chatelier’s principle

add extra reactant shifts to the right (net forward Collisions between reactant molecules are more frequent. Initially,
reaction) the rate of the forward reaction increases. Then there is a gradual

increase in the rate of the reverse reaction and a gradual decrease in
the rate of the forward reaction until equilibrium is re-established.

add extra product shifts to the left (net reverse The rate of the reverse reaction increases initially. Then there is a
reaction) gradual increase in the rate of the forward reaction and a gradual
decrease in the rate of the reverse reaction until equilibrium is re-
established.
decrease the pressure shifts in the direction of the Collisions are less frequent overall. The reaction that is less
by increasing volume most particles dependent on collisions (fewer particles reacting) initially occurs to a
(for gases) greater extent before the rates of the forward and reverse reactions

become equal again.
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Change to system Effect on equilibrium

in equilibrium position predicted by Le

Collision theory explanation of the effect of change on
equilibrium position

Chatelier’s principle

neon (container volume
remains constant)

add a catalyst no change No change in either direction, because the rates of the forward and
reverse reactions are increased equally. The frequencies of successful
collisions are equal.

add an inert gas, e.g. no change There is no change in the concentration of reactant or product

molecules, so no change in the frequency of collisions between
reactants or products or rate of reaction.

add water (dilution of shifts in the direction of the
solutions) most particles

Collisions are less frequent overall. The reaction that is less dependent
on collisions (fewer particles reacting) initially occurs to a greater
extent before the rates become equal again.

TABLE 3.1.2 Relationship between concentration of
products and the enthalpy change of a reaction, AH, as
temperature increases

of molecules will have sufficient energy to overcome
the activation energy (Figure 3.1.6). The rate of the
endothermic reaction therefore increases more than
the rate of the exothermic reaction, and the position of
equilibrium moves in the direction of the endothermic
reaction. The reverse is true for exothermic reactions.

(a) __—
profile diagram for an

Sign of AH Effect on concentration| Effect
of products as on K_ as
temperature temperature
increases increases

— (exothermic) decreases decreases

+ (endothermic) | increases increases

The effect of a change in temperature on an
equilibrium system is described in Table 3.1.3 in terms
of Le Chitelier’s principle and collision theory.

A — B + heatenergy

TABLE 3.1.3 The effect of a change on an equilibrium
system when the temperature is changed

Change to Effect on Collision theory

system in equilibrium explanation of the

equilibrium position effect of ciiange
predicted by on equilibriu

Progress of reaction

Frequency distribution of particles at
different temperatures

Le Chatelier’s | posil
principle " at290 K
(]
increasing the é
temperature @ S 310K
for exothermic of the addgd 5
reactions energy) 5
endothermic £
caction is favoured 2
because it requires
more energy to
occur. Hence, the E'(f) E'(r)
reverse reaction is Energy 0“f particles :
favoured.
. . . . FIGURE 3.1.6 (a) Energy profile diagram for an exothermic
;anrzzsr'arﬁrt:ior ?tt:)'f;sb:zrtgzg'rizt ﬁ‘gvgzlqicril(;ergy reaction. The activation energy of the forward reaction,
. E,(f), is less than the activation energy of the reverse
endothermic of the added and move faster. . ST
reactions energy) The direction of reaction, E,(r). (b) The frequency distribution of
the endothermic molecules at two different temperatures. At a higher
reaction is favoured temperature, a greater proportion of particles have the
b ; . necessary activation energy for the endothermic reverse
ecause it requires X
reaction.
more energy to
occur. Hence, the
forward reaction is Consider the exothermic system when brown NO,
favoured. gas is converted to colourless N,O, gas:

When the temperature increases, the rates of the
forward and reverse reactions of an equilibrium system

2NO,(g) = N,0,(g) AH=-58k]mol’
An increase in temperature causes a net reverse

increase. One of these reactions will be endothermic, and reaction to occur. For an equilibrium system in a sealed

the other will be exothermic. The endothermic reaction
has a greater activation energy and is favoured by an
increase in temperature, because a larger proportion

container, the concentration of NO, will increase and
the concentration of N,O, will decrease, as shown in
Figure 3.1.7 on page 8.
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Concentration-time graph

. .
1 1
1 1
NO, !
1
© | |
"E 1 1
Q : :
c 1 1
O 1 1
O ! !
1 1
NO, :
: :
‘f.'_'l I .
initial Time
equilibrium
new equilibrium
established
temperature
increase

FIGURE 3.1.7 The effect of a temperature increase on the
equilibrium, 2NO5(g) = N504(g), in a sealed container

Equilibrium constants

At equilibrium, the rate of the forward reaction is equal
to the rate of the reverse reaction. The point at which

equilibrium is reached is not the same for all reactions.
Some reactions go almost to completion, so that when
equilibrium is reached, almost all the reactants have b
converted into products. Other reactions yield almost n
products, and most of the reactants are present

or the extent of reaction.

THE EQUILIBRIUM LAW

The relative concentrations of
at equilibrium can be describ
law. At a specified temperatur
the general reaction:

aA+bB+=ccC+

is given by:

K - [CI'm’
C T Taqarplb
[A]“[B]

The equilibrium constant, K, is the ratio of the
equilibrium concentrations of the products to the
equilibrium concentrations of the reactants, raised to
powers that are their coefficients in the equation. The
ratios of reactants to products when equilibrium is
reached are different for different reactions.

The ratio of products to reactants can be calculated at
any time during the reaction and is called the reaction
quotient, O, or concentration fraction.

+ If O > K, the reaction shifts left to establish
equilibrium.

* If O < K, the reaction shifts right to establish
equilibrium.

* If O =K, the reaction is at equilibrium.
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For example, at equilibrium for the reaction:
N, (g) + 3H,(g) = 2NH;(g)

[NH;]?
[N,][H,]®

An equilibrium law can be written for homogeneous
reactions (where all the reactants and products are in
the same phase) and heterogeneous reactions (where
some reactants and products are in different phases).
Because the concentrations of pure solids or liquids do
not depend on how much pure substance is present, their
concentrations are assigned a value of 1.

0=K.=

For example, at equilibrium for the heterogeneous
reaction:

CaCO3(s) = CaO(s) + CO,(g)
Q=K. =[CO;]
Both CaCOj and CaO are solids, so their

concentrations are assigned a value of 1 and they do not
appear in the equilibrium law expression.

indication of the extent of
i equilibrium’. Different

be the same as their final concentrations.)

0% < K, < 10 the equilibrium mixture consists of
cant amounts of both reactants and products.
K, > 10% there is extensive forward reaction and
mainly products present at equilibrium. The position
of equilibrium is ‘to the right’.

FACTORS AFFECTING THE VALUE
OF K¢

The value of the equilibrium constant for a reaction

depends on:

* the coefficients in the equation: doubling the
coefficients will square the original value of K, while
halving the coefficients will cause K_ to be the square
root of the original

 the direction of the equation: reversing the equation
causes K_ to have the inverse value

the temperature: the effect of a change in temperature
on the value of K, is dependent on whether the
reaction is exothermic or endothermic (refer back to
Table 3.1.3).
As temperature increases, the equilibrium constant,
K, will:
¢ increase for an endothermic reaction
¢ decrease for an exothermic reaction.

Only a change in temperature affects the value of
K, and it is not changed by addition of reactants or
products, pressure changes or the addition of a catalyst.
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Note that the extent of reaction indicates how far the
reaction has proceeded when equilibrium is achieved,
while the rate of reaction indicates how fast the reaction
occurred. A reaction can have a large equilibrium
constant, K, but a very low rate, and vice versa.

At a specified temperature, the value of K_ can be
calculated from the equilibrium molar concentrations
for the reactants and the products. Conversely, the
concentration of a particular reactant or product can
be calculated if the value of K and the concentrations
of the other reactants and products are known. The
worksheets in this book will give you practice performing
calculations involving equilibrium constants.

SOLUBILITY AND EQUILIBRIUM

The expression for K_ for a homogeneous equilibrium
includes the molar concentrations (concentrations

in mol L_l) for all the reactants and products in the
equilibrium. However, as mentioned before, for a
heterogeneous equilibrium, the concentrations for a
pure solid or a pure liquid are assigned the value of

1 in the expression for K. These concentrations are
constant and can be removed from the expression for
the K.

An example of a heterogeneous equilibrium and the
associated expression for K is the dissolution of an
ionic solid in water to form an aqueous solution, e.g.
for Pbl,:

Pbl,(s) = Pb**(aq) + 21 (aq) K, = [Pb**][I"]?

