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Introducing Chemistry for Queensland Units
1 & 2 (Second edition)

Congratulations on choosing Chemistry for Queensland Units 1 & 2 as part of your studies
this year!

Chemistry for Queensland Units 1 & 2 has been purpose-written to meet the requirements of the
QCAA Chemistry 2025 General senior syllabus. It includes a range of flexible print and digital
products to suit your school and incorporates a wide variety of features designed to make learning
fun, purposeful and accessible for all students!

Key features of the Student Books

The Chemistry toolkit module

provides an overview of the syllabus, Studying QCE Chemistry
student-friendly guidance for every
science inquiry skill and tips for
success on assessment tasks.

Key ideas

Each module begins with a .
module opener that includes: Atomic structure, S
- QCAA subject matter isotopes and the ;t-\

+ reference to a supporting prior perioﬂc tal?le 3
knowledge quiz that assesses and
informs student understanding of
pre-requisite concepts

- alist of practical lessons that
support science inquiry.

VI CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 OXFORD UNIVERSITY PRESS
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Physical and chemical changes
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Find out more

Each lesson includes:

- learning intentions and
success criteria

+ clearly structured content
written in clear, concise
language

+ definitions for all key terms on
the page

+ engaging, relevant and
informative images and
illustrations

- arange of tips and features
designed to bring course
content to life including study
tips, worked examples, skill
drills and examples of real-
world science applications
references to supporting digital
resources

- Check your learning
activities organised according
to Marzano and Kendall's
taxonomy and incorporating
cognitive verbs.

Each module contains a range of
practical activities designed to
meet the requirements of science
understanding and science inquiry
subject matter and develop
science inquiry skills.

For a complete overview of all the features and benefits of this Student Book - as well as helpful

videos showing you how to get the most out of the series:

> activate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Chemistry for Queensland Units 1 & 2" in the Course menu

OXFORD UNIVERSITY PRESS INTRODUCING CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 (SECOND EDITION)
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o ¥ Key features of Oxford Digital

Oxford Digital has been designed in consultation with Australian teachers for Australian classrooms.
The new platform delivers fully accessible, reflowable course content with videos, auto-marking
activities, interactives and more embedded right where you need them.

There’s also a range of unique features designed to improve learning outcomes.

Key features for students

As a student, you can:

>

view all course content in a fully accessible, reflowable format that's delivered in bite-sized chunks
SO you can work at you own pace

use the “Read to me” button to have any part of the course read aloud to you

highlight, take notes, bookmark pages, or define words with the built-in Australian Oxford
Dictionary

watch short content videos, worked example videos and practical demonstration videos to

help you revise anything you don't understand, catch up on things you've missed, or help you with
your homework

complete hundreds of interactive questions and quizzes as you work through the content and get
the answers and results sent to you.
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Key features for teachers

As a teacher, you can:

> elevate your teaching and reduce planning and preparation time with Live Lesson mode.
This is an Australian first that lets you upgrade from traditional print-based lesson plans to
fully interactive, perfectly sequenced and timed interactive lessons complete with
classroom activities that are ready to go

> personalise learning for every student and differentiate content based on student strengths
and weaknesses. Assign support or extension resources to any student using a range of
differentiation resources

> revolutionise your planning, marking and reporting with powerful analytics on student
performance and progress.
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Find out more

For a complete overview of all the features and benefits of Oxford Digital - including helpful
videos showing you how to get the most out of the platform:

> activate your digital access (using the instructions on the inside front cover of this book) and click
on “Introducing Chemistry for Queensland Units 1 & 2" in the Course menu
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MODULE

Chemistry requires research skills to experiment and test theories in order to gain

further knowledge. A true experiment always aims to discover natural laws of cause
and effect — how do changes in one property cause changes in another?

This module will become a useful reference throughout Units 1 and 2 of Chemistry.
It teaches you the principles that underpin how we approach investigating chemical

phenomena and discovering new information about our natural world. It is only logical

that it should come first!

‘ This module is set out in a way that makes each piece of information easy to access.
It is not meant to be read from beginning to end. Rather, it’s like a toolbox — you dip

your hand into it, get the tool you need and then apply it.

Prior . . . . .
knowledge Check your understanding of the science inquiry skills before

quiz you start.
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Learning intentions
and success criteria

chemistry

an experimental
science concerned with
the study of matter,
and how substances
can be combined or
separated and how
substances interact
with energy

Studying QCE Chemistry

Key ideas

— In QCE Chemistry, you will gain a variety of science understanding and inquiry skills
that will help you succeed in assessments, as a scientific professional, and as a science
citizen.

Rationale

Chemistry aims to develop students’

e interest in and appreciation of chemistry and its usefulness in helping to explain
phenomena and solve problems encountered in their ever-changing world

¢ understanding of the theories and models used to describe, explain and make predictions
about chemical systems, structures and properties

¢ understanding of the factors that affect chemical systems and how chemical systems can
be controlled to produce desired products

e appreciation of chemistry as an experimental science that has developed through
independent and collaborative research, and that has significant impacts on society and
implications for decision-making

e expertise in conducting a range of scientific investigations, including the collection and
analysis of qualitative and quantitative data, and the interpretation of evidence

e ability to critically evaluate and debate scientific arguments and claims in order to solve
problems and generate informed, responsible and ethical conclusions

e ability to communicate chemical understanding and findings to a range of audiences,
including through the use of appropriate representations, language and nomenclature.

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

What is chemistry?

Chemistry is an experimental science that studies matter, how substances can be combined
or separated, and how substances interact with energy. It is often called the central science
because an understanding of chemistry is required to make sense of phenomena in many
other areas of science and technology, such as:

e materials science — corrosion or the strength of materials

e ecology — flow of nutrients through an ecosystem

e environmental science — how pollutants may be dispersed in an ecosystem

¢ molecular biology — how genes are read and regulated on the molecular level.

Chemistry allows society to change the world by the formation of new substances and
materials. The discoveries made in chemistry can directly influence the world we live in.
Because of this, the ethical question of how these discoveries should be used is one that affects
everyone. 1o be able to meaningfully contribute to resolving this question, an understanding
of chemistry is required.

4 CHEMISTRY FOR QUEENSLAND UNITS 1T & 2 OXFORD UNIVERSITY PRESS
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The best reason to study chemistry is because
it can be a lot of fun and very interesting to learn
about the substances that make up our universe.
Chemistry is not a complete and settled science.
There are many further discoveries yet to be made
and it opens up so many possibilities. By studying
chemistry, you are giving yourself the opportunity
to appreciate the wonders of the world around you
in a new and different way.

Chemists basically:

e observe and measure properties of substances
e explain and predict patterns in the behaviour of
substances

e use and extend their knowledge to make
new substances or purify and detect existing
substances.

FIGURE 1 Chemistry is the study of matter.

From research-based careers to pharmaceuticals to the material science industry, the
choices and opportunities for careers in chemistry are vast. Up to 96% of manufactured
goods directly involve chemical reactions, so it is no surprise that careers related to the study
of chemistry are some of the most in-demand. In fact, it is predicted that job opportunities for
chemical and material scientists will increase 5% by 2029.

Studying QCE Chemistry allows you to acquire a range of transferrable skills that you can
apply in a scientific career and beyond. This includes:

e problem solving

e personal and social skills

* collaboration and teamwork
e critical thinking

e creative thinking

° communication

» research that implements information and communication technologies (ICT) skills.

FIGURE 2 Chemistry is used by pharmacists and nutritionists in their occupations.

OXFORD UNIVERSITY PRESS MODULE 1 CHEMISTRY TOOLKIT 5
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Study tip

Your assessments in
QCE Chemistry are
mapped to these
syllabus objectives.
The data test (Lesson
1.10) assesses
objectives 2 to 4. The
student experiment
(Lesson 1.11) and
research investigation
(Lesson 1.12) assess
objectives 1 to 6.

The external exam
(Lesson 1.13) assesses
objectives 1 to 4.

6 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

How is the QCE Chemistry course structured?

Studying QCE Chemistry provides you with the opportunity to engage in a range of inquiry
tasks and develop science inquiry skills.

Syllabus objectives

Like the other senior sciences, there are six syllabus objectives in QCE Chemistry.

1 Describe ideas and findings.
Students use scientific representations and language in appropriate genres to give a
detailed account of scientific phenomena, concepts, theories, models and systems.

2 Apply understanding.
Students use scientific concepts, theories, models and systems within their limitations.
They use algebraic, visual and graphical representations of scientific relationships and
data to determine unknown scientific quantities or features. They explain phenomena,
concepts, theories, models, systems and modifications to methodologies.

3 Analyse data.
Students consider scientific information from primary and secondary sources to identify
trends, patterns, relationships, limitations and uncertainty. In qualitative data, they
identify the essential elements, features or components. In quantitative data, they use
mathematical processes and algorithms. They identify data to support ideas, conclusions
or decisions.

4 Interpret evidence.
Students use their understanding of scientific concepts, theories, models and systems and
their limitations to draw conclusions and develop scientific arguments. They compare,
deduce, extrapolate, infer, justify and make predictions based on their analysis of data.

5 Evaluate conclusions, claims and processes.
Students critically reflect on the available evidence and make judgements about its
application to research questions. They extrapolate findings to support or refute claims.
They use the quality of the evidence to evaluate the validity and reliability of inquiry
processes and suggest improvements and extensions for further investigation.

6 Investigate phenomena.
Students develop rationales and research questions for experiments and investigations.
They modify methodologies to collect primary data and select secondary sources. They
manage risks, environmental and ethical issues and acknowledge sources of information.

Subject matter

The structure of the QCE Chemistry course is laid out in the Chemistry General Senior
Syllabus. The course consists of four units. Units 1 and 2 are completed in the first year of
the QCE Chemistry course and Units 3 and 4 in the second year. Each unit is divided into
topics and each topic can include science understanding, science as a human endeavour and
science inquiry subject matter. You should be familiar with these categories of understanding
from your studies in years 7 to 10.

An overview of the QCE Chemistry units is shown in Figure 3 and Units 1 and 2 are
summarised in Table 1. Each unit has its own specific objectives, which are outlined in the
Unit 1 opener and Unit 2 opener.

This work must not be reproduced, stored, transmitted or circulated in any other form.
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Unit 1 Unit 2 Unit 3
Chemical

Molecular interactions Equilibrium, acids

fundamentals — structure, .
and redox reactions

. . and reactions
properties and reactions

FIGURE 3 The structure of the QCE Chemistry course

TABLE 1 Topics in Units 1 and 2 Chemistry

l

Unit 4

|

Structure, synthesis
and design

Unit 1 Chemical fundamentals - structure, properties and reactions

Topic Description

1. Properties and structure of In this topic, you will learn about:

atoms * atomic structure and isotopes

» analytical techniques
* the periodic table and trends
* the basics of bonding

2. Properties and structure of In this topic, you will learn about:

materials * compounds and mixtures

* bonding and properties
3. Chemical reactions — In this topic, you will learn about:
reactants, products and energy o chemical reactions

change * exothermic and endothermic reactions

* the mole concept and law of conservation of mass

Unit 2 Molecular interactions and reactions
Topic Description
1. Intermolecular forces and In this topic, you will learn about:
gases * intermolecular forces
* chromatography techniques
e gases
2. Aqueous solutions and acidity | In this topic, you will learn about:
* aqueous solutions and molarity
* identifying ions in solution
* solubility
* pH and reactions of acids
3. Rates of chemical reactions In this topic, you will learn about:

» rates of reactions

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

Assessment in QCE Chemistry

In Units 1 and 2, you can be assessed in several ways across the different topics. The syllabus

requires that you:
e complete at least two, but no more than four assessments
e complete at least one assessment for each unit

e are assessed on each unit objective at least once.

OXFORD UNIVERSITY PRESS
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Many schools assess students studying Units 1 and 2 as they would for students studying
Units 3 and 4. This means that you will likely complete three assessment pieces and an end-

of-year examination or examinations. One possible structure of your assessment is outlined

in Table 2. Keep in mind that your school might choose to conduct the data test, student

experiment and research investigation in any of Units 1 or 2.

TABLE 2 Units 1 and 2 assessments

Unit and
assessment

type
Unit 1
Chemical
fundamentals
— structure,
properties
and reactions:
Data test

Unit 1
Chemical
fundamentals
— structure,
properties
and reactions:
Student

experiment

Unit 2
Molecular
interactions
and reactions:
Research

investigation

Units 1 and 2
examination/s

8 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

Assessment
description

Students respond
to items using
qualitative data
and/or quantitative
data derived from
practicals, activities
or simulations from
Unit 1

Students modify
(i.e. refine, extend
or redirect) an
experiment relevant
to Unit 1 subject
matter to address
their own related
hypothesis or
question. This
assessment provides
opportunities to
assess science
inquiry skills.
Students gather
evidence related to
a research question
to evaluate a claim
relevant to Unit 2
subject matter. This
assessment provides
opportunities to
assess science
inquiry skills and
science as a human
endeavour (SHE)
subject matter.

Assessment objectives

2. Apply understanding of properties and structure of atoms and materials, and chemical
reactions in terms of reactants, products and energy change.

3. Analyse data about properties and structure of atoms and materials, and chemical
reactions in terms of reactants, products and energy change.

4. Interpret evidence about properties and structure of atoms and materials, and chemical
reactants, products and energy change.

1. Describe ideas and findings about properties and structure of atoms and materials, and

chemical reactions in terms of reactants, products and energy change.

2. Apply understanding of properties and structure of atoms and materials, and chemical
reactions in terms of reactants, products and energy change.

3. Analyse data about properties and structure of atoms and materials, and chemical
reactions in terms of reactants, products and energy change.

4. Interpret evidence about properties and structure of atoms and materials, and chemical
reactants, products and energy change.

5. Evaluate processes, claims and conclusions about properties and structure of atoms and
materials, and chemical reactions in terms of reactants, products and energy change.

6. Investigate phenomena associated with properties and structure of atoms and materials,
and chemical reactions in terms of reactants, products and energy change.

1. Describe ideas and findings about intermolecular forces and gases, aqueous solutions and
acidity, and rates of chemical reactions.

2. Apply understanding of intermolecular forces and gases, aqueous solutions and acidity,
and rates of chemical reactions.

3. Analyse data about intermolecular forces and gases, aqueous solutions and acidity, and

rates of chemical reactions.

4. Interpret evidence about intermolecular forces and gases, aqueous solutions and acidity,
and rates of chemical reactions.

5. Evaluate processes, claims and conclusions about intermolecular forces and gases,
aqueous solutions and acidity, and rates of chemical reactions.

6. Investigate phenomena associated with intermolecular forces and gases, aqueous solutions
and acidity, and rates of chemical reactions.

Source: Chemistry 2025 vl.1 General Senior Syllabus © State of Queensland (QCAA) 2024
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You can use Lesson 1.10 Preparing for your data test,
Lesson 1.11 Conducting your student experiment, Lesson
1.12 Conducting your research investigation and Lesson
1.13 Preparing for your exams to guide you through these
assessments. Note that Science as a human endeavour
content will not be directly assessed in your examinations.

What are the science inquiry skills?

/

In addition to developing your science understanding in
Chemistry (which we will cover in Modules 2 to 16), the
QCE course requires you to develop and apply a range
of science inquiry skills. These skills are specified in the
QCE Chemistry General Senior Syllabus and are listed ’
on the opening pages of this module. This module will
help you develop these skills. ) ) o )

FIGURE 4 Having good science inquiry skills prepares you for

The science inquiry skills are applicable to all areas success in QCE Chemistry (and beyond!)

of study in Units 1 to 4 of the QCE Chemistry course.
They are especially important for preparing and planning
for your data test, student experiment and research
investigation assessment tasks.

Check your learning 1.1: Complete these questions online or in your workbook.

Retrieval and comprehension ¢ an art conservator working in the Queensland
1 Define the term “chemistry” in 10 words or less. Museum (1 mark)

(1 mark) d a wheat farmer from the Darling Downs
2 Recall three transferrable skills that you can (1 mark)

learn during your QCE Chemistry studies. e amarine biologist working on the Great

(1 mark) Barrier Reef (1 mark)

f an environmental toxicologist working in Mt
Isa (1 mark)

g an architect designing shade structures for a
park in Townsville (1 mark)

Analytical processes

3 Judge whether this is true: “Chemistry is said
to be an experimental science, so all chemistry

theories have to come from experiments”.
P h a perfume maker from Noosa (1 mark)

(2 marks) . . . .
i a council worker controlling mosquitoes in
Knowledge utilisation Cairns. (1 mark)
4 Investigate how chemistry would be relevant to: 5 Propose how chemistry might be used in
a aveterinarian working on finding a cure for physics and biology; and how chemistry relies on
chlamydia in koalas (1 mark) mathematics. (3 marks)

b a technician monitoring water quality for
Queensland Urban Utilities at the South Pine
dam (1 mark)

OXFORD UNIVERSITY PRESS MODULE 1 CHEMISTRY TOOLKIT 9
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Considering First Nations
perspectives in Chemistry

Key ideas

— First Nations peoples have longstanding scientific knowledge.

— First Nations peoples have developed knowledge about the world by observing using
all the senses, predicting and hypothesising, testing (trial and error) and making
generalisations within specific contexts such as the use of food, natural materials,
navigation and sustainability of the environment.

— Correctly acknowledging cultural and/or language groups, avoiding Eurocentrism and
critically evaluating sources of information can help you to respectfully engage with
First Nations perspectives in QCE Chemistry.

@ Science inquiry skills

Learning intentions This lesson provides support for the following science inquiry skills:
and success criteria « identify and implement strategies to manage risks, ethics and environmental impact, e.g.
— cultural guidelines, protocols for working with the knowledges of First Nations peoples
Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

{0 slelleicIR This lesson is available on Oxford Digital.

Understanding the scientific method

Key ideas

— The scientific method is a circular process that involves making observations,
formulating a hypothesis which will often lead to performing experiments or
simulations, developing models or theorems, retesting and trailing.

— Research questions define the scope of an investigation. They can be used to develop
hypotheses which predict the outcome of the investigation.

10 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 OXFORD UNIVERSITY PRESS
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Science inquiry skills @

This lesson provides support for the following science inquiry skills: Learning intentions
e identify, research and construct questions for investigation and success criteria
e propose hypotheses and/or predict possible outcomes

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

4{0gslelleicIRA This lesson is available on Oxford Digital.

Planning investigations

Key ideas

— A method outlines the steps followed in an experiment and lists all of the materials and
equipment used.

— Valid and reliable measurements can be obtained by carefully designing your
investigation to collect sufficient data and minimise errors.

— All measurements include errors or uncertainties, either systematic or random. It is
important to consider these and implement strategies to minimise their effects when
you plan your experiments.

Science inquiry skills @

This lesson provides support for the following science inquiry skills: Learning intentions

» design investigations, including the procedure/s to be followed, the materials required, and success criteria

and the type and amount of primary and/or secondary data required to obtain valid and

reliable evidence, e.g.

— consider replicates, number of data points and quality of sources

— identify the types of errors, extraneous variables or confounding factors that are likely
to influence results and implement strategies to minimise systematic and random error

e use appropriate equipment, techniques, procedures and sources to systematically and

safely collect primary and secondary data, e.g.