Measuring the solubility of ionic
solids

When an ionic solid is added to water, it disso
into separate hydrated ions. Collisions
dissolved ions can reform the solid. E
of the forward reaction is equal to the rage
reaction and equilibrium is achi .The
becomes saturated.

Consider the saturated solution of solid Pbl,, shown in Figure
3.1.8, where equilibrium exists between the solid and its ions,
Pb2+(aq) and 1" (aq). The equation can be written as:

Pbla(s) = Pb*"(aq) + 21 (aq)
A [

I Pb* I

PbL(s)

FIGURE 3.1.8 A saturated solution of solid Pbl, in
equilibrium with its ions, Pb2+(aq) and 1" (aq)

Because this is a heterogeneous equilibrium system,
the concentration of the solid is 1, and the equilibrium
constant is writte :

, Kp.- The smaller the K,
in water.

ct, Ksp, of an ionic solid can

the solubility, s, of the solid and

an be determined. Table 3.1.4 shows the mathematical
ationship between K, and s for two ionic solids.

You can determine whether a solution has reached
equilibrium or whether more precipitation or
dissolution occurs by calculating the reaction quotient,
0, for the system. For the lead iodide solution, Q is
equal to [Pb>T][I7]%.

TABLE 3.1.4 Conversion from solub , in mol Ll to Ks

p’

Reaction equation
terms of solubility

Concentration (mol L™1) of ions in

where is the amount of an ionic solid that dissolves per litre

Kp expression

AgCl(s) = Ag'(aq) + Cl™(aq) [Agl=sand [CI ]=s

Ksp = [AgT][CIT]= &7

Pbly(s) = Pb*(aq) + 2/ (aq) | [Pb*]=sand [I']=2s

Ksp = [PPZ*I[I71% = s x (25)° = 4s°

TABLE 3.1.5 The relationship between Q, K,

and the position of equilibrium

Q>Ksp lon concentration is higher than when the system is at equilibrium. The solution is supersaturated. More solid
forms (precipitation occurs) to establish equilibrium.

Q= Ksp lon concentration is equal to the equilibrium value, so the system is at equilibrium. The solution is saturated.

Q<K lon concentration is lower than when the system is at equilibrium. The solution is unsaturated. If a solid is
present, some solid dissolves to establish equilibrium.
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Properties of acids and - -
pesos © 99 ©

Acids and bases are substances that have characteristic 7 _
. HCl HZO H,0 Cl

properties (Table 3.1.6). hydrogen chloride ~ water hydroniumion  chloride ion
FIGURE 3.1.9 Reaction between HCI and water. Hydrogen

chloride acts as an acid by donating a proton; water acts
as a base by accepting the proton.

TABLE 3.1.6 Properties of acids and bases

Properties of acids | Properties of bases

taste sour taste bitter The HCI molecule undergoes ionisation (because it
' . forms ions) and dissociation (because it breaks apart).
turn litmus paper red turn litmus paper blue Acids such as HCI that dissociate completely, with all

solutions conduct an electric | solutions conduct an electric mqlecules donating a.proton, are called str(.)ng acids.
current current Acids that do not readily donate protons and incompletely
dissociate in water are called weak acids.

solutions have a relatively sc_JIutlons have a relatively Examples of the reactions of strong and weak acids
low pH high pH
are shown below.
react with bases to produce react with acids to produce * strong acid: HCl(aq) + H,O() — H3O+(aq) + Cl (aq)
salt and water salt and water « weak acid: CH;GQOH(aq) + H,O(l) = H3O+(aq) +
can be corrosive can be corrosive CH3COO_(3
Soluble iond ds that contain the OH™ ion,

such as NaO ater and release the OH™

Acids may be defined as proton donors, and bases as
proton acceptors. An acid-base reaction involves an
exchange of protons from an acid to a base.

MONOPROTIC AND POLYPROTIC ACIDS

Monoprotic acids are able to donate one proton. Sonae (because they form ions) and dissociate (because
acids can donate more than one proton per molecule
and are referred to as polyprotic acids ('Table 3.1.7). N _
However, having more than one hydrogen ato
NH,* OH-
ammonium ion hydroxide ion

the formula does not make an acid polyprotic.
example, although ethanoic acid, CH;C

FIGURE 3.1.10 Reaction between ammonia and water: the
S ammonia acts as a base and accepts a proton

hydrogens, it is a monoprotic acid becau
of its hydrogen atoms can be donated to a ammonia

A molecule of an acid in water can don proton Like acids, bases can be classed as strong or weak.
to a water molecule, ‘_’fhlch acts as to forma Table 3.1.8 summarises the differences between the
hydronium ion, H;0" (Figure 3.1.9). strengths of acids and bases.

TABLE 3.1.7 Monoprotic and polyprotic acids

Type of acid Number of Example Equation
protons to
donate
monoprotic acid 1 nitric acid, HNO3, ethanoic HNOz(aq) + H,0(l) — NO3™(aqg) + H30%(aq)
acid, CH3COOH CH3COOH(aq) + H,0(l) = CH3C00(aq) + H30%(aq)
diprotic acid 2 sulfuric acid, H,SO,4 H,S04(aq) + H,0(l) — HSO,4 (aq) + H30*(aq)

HSO,4(aq) + H,0()) = SO4%(aq) + H30"(aq)

triprotic acid 3 phosphoric acid, H3PO4 H3PO4(aq) + H,0(l) = H,P0, (aqg) + H30™(aq)
H,PO, (aq) + H,0(l) = HPO,2 (aq) + H30%(aq)
HPO,427(aq) + H0(l) = P0O,>(aq) + H30%(aq)
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TABLE 3.1.8 Strong and weak acids and bases

Strong readily donate protons and completely dissociate in readily accept protons and completely dissociate in water
water (Figure 3.1.11a) Na,O(s) + H,0(l) - 2Na*(aq) + OH (aq)
HCI(aq) + H,0(l) — H30%(aq) + CI(aq) NaOH(s) __H20() | Nat(aq) + OH (aq)

Weak do not readily donate protons and incompletely do not readily accept protons and incompletely dissociate

dissociate in water (Figure 3.1.11b)
CH3COOH(aq) + H,0(l) = H30%(aq) + CH3CO0™(aq)

in water (Figure 3.1.11c)
NH3(aq) + H,0(l) = NH,"(aq) + OH(aq)

Figure 3.1.11 illustrates the differences between strong and weak acids and bases.

(a) (b)

— H,00)

o 2 ° .
() — H,0*(aq) . °
[ — °
o © ‘
©&— Cl(aq) .« _°
o o °
® °

FIGURE 3.1.11 (a) In a 0.1 moI L™! solution of HCI, the acid molecules dissocia
acid. (b) In a 0.1 mol L™ solution of CH3COOH, only a small proportion of the
CH3COOH is a weak acid. (c) Only a small proportion of NH3 mole

given time. NH3 is a weak base.

©
_— HZO(I)
°
° H.O()
@ CH,COO(ag) « o
e 9 ° °
° NH,*(aq)
L] ° ° ® .
H,0%(aq) R
° o @& ——OH(ag)
e——CHC

o e «——NH(aq)

n water. HCl is a strong
molecules dissociate in water.

Measurements of electrical conductivity can be used
to distinguish between strong and weak acids and to
determine the extent of their dissociation. The OH™ a
H;0" ions are small and mobile, and readily conduct

battery

* H,0%(aq)
. Cl-(aq)

0.1 mol L' HCl(aq)

ermines the conductivity of solutions of equal acid
entrations. Figure 3.1.12 shows that 0.1 mol L' HC1

low conductivity
| ‘ reading

® H,0%(aq)
® CH,COO(aq)
CH,COOH(aq)

°
& J

0.1 mol L' CH,COOH(aq)

FIGURE 3.1.12 Electrical conductivity of 0.1 mol L1 solutions of a strong acid, HCI, and a weak acid, CH;COOH

CH;COOH is a weak acid and therefore only
partially dissociates in an aqueous solution, producing
fewer mobile ions. HCl is a strong acid that almost
completely dissociates in aqueous solution.

ISBN 978 0 6557 1871 0

Strength versus concentration

Acids and bases can be described as either strong or
weak, and also as concentrated or dilute (Figure 3.1.13
on page 12).The strength of an acid or a base is
determined by its ability to dissociate in solution, whereas
the concentration of an acid or base refers to the amount
of acid or base present in a given volume of solution.
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weak, dilute
ethanoic acid

weak, concentrated
ethanoic acid

“acid (CH,COOH, HCl)

strong, concentrated

conjugate base (CH,COO(aq), ClI(aq))

strong, dilute
hydrochloric acid

hydrochloric acid

© H*(aq)

FIGURE 3.1.13 The concentration of ions in an acid solution depends on both the concentration and the strength of

the acid.