— laboratory and field techniques: measurement, and equipment calibration

— ICTs, scientific texts, databases, simulations, online sources

e suggest improvements and extensions to minimise uncertainty, address limitations and

improve the overall quality of evidence, e.g.

— analyse the impact of random error/measurement uncertainties and systematic errors
in experimental work and determine how these errors/measurement uncertainties can
be reduced

— discriminate between random and systematic errors

OXFORD UNIVERSITY PRESS MODULE 1 CHEMISTRY TOOLKIT 11
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identify that experimental design and procedure usually leads to systematic errors
in measurement, which causes a deviation in a direction and that repeated trials and
measurements will reduce random error but not systematic error

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

D4{0 s [elleiIRA This lesson is available on Oxford Digital.

Considering safety and ethics

Key ideas

— Good laboratory practices and lab safety allows you to identify risks and take measures

to control them so that you and those sharing the lab space with you stay safe during
scientific investigations.

— Conducting experiments ethically involves considering the impacts of your

investigation beyond the laboratory.

@ Science inquiry skills

Learning intentions This lesson provides support for the following science inquiry skills:

and success criteria .

identify and implement strategies to manage risks, ethics and environmental impact, e.g.

material safety data sheets
workplace health and safety guidelines
appropriate disposal methods
standard operating procedures
Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

o 4{0yslellelicIRA This lesson is available on Oxford Digital.
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Collecting data

Key ideas

— Single experimental measurements are reported using best estimates, indicators of
measurement uncertainty and units.

— Scientific notation is used to easily express extremely large or small values.

— Significant figures are digits in a number that are known with certainty plus the first
digit that is uncertain.

— All measurements, information and observations should be recorded in your logbook.

Science inquiry skills @

This lesson provides support for the following science inquiry skills: Learning intentions

» use scientific language and representations to systematically record information, and success criteria

observations, data and measurement error, €.g.
— symbols, units and prefixes
— tables, graphs and diagrams
— logbooks
e translate information between graphical, numerical and/or algebraic forms, e.g.
— units and measurement conversions
— ratios and percentages
— symbols and notation
Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

Worked examples

This lesson is supported by the following Worked examples:
*  Worked example 1.6A Writing numbers using scientific notation
*  Worked example 1.6B Rounding answers to the correct number of significant figures

*  Worked example 1.6C Converting between units for physical quantities

(D4{0 s [elleiIRA This lesson is available on Oxford Digital.
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Processing and analysing data

Key ideas

Data is processed and analysed to identify trends, patterns, relationships, limitations
and uncertainty.

Absolute and percentage uncertainty give an idea of the precision of measurements.
Percentage error gives an idea of the accuracy of measurements.

Data can be summarised in a variety of ways, such as in a table, a scatterplot or a
scientific diagram.

@ Science inquiry skills

Learning intentions

This lesson provides support for the following science inquiry skills:

and success criteria e use scientific language and representations to systematically record information,
observations, data and measurement error, €.g.

indicators of measurement uncertainty and state measurement uncertainties as a range
($) to an appropriate precision, e.g. when adding or subtracting, the final answer
should be given to the least number of decimal places, when multiplying or dividing,
the final answer should be given to the least number of significant figures

identify that concentration can be represented in a variety of ways including, but not
limited to, mol .71, g L.! and ppm and that square brackets can be used to denote
concentration

e use mathematical techniques to summarise data in a way that allows for identification of
relevant trends, patterns, relationships, limitations and uncertainty, e.g.

mean

gradient analysis

scatterplots (with maximum and minimum trendlines and R?)

propagate random error in data processing to show the impact of measurement
uncertainties on the final result

apply simple treatment of error analysis, e.g. for functions such as addition and
subtraction, absolute uncertainties should be added, for multiplication, division and
powers, percentage uncertainties should be added

calculate the measurement uncertainties for processed data, including the use of
absolute uncertainty o
measurement x 100 AJ)

calculate the percentage error, when the experimental result can be compared with a

absolute uncertainties of the mean (Formula: Ax =

theoretical or accepted result (value)

measured value — true value x 100%)
true value

discriminate between absolute uncertainty and percentage error

(Formula: percentage error (%) =

14 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 OXFORD UNIVERSITY PRESS
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e select and construct appropriate representations to present data and communicate
findings, e.g.
— summary tables
— apply appropriate graphical representations to analyse data and draw conclusions
— analyse data to identify trends, patterns and relationships; recognising error,
uncertainty and limitations of evidence

— interpret graphs in terms of the relationship between dependent and independent variables

* extrapolate findings to determine unknown values, predict outcomes and evaluate claims

Source: Chemistry 2025 vl.1 General Senior Syllabus © State of Queensland (QCAA) 2024

What information does data
analysis give us?

Once we have obtained our raw data, we
are ready to process and analyse it. The
goal of data analysis is to find patterns or
trends, whereas data interpretation involves
explaining those patterns. This typically
involves completing calculations and
constructing scatterplots. By transforming
the data into more meaningful forms, we
can then analyse it to quantify uncertainty,
identify limitations, construct evidence-
based arguments and draw conclusions.

How do you use the
measures of central
tendency?

FIGURE 1 Analysing data, such as via mathematical
techniques, helps us to draw conclusions from an
investigation.

In the previous lesson, we talked about expressing measurements using a best estimate. This
is straightforward when we are taking single measurements, but when there are a number of
repeated measurements of the same value, there are some calculations we need to perform.
These calculations allow us to better describe the measurement value and uncertainty.

To do this, we use measures of central tendency. When measurements involve random
errors, the values tend to cluster around a central value. This is because random errors are
just as likely to result in underestimates and overestimates of the “true” value. It is useful to
discuss how close the values are to a central value using measures of central tendency.

The normal distribution

Many natural variables tend to have a normal distribution. This is also sometimes referred

to as a bell curve (Figure 2). On a normal distribution, the most likely value is the central
value, which is the arithmetic mean or average of the results. The curve is symmetrical, with
the probability of a particular value becoming lower as that value gets further away from the
mean, in either direction. The curve can be more-or-less stretched out. This variation or
spread in the results can be quantified by a value known as the standard deviation.

OXFORD UNIVERSITY PRESS
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central tendency
the tendency for
repeated measurements
of the same value to be
grouped around the
mean, mode or median

mean
the average of multiple
values

standard
deviation

a statistical value
which expresses how
spread out a group of
values are or by how
much they differ from
the mean value for
the group
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outlier

a value that is much
smaller or larger than
most of the other
values in a set of data;
it is greater than three
standard deviations
away from the mean

[*— 68%of data —>

One standard
deviation

K_H

95% of data >

__—T* 99.7% of data T
| |
-3 -2 -1 0 1 2 3

FIGURE 2 The normal distribution is also known as a bell curve.

For example, Table 1 shows the volume of aqueous hydrochloric acid needed to react with
20.0 mL of aqueous sodium hydroxide. Only six values are listed, but if the measurements
were repeated several hundred times, then it is likely that a normal distribution of the values

would be found around the mean.

TABLE 1 Volume of HCl(aq) required for reaction with 20.0 mL. NaOH solution

Trial number Volume of HCl(aq) (mL)
1 19.92

20.04

19.86

19.98

20.08

19.86

LW

Calculating mean
The arithmetic mean of a group of numbers is the sum of the numbers divided by the
number of measurements. This can be expressed mathematically:
where X is the mean, x is a measured value, and 7 is the number of measurements
(replicates) and Y. (capital sigma) means to add all the values (x) together.
This formula can be applied to the data in Table 1. The mean here should be reported to
two decimal places, matching the precision in the original measurements.
%= Xx _ 19.92mL + 20.04mL + 19.86 mL + 19.98 mL + 20.08 mL. + 19.86 mL.
=== c
=19.96mLL

One problem with the mean value is that it is sensitive to outlier values (those that are
much larger or smaller than the other values). If there was an additional measurement of
40.00mL., it would shift the average to 22.82mL., which is quite far from the other values. In
practice, a value of 40.00 mL would probably be rejected as an outlier.

Outliers are typically attributed to mistakes or random errors. Once identified, they should
be omitted from data analysis.
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Mode

The mode is another way of describing a group of values. The mode is the value that appears mode

most often in a set of measurements. For the data in Table 1, this is 19.86 mL., because this the value that appears
the most often in a

value appears twice, but all the other values appear only once. dataset
Median
The median value is the value that appears in the middle of a sorted list of numbers, if there median

the value that appears

. . . . in the middle when
the median value. If there is an even number of measurements, then the median is the average ;. garaset is sorted

value of the middle pair of values. For the data in Table 1 (19.86, 19.86, 19.92, 19.98, 20.04, from smallest to
20.08), these are 19.92 and 19.98 mL., and the median value is their average, 19.95mL. largest value

The median value can be very useful to report, particularly when there are extreme

is an odd number of items. Therefore, there are an equal number of values above and below

outliers in the data.

Standard deviation

The other parameter that describes a normal distribution is the standard deviation, which

is a measure of how spread out the values are (Figure 3). Steeper bell curves have smaller
standard deviations and a smaller spread of values. Flatter bell curves have a larger standard
deviation and a larger spread of values.

Standard

L deviation: 0.5
Standard deviation: 1

Standard
deviation: 2

3 2 -4 0 1 2 3
FIGURE 3 The effect of changing the standard deviation on the shape of normal curves

The experimental standard deviation s is defined in mathematical terms by the formula:

Y(x—x)?
s =1 ( )
n—1
where X is the mean, x is a measured value, 7 is the number of measurements and

¥ (capital sigma) means to add all the values (x, — x)* together.
Table 2 shows the results of these calculations on the experimental data given in Table 1.

TABLE 2 Steps for calculating the standard deviation of hydrochloric acid volumes

Volume of aqueous

nJ;:?J'er hydrochloric acid X, - X (mL) (x,~ X)? (mL?)
solution (mL)
1 19.92 19.92 - 19.957 = -0.037 0.001344
2 20.04 20.04 -19.957 = 0.083 0.006944
3 19.86 19.86 — 19.957 = -0.0967 0.009344
4 19.98 19.98 — 19.957 = 0.0233 0.000544
5 20.08 20.08 - 19.957 = 0.12337 0.015211
6 19.86 19.86 — 19.957 = -0.0967 0.009344
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5= \/0.001344 + 0.006944 + 0.009344 + 0.000544 + 0.015211 + 0.009344
- 6-1

_ ,]0.042733
- 5

=V8.5466 x 1073
=0.09245 mL

This means that, on average, each data value deviates from the mean of 19.96 mL by
0.09mL. The full working out has been shown here, but many calculators and spreadsheet

programs also have statistical functions that will calculate these values more quickly and
conveniently.

Standard deviation is a useful measurement to help you identify errors, outliers and
evaluate the reliability of your results.

How do you calculate absolute uncertainty?

absolute

uncertainty Using measures of central tendency helps you to be more certain of your data, but the reality
the exact magnitude of

! is that you introduce another source of uncertainty through replication. When you report
difference between the

mean and the range your result, you must therefore consider absolute or percentage uncertainty.
of measurements; Absolute uncertainty (Ax) quantifies how values deviate around a mean. It is the half-

an indicator of

the precision of range of the measurements, meaning that it indicates the highest measured value and the

measurements lowest measured value. It is calculated using:

(X e = X))
p— - + max min-
AX T

where x__ is the largest value and x_, is the smallest value. It is expressed to the same
number of decimal places as the value with the fewest significant figures (s.f.).

For single measurements, uncertainty is reported based on the uncertainty of the
measurement instrument. What if this value is larger than the absolute uncertainty? Which
value should you use?

The rule is: the uncertainty value that you report should be the largest one. This is
because we don't want to underestimate the uncertainty of the result. This would make the
result appear more precise and reliable than is justified or warranted.

Worked example 1.7A

Calculating the mean and absolute uncertainty
o Worked example 1.7A: Watch a video that shows how to solve this problem.

An acid-base titration was conducted using a burette with an uncertainty of £0.02mL..
The titre volumes obtained were: 5.80mlL, 6.00mL, 6.05 mL. Calculate the mean and
the absolute uncertainty and express your answer correctly. (2 marks)

T T
Step 1: Look at the cognitive verb and “Calculate” means to determine or find a number or
mark allocation to determine what the answer by using mathematical processes. We are being
question is asking you to do. asked to calculate the mean and absolute uncertainty.

The question is worth 2 marks, so we must correctly
apply the formulas to complete the calculations and
express the answers correctly.
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I TS

Step 2: Select the appropriate formulas
and gather any data required.

Step 3: Substitute the known values into

the formulas and solve for the mean.
Step 4: Substitute the known values
into the formulas and solve for the
absolute uncertainty. Compare the
absolute uncertainty to the uncertainty
of the instrument. The larger
uncertainty is the one to be reported in
the final answer.

Step 5: Finalise your answer. Report

it as the best estimate (mean),
uncertainty, and the correct units.
Make sure you use the correct number
of significant figures in the mean and
the same number of decimal places in
the uncertainty.

__Xx
X ="
)
Ax =%

2
x_ .. =605ml;x_ =580mL;n=3

m

7= 5.80mL + 6.00mL + 6.05mL
- 3
=5.95mL

_ ., (6.05mL~5.80mL)
Ax = ¢ 22 2T

=% 0.125mL
The absolute uncertainty of 0.125mL is larger than
the instrument uncertainty of 0.02mlL..

The measurements are to 3 s.f. The mean is currently
expressed also as 3 s.f., so we do not need to round it
up or down.

Absolute uncertainty must be presented to the same
number of decimal places (d.p.), i.e. 2. Thus, 0.125
rounds up to 0.13.

The final answer is: 5.95 * 0.13mL (1 mark for

correct mean; 1 mark for correct absolute uncertainty)

The mass of a solid substance was measured using an electronic balance with an
uncertainty of £0.05 grams. The recorded masses were 25.20g, 25.20g and 25.15¢g.
Calculate the mean and the absolute uncertainty and express your answer correctly.
(2 marks)

How do you calculate percentage uncertainty?

After data is collected, you may need to transform it in some way or apply a formula to it
calculate other quantities. For example, if you gather mass, amount (in moles) or volume,
you can calculate the number of particles, concentration or molar mass, and compare these
calculated values with accepted (true) values.

If you add, subtract, multiply or divide the data, you can propagate uncertainty through
your calculations. Often, this can involve different units and measurement instruments, so
absolute uncertainty may no longer be useful. You will need to make adjustments to take
into account the calculations you have performed, and the value you use may instead be
percentage uncertainty.

Percentage uncertainty is calculated by dividing the absolute uncertainty by the percentage

observed measurement and multiplying the result by 100 to give a percentage: uncertainty

an indicator of
uncertainty in which
the range of values

for a measurement

absolute uncertainty (AXx)
measurement (x)

=A% % 100%

percentage uncertainty (%) = x 100%

result (the absolute
uncertainty) is
expressed as a
percentage of the
measurement
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Worked example 1.7B

Calculating the percentage uncertainty
o Worked example 1.7B: Watch a video that shows how to solve this problem.

Calculate the percentage uncertainty of a 0.10 M solution of NaOH with a titre volume of 26.18 mL. The
calibrated burette used in the titration had an absolute uncertainty of 0.02mlL.. (1 mark)

I T

Step 1: Look at the cognitive verb and mark “Calculate” means to determine or find a number or answer by
allocation to determine what the question is using mathematical processes. We are being asked to calculate the
asking you to do. percentage uncertainty. The question is worth 1 mark, so we must

correctly apply the formula to complete the calculations.

Step 2: Select the appropriate formulas and percentage uncertainty (%) = Ax_fc % 100%

gather any data required. A% = +0.02mL, x = 26.18mL

Step 3: Substitute the known values into the percentage uncertainty (%) = 2069128Tnli % 100%
formula and solve for the percentage uncertainty. =0.07639%
Step 4: Finalise your answer. + 0.08% (1 mark)

A calibrated burette used in titration has an absolute uncertainty of = 0.02 mL.. It is used in an acid-base
titration between sodium hydroxide and acetic acid. The titre volume was 13.25mL. Calculate the percentage
uncertainty. (1 mark)

How is uncertainty propagated in calculations?

Study tip When completing calculations involving two or more quantities, the uncertainties of each
For addition and measurement must be combined. This is called propagation of uncertainty. There are some
subtraction, add simple rules that can be used to calculate the final uncertainty:

the absolute

uncertainties. For 1 If the measured values are added or subtracted, the absolute uncertainties must be added.

multiplication, division For example:

and powers, add 50+02g-23+02g=27+04g

the percentage

uncertainties. 2 If the measured value is multiplied or divided, the percentage uncertainties must be added

together. For example:
3g+4%x52g+2%=15.6g+ 6%
3 If powers are applied to the measured value, the percentage uncertainties must be added
together. For example:
(5.0g £2%)* = (5.0g £ 2%) x (5.0g + 2%) x (5.0g + 2%) = 125g + 6%

Worked example 1.7C

Calculating absolute uncertainty involving subtraction or addition
o Worked example 1.7C: Watch a video that shows how to solve this problem.

During a titration, the following titres were recorded for a 0.10 M solution of HCI:
Initial titre = 6.05 = 0.02mL
Final titre = 23.35 £ 0.02mL

20 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 OXFORD UNIVERSITY PRESS

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 29/10/2024 under licence.

Calculate the difference in volume and the absolute uncertainty, and report it correctly. (2 marks)

T T,

Step 1: Look at the cognitive verb and mark allocation to “Calculate” means to determine or find a number or answer

determine what the question is asking you to do. by using mathematical processes. We are being asked to
calculate the difference in volume and absolute uncertainty.
The question is worth 2 marks, so we must complete the
calculations and express the answer correctly.

Step 2: Find the difference in volume. difference in volume = 23.35mL — 6.05mL
=17.30mL
Step 3: Determine how to propagate the uncertainties. We are dealing with subtraction, so we need to add the

absolute uncertainties.
Step 4: Solve for the final uncertainty by adding the absolute = 0.02mL + 0.02mL = 0.04mL
uncertainties.
Step 5: Finalise your answer. Report it as the best estimate, 17.30 * 0.04mL (1 mark for correct volume; 1 mark for
uncertainty and the correct units. correct uncertainty)
Make sure you use the correct number of significant figures
in the mean and the same number of decimal places in the

uncertainty.

A chemistry student prepared three solutions using variable pieces of glassware to measure the required
quantities and reported their volumes:

Solution A: 25.00 = 0.02mL

Solution B: 36.1 £ 0.1 mL

Solution C: 48.2 £ 0.2mL

Calculate the total volume of the three solutions and determine the absolute uncertainty in the total
volume, reporting it correctly. (2 marks)

Worked example 1.7D

Calculating percentage uncertainty involving division
o Worked example 1.7D: Watch a video that shows how to solve this problem.

Calculate the concentration in gI.”! when 15.7 + 0.1 g is fully dissolved in a flask of water to make 2.0 £ 0.1L
of solution. Report your answer correctly. (2 marks)

T e,
Step 1: Look at the cognitive verb and mark “Calculate” means to determine or find a number or answer by
allocation to determine what the question is asking | using mathematical processes. We are being asked to calculate the
you to do. concentration and percentage uncertainty. The question is worth

2 marks, so we must complete the calculations and express the

answer correctly.

Step 2: Find the concentration using ¢ = 2. _15.7g
v €= 20L
=7.85gL™!
Step 3: Determine how to propagate the We are dealing with division, so we need to add the percentage
uncertainties. uncertainties.
percentage uncertainty (%) = Ax—f %X 100%
For the mass: x = 0.1g, x = 15.7g
For the volume: x =0.1L, x =2.0L }
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< T

Step 4: Substitute the known values into the
formula and solve for the percentage uncertainties.

Step 5: Solve for the final uncertainty by adding the
percentage uncertainties.

Step 4: Finalise your answer. Report it as the best

estimate, uncertainty and the correct units.

For the mass: percentage uncertainty (%) = % X 100%

=0.6369%
For the volume: percentage uncertainty (%) = % X 100%

=5.0%

0.6369 + 5.0 = 5.6369%
This can also be converted back into an absolute uncertainty, by
multiplying the percentage by the calculated concentration.
5.6369% x 7.85gL' =0.4425gL"!
79+ 0.4gL" or 7.9gL" * 5.6% (1 mark for correct concentration;
1 mark for correct uncertainty)

Make sure you use the correct number of

significant figures in the mean and the same

number of decimal places in the uncertainty.

Calculate the total concentration in grams per litre (g.™') when 28.4 = 0.2 g of solute is fully dissolved in a
flask of water to make 3.5 £ 0.1 L of solution. Report your answer correctly. (2 marks)

percentage error
the percentage
difference between
the accepted (true

or theoretical) value
and the measured
(experimental) value

Study tip

Absolute and
percentage
uncertainty are
indicators of precision
of measurements,
whereas percentage
error is an indicator
of accuracy.

Study tip

Percentage error
is reported to one
significant figure.
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How do you calculate percentage error?

So far, we have talked about uncertainties, which are a way of expressing the level of precision
of measurements. To indicate the accuracy of experimental results, we use percentage
error. This is the percentage difference between the measured experimental value and the
known true (or theoretical) value:

measured value — true value x 100%

ercentage error (%) =
p g (%) true value

The straight lines (|, modulus signs) in the equation indicate the “absolute value”, which
means the sign (+/-) of the answer is ignored. Percentage error is reported to one significant
figure.

Worked example 1.7E

Calculating percentage error
o Worked example 1.7E: Watch a video that shows how to solve this problem.

In an experiment, the enthalpy of combustion for propanol was determined to be
—1,978 kK mol™! but the theoretical enthalpy of combustion is —2,021 k] mol-'. Calculate
the percentage error for the enthalpy of combustion. (1 mark)

T T
Step 1: Look at the cognitive verb = “Calculate” means to determine or find a number or answer
and mark allocation to determine @by using mathematical processes. We are being asked to
what the question is asking you calculate the percentage error. The question is worth 1 mark,

to do. so we must correctly apply the formula and complete the

calculation.
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T TS

Step 2: Select the appropriate

percentage error (%) = measured value — true valuel x 100%

true value

f 1 d gath dat
ortaulas anc gather any cata measured value = 1,978 kfmol!

required.
true value = -2,021kJmol!
—1,978 fmol™ — (=2,021 kJmol™)
—2,021KkJmol™!

_ | 43KkJmol”! o Generally, we allow
for the percentage error. = ‘ 3,021 K mol* x 100% a 5% threshold

=2.128% for percentage
uncertainty and

Step 3: Substitute the known

percentage error (%) =‘ x 100% Study tip

values into the formulas and solve

Step 4: Finalise your answer. 2% (1 mark) percentage error.
Percentage error is rounded to If percentage
one significant figure. uncertainty is 5% or

lower, we consider the
result to be precise.

If percentage error

A student measures the density of an object to be 8.63 gmlI.!, but the accepted value is is 5% or lower, we

8.96gmlL!. Calculate the student’s percentage error. (1 mark) CbO”Sidertthe result to
e accurate.

How can you present your results?

After measurements are collected and data is processed, these pieces must be presented in a
useful way. It is important to consider the best way to display the data. The information needs
to be clear and easy to read, and relationships between variables should be straightforward to
identify. Common types of data representation used in chemistry include summary tables and
scatterplots.

Summary tables

Tables are often used to summarise and organise data. While a data table states what has been
measured and presents the raw data, a summary table can bring together processed data. A
summary table should have a heading, and column and row headings. Where quantities are
being reported, appropriate units should appear in the headings.

Tables are best where there is a relatively small amount of data and the values are
individually important, as shown in Table 3.

TABLE 3 Change in average reaction temperature with time

Time (min) Average temperature (°C)
5 435
10 37.8
15 35.7
20 24.2

Scatterplots

Graphs are often more useful than summary tables when investigating trends in data. They
are visual displays of how one variable changes either over time or in response to changes
in another variable. x—y scatterplots are often used where there is a continuous trend in a
measured value as one value is altered in a systematic way.
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Study tip

The trendline can
allow you to predict
values beyond

and between the

set of data points
collected. This is
called extrapolation
and interpolation,
respectfully. You will
learn about this later.

trendline (line of
best fit)

a line drawn on a
graph joining as many
points as possible and
showing the general
direction of the data;
should be drawn with,
approximately, an
equal number of
points above and below
the line

gradient
the slope of a graph

For example, the change in temperature of honey as it is heated over time can be shown in
a scatterplot.

The change in temperature of honey over time

80

70

® _<«<—— Trendline

~ 60
g o
;’ 50 [ ]
2 Outlicr -
A
qa 40 1
g [ ]
= 30 ez
T
20
10

1 2 3 4 5 6 7
Time (minutes)

e Distilled water ® Honey

FIGURE 4 An x—v scatterplot showing how the temperature of a reaction (the dependent variable) changes with

time (the independent variable).
All graphs should include the following:

e a graph title that succinctly describes what the graph is showing (typically includes the
independent variable (IV) and dependent variable (DV))

e clearly labelled axes, including units of measurement

e equally spaced units of measurement along the axes (scaling)

e axes that start at zero (where possible)

e data plotted within the confines of each axis

e distinguishing symbols, colours or keys when more than one dataset is plotted on a single
graph

¢ measurement uncertainty (where relevant) as error bars (see below)

e atrendline that fits between the error bars (see below).
By analysing the shape of your graphs, you can construct arguments about the relationship

between variables.

How do you graph linear relationships?

Graphing the (x, v) pairs of values can visually reveal the relationship between the variables.
Where there is a linear relationship, a trendline (or line of best fit) can be added to the
graph. This is a line drawn through the middle of the plotted data so that the points are
evenly spread on either side of the line. It does not connect all the data points on a graph. You
can see two trendlines in Figure 4.

It is rare for the data to be perfectly linear, so drawing a trendline allows you to identify
the proportionality relationship between the two variables. A straight trendline can be
mathematically represented by a linear equation in the general form of:

y=mx+c

where x and y are the IV and DV, respectfully, m is the gradient or the slope of the line
and c is the y-intercept or the point at which the line cuts the y-axis at x = 0.
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Gradient
The slope of any straight line is defined as the change in y divided by the change in x:

_ changeiny
" change in x
_ Ay

T Ax

_X T
TX X

The slope of the trendline can therefore be calculated by choosing two points on the line,
(x> v) and (x,, y,). Let’s consider the trendline in Figure 5. The two points are (0, 1) and
(2, 4). We can calculate m:

_4-1
m=5_9

-3

2
N 2.4
3

Rise =3
N
oD Run =2
0
2 -1 0 j

FIGURE 5 An example of linear data

There are three important points to remember:
e don't force the line to go through the origin; it should go through the middle of the data
points, with as many points above it as below it
e you need to use the x and y coordinates of points on the trendline to calculate the gradient
e use points as widely separated as possible to get the most accurate value for the gradient.
The direction in which the gradient slopes tells you about the relationship between the
variables. When there is an incline in the positive direction of the x-axis, the gradient is a
positive value and this indicates that as the IV increases, the DV also increases. The opposite
is also true: where there is a decline in the positive direction of the x-axis, the gradient of the
line will have a negative value and this indicates that as the IV increases, the DV decreases.
This can also be described using correlations. Variables can be positively or negatively
correlated. Positive correlation is when the value of one variable increases as the other variable
increases (gradient slopes upwards). Negative correlation is when the value of one variable
decreases, as the other variable increases (gradient slopes downwards). Figure 5 displays a
positive correlation.

y-intercept
The y-intercept is the point on the graph where the trendline intercepts or cuts the y-axis at
x = 0. This data point can be found in two ways:
1 Extending of the trendline and reading the y-intercept from the graph. Let’s consider
Figure 5 again. We have found that the gradient m is % We can already tell that the
y-intercept is +1, so y = %x + 1.
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Study tip

You may find it easier
to remember the
gradient as “rise over
run”, where “rise”
refers to the y-axis
and “run” refers to the
X-axis.

correlation

a link between

a change in the
independent variable
and a change in the
dependent variable;
this does not mean
that the changing
independent variable
caused the change in
the dependent variable
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extrapolation

the prediction of
values beyond the
range of data points by
extending the trendline

interpolation

the prediction of values
between data points
using a trendline

2 Calculating the y-intercept using the equation for the trendline and using algebra to find
¢. From Figure 5, we have the equation y = %x + ¢. To find ¢, we can select any point along
the line. Let’s use (2, 4). If we substitute these x and y coordinates into the equation for
the trendline, we get 4 = %(2)+c or 4 — 3 = ¢. Therefore, ¢ = 1.

How can you infer data by extrapolation and interpolation?

If the equation for a trendline is known, it is possible to determine unknown values.
Extending and reading a graph beyond the last plotted point is called extrapolation.
Inferring a reading between plotted points is called interpolation.

The change in temperature of honey over time

80
70 /
~ 60
Q L
N
Extrapolation to |
g 50
5 Outlier / determine values
=
8 ./ beyond range of |
& 40 o measured data
g points
15}
= 30 >
Interpolation to
/ determine values
20 between measured
data points
10
1 2 3 4 5 6 7 8

Time (minutes)
FIGURE 6 Extrapolation and interpolation of data to determine unknown values

In Figure 6, the data points are only at 0, 1, 2, 3, 4, 5 and 6 minutes. You can extrapolate
the trendline past 6 minutes to 7 minutes and read off the temperature as 65°C. You can
also interpolate the data to read off values between points. For example, at 1.5 minutes, the
temperature is 30°C.

In QCE Chemistry, you will use standard curves to find unknown values. This
involves interpolation. Worked example 1.7F shows you how to construct a standard curve
(scatterplot with a trendline) for an atomic absorption spectroscopy experiment, and then use
interpolation to find the concentration of an unknown sample.

Worked example 1.7F

Constructing and analysing linear scatterplots

° Worked example 1.7F: Watch a video that shows how to solve this problem.

A student wants to determine the concentration of a copper sulfate solution. They use atomic absorption

spectroscopy to measure the concentration of various copper sulfate standard solutions, as well as their sample.

TABLE 4 Data obtained from the experiment

Concentration of copper sulfate (M) Absorbance
0 0.000
0.1007 0.157
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Concentration of copper sulfate (M)
0.2009
0.2902
0.3999
0.5094
0.5999

unknown
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Absorbance
0.290
0.400
0.550
0.705
0.825
0.460

Sketch a scatterplot for the copper sulfate standard solutions. (3 marks)

Derive the equation for the trendline. (2 marks)

a

b Calculate the gradient, m, of the trendline. (1 mark)
c

d

Calculate the concentration, in M, of the unknown solution of copper sulfate solution. (1 mark)

I

Step 1: Look at the cognitive verbs and mark
allocation to determine what the questions

are asking you to do.

Step 2: For part a, sketch the graph by
drawing and labelling the axes with the
IV (concentration) on the x-axis and DV
(absorbance) on the y-axis — this includes
units! Plot each data point and draw a

trendline.

Step 3: For part b, find the gradient

by selecting the appropriate equation.
Determine the change in y and change in x
for two widely separated points on the line.
Step 4: For part ¢, read the intercept off the
y-axis and include the units. Alternatively,
we can calculate this more accurately using
the m value and one (x, y) datapoint.

Step 5: For part d, use the equation for the
trendline and substitute in the value for

absorbance () to solve for concentration (x).

OXFORD UNIVERSITY PRESS

“Sketch” means to represent using a diagram or graph. “Calculate” means
to determine or find a number or answer by using mathematical processes.
“Derive” means manipulate a mathematical relationship to give a new
equation. These questions are worth a variety of marks. We must graph
the data, find the equation for the trendline and use it to find the unknown
value.

Absorbance vs concentration of CuSO,

0.9
. J

0.8 /

0.7

0.6
05 L

0.4

0.3 r/

0.2 /
pd

0.1

Absorbance

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Concentration of CuSO, (M)

(1 mark for correct axes and labels; 1 mark for correct data points; 1 mark

for trendline)

m= fc% using the two points (0.4, 0.55) and (0.2, 0.28).

_ 0.55-0.28
m=gaMm—o02m ( mark)

=1.35M"!

From the graph, ¢ = 0.
From calculating, using » = 1.35 and (0.4, 0.55).
0.55 = 1.35(0.4) + ¢ (1 mark)

¢=0.01
Putting it altogether: y = 1.35x + 0.01 (1 mark)
0.460 = 1.35x + 0.01

0.450 = 1.35x

x=0.333M (1 mark)
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P vour turn’

A student conducted an experiment to investigate the density of copper by measuring the masses of samples
of known volume. The results were tabulated. A linear graph can then be used to determine the volume of an
irregularly shaped copper ornament with a mass of 113.25g.

TABLE 5 Results from experiment measuring mass and volume of Cu

Volume (cm?3) Mass (g)
2 17.83
3 26.84
4 35.64
8 71.66
16 143.11
unknown 113.25

Sketch a scatterplot for the mass of Cu as a function of volume, including a linear trendline. (3 marks)

Derive the equation for the trendline. (2 marks)

a
b Calculate the gradient of the trendline. (1 mark)
c
d

Calculate the volume of 113.25g of Cu metal. (1 mark)

linearising

the process of
transforming non-
linear data by applying
a mathematical
function to one of the
variables so that the
relationship between
the variables becomes
closer to a straight line

How do you graph non-linear relationships?

Not all relationships between variables are linear. At a glance, these relationships may appear
more complex to analyse. However, sometimes a linear relationship can be found by applying
a mathematical operation to one or both variables. This is called linearising the data.

One example of an experiment in which linearising is necessary is when the rate of
reaction is measured in response to a change in concentration of a reactant. This is an
exponential relationship given by the equation y = e*.

When x is plotted against y, the graph is non-linear (Figure 7A). To linearise the
relationship, the function must be undone. For an exponential relationship, we take the
natural logarithm (In or log ) of both sides to “undo” the exponential: In y = x. If the

relationship is indeed exponential, plotting x against In y should give a linear relationship
(Figure 7B).

v Iny

FIGURE 7 (A) The x versus y graph of the data does not give a straight line; (B) The straight line indicates that this
is an exponential relationship.

The trendline for the linearised graph can be determined using the methods described
earlier. This can enable you to extrapolate or interpolate the data to predict values not
captured by direct measurement.
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The same strategy can be applied to other non-linear relationships. Table 6 summarises
the functions that must be applied to different relationships.

TABLE 6 Mathematical functions to apply to linearise different non-linear relationships

Type of relationship Relationship What to graph
Inverse power _1 1
Y=% YVSx
yl—
X
Inverse-square _1 1
y=4 YVS s
yl—
X
Square or parabolic y=x? Yvs x?
| |Z
X
Square root y=Ax Y VS VX
X
Exponential y=e* Inyvsx
yu
X
Logarithmic y=10* log, v vs x
y
X
OXFORD UNIVERSITY PRESS MODULE 1 CHEMISTRY TOOLKIT

This work must not be reproduced, stored, transmitted or circulated in any other form.

29



Provisioned to Campion Education (Aust) Pty Ltd on 29/10/2024 under licence.

How are error bars used to represent uncertainty?

The measurement uncertainty associated with a particular mean value can be easily displayed
on a graph using error bars. These are vertical or horizontal lines that are added to each data
point that represent the absolute uncertainty at that point. For example, Figure 8 shows a
student experiment that investigates the effect of increasing temperature on the solubility of

a salt (in grams of salt per 100 g of water). The vertical error bars reflect a small degree of
uncertainty for the dependent variable measured which in this case, is the solubility of the salt.

“ Solubility of a salt at various temperatures B

6 4.0 Linearised solubility vs temperature

N 1.5
Ea 35 ;; _T Maximum
S 3.0 LA ,T//' Mean
= 55 I' ~ 10 ¥ T Minimum
5 > ;A g

220 Ré E 05 - T+
< 37 2 51

> 1.5 T I =] P>
B I e 200 L I
Z 1.0 s - . o T
= SOy S S A = 2 #) 60 80 100
S 0.5 --4 T /
7 I 4 -0.5 4
0.0 -
0 40 60 80 100 Z1.0

Temperature (°C) Temperature (°C)

FIGURE 8 (A) Vertical error bars show the zone of uncertainty for the solubilities of salt in water (g per 100g H,0). (B) Maximum and
minimum trendlines can be added to the graph to show the uncertainty in the gradient for the linearised curve.

maximum
trendline

a line of best fit of
maximum gradient
within the bounds of
the error bars

minimum
trendline

a line of best fit of
minimum gradient
within the bounds of
the error bars
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Figure 8A shows vertical error bars for the measurement of solubility of a salt (y-axis).
Figure 8B shows the linearised solubility over time. The gradient of the trendline (or mean
trendline) is 0.0195. Two other trendlines have been added.
¢ The maximum trendline has the highest possible gradient. It connects the bottom of

the error bar of the first data point (10, —0.6500) with the top of the error bar for the last

data point (100, 1.4125) but must not go beyond any of the error bars in between.

¢ The minimum trendline has the smallest possible gradient. It connects the top of the
error bar of first data point (10, —0.3500) with the bottom of the error bar for the last data
point (100, 0.9625) but must not go beyond any of the error bars in between.

To calculate the maximum and minimum gradients, it is good practice to use points
spaced as wide apart as possible. Ideally, try to use the full line between x = 10°C and

x = 100°C.
(1.4125 — (=0.6500))

¢ The maximum trendline (red) gradient is: (100 - 10) =0.023.
¢ The minimum trendline (yellow) gradient is: (0'96(21%0_ _(01(3))5 ) _ 0.015.

The uncertainty in the gradient is calculated using the following formula:

_ Kmax ™ Xrmin)
= 4 Ymax  Tmin)
Ax = £ 3

_ 4 (0023 - 0.015)
=+ 0.0042gml.'°C™!

Thus, the gradient can be stated using absolute uncertainty as m = 0.0195 + 0.0042.
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Worked example 1.7G

Analysing minimum and maximum trendlines
o Worked example 1.7G: Watch a video that shows how to solve this problem.

Calculate the uncertainty of the slope of the trendline using the maximum and minimum best fit lines and
express the gradient correctly. (2 marks)

Temperature over time

100

90 ——y=9.875x-0.875
|

80 b y =8.1346x + 4.53
\

70 = Fy =6.275x + 13.725

60 L~

20 . =
30 I /

20 T o

Temperature (°C)
wn
(=}
\
\

10 <

0 1 2 3 4 5 6 7 8 9 10
Time (minutes)

FIGURE 9 Change in temperature over time

T T e

Step 1: Look at the cognitive verb and mark allocation to “Calculate” means to determine or find a number or answer

determine what the question is asking you to do. by using mathematical processes. We are being asked to
calculate the uncertainty of the gradient. The question is
worth 2 marks, so we must correctly apply the formulas to
complete the calculations and express the answer correctly.