The concentration of an acid or base (or any solute in
solution) is calculated using the formula:

C=—
vV
where ¢ is the concentration in mol L_l, n is the
amount in mol of the solute and 1" is the volume of the
solution in L.
When solutions are diluted, the number of moles
of solute does not change, but the volume of water is
increased, which causes the concentration to decrease.
A useful formula for calculating the concentration of a
diluted solution is:
axXVi=ex1,h
where ¢; and V] are the initial concentrations and
volume, and ¢, and V/; are the final concentrations and
volume.

pH scale

function of the concentration
in the solution:

[H;0"] =10PH
The pH scale is shown in Figure 3.1.14. As you can
see, the more acidic a solution becomes, the lower its
pH. The more basic a solution becomes, the higher its
pH. In general, at 25°C:

* pH < 7 is an acidic solution
* pH =7 is a neutral solution
* pH > 7 is a basic solution.

The basicity of a solution can be measured using
the quantity called pOH. The pOH of a solution is a
function of the concentration of hydroxide ions present
in the solution:

pOH = —log;([OH]
This equation can be rearranged and written as:
[OHT] = 107P°H
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—14 1 mol L' NaOH

+13 drain cleaner, oven cleaner

detergents for

dishwashing machines
base: +11 laundry detergents
[H,0"] <[

3

sea water

ncreatic juice

eggs, toothpaste
blood

7 pure water
milk
rain water
1 5 black coffee

tomatoes
T4 oranges
. 4+ 3 softdrinks
acid: .
[H3O+] > [OH’] 1y vinegar
lemons

+ 1 gastricjuice

+ 0 1mol L"HCI

41-1 10 mol L' HCl1

FIGURE 3.1.14 The pH scale and the pH of solutions of
some common household substances

IONIC PRODUCT OF WATER (Ky)

In an aqueous solution, water molecules react to a very
slight extent to form H;O" and OH ions:

H,0() + H,0() = H;0%(aq) + OH (aq)
AH = +57.6k] mol !

This reaction is called the self-ionisation of water,
and an equilibrium constant can be written as:

[H;0"][OH]
[H,0]
Because the concentration of water in aqueous
solutions, [H,O], is approximately 55 molL.! and

relatively constant, it is convenient to include the [H20]2
term as part of the equilibrium constant. So,

K, x [H,0]? = K,, = [H;0"][OH]
=1.0x 10 at 25°C

C

ISBN 978 0 6557 1871 0



where K, is called the ionic product of water (also
called the ionisation constant of water).

A simple relationship between pH and pOH can
also be derived by taking the negative logarithm of both
sides of the expression for K. At 25°C, we obtain the
relationship:

pH+pOH =14

Since K, = [Hao*] [OH], you can see that as
[H3Oﬂ increases, the [OH ] decreases, and vice versa.

If the concentration of OH ™ in a solution is known, the
concentration of H;O™ in the solution at 25°C can be
calculated from the expression [Haoﬂ [OH]=1.0x%
10_141 and vice versa.

In pure water at 25°C, [H;0"] = [OH ], so the
concentration of both H;0" and OH ™ is 1.0 x
10~ mol !,

(a) Dilution of a strong monoprotic acid

Calculate concentration of
diluted solution

Calculate moles

in original
solution Since mol (n) is constant,
If concentration _ n
. . C) Ll CZ = —
of acid in original v,
SO:Ut'On_'SVC{' and where ¢, is concentration of
volume Is vs: dilute acid and V, is the total
n=cy xV, volume with the added water.

Because K, is an equilibrium constant, its value is
temperature-dependent. The ionic product of water is
1.0x 10714 only at 25°C. Because the self-ionisation
reaction between water molecules is an endothermic
reaction, we know from Le Chitelier’s principle that as
the temperature increases, K, will also increase. As a
consequence, [H;0'] will increase and the pH of pure
water will decrease as the temperature increases.

CALCULATING pH FOR DILUTIONS AND
MIXTURES

The following flow charts (Figure 3.1.15) show how
to calculate pH when a strong acid or a strong base is
diluted, or when a strong acid and a strong base are
mixed together. The worksheets in this book will give
you practice with these calculations.

(b) Dilution of a strong base

Calculate concentration
diluted solution

Since mol (n) is constant,

Calculate moles
in original
solution
If concentration
of base in original
solution is ¢4, and
volume is V;:
n=c XV

A4

(c) Reaction of a strong acid and

Determine
stoichiometric
proportions
Write a balanced
equation.

\ 4

=mole ratio in

n(base)
equation then ...

Calculate [H;0'] in
diluted solution
[OH]=¢;

Calculate pH
pH = -log,,[H;07]

[H30"1in diluted solution =

K, _10x10™ Calculate pOH

pOH = —log;,[OH]

o | ¢

_| State pH

(d) Reaction of a strong acid and a strong base where the acid is

Determine excess
reactant (acid)
Calculate n(acid).

Calculate concentration of
excess acid

n(excess acid)

\ 4

c(excess acid) =

..pH=7

in excess

Calculate [H;30] _| Calculate pH

Calculate n(base).
Determine the
number of moles
of excess acid.

v

where Vis total volume of
acid and base solutions.

[H50%] = c(excess acid) o pH = -log,,[H;0"]

FIGURE 3.1.15 Calculating pH for (a) dilution of a strong monoprotic acid, (b) dilution of a strong base, (c) the reaction of
a strong acid and a strong base in stoichiometric proportions and (d) the reaction of a strong acid and a strong base

where the acid is in excess
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Bronsted-Lowry model
CONJUGATE PAIRS

The Brensted-Lowry theory describes an acid—base
reaction as a reaction in which proton transfer occurs.
This reaction can be represented by either a formula or
an ionic equation.

In an acid-base reaction, the acid donates a proton to
form its conjugate base, and the base accepts a proton
and becomes its conjugate acid. A conjugate acid-
base pair is two species that differ by a single H" ion.

For example:
HCl(aq) + OH (aq) — Cl(aq) + H,O0Q)
base conjugate
acid

conjugate
base

acid

CI is the conjugate base of HCI, and H,O is the
conjugate acid of OH ™. Table 3.1.9 shows various
conjugate pairs in some acid—base reactions.

AMPHIPROTIC SUBSTANCES

An amphiprotic substance is one that can act as either
an acid or a base, depending on the substance with
which it is reacting. In other words, it is able to donate
or accept protons. The HCO5;~, HSO, and H,PO, ions
are examples of amphiprotic substances, as shown in
Table 3.1.10.

TABLE 3.1.9 Conjugate pairs in some acid-base reactions

lonic equation

NH3(aq) + Ho0(l) = NH,"(aq) + OH (aq)

Conjugate pairs

HCl(ag) + OH (aq) = CI7(aq) + H,0(l)

H2S04(aq) + H20(l) = HSO,4 (aq) + H30"(aq)

CH3COOH(aq) + OH (ag) = CH3COO (aq) +

TABLE 3.1.10 Amphiprotic substances
lonic equation

HCO3™ acting as an acid: HCO3™(aq) + H,0O(l)
HCO3™ acting as a base: HCO3™(aq)

and CH3COO™
OH™ and H,0

Conjugate pairs

HCO5~ and CO32", H,0 and H30™"
HCO3_ and H2CO3, Hzo and OH™

HSO,™ acting as an acid: HSO, (a@) + H
HSO,™ acting as a base: HSO, (a
practice, this does not occur to any extent be

»S04(aq) + OH(aq) (Note that, in
se H,SO, is a strong acid.)

HSO,~ and SO,2", H,0 and H30"
HSO4_ and H2SO4, Hzo and OH™

H,PO, acting as an acid: H,PO4 (aq) + H,0(l) = HPO42’(aq) + H30%(aq)
H,PO,~ acting as a base: H,PO, (aq) + H,O(l) = H3PO4(aq) + OH (aq)

H,PO,~ and HPO,2", H,0 and H30"
H2PO4_ and H3PO4, Hzo and OH~

BUFFERS

Buffer solutions are solutions that contain appreciable
amounts of a weak acid in equilibrium with its conjugate
weak base. Buffers resist changes to pH.

The most effective buffers are prepared by mixing
approximately equal amounts of a weak acid with a salt
of its conjugate base. To make a buffer of a particular pH,
the conjugate acid-base pair that is chosen should have a
pK, of the acid as close as possible to the desired pH.

Table 3.1.11 describes how a buffer solution made
from ethanoic acid and sodium ethanoate resists a
change in pH change when HCl is added. The buffer
contains the acid and its conjugate base in equilibrium:

CH;COOH(aq) + H,0(l) = H;0%(aq) +
CH;COO (aq)

14
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TABLE 3.1.11 How a buffer consisting of ethanoic acid and
ethanoate ions resists change to pH

Stage | Explanation

initial Equilibrium between buffer acid and buffer
base. Equal amounts of both the acid and
base are present in the buffer.

addition of a As Le Chatelier’s principle predicts, the

small amount | added H*(aq) causes a net reverse reaction;

of HCI the reaction between the added acid and
buffer base produces more buffer acid.

final Equilibrium is restored between the buffer
acid and buffer base. Most of the added
H*(aq) has been neutralised, and there is a
little change in pH.
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Conversely, the addition of a small amount of a strong
base will favour the forward reaction. Most of the added
OH ™ (aq) will be neutralised by reaction with the buffer
acid, and again, there will be a little change in pH.

Dissociation constants
ACIDITY CONSTANT, Ka

Consider the dissociation of the weak acid, ethanoic
acid, in water:

CH;COOH(aq) + H,O0(l) = H;0"(aq) +
CH;COO (aq)
An equilibrium constant can be written as:
K- [H;0*][CH;CO07]
¢~ [CH;COOH][H,0]

Because [H,O] is almost constant, you can write:
[H;0*][CH;CO07]
[CH;COOH]

K [H,0] =K, =

=1.75x 107 at 25°C
The constant K, is called the acidity constant (or
acid dissociation constant) of ethanoic acid. An acidity
constant is a measure of the strength of an acid.

The small value of K, for CH;COOH indicates that
the extent of the reaction is limited and that CH;COOH
is a weak acid. By comparison, the K, for HCl is 10 at
25°C. The reaction of HCI with water is almost complete
at equilibrium, and HCl is classed as a strong acid.

BASICITY CONSTANT, K,

Similarly, the basicity constant (or base dissociation
constant), Ky, of a base is used to measure the strength
of the base. For example, the conjugate base of ethanoic
acid is the ethanoate ion, CH3;COO ™ (aq), and it reacts in
water as shown:
CH;COO (aq) + H,O0(1) = CH3COOH(aq) +
OH (aq)

[CH,COOH][OH]
[CH,COO |

I<b =

=5.7%x10"1at 25°C

The following relationship can be written for any
conjugate pair:

XKy =K,
and their K, and K}, values

TABLE 3.1.12 Common strong and weak acids and bases, wi Iss tio nts measured at 25°C
a - D > b PK}
Strong HCl 1x107 _7 oup 1 hydroxides >1 <0
HNOs 2 x 10! -13 and@a(OH),
H,S0, 1x10%
Weak All carboxylic acids, approx. 05 X. NH3 1.8x107° 4.7
e.g. CH3COOH 45x% 1 Organic amines, approx. 1073 approx. 3
H,CO5 e.g. CH3NH,
*K, for the loss of the first proton of H,S O3
Just as we defined pH as 3 € can write:

pK, =-log;oK,

pK;, =-log; oK,
Table 3.1.13 summarises the key formulas you need to know for your study of acids and bases.

TABLE 3.1.13 Acid-base formulas

PH = -logy0[H307] [H507] = 107" pH + pOH = 14 [H30"] x [OH] = 1.00 x 107
POH = —log;o[0H] [OH] = 10-PO" (at 25°C) (at 25°C)

P, = ~logiof Ka=107% PK, + pKy = 14 Kax Ko = K, = 1.00 x 10714
PKp = —log10Ky Ky = 107Pkb (at 25°C) (at 25°C)

a

The dissociation reaction with water for a general acid HA and its conjugate base A™ is:
HA(aq) + H,0(l) — A~(aq) + H30*(aq)

[Heo" ][]

[HA]

The dissociation reaction with water for a general base B and its conjugate acid BH  is:
B(aq) + H,0(l) — BH*(aq) + OH (aq)

. [BH"][oH"]
’ [B]

ISBN 978 0 6557 1871 0
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The worksheets in this book will give you practice in
calculations involving acids and bases.

Acid-base indicators

An acid-base indicator is a weak acid that has a
conjugate base of a different colour. The colour

of an indicator in solution depends on the relative
concentrations of the acid and base, and therefore
depends on the pH of the solution. Table 3.1.14 lists
some common indicators and their pH range (the pH
over which they change colour).

TABLE 3.1.14 Some indicators with their pK, values and pH
ranges

Indicator pK, | Colour in | Colour | pH range

acid in base
phenolphthalein | 9.3 colourless | pink 8.2-10.0
methyl orange 3.4 pink yellow 3.2-44
bromothymol 7.1 yellow blue 6.0-7.6
blue

Indicators undergo reversible reactions between their
acid and base forms. If the acid form is represented by
the general formula HIn and the base form as In", the
reaction can be represented as:

Hln(aq) + H,O() =In (aq) + H3O+(aq)

with an acidity constant given by:

[H;0][In7]
K="

When [In"] = [HIn], the K, = [H3O+], so pK, = pH.
This occurs when the indicator changes colour. The
colour change can be assumed to occur within a pH
range equal to pK, £ 1.Table 3.1.14 includes the pK,
values for the indicators shown.

Indicators are used in acid-base titrations to indicate
the equivalence point of the reaction. The equivalence
point is the point at which stoichiometric amounts of
reactants have been mixed. If an indicator is selected
carefully, the end point—the point at which the
indicator changes colour—and the equivalence point of
the reaction will occur at nearly the same pH.

Volumetric analysis

Acid-base titrations are a type of volumetric analysis
termine the concentration of an
a simple acid-base titration

are usually colourless, so an
added to the conical flask. The

acid
Y conical ﬁ
flask
indicator
1 Burette is 2 Pipette delivers 3 Indicator has 4 The end point
filled with a known volume been added. has been
acid. of base into flask. reached.

FIGURE 3.1.16 Steps in a titration
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TERMINOLOGY IN VOLUMETRIC ANALYSIS

Some of the terms used in volumetric analysis are explained in Table 3.1.15.

TABLE 3.1.15 Terms used in volumetric analysis

Term | Description

primary standard A substance so pure that the amount can be accurately calculated from its mass. For a chemical to be
a primary standard, it should be easily obtained, have a known formula and be easily stored without
reacting with water or gases in the atmosphere. Na,CO3 is an example of a primary standard.

standard solution A solution with an accurately known concentration. This diagram shows a standard solution being made
from a primary standard.

1 Place weighed 2 Half fill wit . dd water to the
sample in Shake to dis i
volumetric flask. the sample.

burette a calibrated glass tube that delivers variable volt

titre the volume delivered by a burette

pipette a calibrated glass tube that delivers a

aliquot volume delivered by a pipette

end point the point at which the indicator ¢ \&

equivalence point the point in the titration sihe M@metric proportions of the reactants have been mixed

indicator a weak acid that has a co a ewef a different colour

analyte a substance wh i ituents are being identified and measured

itratio be graph of pH against volume of base (or acid) added.
The equivalence point can be identified from the shape
of the curve. Table 3.1.16 shows the titration curves
TITRATION CURVE for different reactions with explanations of the pH at

If a pH meter is used for a titrati ration curve different points along the curves. The equivalence point
(also known as a pH curve) can be plotted. This is a occurs when the gradient of the pH curve is steepest.