Step 2: Select the appropriate formulas and gather any data Ax = +(xm =X

required. - 2

x_. is the maximum trendline gradient = 9.875

m

x_,. is the minimum trendline gradient = 6.275

Step 3: Substitute the known values into the formula and A% (9.875°Cmin”" = 6.275°Cmin™")
) ) X 3 (1 mark)
solve for the uncertainty of the gradients.

1l
I+

+1.8°Cmin™
Step 4: Finalise your answer. Report it as the best estimate, @ 8.135 + 1.800°Cmin™ (1 mark)
uncertainty and the correct units.

Make sure you use the correct number of significant figures
in the mean and the same number of decimal places in the
uncertainty.

Given the equations of the mean, maximum, and minimum trendlines below, calculate the uncertainty of the
gradient and express the gradient correctly. (2 marks)

Mean trendline: y = 1.98x + 47.9
Maximum trendline: y = 2.35x + 53.2
Minimum trendline: y = 1.18x + 51.6
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causation

when a change in a
single variable causes
a change in a second

How do you interpret graphs?

Scatterplots allow scientists to describe the relationship between the IV and DV. The
description of the graph should include the:

e IVand DV

e type of correlation shown by the graph

e the shape of the graph (type of relationship, e.g. linear, exponential, etc).

When interpreting the data shown on a graph, it is important to remember that correlation
does not imply causation; you may not be able to make the claim that an IV is the result of a
change in the DV. Instead, you can describe them as being correlated — a change in the IV s

variable related to a change in the DV but does not necessarily cause it to change.
Check your learning 1.7: Complete these questions online or in your workbook.

Retrieval and comprehension

1

Define the following terms: absolute uncertainty,

percentage uncertainty, percentage error.
(3 marks)
The titres of an acid—base titration were
measured in triplicate and found to be: 24.3mL,
24.7mL, 23.8mL. Calculate the:
a average titre volume (1 mark)
b absolute uncertainty of the mean titre value
(1 mark)
c percentage uncertainty of the titre value.
(1 mark)
A student obtained a value of 3.74mLs™! for
the rate of hydrogen production in a metal—acid
displacement reaction, whereas the accepted
value for the same reaction is 3.85 mLs™.
Calculate the percentage error. (1 mark)
Explain what it means to “linearise” a
relationship. (2 marks)

Analytical processes

5

6 Contrast positive and negative correlation. Sketch

Determine the mean, mode and median of the
following dataset. (3 marks)

12.5mg, 12.7mg, 13.1 mg, 13.4mg, 13.4mg,
13.8mg, 13.9mg, 14.8 mg

two graphs to support your answer. (3 marks)
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7 Contrast correlation and causation. (2 marks)
8 A student combines two liquid reactants they

have measured in a measuring cylinder. Reactant

A has a volume of 15.3 * 0.5mL and reactant B

has a volume of 18.5 £ 0.5mL.

a Determine the combined volume of the
reactants. (1 mark)

b Calculate the absolute uncertainty of the
combined volume of reactants. (1 mark)

A student wants to determine the volume of a

rectangular container. They use a ruler with an

absolute uncertainty of £0.2 cm to obtain the

following measurements: length 4.5 cm, width

2.3 cm, height 1.0cm.

a Analyse the information to determine the
percentage uncertainty of each measurement.
(3 marks)

b To calculate the volume, the student
multiplies the length, width and height
of the container. Determine the volume.
(1 mark)

¢ Determine the percentage uncertainty of
the volume of the container. (1 mark)

d If the accepted true volume of the container
is 10.7 cm?, determine the percentage error
of the experiment. (1 mark)
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10 A chemistry class sets up an apparatus to measure how changes in temperature affect a sample of air
trapped in a long thin glass tube. The air is trapped at the upper end by a droplet of oil which can move
up or down as temperature changes. The assembly is immersed in hot water, allowing the air to reach
the same temperature as the water. The temperature and the length of the sample of air is measured,
and recorded. Length is proportional to volume. The hot water is allowed to cool gradually, and further
measurements are made at a number of temperatures as it cools (Table 7).

TABLE 7 Results from experiment measuring length of air sample at various temperatures

Temperature (°C) 70 65 60 55 50 45 40 35 30
Length (cm) 35.3 34.7 34.1 33.8 33.4 32.5 32.1 31.5 31.1

a Construct a graph of the results on Excel. Draw a linear trendline, displaying the equation, R*> and
appropriate error bars. (3 marks)
b Determine the length of the column of air that would be expected if the assembly could be cooled
to —100°C, using the equation for the trendline in part a. (1 mark)
11 A student experiment investigated how the pressure of air in a syringe sealed at one end changed as the volume
of the syringe was decreased by pushing in the plunger. Three trials were conducted for each volume. The
results are shown in Table 8.

N
. b - Measuring
Bung elivery tube - cylinder

o OO
o ‘6 .
Coe— Carbon dioxide
— o o bubbles
[ O50

Conical flask Lec®

- -

Marble chips HCI Trough

FIGURE 10 Set-up for the student experiment

TABLE 8 Results for the experiment

Volume of air (mL) Pressure (kPa), trial 1 Pressure (kPa), trial 2 Pressure (kPa), trial 3
60 101 101 101
55 109 111 110
50 121 118 121
45 133 130 133
40 147 143 148
35 167 160 168
30 191 186 193

a Calculate the mean pressures for each volume value. (7 marks)
b Sketch a scatterplot for the average data using Excel. (2 marks)

c¢ Compare the shape of the scatterplot in part b to the shapes of various non-linear functions shown
in Table 6. Determine which type of relationship best matches the shape of the scatterplot, and
what variable should be graphed to linearise the data. (2 marks)
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d Calculate Il/ for each volume in the table. (7 marks)
e Sketch a scatterplot of P as a function of Il/ using Excel, including the trendline, equation for the
trendline, and R?. Set the intercept at (0, 0). (4 marks)

Knowledge utilisation

12 A decomposition reaction of reagent X was carried out and the concentration of reagent over time was
monitored and recorded in Table 9.

TABLE 9 Results from the experiment

Time (s) Concentration of reagent X (M)
4.00 x 102 3.30 x 1072
1.00 x 10° 2.50 x 1072
2.00 x 10° 2.00 x 1073
3.00 x 10° 1.50 x 107
5.00 x 10° 5.00 x 107*

a Construct a suitable scatterplot for the results and determine the equation of the trendline that
best represents the relationship between the decomposition of X over time. (5 marks)

b Predict the initial concentration of reagent X (time = 0s) and the concentration at 4.0 X 10°s.
Include units. (1 mark)

Evaluating evidence

Key ideas

— Evidence is evaluated to determine its validity and reliability.
— Goodness of fit (R?) provides information about the precision of the data.
— Random and systematic errors can be identified by assessing the trendline of a graph.

— Not all secondary sources are reliable; they must be evaluated before use.

® Science inquiry skills

Learning intentions This lesson provides support for the following science inquiry skills:
and success criteria + identify and implement strategies to manage risks, ethics and environmental impact, e.g.
— acknowledgement of sources and referencing
e select and construct appropriate representations to present data and communicate
findings, e.g.
— discriminate between precision and accuracy
— identify that all measurements have limits to the precision and accuracy that must be
considered when evaluating experimental results
— draw and interpret best-fit lines or curves through data points, including evaluating
when it can and cannot be considered as a linear function
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— identify that quantitative data obtained from measurements is associated with random
error/measurement uncertainties
e use data and reasoning to discuss and evaluate the validity and reliability of evidence, e.g.
— discuss ways in which measurement error, instrumental uncertainty, the nature of the
methodology or other factors influence uncertainty and limitations in the data
— evaluate information sources and compare ideas, information and opinions presented
within and between texts, considering aspects such as bias, appropriateness and
reasonableness
— compare findings to theoretical models or expected values
— discriminate between validity and reliability
e appreciate the role of peer review in scientific research.
Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

D4{oslelleicIRA Thislesson is available on Oxford Digital.

Communicating scientifically

Key ideas

— Different communication conventions are used depending on the target audience.

— Evidence-based arguments bring together scientific ideas and primary and/or
secondary data obtained from scientific investigation.

— Sources can be acknowledged using in-text referencing and a bibliography.

Science inquiry skills @

This lesson provides support for the following science inquiry skills: Learning intentions
« select, synthesise and use evidence to construct scientific arguments and draw conclusions ~ a@nd success criteria
e communicate to specific audiences and for specific purposes using appropriate language,

nomenclature, genres and modes
» acknowledge sources of information and use standard scientific referencing conventions

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

D4{o(slelleicIRA This lesson is available on Oxford Digital.
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Preparing for your data test

Key ideas
— The data test is an assessment task where you respond to items using qualitative data

and/or quantitative data derived from practicals, activities or case studies.

— In your data test, you will apply your understanding, analyse data and interpret evidence.

® Assessment objectives

Learning intentions This lesson provides support for achieving the assessment outcomes for the data test:

and success criteria Objective 2. Apply understanding of properties and structure of atoms and materials, and

chemical reactions in terms of reactants, products and energy change.
Objective 3. Analyse data about properties and structure of atoms and materials, and
chemical reactions in terms of reactants, products and energy change.

Objective 4. Interpret evidence about properties and structure of atoms and materials, and
chemical reactants, products and energy change.

Source: modified from Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

Worked examples

This lesson is supported by the following Worked example:
*  Worked example 1.10A Responding to the data test

D4{o s lelleicIRA This lesson is available on Oxford Digital.

Conducting your student
experiment

Key ideas

— The student experiment is an assessment task where you modify (i.e. refine, extend or
redirect) an experiment to address your own related hypothesis or question.

— You will research and plan your experiment, analyse, interpret and evaluate your
evidence, and communicate your findings.
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Assessment objectives @

This lesson provides support for achieving the assessment outcomes for the student Learning intentions
experiment: and success criteria
Objective 1. Describe ideas and findings about properties and structure of atoms and
materials, and chemical reactions in terms of reactants, products and energy change.
Objective 2. Apply understanding of properties and structure of atoms and materials, and
chemical reactions in terms of reactants, products and energy change.
Objective 3. Analyse data about properties and structure of atoms and materials, and
chemical reactions in terms of reactants, products and energy change.
Objective 4. Interpret evidence about properties and structure of atoms and materials, and
chemical reactants, products and energy change.
Objective 5. Evaluate processes, claims and conclusions about properties and structure of
atoms and materials, and chemical reactions in terms of reactants, products and energy
change.
Objective 6. Investigate phenomena associated with properties and structure of atoms and
materials, and chemical reactions in terms of reactants, products and energy change.

Source: modified from Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

oxfordd igital 3 This lesson is available on Oxford Digital.

Conducting your research
investigation

Key ideas

— The research investigation is an assessment task where you gather evidence related to
a research question to evaluate a claim about an issue in chemistry.

Assessment objectives @
This lesson provides support for achieving the assessment outcomes for the research Learning intentions
investigation: and success criteria

Objective 1. Describe ideas and findings about intermolecular forces and gases, aqueous
solutions and acidity, and rates of chemical reactions.

Objective 2. Apply understanding of intermolecular forces and gases, aqueous solutions and
acidity, and rates of chemical reactions.

Objective 3. Analyse data about intermolecular forces and gases, aqueous solutions and
acidity, and rates of chemical reactions.
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©

Learning intentions
and success criteria

Objective 4. Interpret evidence about intermolecular forces and gases, aqueous solutions and
acidity, and rates of chemical reactions.
Objective 5. Evaluate processes, claims and conclusions about intermolecular forces and
gases, aqueous solutions and acidity, and rates of chemical reactions.
Objective 6. Investigate phenomena associated with intermolecular forces and gases, aqueous
solutions and acidity, and rates of chemical reactions.
Source: modified from Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

(4{0 s lelleliIRA This lesson is available on Oxford Digital.

Preparing for your exams

Key ideas

— Your external exam requires you to demonstrate your understanding of the QCE
Chemistry course by completing multiple-choice and short response questions.

— Exam questions are typically written using cognitive verbs, which tell you what
information you need to provide in your answer to the question.

Assessment objectives

This lesson provides support for achieving the assessment outcomes for the examination:

Objective 1. Describe ideas and findings about properties and structure of atoms and
materials, chemical reactions in terms of reactants, products and energy change,
intermolecular forces and gases, aqueous solutions and acidity, and rates of chemical
reactions.

Objective 2. Apply understanding of properties and structure of atoms and materials,
chemical reactions in terms of reactants, products and energy change, intermolecular
forces and gases, aqueous solutions and acidity, and rates of chemical reactions.

Objective 3. Analyse data about properties and structure of atoms and materials, chemical
reactions in terms of reactants, products and energy change, intermolecular forces and
gases, aqueous solutions and acidity, and rates of chemical reactions.

Objective 4. Interpret evidence about properties and structure of atoms and materials,
chemical reactions in terms of reactants, products and energy change, intermolecular
forces and gases, aqueous solutions and acidity, and rates of chemical reactions.

Source: modified from Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

D4{o s lelleicIR This lesson is available on Oxford Digital.
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MODULE

Review: Chemistry toolkit

Module summary

In QCE Chemistry, you will gain a variety of science understanding and inquiry skills that will help you
succeed in assessments, as a scientific professional, and as a science citizen.

First Nations peoples have longstanding scientific knowledge.

First Nations peoples have developed knowledge about the world by observing using all the senses,
predicting and hypothesising, testing (trial and error), and making generalisations within specific
contexts such as the use of food, natural materials, navigation and sustainability of the environment.
Correctly acknowledging cultural and/or language groups, avoiding Eurocentrism and critically
evaluating sources of information can help you to respectfully engage with First Nations perspectives in
QCE Chemistry.

The scientific method is a circular process that involves making observations, formulating a hypothesis
which will often lead to performing experiments or simulations, developing models or theorems,
retesting and trailing.

Research questions define the scope of an investigation. They can be used to develop hypotheses which
predict the outcome of the investigation.

A method outlines the steps followed in an experiment and lists all of the materials and equipment used.

Valid and reliable measurements can be obtained by carefully designing your investigation to collect
sufficient data and minimise errors.

All measurements include errors or uncertainties, either systematic or random. It is important to
consider these and implement strategies to minimise their effects when you plan your experiments.
Good laboratory practices and lab safety allows you to identify risks and take measures to control them
so that you and those sharing the lab space with you stay safe during scientific investigations.

Conducting experiments ethically involves considering the impacts of your investigation beyond the
laboratory.

Single experimental measurements are reported using best estimates, indicators of measurement
uncertainty and units.

Scientific notation is used to easily express extremely large or small values.

Significant figures are digits in a number that are known with certainty plus the first digit that is
uncertain.

All measurements, information and observations should be recorded in your logbook.

Data is processed and analysed to identify trends, patterns, relationships, limitations and uncertainty.
Absolute and percentage uncertainty give an idea of the precision of measurements.

Percentage error gives an idea of the accuracy of measurements.

Data can be summarised in a variety of ways, such as in a table, a scatterplot or a scientific diagram.
Evidence is evaluated to determine its validity and reliability.

Goodness of fit (R?) provides information about the precision of the data.

Random and systematic errors can be identified by assessing the trendline of a graph.

Not all secondary sources are reliable; they must be evaluated before use.
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Different communication conventions are used depending on the target audience.

Evidence-based arguments bring together scientific ideas and primary and/or secondary data obtained
from scientific investigation.

Sources can be acknowledged using in-text referencing and a bibliography.

The data test is an assessment task where you respond to items using qualitative data and/or quantitative
data derived from practicals, activities or case studies.

In your data test, you will apply your understanding, analyse data and interpret evidence.

Your student experiment requires you to modify an experiment you have conducted in Units 1 and 2 to
address your own related hypothesis or question.

You will research and plan your experiment, analyse, interpret and evaluate your evidence and
communicate your findings.

The research investigation is an assessment task where you gather evidence related to a research question
to evaluate a claim about an issue in chemistry.

Your external exam requires you to demonstrate your understanding of the QCE Chemistry course by
completing multiple-choice and short response questions.

Exam questions are typically written using cognitive verbs, which tell you what information you need to

provide in your answer to the question.

Review questions: Complete these questions online or in your workbook.

(1 mark each)
1 How many significant figures are in 0.0034 g?
A 4
B 2
C 5
D 3
2 How close a measurement is to its true value is called
A reliability.
B accuracy.
C precision.
D validity.
3 Two students experimentally determined the
concentration of a copper(II) sulfate solution. They

repeated their experiment three times. Their results
are shown in Table 1.

TABLE 1 Concentrations of copper(II) sulfate solution

Student 1 Student 2
0.893 0.884
0.897 0.882
0.889 0.883

The true value of the copper(II) sulfate solution
was 0.893 M. Which student(s) produced results
showing a systematic error?

A Student 1

B Student 2

40 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

C Both students

D Neither student

Consider the research question: “How does
concentration of acid affect the rate of hydrogen gas
production?” The independent variable is

A concentration of acid.

B time taken to produce gas.

C rate of gas production.

D volume of gas produced.

A student adds 4.92 g of sodium chloride to 7.587 g
of copper metal. What is the final total mass of the
two substances correct to 2 s.f.?

A 13.0g

B 12.5g

C 12.50¢g

D 12.51¢g

A piece of metallic magnesium with a mass of
6.431 g was found to have a volume of 3.70 cm?.

A student carried out the following calculation to

6.431¢g .
370em’ What is

the best estimate the student could report for the

determine the density: density =

density of magnesium?
A 1.738gcm™

B 1.7gcm™

C 1.74gcm>

D 1.7381gcm™
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7 The document that a seller of chemicals in
Australia must supply with a chemical is called a
A risk assessment.
B certificate of analysis.
C fitness for use warranty.

D safety data sheet.

8 Which are likely to be reduced when an experiment

is repeated several times?

A Both random and systematic errors
B Neither random or systematic errors
C Random errors only

D Systematic errors only

9 Which term is defined as “a value closest to the
true value, usually found by taking repeated
measurements and averaging”?

A Average

B Accepted value
C Uncertainty
D Best estimate

10 Students are using a poorly calibrated electronic

balance to measure the mass of a watch glass. They

repeat the measurement three times to be sure of

the answer. Their measurements could be described

as having

A high accuracy and high precision.
B high accuracy and low precision.
C low accuracy and high precision.

D low accuracy and low precision.

11 How close a measurement is to other replicates in

the same experiment is referred to as
A accuracy.

B relevance.

C precision.

D validity.

12 Which of the following expresses the answer to the

calculation using the correct number of significant

figures?
1.47 x 10~
6.538 x 1073
A 225x10°7
B 2.225x 107
C 23x107

D 2.2248 x 10

13 Which of the following expresses the answer to the

calculation using the correct number of significant
figures?
(0.335 £ 0.001) + (0.279 £ 0.002)
A 0.614 £ 0.003
B 0.614 £ 0.001
C 0.614 £ 0.002
D 0.614

14 Convert 237.8 metres to millimetres.

A 237,800mm or 2.378 X 10°mm
B 238,000mm or 2.38 X 10°mm
C 240,000mm or 2.4 X 10°mm
D 200,000mm or 2 X 10°mm

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

15 Explain the difference between significant figures
and scientific notation. (2 marks)

16 Explain how a “systematic error” differs from a
“random error”. (2 marks)

17 Explain what is meant by “propagation of errors”
when performing a calculation. (1 mark)

18 Explain the reasons for making repeated
measurements in an experiment. (2 marks)

OXFORD UNIVERSITY PRESS

19 Describe the correlation (if any) in the following

graphs.