Instead of using an indicato
monitored using a pH mete

TABLE 3.1.16 Explanation of the shape of pH curves

Reaction | Titration curve | Stages | pH Explanation of shape and pH
strong 1 very low only acid present initially;
acid, 144 i high [H30™] due to complete
HCI, with 12 ionisation of strong acid
tit;;g:g 104 2 low half of the H30% ions have been
NaOIY—| neutralised by the addition of
8- - | OH ions
%‘_ SRR R R SR TR equivalence point
6 3 7 equivalence point, where initial
4 moles of HCI equals moles of
| NaOH added; [H30"] = [OH7];
24 E neutral salt and water are
f products [H3O+] [OHT] =
2'5 5'0 7'5 1x 10" molL™!
Volume of base added (mL) 4 very high excess OH™ ions as more base is
added

continued over to next page
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Reaction | Titration curve | Stages | pH Explanation of shape and pH

weak acid, 1 low only acid present initially; pH
CH3COOH, 14+ i below 7, due to partial ionisation
with of weak acid

strong
base, 10- 2 equal to half of the weak acid has been

NaOH | f--dem b equivalence point pK, of acid, neutralised by the addition of
CH5COOH OH7, producing the weak base
pOH = pK, CH3CO07; since [CH3COOH] =
of conjugate [CH3COOT], pH = pK?; this is
base, called the buffer region

CH3CO0™

| | | 3 >7 equivalence point, where initial

25 50 75 moles of CH3COOH equals
Volume of base added (mL) moles of NaOH added; the
conjugate base of the weak
acid CH3COO™ is formed, which
ionises slightly to produce OH~,
so the pH is more than 7

4 very high excess OH™ ions as more base is
added

weak base, 1
NHj3, with 14
strong
acid, HCI 124

only base present initially; pH
above 7, due to partial ionisation
of weak base

pH = pK, or pOH = pK, f of the H30" ions have been

neutralised by the addition of
NHj3, producing NH,", so
[NH3] = [NH,4*]; this is called

,,,,,,,,,,,,,,,,,,, equiva|ence po| the buffer region

equivalence point, where moles
of HCI equals initial moles of
NHs; the conjugate acid of the
weak base NH,* is formed,
which ionises slightly to produce
H30%, so the pH is less than 7

I
25 50
Volume of acid added

very low excess H30" ions as more acid
is added

Figure 3.1.17 compares the,
strong acid and a strong base Wi
weak base, and (b) a strong aci
a weak acid and a strong base. Not,
» for a strong acid and a strong base titration, pH = 7 at

the equivalence point

¢ for a strong acid and a weak base titration, pH < 7 at
the equivalence point

a stohg base with « for a weak acid and a strong base titration, pH > 7 at

the equivalence point.

(a) Titration curve (b) Titration curve
(pH = 7 at equivalence point) (pH = 7 at equivalence point)
14 - strongacid —strong base 14 strongacid —strong base
12 1 L e e e B B e e e e
10+ 1 | ”””” 10 +
8 - . _stronglacid — weak base 8- } |
E \(pH < 7 at equivalence point) % (pH > 7 at equivalence point) -
6 ! 6| Wweakacid - strong base-~
4 ! 4
2 —— 2
T T T T T T
25 50 75 25 50 75
Volume of base added (mL) Volume of base added (mL)

FIGURE 3.1.17 (a) Titration curves for a strong acid and a strong base with a strong acid and a weak base, and (b) a
strong acid and a strong base with a weak acid and a strong base
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H The conductivity of the solution is largely dependent
CO n d u Cto m etr IC on the concentration of H;0" and OH ions,

titr a ti 0 n S which are small and mobile. Table 3.1.17 shows the
conductometric titration curves that are observed
An alternative to using an indicator in a titration to for titrations of different combinations of strong and
determine an equivalence point is to measure the weak acids and bases, and explains the reasons for the
conductivity of the solution in the flask. When titrating shapes of the graphs. The equivalence point occurs at the
a strong acid with a strong base, a graph of the change in gradient of the curve, where the two straight lines
conductivity of the acid solution against the volume of intersect, and is indicated by the dashed grey line in the
base added shows a sharp dip at the equivalence point. graphs below.

TABLE 3.1.17 Conductometric titration curves and explanations for their shapes

Reaction Conductivity graph Concentration Conductivity
of mobile ions,
H3;0" and OH™
strong acid, initially high [H30"] high
HCI, with
strong base, :
NaOH gradual addition decrease in decreases
of base [H30"] due to
neutralisation by
> —
s ions
é atequivale = [OH] at a minimum;
é point mol Lt only larger, slow-

moving ions are
ncentration) present

(the reaction
Equivalence point mixture is
simply a NaCl
Volume of NaOH (IIIL) so|uti0n)
ntinued high [OH] increases
ition of base
after equivalence
point
strong acid, | Volume of NH3 (mL) initially high [H307] high
HCI, with
weak base, )
NH3 gradual addition decrease in decreases

of base [H30"] due to
neutralisation by

the added base
at equivalence almost all at a minimum,;
point the H30+ has mainly larger,
reacted (the slow-moving ions
reaction mixture | are present
is simply a
NH,4CI solution)

Conductivity

Equivalence point continued low [H30"] and remains
addition of base | [OH7]; almost no | approximately

Volume of NH, (mL) after equivalence | more ions being constant
point added because of the

partial ionisation
of the weak base
and minimal

concentration of
mobile OH™ ions

continued over to next page
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Reaction

weak acid,
CH3COOH,
with strong
base, NaOH

Conductivity graph

Conductivity

Equivalence point

initially

Concentration
of mobile ions,
H3;0" and OH™

low [H50"]

Conductivity

low; the partial
ionisation of

the weak acid
produces a low
concentration of
mobile H30" ions

of base

gradual addition

neutralises weak
acid to produce
less mobile
conjugate base
ions, CH3COO".

gradually
increases due
to increasing
concentration
of Na* and the
conjugate base
ions

Volume of NaOH (mL)

point

at equivalence

the reaction
mixture is simply
a NaCH5COO
solution; low
concentrations
of H30" and OH"

significant
because of a high
concentration

of Na* and the
conjugate base
ions

continued

addition of
after equivalen
point

high [OHT]

increases

CALCULATIONS USING VOLUMETRIC

ANALYSIS DATA

Volumetric analysis involves performing volume—volu
stoichiometry calculations. To calculate an unknown

concentration of an acid or a base using volu
stoichiometry, you need to know the volumes of

lations.

ation, as well as the concentration
he calculation requires a balanced

is book provide you with practice in performing these

Write a balanced
chemical equation.

Use the concentration
and volume of the
standard solution to
calculate the amount,
in mol, of the known
substance.

Det ine
of ge ti

Use the mole ratio in
the equation to
calculate the amount,
in mol, of the
unknown substance
that reacted in the
titration.

Use the amount, in
mol, that reacted and
the sample volume to

determine the
concentration of the
unknown substance.

FIGURE 3.1.18 Flow chart summarising the steps in the calculation of the concentration of an unknown substance using

data from a titration
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WORKSHEET 3.1.1

Knowledge preview—thinking about rates and energy

1 Identify the correct term for each definition by completing the following table. This will help you check your
knowledge and understanding of the key ideas involved in rates of reaction and energy of reaction, in preparation
for your study of equilibrium.

Definition | Correct term

The energy needed to break the bonds between atoms in the reactants to enable a reaction
to occur.

The name for a theory that accounts for the rates of chemical reactions.

A substance that increases the rate of reaction but is not consumed in the reaction.

A chemical reaction in which all the species are in the same phase.

A reaction that releases energy to the surroundings.

The name for a chemical equation that includes the enthalpy change of the rea

A reaction for which the AH is positive.

2 Show the balanced equations for the reactions that occur wh he followin tances dissolve in water. Include

states of matter in the equations.

HCI(g)

NaOH(s)

NH3(g)

CH5COOH()

repared by dissolving 3.65g of sodium carbonate, Na,COs, in
mL in a volumetric flask.

3 Calculate the concentration of a sta w
(3

water and making the volu to 0

4 Determine the mass of sodium carbonate, Na,COj3, you would need to dissolve in a 500 mL volumetric flask to
make up a 1.00mol L™ solution.
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PRACTICAL ACTIVITY 3.1.1

Effect of concentration changes on equilibrium yields

Suggested duration: 50 minutes

RESEARCH QUESTION

....................................................................................................................................................................................................

MATERIALS

« 25mLof5x 1074 M
iron(lll) thiocyanate
solution, Fe(SCN)?*(aq)*

« 0.1 M iron(lll) nitrate
solution, Fe(NO3)3(aq)

* 0.1 M potassium
thiocyanate solution,
KSCN(aq)

« 0.1 M sodium fluoride
solution, NaF(aq)

« 0.1 M silver nitrate
solution, AgNO3(aq)

¢ six semi-micro test

What is the effect of concentration changes on an aqueous equilibrium?

RATIONALE

You will be given a solution of Fe(SCN)?" that contains the ions Fe3*, SCN™ and
Fe(SCN)?" at equilibrium:

Fe3*(aq) + SCN™(ag) = Fe(SCN)?*(aq)
pale yellow colourless red
The intense, blood-red colour of the solution is due to the presence of the

Fe(SCN)2+ ion. The colour of the solution in each test tube, when viewed do
tube, is @ measure of the amount of Fe(SCN)2+ ions, in mol, present in th

tubes
By noting how the intensity of this colour changes, it is possible to deduce the « semi-micro test-tube
of each of the tests performed in this experiment on the equilibri rack

* bench mat

* marking pen

» dropping pipette

» white tile or white sheet
of paper

» safety glasses

*20 mL of 0.1 M
Fe(NO3)3(ag) and 20 mL
of 0.1 M KSCN(aq) per
litre

_______________________

the number of Fe3* and SCN™ ions must have simultaneo
they are used up to form more Fe(SCN)2+. The equilibai

In Tests A-E, the amount (number of moles)
solution is initially changed as follows.

+ In Test A, addition of Fe(NO3)3(aq) i
+ In Test B, addition of KSCN(aq) increa

« In Test C, addition of NaF(
with Fe3* ions to form Fe

+ In Test D, addition of AgNOz(aq) decr;
react with SCN™ ions to form aduhi

ses the amount of SCN™ because Ag”* ions
recipitate of AgSCN(s).

* In Test E, addition of water has no effect.

RISK MANAGEMENT

As directed by your teacher, complete the pre-lab safety information by referring to
the safety data sheets (SDSs) or your teacher’s risk assessment for the activity.

Material used | Hazard | Control

0.1 Miron(lll) nitrate
solution, Fe(NO,),(aq)

0.1 M sodium fluoride
solution, NaF(aq)

0.1 M silver nitrate solution, can stain skin, clothing and
AgNO3(aq) bench surfaces

Complete and indicate that you have understood the information in the safety table.

Name (print):
| understand the safety information (signature):

ISBN 978 0 6557 1871 0 Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Unit 3 Topic 1 45



PRACTICAL ACTIVITY 3.1.1

METHOD

1 Fill each of six semi-micro test tubes to one-third of its volume with Fe(SCN)2+ solution. Check that the liquid in
each tube has the same intensity of colour when you look down the tube, using a white tile or sheet of paper as a
background. If necessary, add more solution so that the liquid in each tube is the same colour. Label the tubes A-F.

2 Using test tube F for the purposes of comparison, perform each of the tests described in Table 1 and record the
change that occurs in the colour of the solution when viewed down the test tube.

VARIABLES

i  Identify the independent variable:

ii Identify the dependent variable:

iii Identify any controlled variables:

RESULTS

TABLE 1 Colour results

1 drop of Fe(NO,),(aq) added

1 drop of KSCN(aq) added

1 drop of NaF(aq) added

1 drop of AgNO3(aq) added

equal volume of water added

M mMm OolO|W|>

none

ANALYSIS

a initial effect on the concentration of Fe3* or SCN™ of each test
b concentration change of Fe(SCN)2+ after the test

¢ direction in which the position of equilibrium has shifted. The first part has been completed for you.

TABLE 2 Equilibrium results

Test tube | Initial effect [Fe(SCN)2+] change Direction of equilibrium shift
A [Fe3+]: increases increases forward

B [SCN-I:

c [Fe3'T:

D [SCN7I:

E [Fe3'1:
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PRACTICAL ACTIVITY 3.1.1

3 Sketch graphs to show how the concentration of each ion changed during each test. (The graph for Test A has been

completed for you.)

Test A

Concentration
(not to scale)

initial " final
equilibrium equilibrium
Test C
Fe3+
__________ SCN
[N
o w
T 3
=%
€ o
Q
U
c O
=
o Fe(SCN)2*
initial final
equilibrium equilibrium
TestE
FeS+
SCN™
[«ES
ow
w3
=%
c o
L +~
U
cC O
S E
© Fe(SCN)
initial " final
equilibrium equilibrium
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Concentration

Concentrati

TestB
FeS+
________ SEN
)
©
b
8
=
o
£
Fe(SCN)**
initia " final
eq rium equilibrium
@)
b
8
<]
S
Fe(SCN)**
initial " final
equilibrium equilibrium
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PRACTICAL ACTIVITY 3.1.1

4 Use Le Chatelier’s principle to account for the way in which the position of equilibrium shifts in Test A.

5 Account for the way in which the position of equilibrium shifts in Test E.

6 Does this method enable these results to be reproducible? Explain briefifhow héatelier’s principle allows you to
be confident that your results are accurate.

EVALUATION

CONCLUSION

Summarise the effects of chan
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EXAM PRACTICE 3.1 « CHEMICAL EQUILIBRIUM SYSTEMS

You may refer to your QCAA Formula and data book to answer some questions.

Multiple-choice questions

QUESTION 1 QCAA Chemistry 2023 Paper 1 (Multiple Choice) 1

In a chemical equation at equilibrium, a reversible arrow (&) symbolises that
(A) the forward reaction has stopped, but can be reversed.

(B) the moles of reactants and products present are equal.

(C) half of the reactants have been converted into products.

(D) the concentration of reactants and products remains constant.

QUESTION 2 QCAA Chemistry 2023 Paper 1 (Multiple Choice) 2

Determine which expression represents the hydrogen ion (H*) concentration at a pH of 8.4.
(A) 1x1084
(B) 1x107°
(©) 1x1070°°
(D) 1x1070°8

QUESTION 3 QcC istry 2023 Paper 1 (Multiple Choice) 3

Two 0.1 M acidic solutions, X and Y, are 1009% dissociatg
twice that of solution Y. Identify solutions X and Y.

has an electrical conductivity approximately

Solution X Solution Y

(A) HCI CH3COOH
(B) HNO3 H,S0,4
© H3PO,4
() H2S04 cl
QUESTION 4 QCAA Chemistry 2022 Paper 1 (Multiple Choice) 11

A Bronsted-Lowry acid

(A) accepts a proton to form its base.

(B) donates a proton to form its base.

(C) accepts a proton to form its conjugate base.

(D) donates a proton to form its conjugate base.

QUESTION 5 QCAA Chemistry 2021 Paper 1 (Multiple Choice) 10
Determine which system at equilibrium will shift to the right (products) if the total pressure on the system is increased.
() N2O4(g) = 2NOx(g)

(B)  2H0(g) = 2H3(g) + 02(8)

(C) 230,(g) + Ox(g) = 2505(g)

(D) CO(g) + H20(g) = COx(g) + Ha(g)
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QUESTION 6 QCAA Chemistry 2024 Paper 1 (Multiple Choice) 10
The acid dissociation constant (K,) represents the

(A) pH of an acid solution.

(B) strength of an acid solution.

(C) concentration of an acid solution.

(D) conjugate acid-base pairs of an acid solution.

QUESTION 7 QCAA Chemistry 2024 Paper 1 (Multiple Choice) 5

Titration is a volumetric analysis method used to

(A) measure the pH of an analyte.

(B) determine the volume of a titrant.

(C) calculate the concentration of an identified solution.

(D) prepare a standard solution of known concentration and volume.

QUESTION 8 QCAA Chemistry 2024 Paper 1 (Multiple Choice) 6

The equivalence point of an acid-base titration occurs when the
(A) pH equals the pK,.

(B) pH stops changing.

(C) indicator changes colour.

(D) titrant completely neutralises the analyte.

QUESTION 9 QCA emistry 2022 Paper 1 (Multiple Choice) 10
The midpoint of the colour change of a weak acid in or rs when

(A [InT=[H7]

(B) [In]=[Hin]

(C) [HT=[OH]

(D) [HIn]=[OHT]

QUESTION 10 QCAA Chemistry 2022 Paper 1 (Multiple Choice) 8

Predict how the system sho j p en a small amount of agqueous sodium hydroxide is added.

OH(aq) + H,0(l) =CH3C00™(aq) + H30"(aq)
(A) Equilibrium shifts to the left, and the pH decreases.
(B) Equilibrium shifts to the right, and the pH increases.
(C) Equilibrium shifts to the left, and the pH remains the same.
(D) Equilibrium shifts to the right, and the pH remains the same.

Short-response questions
QUESTION 1 (3 marks) QCAA Chemistry 2024 Paper 2 (Short Response) 1

A 30.00 mL aliquot of aqueous hydrochloric acid (HCI) with a pH of 2.00 was diluted with 2970.00 mL of water to
make up a final volume of 3.00 L of aqueous HCI solution.

a) Determine the concentration of hydrogen ions in the original 30.00 mL aliquot of HCl(aq). [1 mark]

ISBN 978 0 6557 1871 0 Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Unit 3 Topic 1 63



b) Calculate the pH of the final 3.00 L solution of HCI(aqg). Show your working. [2 marks]

QUESTION 2 (6 marks) QCAA Chemistry 2024 Paper 2 (Short Response) 2

Phenol red (HIn) is a weak acid that acts as an indicator, as shown.