(1 mark)
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(1 mark)

(1 mark)

20 Calculate the following to the correct number of
significant figures.
a 12.39 + 1.4 (1 mark)
b 0.4329 <+ 0.031 (1 mark)
¢ 0.043 - 0.03 (1 mark)
d 340 X 0.3402. (1 mark)
21 Four students weigh a standard 10g mass on
the same balance. All four students achieve a

measurement of 8.9 g for the mass of the standard.

Describe the accuracy and precision of the
measurement. (2 marks)

22 A chemist decides to increase the number of
replicates in their experiment. Identify the type
of error they are trying to reduce. Explain your
answer. (2 marks)

23 In an acid—metal reaction, 46.9 + 0.2 cm? of
hydrogen gas was produced in 20 = 1 seconds.
Calculate the rate of reaction in cm?®s~! and
express your answer with an uncertainty correct
to the appropriate number of significant figures.
(3 marks)

Analytical processes

24 Determine the diameter of the bauble shown.
Calculate the absolute uncertainty of your

measurement. Provide reasoning to support the
uncertainty you have shown. (3 marks)
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FIGURE 1 The width of a bauble measured using a ruler

25 A scientist used an electronic balance that
consistently measured mass as 0.05g above the true
value. Identify an error that would result from using
this electronic balance. Consider how the scientist
could minimise this error in the future. (2 marks)

Knowledge utilisation

26 The accepted boiling point of water is 100°C. The
following boiling point values were measured by
a student during an experiment under standard
laboratory conditions:
89°C, 90°C, 91°C, 88°C, 91°C, 95°C, 97°C, 93°C,
91°C, 90°C
Comment on the accuracy and precision of the
data obtained. (4 marks)

27 As part of a Year 11 science project, the concentration of air pollutants at different locations around a school
located in midtown Brisbane was investigated. Air quality sensors were positioned at varying locations and
pollutant levels were recorded over a 4-hour period during a weekday. The graph of hourly pollutant levels is

shown in the graph.

Pollutant levels across three different locations at a

’E\ Brisbane high school over a school day
& 120
& 3 100 L o —
8.8 80 —e
N 60'%
£ g 40
o
Qo 20
=)
g 0 T T T T T T T T
9:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00
Time
—e— Library 45 56 64 76 69 43 47 62
—o— Playground 108 65 45 79 100 85 79 84
Classroom 67 73 69 79 34 68 78 32

FIGURE 2 Results from an experiment measuring pollutant levels in the library, playground and classroom at a Brisbane high school
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a Determine the time during the school After further investigation into the dates on each of
day in which pollutants are at their greatest the coins, it was revealed that:

concentration. (1 mark)
b Briefly describe the trend in pollution over

the course of a school day and the relationship .

between pollution and location. (2 marks)

¢ Provide a hypothesis explaining the trend in a

location and pollution over the course of the

day. (3 marks) b

d Propose a possible experiment that can test
your hypothesis. (4 marks)
28 The density of an aluminium block was

two of the lightest coins were minted between
1950 and 1966

two of the heaviest coins were minted between
1970 and 1980.

Propose a possible explanation for why coins
appear to be lighter with time. (1 mark)

The student calculated the average mass of the
12 coins and expressed her answer as: 2.9802¢g
+ 0.3325 g. Explain why this is incorrect, then
rewrite her answer to fix the error. (2 marks)

experimentally determined to be 2.53gcm™. The 30 Use two different online chemistry sources to

true density is 2.70gcm™. Calculate the percentage investigate basic information about caffeine

error and evaluate the validity of the experimental (including its melting point, proper chemical name

results obtained if 5% is the cut-off. (3 marks) and type of elements it contains). Consider which
29 As part of a student investigation, 12 copper coins database was easier to use and why. Discuss which

were weighed with the recorded masses displayed in is more reliable or trustworthy. (2 marks)

Table 2.

TABLE 2 Mass of copper coins

Mass of copper coin (g)

3.113 3.109 3.049
2.456 2.786 3.053
3.101 3.121 3.024
2.789 3.063 3.098
Module 1 checklist: Chemistry toolkit @Quizlet: Revise key terms online to test your understanding
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Unit 1 overview

All living and non-living objects on Earth are constructed from matter and energy that is neither created nor
destroyed. All matter has unique physical and chemical properties. Molecules can break apart and re-form,
building whole new structures with new sets of properties.

The ability to model the breaking and re-forming of bonds has allowed chemists to explain how living
organisms from the past became combustible fuels. Burning these fuels releases excess energy in an exothermic
reaction. This yields new molecules with new properties. During this process, molecules absorb energy from heat
and light, and then release the energy in the spectrum of colours used to distinguish and identify unique matter.

Close examination of the properties of matter has revealed a series of patterns, where elements periodically
group together in a manner predicted by their subatomic particles. These particles determine how atoms react and
bond by sharing or donating electrons to achieve stability with a full outer shell. Measuring such small particles or
amounts of chemicals can be difficult, and requires the use of mass, molar mass and moles of a substance.

Unit objectives

1 Describe ideas and findings about properties and structure of atoms and materials, and chemical reactions in
terms of reactants, products and energy change.
Apply understanding of the properties and structure of atoms and materials, and chemical reactions in terms
of reactants, products and energy change.
Analyse data about properties and structure of atoms and materials, and chemical reactions in terms of
reactants, products and energy change.
Interpret evidence about properties and structure of atoms and materials, and chemical reactions in terms of
reactants, products and energy change.
Evaluate processes, claims and conclusions about the properties and structure of atoms and materials, and
chemical reactions in terms of reactants, products and energy change.
Investigate phenomena associated with properties and structure of atoms and materials, and chemical
reactions in terms of reactants, products and energy change.

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

Unit 1 Topics

Topic Module

Topic 1 Properties and structure of atoms  Module 2 Atomic structure, isotopes and the
periodic table

Module 3 Introduction to bonding

Module 4 Analytical techniques
Topic 2 Properties and structure of Module 5 Compounds and mixtures
materials Module 6 Properties and structure of materials
Topic 3 Chemical reactions — reactants, Module 7 Mole concept and law of conservation
products and energy change of mass

Module 8 Chemical reactions
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Atomic structure,
isotopes and the

periodic table

el -

The idea of matter being composed of tiny, indivisible particles was common to several
ancient cultures. In 450 BCE, the Greek philosopher Democritus proposed a thought
experiment. Imagine cutting a piece of paper in half with scissors, and then into
quarters, and so on until it is no longer possible to use the scissors to cut the paper in
half. Democritus called this the “uncuttable”. Now, imagine using a more accurate and
smaller scale cutting device to get down to a single atom. The remaining atom would
measure around 0.00000000007 metres (7 x 10 ~''m).

What exists within the atom determines the type of atom (or element) it will be.
Each of the elements can be organised into a periodic table, to aid scientists with
predicting the properties of elements based on their position in the periodic table. The
periodic table was first developed in 1869 by the chemist Dmitri Mendeleev and is now
the most widely used reference for any scientist.

This module also introduces isotopes, a term that comes from the Greek words
1sos (meaning “equal”) and ropos (meaning “place”). This refers to how isotopes of an
element have the same position in the periodic table. Although the concept of isotopes
was first realised by radiochemist Frederick Soddy, the term to describe the concept
was suggested by his physicist friend Margaret Todd. Atoms of the same element must
have the same number of protons but can have different number of neutrons and these
are called isotopes.

oviesse I

Check your understanding of matter and the periodic table before

"

Prior

. knowledge
quiz you start.

Q — Describe that atoms can be modelled as a nucleus surrounded by electrons in

1 distinct energy levels.
— Discriminate between the terms atomic number (7)), mass number (A) and isotopes of
an element.
— Apply the nuclear symbol notation 4 M to determine the number of protons,
neutrons and electrons in atoms, ions and isotopes.
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State the relative energies of the s, p and d orbitals.

Apply the Aufbau principle, Hund’s rule and the Pauli exclusion principle to write
electron configurations for atoms and ions up to Z = 36.

Determine full and condensed electron configurations for atoms and ions

up to Z = 36, e.g. 1s?2s?2p°3s?3p° and [Ne]3s?3p°.

Identify the electron configuration of Cr and Cu as exceptions.

Explain how successive ionisation energy data is related to the electron
configuration of an atom.

Describe that isotopes are atoms of the same element that have different numbers of
neutrons.

State that isotopes can be represented in the form X (IUPAC) or X-A.

Identify that isotopes of an element have the same electron configuration and
possess similar chemical properties but have different physical properties.

Explain that the relative atomic mass of an element is the ratio of the weighted
average mass per atom of the naturally occurring form of the element to 1/12 the
mass of an atom of carbon-12.

State that elements are represented by symbols.

Identify that the structure of the periodic table is based on increasing atomic
number.

Identify that the periodic table is arranged into four blocks associated with the four
sub-levels — s, p, d and f.

Describe the relationship between the structure of the periodic table and the
electronic configuration of atoms.

Explain that elements of the periodic table show trends in chemical and physical
properties across periods and down groups as exemplified by groups 1, 2 and 13-18
and period 3.

Compare the metallic and non-metallic behaviours of elements, including group
trends and the reactivity for the alkali metals (LLi—Cs) and the halogens (F-I).
Identify that oxides change from basic through amphoteric to acidic across period 3.
Analyse data for atomic radii, valencies, ionic radii, first ionisation energies and
electronegativities to determine periodic trends, patterns and relationships.

Appreciate that experiments provided evidence that enabled scientists to develop
models of the atom.

Consider the role Geiger—Marsden’s gold foil experiments and Maria Goeppert
Mayer’s nuclear shell model played in the development of atomic theory.
Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

O lelleIEIRA These lessons are available on Oxford Digital.

Lesson 2.2 Simulating Geiger—Marsden’s gold foil experiment
Lesson 2.7 Investigating periodic table trends using a database
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Learning intentions
and success criteria

matter
physical substances
that have mass

nucleus
the dense structure
within the atom

proton

a positively charged
subatomic particle
that exists inside the
nucleus

neutron

a neutral subatomic
particle that exists
inside the nucleus

subatomic
particle

a component that
makes up, and exists
within, the atom

electron

a negatively charged
subatomic particle that
exists outside of the
nucleus

electrostatic
force

an attraction between
objects of opposing
charges
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The atomic model

Key ideas

— An atom can be modelled as a nucleus surrounded by negatively charged electrons in
distinct energy levels (and sublevels) held together by electrostatic forces of attraction
between the nucleus and electrons.

— Inside the nucleus are the positively charged protons and neutral neutrons.

— Nuclear symbol notation 4M summarises the number of subatomic particles in atoms,
ions and isotopes.

What's inside an atom?

An atom is an individual unit that makes up all matter. It was once thought that the atom
was the smallest unit in the universe — the term comes from the Greek word atomos, meaning
“indivisible”. However, it is now known that the atom is made up of even smaller particles.

Scientists have developed a number of models to describe an atom’s structure.

The current model of the atom includes a number of components. The nucleus is a
significant component of the atom. It contains the protons and neutrons, which are two of
the atom’s subatomic particles. The nucleus contains nearly all of an atom’s mass, yet it can
be as much as 100,000 times smaller in diameter than the atom itself.

The protons in the nucleus each have a positive charge and mass of 1.67 x 107>*g. The
neutrons do not have a charge and have the same mass as the protons. Because of the positive
charge of protons, an atomic nucleus has an overall positive charge.

The third subatomic particle is the electron. Electrons have a negative charge and are
insignificant in mass compared to the protons and neutrons (9.11 x 10728g). The electrons are
located outside of the nucleus. They remain close to the nucleus because of the electrostatic
forces of attraction between the positive charge of the nucleus and the surrounding
negatively charged electrons.

Proton

Nucleus

Neutron

Electron

FIGURE 1 A basic model of an atom showing the subatomic particles

OXFORD UNIVERSITY PRESS
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Challenge

Magnifying an atom: how tiny is the nucleus?

An atom has a radius of between 10,000 and 100,000 times the radius of the nucleus.
Consider a scale model of an atom placed on an athletics oval with a radius of 100 m.

Discuss how large the nucleus would be in this scale model. (2 marks)

How are atoms represented?

The nuclear symbol summarises the subatomic particles within an atom (Figure 2).

e/ 1is the atomic number. It is used for identification because it is the number of protons,

which does not change for atoms of the same element.

e Ais the mass number. This represents the total number of subatomic particles in the
nucleus (the protons and neutrons). The mass number is sometimes represented as a whole

number on the periodic table, but it can include decimal points.

¢ M is the element symbol used for each unique element in the periodic table, consisting of

one or two letters.

FIGURE 2 The nuclear symbol; for example, jHe

Mass number A

Element symbol
Atomic number

Applying the nuclear symbol

An atom, in its original state, has a neutral charge because the positive charge from protons

VA

cancels out the negative charge from the electrons. If the protons and electrons are not
balanced, then the atom has an ionic charge (either positive or negative). The charged atomic
species is called a monatomic ion.

Isotopes of an element have different numbers of neutrons but the same number of protons

and electrons. The concept of ions and isotopes is covered in more detail in Lesson 2.3.

Table 1 outlines how to determine the number of subatomic particles present. This applies
to neutral atoms, ions and isotopes.

TABLE 1 Determining the number of subatomic particles in different species

Subatomic
particle

Proton (p*)

Neutron (n°)

Electron (e”)

Neutral atom

Use the atomic number
from the periodic table.
p'=Z
Subtract the atomic number
from the mass number given
in the periodic table.
n’"=A4A-7

Use the atomic number
from the periodic table.
e =7

OXFORD UNIVERSITY PRESS

lon

Use the atomic number
from the periodic table.
p' =27
Subtract the atomic number
from the mass number given
in the periodic table.
n=A4A-7

Subtract the ionic charge
from the atomic number.

e =/ —ionic charge

Isotope

Use the atomic number
from the periodic table.

p' =7
Subtract the atomic
number from the atomic
mass of the specific
isotope.

n’ = atomic mass — Z
Use the atomic number
from the periodic table.

e =7

nuclear symbol
the 4M notation used
to represent atoms,
where A is the mass
number, Z is the
atomic number and M
is the element symbol

periodic table

an organised
presentation of
elements by increasing
atomic number

element

a type of atom that is
defined by its atomic
number

Study tip

The first letter of a
chemical symbol is
always capitalised.
If there is a second
letter, it is lower case.

monatomic ion
an electrically charged
species (positive or
negative) consisting of
a single atom

isotope

an atom of an element
that contains a specific
number of neutrons

Study tip

Not every periodic
table is presented in
the same manner, but
there will be a legend
to help interpret the
information. In the
QCAA Chemistry data
and formula book,
the legend is in the
middle, with hydrogen
as an example.
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Worked example 2.1A

Determining the number of subatomic particles in neutral atoms and charged ions

° Worked example 2.1A: Watch a video that shows how to solve this problem.

Determine:

a the number of neutrons in the neutral atom 'JF (1 mark)

b the number of electrons in the negative ion N°". (1 mark)

T e

Step 1: Look at the cognitive verbs and mark
allocation to determine what the questions are
asking you to do.

“Determine” means to establish, conclude or ascertain after
consideration, observation, investigation or calculation. We need to look
at the nuclear symbol notation for each species and find the value that is

being asked for. The questions are worth 1 mark each, so we must analyse

the notations presented to us and then complete any calculations.

Step 2: Identify the mass number, atomic a
number and ionic charge from the nuclear
symbols of each atom or ion.

Mass number (4) = 19
Atomic number (£) =9

Ionic charge =0

b Mass number (4) = 14
Atomic number (£) =7
Ionic charge = =3

Step 3: Calculate the number of neutrons a n°=19-9
using the formula: n° = 4 — Z or the number = 10 neutrons (1 mark)
of electrons using the formula e- = Z — ionic b e=7-(-3)

charge.

= 10 electrons (1 mark)

Determine the number of neutrons and electrons in the positive ion ;K *. (2 marks)

Real-world chemistry

Maria Goeppert Mayer and the nuclear shell model of the atom

Although the modern atomic theory dates back to the
early 1800s, our understandings of the atom continue
to be refined. In the late 1940s, German-born
American physicist Maria Goeppert Mayer and the
German physicist J. Hans D. Jensen independently
developed the nuclear shell model, which later won
them the Nobel Prize (1963).

At the time, much of the existing understanding
of atoms focused on the location of electrons within
an atom. Little was known about how protons and
neutrons were arranged within the atomic nucleus.
To address this, Goeppert Mayer and Jensen
proposed the nuclear shell model, in which nuclear

50 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

subatomic particles exist in shells with discrete
energy levels.

In their model, neutrons and protons distribute
into the shells until they are full. They proposed that
when the number of nuclear particles was a “magic
number”, the nuclei were stable. The magic numbers
identified by Goeppert Mayer and Jensen were 2, 8,
20, 28, 50 82 and 126. When the number of neutrons
or protons was not a magic number, the nucleus was
considered unstable. For example, the nucleus of a
calcium atom (Z = 20) containing 20 protons and
20 neutrons. Both of these are magic numbers so the
calcium nucleus is stable.

OXFORD UNIVERSITY PRESS
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Goeppert Mayer’s model helps us to understand how the nucleus within an
atom behaves and its effect on properties like stability. Her work contributed
majorly to our understanding of the model of the atom — but, sadly much of
Maria’s career went without status, recognition or a paid tenured position; at the
time she was considered to be studying chemistry “just for the fun of it”.

Apply your understanding

1 Identify two examples of atoms that would not be considered stable.
(2 marks)
2 The advancement of science often occurs over many, many years and with

the combined efforts of many, many scientists. The nuclear shell model is
an example of how our understanding of chemistry continues to be refined.
Discuss the importance of collaboration, with reference to the article.

FIGURE 3 Maria Goeppert

Mayer
(2 marks)
Check your learning 2.1: Complete these questions online or in your workbook.
Retrieval and comprehension 4 Using the nuclear symbol N a, determine

1 Describe the properties of the three subatomic the number of protons, neutrons and electrons

S 7 e, (6 i) present in the neutral atom. (3 marks)

2

5 Using the nuclear symbol ;JAl’*, determine

Analytical processes the number of protons, neutrons and electrons
2 Contrast the terms “atomic number”, “mass present in the ion. (3 marks)
number”, and “isotopie of an element”, with 6 Determine how many electrons are equivalent
reference to the symbols used to represent them. to the mass of one proton. (I mark)
(3 marks)
3 Use the periodic table to derive the nuclear
symbol for

a the titanium isotope with 27 neutrons (1 mark)

b the bromine isotope with 44 neutrons.
(1 mark)

Simulating Geiger-Marsden's gold
foil experiment ®

setdiaial s This practical lesson is available on Oxford Digital. It is also Learning intentions
9 provided as part of a printable resource that can be used in class. and success criteria
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Learning intentions
and success criteria

Study tip

The QCE Chemistry
syllabus uses both M
and X to represent the
elemental symbol.