Hin(ag) = In"(aq) + H'(aq)

a) ldentify the conjugate base of phenol red. [1 mark]
b) Determine the dissociation constant (K,) of phenol red. [1 mark]
c) Explain the relationship between the pH range of colour change for phenol and its pKj, value. [4 marks]

QUESTION 3 (5 marks) CAA Chemistry 2021 Paper 1 (Short Response) 25

An equilibrium is formed between two differently colou ecies, Co(H20)62+(aq), which is pink, and

a) Apply Le Chatelier’s principle to pred
solution containing Co(H20)62+ and C

ct of adding AgNO3 to an aqueous blue-coloured
plain your reasoning. [3 marks]

b) When a sample of the equilibrium mixture is put into hot water, the mixture turns more blue. Determine
whether the forward reaction of the equation is exothermic or endothermic. Explain your reasoning. [2 marks]

QUESTION 4 (13 marks) QCAA Chemistry 2023 Paper 2 (Short Response) 5

The table gives the properties of four monoprotic acids.

Concentration (mol L) | [H*] (mol L'Y) pH
1 0.200 7.90 x 107
2 0.100 420%x 1073 234 1.80 x 107
CH3COOH(aq) 0.100 178 x107°
HCl(aq) 0.010 1.00 x 1072 2.00 >1
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a) Determine the relative strength of acids 1 and 2 by contrasting their K, values. [3 marks]

b) Write a balanced chemical equation for the dissociation of ethanoic acid (CH3COOH) in water. [2 marks]

c) Identify whether the conjugate base of ethanoic acid (CH3COOH(aq)) is amphiprotic. Explain your

reasoning. [2 marks]
d) Calculate the pH of the aqueous solution of ethanoic acid (CH3COOH). Show your working. [3 marks]
e) Determine the volume of water that would need to be ad mL Cl(aqg) to change the pH

from 2.00 to 3.00. Explain your reasoning. [3 marks]

QUESTION 5 (2 marks) QCAA Chemistry 2024 Paper 2 (Short Response) 8

In the agueous solution of a chr
dichromate ions. This equilib,

equilibrium exists between the yellow chromate ions and the orange
resented by the equation shown.

“(aq) + 2H*(aq) = Cr,0,7(aq) + 2H,0())
yellow orange

Explain, at an atomic level, why no colour change occurs once the chromate-dichromate solution has established
equilibrium.
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SAMPLE ASSESSMENT TASK IA1
Data test (60 marks)

Suggested duration: 10 minutes reading time and 60 minutes to complete the test

Task

The data test requires you to apply a range of cognitions (ways of gaining knowledge and understanding) to respond to
scientific data. The test will be held in a set time frame under test conditions.

Each data set will enable you to analyse and interpret data to apply your understanding of equilibrium and redox
reactions.

You will be required to complete short- and long-answer questions, calculations and interpretation of graphs to a total
of up to 400-500 words. Complete all parts of each question as directed.

Data set 1: Investigating the equilibrium law (10 marks)

Chemists investigating the equilibrium law obtained the data in Table 1 for t
tetroxide and nitrogen dioxide:

aseous equilibrium between nitrogen

N,04(g) = 2NOx(g)

Different starting concentrations of gaseous N,O, and NO, were useghin four sepafate experiments, so different

sealed vessel at 25°C.

0.0016

0.0155

0.0570

AW N

0.1950

Item 1: From your knowledge of ¢ ilibrium, show the expression for the equilibrium law for this reaction in
terms of the concentrations eactafts and products. (1 mark)

Item 2: Use the data to calculate the value of the equilibrium constant for each mixture, then determine the average
value of the equilibrium constant at 25°C. (2 marks)

Item 3: Calculate the equilibrium constant at 25°C for the reaction:

ANO,(g) = 2N,04(g8) (2 marks)
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SAMPLE ASSESSMENT TASKIA1

Item 4: Construct a concentration-time graph for the equilibrium system in Item 1 to show the effects if
more nitrogen dioxide gas is pumped into the system five minutes after the system has achieved
equilibrium. Label your graph using the words and formulas below. (5 marks)

Concentration Time NO, added [NO5] [N5O4] initial equilibrium new equilibrium established

Data set 2: Understanding galvanic cells andghe use

table of standard electrode potentials (15 marks)
Use the table of standard electrode potentials in your data 4 @ answ ese questions.
Item 1: Predict the anode and cathode reactions when i structed using Mg2+(aq)/Mg(s)
and Cu2+(aq)/Cu(s) half-cells at standard conditions. Sh guations below. (2 marks)
Anode:
Cathode:
Item 2: Determine the equation fi ell reaction and calculate the cell potential. (2 marks)
Overall reaction:
Cell potential:
Item 3: Label the diagram using the words below. (3 marks)
anode cathode copper electrode Mg2+ ions positive electrode electrode where
oxidation occurs
salt bridge Cu®* ions negative electrode magnesium electrode electrode where
reduction occurs
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SAMPLE ASSESSMENT TASK IA1

Item 4: On the diagram for Item 3, indicate the direction of movement of electrons in the external
circuit and cations in the salt bridge. (2 marks)

Item 5: Determine whether reactions occur in a-d below and show overall redox equations for those reactions
that do occur. (6 marks)

a A piece of iron is placed in a solution containing Sn®* ions.

b A piece of lead is placed in a solution containing Fe* ions.

¢ A piece of zinc metal is placed in a solution of Mg2+ ions.

d A piece of zinc is placed in a beaker of oxygenated water.

Data set 3: Using volumetric analysis (9 marks)

alysis. The student used a pipette
d with 1.00molL™! sodium hydroxide

A student determined the concentration of ethanoic acid in vinega volumetric

to deliver 20.00 mL of vinegar into a conical flask, and the vine

Titration
number

Initial burette | Final burette | Titre (ml) o7 sodium
reading (mL) | reading (mL) | “vdroxide soiution

1 0.00
2 21.00
3 0.00
4 19.99
Item 1: Write a balanced eq reaction between ethanoic acid and sodium hydroxide solution. (1 mark)

Item 2: Identify the concordant titres and use these to calculate the average titre of the sodium hydroxide
solution used during the titration. (2 marks)

Item 3: Calculate the number of moles of sodium hydroxide in the average titre of sodium hydroxide
solution. (2 marks)

Item 4: Determine the number of moles of ethanoic acid present in each 20.00 mL aliquot of vinegar. (2 marks)
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SAMPLE ASSESSMENT TASKIA1

Item 5: Calculate the concentration of ethanoic acid (in molL™) in the sample of vinegar. (2 marks)

Data set 4: Understanding acid-base titration curves (13 marks)

An acid-base titration curve for a 1 molL™! base and a strong acid is shown below. Use data from the curve to answer
the following questions.

14
12
—
10 M—
\
E 8 \
6
4
2 \.
25 75
Volume added fr ret
Item 1: Is the base is in the conical flask or in the buret (1 mark)
Item 2: State whether the base is strong or weak (2 marks)
Item 3: Label the following point egion he graph. (4 marks)
* equivalence point
+ the point where pH = pK,
» buffer region
» volume of acid used to reach the equivalence point.
Item 4: Estimate the K}, of the base from the graph. (2 marks)
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SAMPLE ASSESSMENT TASK IA1

Item 5: Describe the main characteristics of a buffer solution. Using Le Chatelier’s principle, explain how

buffer solutions behave when a small amount of acid or base is added.

(4 marks)

Data set 5: Investigating electroplating

(13 marks)

Two students were given the chemicals and equipment needed to zinc plate a toy metal car. They constructed an
electroplating cell using a large beaker with 60mL of 1 mol Lt ZnS0Oy4 solution apd a zinc strip. Their results and some

additional data are given in the following table.

Some data and results of zinc-plating experiment

Mass of the toy car before plating 105.0g
Mass of the toy car after plating 108.3¢g
Molar mass of Zn 65.4gmol™!
Item 1: Write the equation for the reaction occurring he de in the zinc-plating cell. (2 marks)
Item 2: Calculate the amount of zinc deposite he toy car. (2 marks)
Item 3: Calculate the numb es Ofjelectrons needed to deposit this mass of zinc. (2 marks)
Item 4: Calculate the current, in A, that was needed to deposit this mass of zinc. (3 marks)
Item 5: The electrical energy consumed by a cell is related to the cell voltage, current and time
of operation by the formula E = Vit. Calculate the energy, in J, consumed by the cell to
deposit this mass of zinc. (4 marks)
¢ ldon’t getit.