Isotopes

Key ideas

— Isotopes are atoms of the same element that have different numbers of neutrons.
— Isotopes have similar chemical properties but different physical properties.

— Relative atomic mass is the ratio of the weighted average of the atomic masses of all
the naturally occurring isotopes of an element (taking into account their abundances
on Earth) to one-twelfth the atomic mass of the "C isotope.

What are isotopes?

Isotopes are atoms of an element that have the same number of protons but different numbers
of neutrons. As a result, all isotopes of an element have the same atomic number but different
mass numbers.

For example, hydrogen has three naturally occurring isotopes: protium, deuterium and
tritium. Every hydrogen atom contains one proton, which is why the atomic number is 1.
The mass number varies between 1 and 3 because the number of neutrons contained in a
hydrogen atom varies between 0 and 2 (Figure 1).

Proton Neutron

&

@ ® Electron —*
Protium (‘H) Deuterium (*H) Tritium (CH)

FIGURE 1 The three isotopes of hydrogen

How are isotopes represented?

Isotopes can be identified by using two forms of representation (Table 1): “X or X-A. In both

methods:

e A represents the mass number

¢ Xrepresents the elemental symbol (or elemental name) used to identify the number of
protons contained in the atom.

TABLE 1 Representations of selected isotopes

AX X-A
'H H-1 (hydrogen-1)
2C C-12 (carbon-12)
°Li Li-6 (lithium-6)
52 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2 OXFORD UNIVERSITY PRESS
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Worked example 2.3A

Representing isotopes of the same element
o Worked example 2.3A: Watch a video that shows how to solve this problem.

Determine the nuclear symbols for the two naturally occurring isotopes of boron. The first isotope
consists of 5 protons, 5 electrons and 5 neutrons. The second isotope consists of 5 protons, 5 electrons and
6 neutrons. (2 marks)

T,

Step 1: Look at the cognitive verb and mark “Determine” means to establish, conclude or ascertain after
allocation to determine what the question is consideration, observation, investigation or calculation. We need to look
asking you to do. at the subatomic particles for each isotope and represent them using

nuclear symbols. The question is worth 2 marks, so we must assess the

values provided and fit them to the notation.

Step 2: Identify the mass number (protons First isotope: Mass number (4) =5 +5 =10

+ neutrons) and elemental symbol for each Elemental symbol (X) =B

isotope. Second isotope: Mass number (4) =5 + 6 = 11
Elemental symbol (X) =B

Step 3: Combine A4 and X using nuclear First isotope: B or boron-10 (1 mark)

symbol notation for isotopes. This will be Second isotope: "B or boron-11 (1 mark)

either: 4X or X-A4.

Determine the nuclear symbol for the four naturally occurring isotopes of iron, which have 28, 30, 31 and
32 neutrons, respectively. Each isotope has 26 protons and 26 electrons. (4 marks)

Do isotopes have different properties?

Isotopes of the same element have the same electron configuration when neutrally charged.
For this reason, the chemical properties of isotopes of an element are similar. Remember that
the chemical identity of an element depends on its atomic structure.

However, physical properties are determined by the mass number. The varying number
of neutrons causes isotopes to have different physical properties. For example, the physical
properties of water change depending on which isotope of hydrogen is contained in the water
(Table 2). H,O contains two atoms of 'H, and D,O contains two atoms of °H (where D
represents deuterium).

67 3 M 3 Sy 3
3L1 3L1 3L1

FIGURE 2 The number of neutrons differs between lithium isotopes.
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Study tip

The unit used for
atomic mass is amu,
which stands for
atomic mass unit and
refers to one-twelfth
of the atomic mass
of the '?C isotope.
Relative atomic mass
does not have a unit
because it is a ratio.

relative atomic
mass (RAM)

the mass of an atom
once the mass and
percentage abundance
of all isotopes have
been considered,
relative to the
carbon-12 isotope

percentage
abundance

the percentage of each
isotope contained
within a sample of
element; must always
add up to 100%

Study tip

The term “mass
number” describes the
sum of the number of
protons and neutrons
in an isotope. The
term “relative

atomic mass” also
describes the number
of protons and
neutrons but as an
average number that
considers the isotopes
(and their natural
abundances) of an
element, and relative
atomic mass appears
in the periodic table.
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TABLE 2 Physical properties of different types of water

Physical property D,0 (heavy water) H,O (light water)
Melting point (K) 276.97 273.15
Boiling point (K) 374.55 373.15
Density (gmL™) 1.1056 0.9982
Surface tension (Nm™) 0.07187 0.07198
pH 7.44 7.0
Refractive index (at 589 pm) 1.32844 1.33335

How is relative atomic mass calculated?

Most elements have two or more naturally occurring isotopes, yet only one number is included
in the periodic table; this number is based on an average of the atomic masses of all the naturally
occurring isotopes for an element. This number is called relative atomic mass (RAM)
because it has been quantified relative to one-twelfth the atomic mass of the carbon-12 isotope.

Calculating the relative atomic mass of an element uses the atomic masses of all of the
naturally occurring isotopes of the element and the natural abundance (usually represented as
a percentage abundance) of each of the isotopes:
rang 2 (o X AMY (X AMY) (% x AM)

100 100 100

where %,, %, and %,, are the percentage abundances of isotopes 1, 2 and 3, and AM,,

AM, and AM,, are the atomic masses of isotopes 1, 2 and 3. For elements with more than

three isotopes, extra terms are needed. Synthetically prepared isotopes are not used when
calculating an element’s relative atomic mass.

Boron exists naturally in two forms (or as two different isotopes): boron-10 and boron-11.
Boron-11 is the predominant isotope and has a percentage abundance of 80.1%, while boron-10
makes up the remaining 19.9% of boron minerals on Earth. Boron has a RAM of 10.81.

Worked example 2.3B

Calculating RAM using atomic mass and percentage abundance

o Worked example 2.3B: Watch a video that shows how to solve this problem.

Calculate the RAM of chlorine using its two naturally occurring isotopes. (2 marks)

TABLE 3 Atomic mass and abundance for isotopes of Cl

Isotope Atomic mass (amu) Abundance (%)
»Cl 34.968853 75.77
¥1Cl1 36.965903 24.23

T
Step 1: Look at the cognitive verb and | “Calculate” means to determine or find a number or
mark allocation to determine what the | answer by using mathematical processes. We need to

question is asking you to do. determine the RAM of chlorine. The question is worth

1 mark, so we must gather the correct information,

correctly apply the formula and complete the

calculation.

OXFORD UNIVERSITY PRESS
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i,
Step 2: Select the correct formula and RAM (%, xAM)) (%, XAM,)

= 100 * 100
%, =75.77%, AM, = 34.968853 amu

%, = 24.23%, AM, = 36.965903 amu

Step 3: Substitute the known values RAM = (34.968853 x 75.77) | (36.965903 x 24.23) (1 mark)

into the formula and find the RAM. 26,4959 4 8.9568 100

=35.4527

gather any data required.

Step 4: Finalise your answer and make Since multiplication and division are used, the answer
sure you have included the correct units | should be reported to the lowest number of decimal
and significant figures or decimal places. | places, i.e. 2.

RAM does not have units. 35.45 (2 d.p.) (1 mark)

Calculate the RAM of magnesium using its three naturally occurring isotopes. (2 marks)

TABLE 4 Atomic mass and abundance for isotopes of Mg

Isotope Atomic mass (amu) Abundance (%)
Mg 23.985042 78.99
Mg 24.985837 10.00
Mg 25.982593 11.01

Worked example 2.3C

Calculating percentage abundance using RAM
o Worked example 2.3C: Watch a video that shows how to solve this problem.

Calculate the percentage abundances of the isotopes of lithium using a RAM of 6.941. °Li has an atomic
mass of 6.015amu, and “Li has an atomic mass of 7.016 amu. (3 marks)

S e
Step 1: Look at the cognitive verb and mark “Calculate” means to determine or find a number or answer by
allocation to determine what the question is asking | using mathematical processes. We need to determine the percentage
you to do. abundance of two lithium isotopes. The question is worth 2 marks,
so we must gather the correct information, correctly apply the
formula and complete the calculations.
Step 2: Select the correct formula and gather any RAM = (%, xAM)) N (%, x AM,)
data required. Since %, and %, must add up to 100 100
%, = x, AM, = 6.015amu

%, = 100-x, AM, = 7.016amu

100%, we can make one be x and the other 100—x.

Step 3: Substitute the known values into the (100 — x)x7.016

_ xX%X6.015
RAM = 100 + 100 (1 mark)
=0.06015x + 7.016 — 0.07016x
0.01001x = 0.075

formula and find x.

x =7.493%
100 —x =100 — 7.49
=92.51% }
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Step 4: Finalise your answer and make sure you Since multiplication and division are used, the answer is reported to
have included the correct units and significant the lowest number of decimal places, i.e. three.
figures or decimal places. % abundance of °Li (x) is 7.493% (3 d.p.) (1 mark)

% abundance of "Li (100—x) is 92.07% (3 d.p.) (1 mark)

Calculate the percentage abundances of the isotopes of nitrogen using a RAM of 14.01. N has an atomic
mass of 14.003074 amu and ®N has an atomic mass of 15.000109 amu. (3 marks)

Check your learning 2.3: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Describe the term “isotope” in relation to the
number of protons, electrons and neutrons.
(1 mark)

2 Describe the chemical properties and physical
properties of two isotopes of the same element,
using an example. (3 marks)

3 Recall the two ways in which isotopes are
represented. (2 marks)

Explain what relative atomic mass is. (2 marks)

5 Calculate the relative atomic mass of lead
from the information of the naturally occurring
isotopes of lead listed in Table 5. (2 marks)

TABLE 5 Atomic masses and percentage abundances of the
naturally occurring isotopes of lead

Isotopes of Atomic mass Percentage
lead (amu) abundance (%)
204Pb 203.973037 1.40
206Pb 205.974455 24.1
207Ph 206.975885 22.1
208Pb 207.976641 52.4

6 Calculate the percentage abundances of the
isotopes of thallium (RAM 204.4). The atomic
masses of the isotopes are 2T1 = 202.972amu
and 2“TI = 204.974 amu. (3 marks)

56 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

Analytical processes

7 Deduce the “X (elemental symbol) and X-A
(element name) forms of two isotopes of copper
with atomic masses of 62.929599 amu and
64.927792 amu. (2 marks)

Knowledge utilisation

8 Infer the approximate percentage abundances of
the following isotopes, by comparing the atomic
masses of the isotopes to the relative atomic
masses (Table 6). Justify your answer for each
element. (8 marks)

TABLE 6 Relative atomic masses of selected elements and atomic
masses of their respective isotopes

Element RAM Atomic Atomic
mass of mass of
isotope 1 isotope 2
Helium 4.00 3.016 4.002
Carbon 12.01 12.000 13.003
Nitrogen 14.01 14.003 15.000
Bromine 79.90 78.918 80.916
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The periodic table

Key ideas

— Elements on the periodic table are organised into vertical groups and horizontal
periods, and into other sections such as metals and non-metals.

— The location of an element is linked to its properties.

How is the periodic table organised? ®

Elements are defined by their atomic number; for example, carbon has an atomic number Learning intentions
of 6, hydrogen has an atomic number of 1 and iron has an atomic number of 26. The modern and success criteria
periodic table organises elements by increasing order of atomic number (Figure 1).

1 Group 18
6 ———— Atomic number
1 C—+—— Chemical symbol 2
&l 12.01 +—— Atomic mass He
1.01 Carbon+——— Name of element 4'90
= 13 14 15 16 17 =

4 7 8
Be N (0] Ne
9.01 14.01 16.00 19.00
Beryllium Nitrogen ~ Oxygen Fluorine
14 17
Si Cl1 Ar
28.09 5
Silicon Chlorine
21 2 24 25 27 28 29 32 33 35
4 Sc i Cr Mn Co Ni Cu Ge As Br Kr
50.94 52.00 54.94 g 58.93 58.69 63.55 72.63 | 74.92 79.90
Scandium Titanium Vanadium Chromium M: ese ro Cobalt Nickel Copper Germanium | Arsenic Bromine
39 40 41 42 43 45 3 52 53
5 Y VAd Nb Mo Tc Rh Pd Te I Xe
88.91 91.22 9291 9595 (98.91) 101.07 102.91 106.42 127.60 BPARIN 131.29
Yttrium  Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Tellurium Todine Xenon
% 73 74 75 76 78 79
o Ta A% Re (013 Pt Au
71 178.49 180.95 183.84 186.21 190.23 .22 195.08 196.97

Hafnium Tantalum Tungsten Rhenium  Osmium Iridium Platinum Gold

104 105 106 107 108 109 110 113 114 115
7 Ra Rf Db Sg Bh Hs Mt Ds Nh F1 Mc
(261.1) (262.1) (263.1) (264.1) (265.1) (268) (281) (284) (289) )
Rutherfordium Dubnium ~ Se: Bohrium Hassium Meitnerium Darmstadtium N I um  Flerovium )
Metals |
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

Rare earth elements | La Ce Pr [ Nd |Pm [ Sm | Eu | Gd [ Tb | Dy | Ho | Er | Tm | Yb | Lu
138.91(140.12(140.91 [ 144.24 (146.9)[150.36 [ 151.96 [ 157.25 [ 158.93 [ 162.50 | 164.93 [ 167.26 | 168.93 | 173.05 | 174.97

Cerium

Lanthanide series

Samarium G: Terbium  [D:

Erbium | Thulium | Ytterbium | Lutetium

Actinide series

Metals Non-metals Other
[ Alkali metal [ Actinide B Diatomic non-metal [] Metalloid
[[] Alkaline earth metal [l Transition metal [0 Polyatomic non-metal [l Unknown chemical properties
[ Lanthanide [ Post-transition metal ] Noble gas

FIGURE 1 The periodic table organises elements by atomic number.
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group
a vertical column of
the periodic table;
reflective of the
number of outermost
(valence) electrons

diatomic
molecule

a molecule containing
two atoms of the same
element or of different
elements bonded
together

period

a horizontal row of
the periodic table;
reflective of the
number of energy
levels (shells) within
an atom

melting point

the temperature at
which a solid becomes
a liquid

density

how closely packed
atoms are arranged;
the mass of a substance
per unit of volume

malleable
can be hammered into
other shapes

ductile
can be drawn out into
wires

boiling point

the temperature at
which a liquid becomes
a gas
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Elements with similar chemical and physical properties are located underneath each other
in vertical columns called groups. The groups are numbered from 1 to 18 with some groups
identified by a common name to emphasise their similar chemical and physical properties
(Table 1).

TABLE 1 Main groups of the periodic table

Group Given name
1 Alkali metals

Common properties
Silver coloured, soft metals with a low density. They easily react with water
and the halogens. Their reactivity increases down the group (Li—Cs), with
caesium being the most reactive.
2 Alkaline earth

metals

Silver-coloured, hard metals with a slightly higher density than alkali
metals. They react slowly with water, sometimes requiring hot water or
even steam.
17 Halogens Non-metallic. Exist as diatomic molecules in their natural state.
They are highly reactive with alkali metals and can be harmful to the
environment. The halogens decrease in reactivity down the group (F—At)
with fluorine being the most reactive.
18 Noble gases Mostly unreactive.

The horizontal rows of a periodic table are termed periods and are numbered from 1 to
7. The period number corresponds to the highest energy level occupied by electrons of that
element. For example, magnesium (Mg) is located in period 3 so the electrons in magnesium
are in the first three energy levels. The structure of the periodic table therefore provides
information about an element simply by its location. You will learn more about trends in the

periodic table in Lesson 2.6.

What categories are elements organised into?

The periodic table consists mainly of main group elements which are further broken down
into metals and non-metals. There are also the metalloids, transition metals, basic metals and
rare earth elements.

Metals and non-metals

Metals are usually shiny solids with high melting points, heat and electrical conductivities
and densities. Metals are also very malleable and ductile. The exception is mercury, which
is a liquid at room temperature. Typically, metals lose
electrons in chemical reactions, while non-metals gain
electrons. Metals are elements found on the left side and
in the middle section of the periodic table. The elements
in group 1 excluding hydrogen are called alkali metals and
the metals in group 2 are called the alkaline earth metals.
Non-metals commonly have low melting and boiling
points, do not conduct heat and electricity, and do not
have a shiny surface. Examples of non-metals are oxygen,
nitrogen, carbon, phosphorus, sulfur, chlorine, neon,
helium and hydrogen (even though it is not usually located
with the others). Non-metals are elements found on the
right side of the periodic table, separated from the metals
by a diagonal group of metalloids, also called semi-metals.

FIGURE 2 Neon is a noble gas used in
LED lights.
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Metalloids

Where the metals and non-metals overlap are the metalloids, which display both metallic metalloid
and non-metallic properties. For example, silicon is a very poor conductor of electricity at an clement that
displays both metallic
and non-metallic

germanium, arsenic, antimony, tellurium, polonium and astatine. Previously, metalloids were properties
known as semi-metals.

room temperature, but a better electrical conductor when heated. Other metalloids are boron,

Study tip

Not every periodic
table indicates the

Transition metals

Transition metals are elements in groups 3—12 of the periodic table which exhibit the same metalloids. To help
.. . . remember them,
characteristics as the main group metals, but are not as reactive. They often form colourful start at silicon and

compounds; for example, vanadium compounds can be yellow, blue, green and purple. move down one, then
one to the right, until
reaching astatine.
Don't forget boron up
the top.

Study tip

There is some
confusion about the
inclusion of group 12
into the transitional
metal category. The
International Union
of Pure and Applied
Chemistry (IUPAC)
defines them as

not being transition
metals, despite
them sharing many
properties with

the neighbouring
transition metals

in group 11. For
simplicity, we will
consider group 12 as
transition metals in
QCE Chemistry.

l
;
!
r

FIGURE 3 Vanadium is a transition metal that forms compounds of different coloured solutions.

Challenge

The authority for naming elements

The International Union of Pure and Applied Chemistry (IUPAC) is an organisation
that has represented chemists in individual countries since 1919. It is the recognised
world authority for the naming of elements and compounds. Discuss the significance
of an organisation such as IUPAC, and why it is necessary for the advancement of
science. (3 marks)

Basic metals

The basic metals are located underneath the non-metals and metalloids but to the right of the
transition metals. Examples of basic metals are aluminium, gallium, indium, tin, thallium,
lead, and bismuth.
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They can be recognised as metals because they are good conductors of

heat and electricity, and are lustrous, dense, malleable and ductile.
However, the basic metals also have some similar non-metallic
properties as the elements above them. LLead and gallium are
soft, and some of the basic metals have lower melting points
than is expected of a metal.

Rare earth elements

Known as the rare earth elements or inner transition metals,
the two rows displayed underneath the periodic table consist
of the lanthanoids (or lanthanides) (first row) and the
actinoids (or actinides) (second row). They are considered
special transition metals that are very dense and can be

radioactive. Some are found naturally, and others are synthetic.

FIGURE 4 Uranium is a rare earth element.

Real-world chemistry

Are our elements becoming extinct?

Geoscience Australia has identified 50 naturally
sourced minerals as “critical minerals”. More than
50% of these are elements. They are considered
“critical” because their limited supply can
significantly affect large industries and economies.
Critical elements and minerals are at a high risk
of depletion if their recovery or extraction is not
appropriately managed.
Helium
Despite being the second most abundant element
in the universe, helium is one of the most critically
endangered elements on the critical element list.
Supplies of helium are finite, meaning that it cannot
be artificially reproduced or extracted from the
atmosphere safely. Additionally, replenishment of
helium supplies will take millions of years. These
factors combined with the high use of helium have
placed the element in a critically endangered position.
The use of helium goes well beyond filling
balloons and aircrafts. Helium’s primary use is to
cool substances to extremely low temperatures and
create controlled environments. This is needed to run
superconductors, MRI (magnetic resonance imaging)
scanners in hospitals, NMR (nuclear magnetic
resonance) spectrometers in chemistry laboratories
and several other machines. Helium is also used to
detect pipeline leaks because of its small size.
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Recovering and recycling helium

Helium used in laboratories and hospitals can

be recovered by a re-liquefier that captures and
condenses 95% of the helium gas into usable helium.
Conserving helium this way, as well as continually
finding replacements for helium, can ensure we use
this non-renewable resource more sustainably to
protect its availability into the long-term future.

Apply your understanding

1 Conduct further research to identify two
critically endangered elements at risk of
depletion and describe their uses in industry. (2
marks)

2 Recycling materials is a way to manage the use
of critical elements and ensure their longevity.
Describe two factors that could limit the
recycling of helium. (2 marks)

3 Hydrogen was once considered as a plausible
replacement for helium; however, it was deemed
unsuitable due to its flammability. Locate
hydrogen and helium on the periodic table and
suggest one alternative. Justify your choice. (2
marks)
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Check your learning 2.4: Complete these questions online or in your workbook.

Note: Use the periodic table in the Appendix Analytical processes

to help answer these questions. 3 Compare the terms “atom” and “element”.

Retrieval and comprehension (2 marks)

1 Describe how the periodic table is organised. 4 Categorise the element in period 4 and group 17
(3 marks) as a metal, non-metal or metalloid. (1 mark)

2 Identify the properties of mercury that make it
unique compared to most other metals. (2 marks)

Electron configurations

Key ideas

— Electrons are located within energy levels, which are organised further into sublevels
and orbitals (s, p, d and f).

— Electron configurations can be represented in full or condensed formats. They are used
to represent the location of the electrons in an atom or ion.

— The Aufbau principle, Pauli Exclusion principle and Hund's rule are used to write full
and condensed electron configurations.

How are electrons organised into energy levels? @

Outside of the nucleus, the electrons are located within distinct energy levels at different Learning intentions

distances from the nucleus. The electrons closest to the nucleus have the largest electrostatic
attraction to the nucleus and the least amount of energy. The energy () levels are numbered
with integers started from 1 (closest to the nucleus) and are further divided into sublevels.

As the energy levels increase, there is a tendency for electrons in the outer energy levels
(higher n values) to spend more time on average further from the nucleus. This means that
electrons in higher energy levels experience less attraction to the positively charged nucleus.
Consequently, removal of successive electrons causes the charge of a monatomic atom to
increase. This means that it becomes harder to remove an electron, i.e. it requires more
energy. The energy required to remove the next electron is termed successive ionisation
energy. You will learn more about this in Lesson 2.6.

Electrons within the same energy level are organised into four sublevels, in order of
increasing energy: s, p, d and f, as shown in Table 1. Not every energy level contains every
sublevel. For n = 1, only an s sublevel is possible. For n = 2, both s and p sublevels can exist.
The s, p and d sublevels are present at #» = 3, and all four are present at n = 4.
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electron
configuration

a representation of the
electrons in an atom

TABLE 1 Breakdown of sublevels present in each energy level

Energy level s p d f
1 v
2 v v
3 v v v
4 v v v v

Each sublevel has its own number of orbitals and distinct orbital shapes that denote the
probably locations of its electrons. Each orbital contains a maximum of two electrons.

Where are the s, p, d and f blocks on the periodic table?

The periodic table can be split into four blocks based on the s, p, d and f energy sublevels.
Each block represents the subshell where valence electrons or electrons in the outermost shell
are likely to be found in an atom. For example, magnesium is located in the s block as its
outermost or valence electrons occupy an s subshell.

[l s block [ d block
p block [ f block

FIGURE 1 Blocks s, p, d and f on the periodic table

What is an electron configuration?

An electron configuration shows where the electrons are located within an atom. Each
energy level surrounding an atom is given a letter (s, p, d and f). A breakdown of each energy
level capacity is shown in Table 2.

TABLE 2 Breakdown of sublevel capacity

Sublevel Number of orbitals Number of electrons
s 1 2
P 3 6
d 5 10
f 7 14
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In an electron configuration, the energy level is the number, the sublevel is the letter, and
the number of electrons occupying the orbitals is the superscript. The order of energy levels
and sublevels when creating an electron configuration is as follows:

1s? = 28? > 2p® — 382 = 3p® — 4s? — 3d° — 4p°

Challenge

A pattern for electron configurations

There are many ways to memorise a sequenced list
of information. Analyse the diagram in Figure 2
to propose what mathematical pattern is present,
starting at 2p. (1 mark)

FIGURE 2 The order in which
sublevels should be filled for
electron configurations

A full electron configuration states the location of every electron in the atom,
beginning at 1s and continuing until there are no more electrons. For example, nickel has
28 electrons. Its full electron configuration is 1s?2s?2p®3s?3p°®4s23d®.

A condensed electron configuration is a way of abbreviating the configuration
by stating the previous noble gas in square brackets and then stating the location of the
remaining outer electrons in the atom. Noble gases are located in the far-right column of the
periodic table: helium, neon, argon, krypton, xenon and radon. Using the example of nickel
again, the closest noble gas with a smaller atomic number is argon (18 electrons). Beginning
at argon, the condensed electron configuration is: [Ar]4s?3d®. So, [Ar] + 2 + 8 = 2 electrons
or [18] + 10 = 28 electrons. This is shown in Figure 3.

2. .
4s! | 452 | 3d! | 302 | 343 | 3d4 | 3d5 | 346 | 347 iNk‘I

58.70

FIGURE 3 Representation of nickel’s condensed electron configuration

How are electron sublevels and orbitals filled?

Starting at the top-left corner of the periodic table (hydrogen), electron sublevels are filled
from left to right across the periodic table as the atomic number increases by one each time.
The energy sublevel filled (or partially filled) last will align with the location of that element
within the periodic table.

orbital

the three-dimensional
region of space around
an atomic nucleus
where an electron is
most likely to be found

Study tip

You do not need to
know the shapes of
the orbitals, just their
relative energies: the
s orbital contains

the lowest energy
electrons, followed by
the p and d orbitals.
Electronsin the f
orbital have the
highest energy.

Study tip

You need to know
the order for

filling electron
configurations up

to element 36. Itis
not chronological,
but there is a visual
pattern shown in the
diagonal diagram
(Figure 2), to help
remember the order.
Understanding the
relationship of blocks
in the periodic table to
orbitals is also useful.

full electron
configuration
an electron
configuration that
states the location of
every electron in the
atom

condensed
electron
configuration

an electron
configuration that only
states electrons in the
highest energy levels,
based on the nearest
noble gas

Study tip

You are required to
construct electron
configurations for
atoms and ions up to
Z=36.
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Study tip

Not every periodic
table has the same
layout, especially
for the f block. Itis
important to note
that 4f begins with
La and finishes with
Yb (14 elements in
total). 5d begins with
Lu. 5f begins with Ac
and then 6d begins
with Lr.

For example, phosphorus is located in the p block of the periodic table, specifically within
the second row of the p block (which refers to 3p). Therefore, the electron configuration for
phosphorus should end at 3p. Phosphorus has 15 electrons. Filling the sublevels in order, the
full electron configuration is 1s?2s?2p®3s?3p’.

Though often not explicitly examinable, orbital diagrams are handy to understand how
electron sublevels and orbitals fill (Figure 4). An orbital diagram helps with visualising the
electron configuration. Each square represents an orbital and orbitals in the same sublevel
are shown in a line. The filling of electron subshells follows the Aufbau principle, the Pauli
exclusion principle and Hund’s rule.

oodr
s P OO0O0OOed OOOO00dOse
Oes BE06P oOOoOsd OOO00O0O0O04¢
Oss 000Sr oOOODag
O0O0O4p
[4s HHEERA
OO0O3p
[3s
2
z O0O02p
2
]
| Ois

FIGURE 4 The energy levels of atomic orbitals. Each square represents an orbital.

Aufbau principle

The Aufbau principle states that electrons fill the orbital of the lowest energy first. Beginning
at 1s, the electrons cannot be placed in any orbital outside of this order. However, this strict
order starts to break down further down the periodic table as orbitals become closer in energy.

Pauli exclusion principle

The Pauli exclusion principle states that an atomic orbital can contain at most two electrons
at any time, but they must have the opposite “spin” represented by the direction of an
arrow. This means that an orbital can contain 0, 1 or 2 electrons. The first electron to enter
an orbital is drawn as a half-arrow pointing up or down. A second electron must have an
opposing direction to the first electron (Figure 5).

3s

.

1s

Energy increasing

FIGURE 5 An orbital diagram for magnesium, which has 12 electrons. The first electron in each orbital is drawn as
a half-arrow pointing up or down, and the second is a half-arrow pointing in the opposite direction.
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Hund's rule

Hund’s rule states that electrons occupy orbitals
of equal energy (p has three orbitals, d has five
orbitals and f has seven orbitals). Then, one at a
time, electrons go into single orbitals of the same
energy, all with the same “spin” (i.e. electron half-
arrows pointing the same way) before a second

2p Study tip

2 [T

T II’ Orbital diagrams are
shown here to help
you understand the

Eo 1s Aufbau principle,

E IIl the Pauli exclusion

principle and Hund's

rule. You do not need

FIGURE 6 An orbital diagram for nitrogen,

electron with an opposite “spin” (opposite direction  which has 7 electrons. them.

of the half-arrow) can enter any of the orbitals
(Figure 6).

Worked example 2.5A

Applying knowledge to write electron configurations

o Worked example 2.5A: Watch a video that shows how to solve this problem.

Apply the Aufbau principle, Hund’s rule and the Pauli exclusion principle to write the full and condensed

electron configurations for silicon. (2 marks)

I R S

Step 1: Look at the cognitive verb and mark
allocation to determine what the question is asking
you to do.

Step 2: Locate the element on the periodic table
and identify the number of electrons.

Step 3: Recall the Aufbau order of electron shell
and subshells.

Step 4: Distribute the electrons into their subshells.
Remember that s orbitals hold a maximum of two
electrons, the p orbitals in each level can hold six
and the d orbitals in each level can hold a maximum
of 10.

Step 5: Find the closest noble gas with a smaller
atomic number.

Step 6: Subtract the number of electrons in the
closest noble gas from the number of electrons in
the element of interest.

Step 7: Write the elemental symbol for the closest
noble gas using square brackets, followed by the
location of the remaining outer electrons in the
atom.

“Apply” means to use knowledge and understanding in response to
a given situation or circumstance; carry out or use a procedure in

a given or particular situation. The knowledge and understanding
to be applied are the Aufbau principle, Hund’s rule and the Pauli
exclusion principle. We need to write electron configurations.

The question is worth 2 marks, so we must gather the correct

information and express our answer in the correct ways.
Silicon (Z = 14) has 14 electrons.

1s, 2s, 2p, 3s, 3p, 4s, 4p, 3d, 5s, 4d, 5p

Full electron configuration: 1s22s?2p®3s?3p? (1 mark)

Neon is the closest (Z = 10), with 10 electrons.

14 — 10 = 4 electrons

Remaining outer electrons: 3s*2p?

Condensed electron configuration: [Ne]3s?2p? (1 mark)

Apply the Aufbau principle, Hund’s rule and the Pauli exclusion principle to write the full and condensed

electron configurations for cobalt. (2 marks)
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Are there exceptions to the Aufbau principle?

As with many other scientific relationships observed in chemistry, there are exceptions to
the Aufbau principle. This is because occupying specific orbitals allows the atom to be more
stable overall.

Chromium has 24 electrons and is located in the d block (more specifically, it is the
fourth element in the third row of the periodic table). The expected electron configuration
of chromium is: 1s?2s?2p®3s?3p°©4s?3d*. The actual electron configuration of chromium is:
1s22s%2p©3s23p©4s!3d°. The expected electron configuration has 4s full and 3d partially full,
whereas the actual electron configuration has both 4s and 3d half-full and is therefore more
stable overall. This is because some energy is required to pair up two electrons in the same

orbital and the 4s and 3d orbital are very close in energy.

The same situation applies to copper: 4s becomes half-full so that 3d can become

completely full. Thus, the actual electron configuration of copper is: 1s?2s?2p®3s?3p°®4s! 3d'.

TABLE 3 Effect of electron occupancy on stability

Level of stability Degree sublevel is filled with electron Example
Large Completely full 34
Medium Half-full 3d°

Small Partially full 3d? or 3d®

Check your learning 2.5: Complete these questions online or in your workbook.

Retrieval and comprehension

1 Identify how many orbitals are present in each of
the electron sublevels. (1 mark)

2 Identify the maximum number of electrons
that can occupy each of the electron sublevels.

(1 mark)

3 Explain why clectrons in the 7s sublevel would
have less electrostatic attraction to the nucleus
than electrons in the 2s sublevel. (2 marks)

4 Recall the relative energies of the s, p and d
orbitals. (1 mark)

Analytical processes

5 Deduce the condensed electron configuration for
chromium. (1 mark)

6 Determine the identity of the element
from its full electron configuration:
1s22s%2p°®3s23p°©4s23d°4p?. (1 mark)

7 Determine the identity of the element from its
condensed electron configuration: Ar4s'. (1 mark)

8 Determine the maximum number of electrons
that can be present in the
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a 4p orbital (1 mark)
b 5d orbital (1 mark)
c the third energy level. (1 mark)

9 Determine the maximum number of electrons
that can be present in the highest occupied
sublevel for oxygen. (1 mark)

10 Apply the Aufbau principle, Hund’s rule and the
Pauli exclusion principle to write the full electron
configurations of boron, chlorine and lithium.

(3 marks)

Knowledge utilisation

11 The complete electron configuration for bromine
is 1s22s22p®3s23p°4s23d°4p°. The accepted
convention for writing electron configurations
rearranges this to 1s?2s?2p°®3s?3p°®3d'°4s24p’
to give meaning to the readers. Evaluate the
significance of this minor rearrangement.

(2 marks)

12 Investigate the significance of using noble
gases as reference points in condensed electron
configurations. (1 mark)
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Trends in the periodic table

Key ideas

— Atomic radii and metallic character decrease across a period and increase down a
group.

— Valency increases across a period and stays consistent down a group.

— lonic radii are smaller than atomic radii when the ion is positive, and larger than atomic
radii when the ion is negative.

— lonisation energy and electronegativity generally increase across a period and decrease
down a group.

What trends can be observed on the periodic table? @

The periodic table is cleverly organised such that the position of an element allows us to Learning intentions
predict its physical and chemical properties. In this lesson, we will explore the relationship and success criteria
between where elements are located and properties such as:

e atomic radius

e valency

e ionic radius

» first ionisation energy

e electronegativity

¢ metallic and non-metallic character

e acidity and basicity of oxides.

What is atomic radius?

atomic radius

The atomic radius refers to the size of an atom. The outer edge of an atom is too difficult to used to describe the

e . . . size of an atom, which
measure because of the difficulty of locating the electrons precisely, so the distance between

is measured by halving

adjacent nuclei is measured (in picometres) and that quantity is halved. the distance between
the nuclei of adjacent

atoms

Atomic radii and the periodic table )

. . Atomic radius of H, picometre
Atomic radii increase down a group because of 10712 or
the increase in the total number of electrons, 0.000000000001
combined with the electron shielding effect. metres
With each energy level that is added to an atom, electron shielding
there are many more electrons that need to effect

the shielding of outer

occupy space, so the atom increases in size. '
electrons by inner

For example, within the alkali metal group, electrons, causing
lithium is smaller than sodium, which is a smaller force of

1 h . dth bidi attraction to the
smaller than potassium and then rudidium FIGURE 1 A representation of how the atomic nucleus to be felt by
(Table 1). radius is determined the outer electrons
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Study tip

Think of adding
another energy level
as a person putting
on another jumper
or sweater. The extra
clothing is going to
take up some room
even if itis thin.

The more layers of
clothing added, the
bigger a person looks.

valence electron
an electron in the
outermost energy level
of an atom

valency

the combining power
of an element as
determined by the
number of electrons in
its outer energy level
(valence electrons)

TABLE 1 The relationship between atomic number and radius of some alkali metals

Alkali metal Atomic number Atomic radius (pm)
Lithium 3 145
Sodium 11 180
Potassium 19 243
Rubidium 37 235
Caesium 55 260

Atomic radii decrease from left to right across a period because of electrostatic
attractions. With each increase in atomic number, there is an increase in the number of
positively charged protons (in the nucleus) and the attractive force that the negatively
charged electrons experience. The electrostatic attraction between the additional subatomic
particles pulls the electrons closer to the nucleus, and the atomic radius gets slightly smaller.
The smallest atomic radius in any period is that of the noble gas, and the largest is that of
the alkali metal.

What is valency?

Valence electrons are the electrons occupying the outer most energy level of an atom. For
example, silicon has an electron configuration of 1s?2s22p®3s?3p?. The third energy level
contains silicon’s four valence electrons — two in the 3s orbital and two in the 3p orbital. The
term valency therefore describes the number of valence electrons that an atom has. Valency
determines many of the elements’ properties, including their reactivity.

Presenting atomic radii data

Science inquiry skill(s): Processing
and analysing data (Lesson 1.7) and
Communicating scientifically (Lesson 1.9)

Practise your skills

1 Construct a graph for the data presented for the
first seven elements in Table 2. (2 marks)

The atomic radii and numbers of the first seven 2 Describe the relationship between atomic

elements are given in Table 2, along with values for

Na, P and K.

TABLE 2 Atomic numbers and radii for the selected elements

number and atomic radius. (2 marks)

3 Deduce one explanation as to why the atomic
radius of sodium is lower than that of potassium.

(1 mark)

Element Atomic number Atomic radius (pm) 4 Comment on why the atomic radius of lithium
Hydrogen 1 32 is larger than the atomic radius of phosphorus
Helium 2 37 despite having a smaller number of electrons.
Lithium 3 130 (2 marks)

Beryllium 4 99
Boron 5 84
Carbon 6 75
Nitrogen 7 71
Sodium 11 160
Phosphorus 15 109
Potassium 19 200
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Valency and the periodic table

Valency increases across a period, with the noble gas in any period having complete sublevels.
This means noble gases are more stable than the other elements in the period, and largely
unreactive. With an increase of one in the atomic number, there is an increase of one electron,
which begins to fill the s sublevel in the next energy level.

Valency remains constant down a group. Every alkali metal has one valence electron in its
s sublevel, and every halogen has seven valence electrons (two in its s sublevel and five in its
p sublevel).

What is ionic radius?

Atoms tend to lose or gain electrons to achieve complete s and p sublevels, particularly the
first row of elements. When this happens, atoms gain an ionic charge. When an atom has
lost one or more electrons, it forms a positively charged cation (net positive ionic charge).
When it has gained one or more electrons, it forms a negatively charged anion (net negative
ionic charge).