RATE MY o |getit. o |getit. ¢ | almost get it. * | get some of it.
BX[CRl - | can apply/teach it. * I can show I get it. | might need help. * | need help.

¢ | need lots of help.
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SAMPLE ASSESSMENT TASK 1A2

Student experiment

Suggested duration: up to 10 hours (including development of research question, practical work, writing time and
preparation of report)

Introduction

The student experiment requires you to apply the scientific method over an extended and defined period of time. You
will develop your own research question or hypothesis to investigate, based on an initial experiment already completed
in class.

The student experiment forms an important component of the assessment in this unit. It is an opportunity to further
explore concepts already covered and of particular interest to you, with some latitude for self-direction. The task is
estimated to take approximately 10 hours of class time. It is suggested that the time is divided approximately as
follows.

¢ Research and planning: 3-4 hours

¢ Conducting the experiment: 2 hours

e Final report: 4-5 hours

Discussing your experiment with your teacher and receiving feedbackWill be an impdrtant part of the planning

process.
You may develop the method and conduct the experiment vely with another student if you wish. All other
stages of your student experiment, such as analysis of De carried out individually.

Report requirements

Your report is a formal scientific report tha o demonstrate the research and planning you have
undertaken in preparing for the experi v
headings. The following plan h 2d to guide you through the task. This sample student experiment

provides a template to assist i ingthe task. Some elements of this sample assessment task have been
completed for you.

The report can also be presented a ultimodal presentation (e.g. a scientific poster presentation combined with a
speech). Your teacher can provide more advice about this option.

Task

You have completed a number of practical activities in Unit 3. This assessment task requires you to modify (refine,
extend or redirect) a practical activity of your choice to address your own related research question.

Your research will involve collecting and analysing primary data. Undertake a literature survey of background
information related to your research question, which will assist you in the analysis and discussion of your results. You
may also need to locate and use information beyond your own knowledge and the data you have been given, and use
this information in conjunction with your experimental primary data to answer your research question.

The following questions will help guide the design of your investigation. All of your notes must be recorded in your
laboratory notebook, but this section should help you visualise and plan the entire process. Copy the following
headings into your notebook and use these headings when writing your report.

Research and planning

Research question—Develop a specific question that will form the basis for planning the investigation. The question
must be relevant to and drawn from the theme of the original experiment, and must include specific and measurable
variables. The steps below will help you in developing your research question.

114 Pearson Chemistry Queensland Units 3 & 4 2nd edition | Skills and Assessment | Unit 3 Topic2  ISBN 97806557 18710



SAMPLE ASSESSMENT TASK IA2

1 Name the original experiment that you will modify.

2 Select one factor, or an extension of the activity, which you would like to investigate further. You may find it helpful
to refer to the aim of the experiment that you completed previously in class.

3 Briefly explain the theory behind the modifications you are making to the procedure of the original class practical
activity.

4 a State your draft research question clearly, including the independent and dependent variables and the vari-
ables to be kept constant during the experiment.

Independent variable and how it Dependent variable and how it i | Controlled variables
is changed measured

b Reflect on your draft research question. Can the wordj ined an cused to better guide your

research question. The steps below will help

5 Identify the scientific terms and co ts tha evant to the original experiment and that are also relevant to
your research question.

6 Indicate the references you wij o show the extent of your literature survey and research.

7 Summarise the modifications to the method of the original experiment that you are making. Provide an
explanation of the theory relevant only to the modifications.

Method—Explain in detail how you plan to modify the method of the original experiment to meet the new line of
inquiry.

8 For your planning, list the additional materials and equipment you will need.
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SAMPLE ASSESSMENT TASK IA2

9 Outline the method to be used for your experiment, which will refine and extend the original experiment. When
describing the procedure for your investigation:

» show the data needed so you can draw suitable conclusions and answer your question fully

« if appropriate, state the number of trials required to reduce random errors and enable reliable trends and
relationships to be analysed.

Risk assessment—Detail how you will address safety hazards and ethical considerations of the modifications to
minimise the risks.

10 Consider the risks associated with the chemicals and the equipment. Show your risk management program as well
as procedures for managing any adverse events that may occur.

Results and analysis
EXPERIMENTAL DATA

When conducting the experiment, make sure you collect sufficj uantitative information to enable

you to answer your question accurately.

11 Under the heading ‘Results’, show your results in pr ables with informative headings and units as
needed.

12 Under the heading ‘Experififental ent’, draw diagrams of the equipment you used, and clearly label them
using scientific notation a . YoUlcould also use labelled photographs.

PROCESSING AND ANALY SING oottt

13 Use graphs, tables and calculations (if necessary) to present the information and results of your analysis. Where
appropriate, use the correct significant figures and include units. Identify the best ways to analyse the raw and
processed data to enable any trends, patterns or relationships to be evident.

14 Use the data to identify key trends, patterns or relationships.
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SAMPLE ASSESSMENT TASK IA2

15 Identify any limitations to the trends, patterns or relationships you have identified, including any random and
systematic errors present in the data.

Interpreting and evaluation
CONCLUSION

16 Use the results to answer your research question. State the evidence from your results that allows you to answer
your question. List the reasons for any relationships you have observed. The trends, patterns or relationships you
have identified from the data should be related to the chemical concepts of the experiment.

EVALUATION AND SOURCES OF ERROR

SUGGESTED IMPROVE

18 Identify possible improv
described above. Make re

ions for future experiments for each of the sources of errors you
ur literature research.

REE R EN CE L ST oo
19 Use references throughout the report when quoting data or evidence. Such references can include referring to
data and comments in your laboratory notebook where you recorded information and results. Provide a list of
references at the end of your report.
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SAMPLE ASSESSMENT TASK IA2

Communication—presenting your findings

Writing the scientific report is an important final part of this investigation.

Carefully plan your headings and presentation of data and results, as well as your conclusions, in conjunction with
the requirements of the task.

Make sure that the correct significant figures and units have been used.

Including a word count is a useful way to indicate your consideration of the report-writing requirements.

The following subheadings will give you an idea of what you should include in your scientific report.

RESEARCH AND PLANNING
Research question

Is your research question clear and concise?

Rationale

Method

Risk assessment

Have you identified and defined relevant background concepts with in-text citations to appropriate references?

Have you described the original experiment and made links to the develop of your own research question?

Have you identified and justified the independent, dependent and contr

Have you described and justified all modifications you have made e origin

Have you comprehensively selected new equipment and
Does your method comprehensively meet your aim?
Is your method repeatable?

Where possible, have you included a labelled diagram 8f e imental set-up/results?

Have you labelled each figure (and included a ere applicable)?

Have you identified, explained man

Have you incorporated safe @nd ethical w practices?

RESULTS AND ANALYSIS
Raw data

Have you collected qualitative observations as well as raw data?
Have you collected relevant data systematically?

Have you collected sufficient and relevant data?

Is your raw data clear, accurate and detailed?

Have you processed your data in the most appropriate ways to illustrate trends, patterns and/or scientific
relationships?

Processed data

118

Have you comprehensively explained how accuracy, precision, reliability, validity, uncertainty and errors relate to
your collected data?

Have you analysed and explained your investigation data?
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SAMPLE ASSESSMENT TASK IA2
Analysis
» Does the discussion of your analysis address all possible sources of error and uncertainty?

» Have you considered how your analysis may be limited by the data you did or did not collect?

INTERPRETING AND EVALUATION
Conclusion

« Is your conclusion valid given your analysis and evaluation?
» Does your conclusion relate collected data to the hypothesis and/or aim?
» Does it provide a justified response to the research question?

» Have you explained the link between your investigation findings and the relevant scientific concepts you included in
the Research and planning section?

» Have you used scientific language and conventions?

Evaluation and sources of error

» Were the procedures and equipment you used appropriate and effective?

Improvements and extensions
+ Have you made practical suggestions for improvements to the experime sign?

» Have you suggested possible further investigations?

Reference list

+ Have you used a standard scientific referencing syste

+ Is the terminology and structure of the report writ ntific manner?

RATE MY e lgetit. e lgetit. ¢ | almost get it. ¢ | get some of it. ¢ ldon’t getit.
LV [CRl - | can apply/teach it. * | can show I get it. ¢ | might need help. * | need help. * | need lots of help.
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