This process is achieved by the easiest route possible. For example, aluminium has a
valency of 3 ([Ne] 3s!3p?). To have completely filled s and p sublevels, aluminium can either
gain five electrons or lose three electrons. A loss of three electrons requires less energy, and
therefore is preferred. This gives the aluminium a 3+ ionic charge.

Table 3 shows the general trend for ionic charge across the periodic table.

TABLE 3 General trend for ionic charge

Group lonic charge
1 1+
2 2+
13 3+
14 Valency = 4 (non-metals such as carbon and silicon generally
share electrons rather than forming an ion)
15 3—
16 2—-
17 1-
18 0

The ionic charge of an element determines its ionic radius. Positive ions are smaller
(have a smaller ionic radii) than their neutral atom counterparts because they have lost space-
occupying electrons (Figure 2). In other words, ionic radii of cations are smaller than the
atomic radii of the corresponding uncharged atoms.

Negative ions are larger (have a larger ionic radii) than their neutral atom counterparts
because they have gained space-occupying electrons. In other words, the ionic radii of
monatomic anions are larger than the atomic radii of the corresponding uncharged atoms.
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ionic charge

the difference between
the positive charges
from the protons and
the negative charges
from the electrons,
represented as a
superscript on the
right-hand side of an
elemental symbol

cation
a positively charged ion

anion
a negatively charged
ion

Study tip

For charges greater
than 1 (positive or
negative), the size of
the charge is written
before the sign of the
charge, e.g. Ca%, 0%
and Fe*.

ionic radius
the radius of an ion
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Sodium
Cation Neutral

© ©

Na* Na
98 pm 186 pm

Calcium

Cation Neutral

. @

Ca%t Ca
100 pm 197 pm

Chlorine

Neutral Anion

o

Cl Cl-
100pm 181 pm
Sulfur
Neutral Anion

S S

103

pm 184 pm

FIGURE 2 Cations are smaller than the neutral
atoms. Anions are larger than the neutral atoms. Ionic
radii are shown in picometres (pm).

lonic radii and the periodic table

Tonic radii generally decrease across a period for the cations. This
is because as atomic number increases, the number of protons
increase, therefore increasing the nuclear charge. There is a
stronger attractive force pulling valence electrons towards the
nucleus, so the ionic radii decreases.

For elements on the right of the periodic table, anions form.
The ionic radii increase significantly for the first anion in each
period. This is followed by a decrease. Compare Be?* with N3-:
Be?* has just two electrons held close to the nucleus in the first
energy level, whereas N>~ has 10 electrons, filling both the first and
second energy level. The outer eight electrons will not be as strongly
attracted to the nucleus and are much further from it (Figure 3).

Down a group, ionic radii generally increases as the
electrons occupy more energy levels, with the outer levels being
further from the nucleus. This is very similar to the explanation
for atomic radii.

Atomic radii and ionic radii for selected elements

Group 3A Group 5A Group 6A Group 7A

( Y4 N N

N N*-|| O O* || F F-

d 9| 9

75 171 73 140| 72 133
. AN AN

-

N
APY Al P ®P3‘ S S|l Cl Cl

54 143 \110 212 103 184 | 100 181

AN AN J

Group 1A Group 2A
' Y4
Li* Li || Be?+ Be
Period 2 @ @)
76 152|| 34 112
' Y4
Na* Na || Mg’* Mg
Period 3
98 186|| 72 160
- AN
' Y4
K* K || Ca?r Ca
Period 4 QD
138 2271 100 197
S J
'a N
Rb* Rb || Sr?* Sr
Period 5 QD
152 248\ 118 215
S J
' Y4
Cs* Cs || Ba3* Ba
Period 6 @
167 265|| 135 222
J

-

FIGURE 3 Atomic radii (grey) and ionic radii (blue) in picometres (pm); ionic radii decrease across a period (row) for cations. This is followed
by a large increase in radius for the first anion in the period, followed by a decrease.
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What is ionisation energy?

Ionisation energy (IE) is the energy required to remove an electron from a gaseous atom, ionisation energy
. o . . 1 -1
forming a positively charged cation. For example: the energy (in kjmol ™)
requlred to remove one
mole of electrons from
one mole of atoms in

the gaseous phase

K(g) > K*(g) + e

lonisation energy and the periodic table

IE increases across a period because the atom has significantly more electrostatic attraction
between its nucleus and valence electrons. For example, sodium has an IE of 495k]mol™ and
chlorine has an IE of 1257k]Jmol™. Chlorine has significant electrostatic attractions to its
seven valence electrons, and tends to become an ion by gaining an electron to have a complete
p sublevel, rather than losing an electron to get further away from stability.

IE decreases going down a group because of the electron shielding effect (Figure 4).
With each energy level that is added to an atom, there is additional distance between the
negative valence electrons and the positive nucleus. The additional distance causes a weaker
electrostatic attraction between the nucleus and the valence electrons.

'g
b
8 1Group
M.
2
5 Li | Be N
526 | 906 1,093 1,407 1,320 1,687 2,087
3 Na | Mg P S Cl Ar
502 | 744 3 4 5 6 7 8 9 10 11 12 1,018 1,006 1,257 1,527
4 K Ca | Sc Ti A\ Cr | Mn | Fe | Co | Ni | Cu | Zn Se Br Kr
425 | 596 | 637 | 664 | 656 | 659 | 724 | 766 | 765 | 743 | 752 | 913 947 1,146 1,357
5 Rb Sr Y Zr | Nb | Mo | Tc [ Ru | Rh | Pd | Ag | Cd I Xe
409 | 556 | 606 | 666 | 670 | 691 | 708 | 717 | 726 | 811 | 737 | 874 1,015 1,177
6 Cs | Ba
382 | 509

FIGURE 4 First ionisation energies (kJmol™) of some elements

Worked example 2.6A

Predicting ionisation energies using the periodic table

o Worked example 2.6A: Watch a video that shows how to solve this problem.

Predict whether magnesium would have a greater IE than phosphorus. Justify your response. (2 marks)

T,

Step 1: Look at the cognitive verb and mark “Predict” means to give an expected result. “Justify” means to give
allocation to determine what the question is reasons or evidence to support an answer. In this question, we need to
asking you to do. consider the trend in ionisation energy on the periodic table and compare

the two elements. The question is worth 2 marks, so we must complete

our analysis and provide a prediction and give our reasoning.

Step 2: Locate the elements on the periodic Both are located in period 3. Magnesium is in group 2 and phosphorus is
table. in group 15. }
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N e
Step 3: Recall the general trend across periods = Across a period, IE increases as there is a greater electrostatic attraction
(between groups). between the nucleus and valence electrons. This is because as atomic

number increases, the nuclear charge and number of valence electrons
both increase and therefore, the attractive forces increase. (1 mark)
Step 4: Apply the trend to the elements in the = Phosphorus will have a greater IE than magnesium, as it has a larger

question. number of valence electrons and a greater nuclear charge. (1 mark)

Predict whether boron or indium would have the higher IE. Justify your response. (2 marks)

Successive ionisation energies

An atom’s first IE is the energy required to remove one electron from its valence energy level.
An atom’s second IE is the energy required to remove a second electron from its valence
energy level.

The valency of an atom has a significant impact on the differences between an atom’s
successive ionisation energies. Alkali metals have one valence electron, so they have
relatively small ionisation energies to remove the valence electron, which results in an
ionic charge of +1 and achieves complete valence sublevels (with the electron configuration
of the previous noble gas). This first electron has the highest energy and is the furthest
away from the nucleus, so it is the easiest to remove. Consider the first ionisation
equation for aluminium, where I represents the energy required to remove the electron,
in kf mol'.

Al(g) - Al'(g) +e I, =580k mol™

A second IE is significantly larger because an electron is being removed from a sublevel
that is full and stable, and there are greater forces of electrostatic attraction because the
electrons are closer to the nucleus. The second ionisation equation for aluminium is shown;
this second electron requires more than three times the energy needed to remove.

Al*(g) — AI>*(g) + e I,= 1,815k mol™

With each successive IE, the value increases again, as the removal of more electrons
means that there is an increasing imbalance between the number of protons and the number
of electrons remaining, and each electron is experiencing a greater positive charge. These
electrons are closer to the nucleus and a greater electrostatic attraction must be overcome to
remove them.

Al (g) > AP* (g) +e= 1,=2,740k]mol™
AP (g) - Al** (g) +e= 1,= 11,600k mol!

Alkaline earth metals have relatively small values for the first two ionisation energies, as
they develop the same electron configuration of the previous noble gas. However, the third
IE is greatly increased in value. Group 13 has three small ionisation energies and then a
large fourth IE. This trend continues along the p block of the periodic table, aligning the
number of small ionisation energies an atom has with the number of valence electrons it
has (Table 4).
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TABLE 4 Successive ionisation energies (kJmol™) of some elements in the third period

Element FirstlE SecondIE ThirdIE FourthlE FifthlE SixthIE Seventh IE

Na 502 4,560
Mg 744 1,445 7,730

Al 584 1,815 2,740 11,600

Si 793 1,575 3,220 4,350 16,100

1,018 1,890 2,905 4,950 6,270 21,200

S 1,006 2,260 3,375 4,565 6,950 8,490 27,000
cl 1,257 2,295 3,850 5,160 6,560 9,360 11,000
Ar 1,527 2,665 3,945 5,770 7,230 8,780 12,000

Predicting ionisation energies

Science inquiry skills(s): Processing and evaluating data (Lesson 1.7)

Atoms with full s or d orbitals (group 2 and group 12) and atoms with half-filled outer p orbitals (group 15)
have slightly higher first ionisation energies than the elements on either side of them. The first ionisation
energies of the first 86 elements are shown in Figure 5, but data for period 5 is deliberately omitted.

First ionisation energies of the first 86 elements

Period 2 Period 3 Period 4 Period 5 Period 6
2,500
He
Ne
~ 2,000
|
3 |
g ol
Z !
g 1,500 N Ar
b R | » Kr
5 H | O [
g #L, P | /‘ Br
.2 R As » » Rn
Z 1,000 Be) I Zn " od - {
8 N B { A/ il WV 4
S | e ! g% | § pod \ od
I\./Al 2 Y ol v
500 Li [ b /’“'“h" N Ti
Na K éy
s
0
2 10 18 36 54 86

Atomic number

FIGURE 5 The first ionisation energies of the first 86 elements, excluding period 5

Practise your skills

1 Predict the approximate values for the first ionisation energies of period 5 elements: Xenon, antimony
and indium. (3 marks)

2 Justify your answers to question 1, with reference to number of electrons and electrostatic attraction.
(3 marks)
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electronegativity
the attraction of a
positively charged
nucleus to negatively
charged electrons of a
neighbouring atom

metallic
character

how readily an element
loses valence electrons

non-metallic
character

how readily an element
gains valence electrons
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What is electronegativity?

We have talked a lot about the electrostatic interactions between the nucleus and valence
electrons within a single atom. There are also electrostatic forces between atoms in
compounds. The ability of a positive nucleus to electrostatically attract the valence electrons
of an adjacent bonded atom is called electronegativity. If electronegativity is large, an
atom can draw a neighbouring electron closer to itself to share that electron, or even gain the
electron for itself (Figure 6). A small electronegativity hinders the atom’s ability to share or
gain neighbouring electrons.

Attraction

Nucleus

Shared electrons

FIGURE 6 Electronegativity allows a positive nucleus to attract negative electrons in a bonded atom, allowing them
to share electrons and become stable.

Electronegativity and the periodic table

Electronegativity increases across a period because of the electrostatic attractions caused by
the increasing number of an atom’s protons and valence electrons.

Electronegativity decreases down a group because of the electron shielding effect (Figure 7).
As the distance increases between an atom’s nucleus and its own valence electrons, the
electrostatic attraction to the valence electrons and the electrons of the adjacent atom decreases.

Key

<1.0
1.0-1.4
1.5-1.9
2.0-2.4
2.5-2.9
3.0-3.9
4.0

Electronegativity decreases
down a group.

Electronegativity increases
across a period.

FIGURE 7 Electronegativity increases across a period and decreases down a group. Fluorine is the most electronegative
element. Caesium and francium are the least electronegative. He, Ne and Ar do not have electronegativity values as
these are calculated from the properties of compounds of elements. He, Ne and Ar do not form compounds.

What is metallic and non-metallic character?

Metallic character refers to the extent to which an element exhibits metallic properties,
such as high melting and boiling points, conductivity, malleability and ductility. It also
describes how readily an element loses valence electrons. As such, non-metallic character
describes how readily an element gains valence electrons.
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Metallic and non-metallic character and the periodic table

Metallic character increases from the top right to the bottom left of the periodic table and
depends on the fact that most metals have large atomic radii and small electronegativities and
ionisation energies. As a result, metals (Li to Cs) tend to lose electrons to other atoms when
reacting, forming positive ions. The most reactive metal is francium; it is so reactive that
many of its metallic properties have never been observed. Caesium, just above francium and
the second highest in metallic character, is so reactive that it can spontaneously ignite in air.

The opposite trend is observed for non-metallic character — it increases from the bottom
left to the top right of the periodic table. The halogens (F to I) have the greatest non-metallic
character and are most likely to gain valence electrons.

Metallic and non-metallic character and oxide formation

Oxides are compounds that contain oxygen
and another element, which can be a metal
or non-metal. The element’s metallic or
non-metallic character determines what type
of oxide the compound will be. As metallic
character decreases across a period, oxides
change from basic through amphoteric to
acidic. You will learn more about acids and
bases in Module 14.

Acidic oxides

Acidic oxides form between oxygen and non-
metals. Examples are carbon dioxide (CO,),
diphosphorus pentoxide (P,O,) and nitrogen
dioxide (NO,).

When an acidic oxide reacts with water, it

FIGURE 8 Magnesium oxide is a basic oxide.

forms an acid:

co, + HO - HCO,

2
acidic oxide water acid

When an acidic oxide reacts with a base it forms a salt and water:

CO, + 2NaOH — NaCO, + H)0

2
acidic oxide base salt water

Basic oxides

Basic oxides form between oxygen and metals. Examples are sodium oxide (Na,O),
magnesium oxide (MgQO) and copper (II) oxide (CuO).

When a basic oxide reacts with water, it forms a base:

NaO + HO — 2NaOH

basic oxide water base

When a basic oxide reacts with an acid, it forms salt and water:

NaO + 2HCl — 2NaCl + HO

basic oxide acid salt water

OXFORD UNIVERSITY PRESS MODULE 2 ATOMIC STRUCTURE, ISOTOPES AND THE PERIODIC TABLE 75

This work must not be reproduced, stored, transmitted or circulated in any other form.



BO Campion Education (Aust) Pty Ltd on 29/10/2024 under licence.

Tonic radius

Amphoteric oxides
Amphoteric oxides have both acidic and basic properties. They are metals that can have
different ionic charges. Examples include copper, zinc, tin, lead, aluminium and beryllium.

When an amphoteric oxide, such as zinc oxide, reacts with an acid, it forms a salt:
ZnO + 2HC1 - ZnCl, + H,O
amphoteric oxide acid salt water
When an amphoteric oxide reacts with a base, it forms a salt:

ZnO + 2NaOH + H,0 — Na,ZnO,

amphoteric oxide base water salt

FIGURE 9 Zinc oxide is used as an additive in many different products, such as sunscreen.

What are the periodic table trends?

Figure 10 summarises the trends in the periodic table that we have learnt.

Valency

First ionisation energy

Electronegativity
— -
> act® | z
% | T e'ga\\.lc Cx\at| < E
G} | W | 52t &
> —'—I— e © 9
| | o{\’“\e’ca §
- | : 3
I 2
]

Tonic radius

FIGURE 10 Summary of the periodic table trends
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Check your learning 2.6: Complete these questions online or in your workbook.

Retrieval and comprehension 6 Determine which elements have a greater
atomic radius.

a Kor Br (1 mark)
b Be or Sr (1 mark)
¢ Lior Te (1 mark)
7 Determine which elements have a greater

1 Explain how an atomic radius differs from an
ionic radius. (2 marks)
2 Describe the electron shielding effect. (2 marks)
3 Recall how oxides change moving across
period 3. (1 mark)

Analvtical electronegativity.
nalytical processes a Alor Cl (1 mark)
4 Compare metallic and non-metallic character, 5 © P @l s

using two examples. Reference their positions on

S . ¢ Na or N (1 mark)
the periodic table in your answer. (4 marks)

8 Analyse the relationship between the location
of elements on the periodic table and their

electronegativities, using the data in Figure 7.
a Al or Cl (1 mark) @ k)

b N or Sb (1 mark)
¢ Rb or As (1 mark)

S Determine which elements have a greater
ionisation energy.

Knowledge utilisation

9 Discuss the relationship between valency and
first ionsation energy. (4 marks)

Investigating periodic table trends
using a database ©

forddiaital > This practical lesson is available on Oxford Digital. It is also :izrrs‘gﬁ;:;e;'i‘tizzz
ol provided as part of a printable resource that can be used in class.

FIGURE 1 Copper is a metallic element. It is
a great conductor of heat and electricity.

T —
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[ ] L] L]
L]
Review: Atomic structure, isotopes
d th iodic tabl
Ssummary

* An atom can be modelled as a nucleus surrounded by negatively charged electrons in distinct energy
levels (and sublevels) held together by electrostatic forces of attraction between the nucleus and
electrons.

e Inside the nucleus are the positively charged protons and neutral neutrons.

* Nuclear symbol notation /M summarises the number of subatomic particles in atoms, ions and isotopes.

* Practical: Simulating Geiger—Marsden’s gold foil experiment.

» Isotopes are atoms of an element that have different numbers of neutrons.

e TIsotopes have similar chemical properties by different physical properties.

* Relative atomic mass is a ratio of the weighted average of the atomic masses of all the isotopes of all the
naturally occurring isotopes of an element (taking into account their natural abundances on Earth) to
one-twelfth the atomic mass of the 2C isotope.

¢ Elements on the periodic table are organised into vertical groups and horizontal columns and into other
sections such as metals and non-metals.

e The location of an element is linked to its properties.

* Electrons are locations within energy levels, which are organised further into sublevels and orbitals
(s, p, d and f).

* Electron configurations can be represented in full or condensed formats. They are used to represent the
location of the electrons in an atom or ion.

e The Aufbau principle, Pauli exclusion principle and Hund’s rule are used to write full and condensed
electron configurations.

e Atomic radii and metallic character decrease across the period and increase down the group.

e Valency increases across the period and stays consistent down the group.

e Tonic radii are smaller than atomic radii when the ion is positive, and larger than atomic radii when the
ion is negative.

» Tonisation energy, electronegativity and non-metallic character generally increase across a period and
decrease down a group.

e Practical: Investigating periodic trends using a database.

Key formulas
Protons p'=Z
Neutrons for atoms and ions n’=A4-7Z
Neutrons for isotopes only n° = atomic mass — Z
Electrons for atoms and isotopes e =Z
Electrons for ions only e = Z—ionic charge
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(1 mark each)

1

OXFORD UNIVERSITY PRESS

Identify the number of protons, electrons and
neutrons respectively, based on the nuclear symbol
JBe.

A 4,5,5

B 4,4,4

C 4,4,5

D 4,5, 4

What is the number of protons, electrons and
neutrons respectively, based on the nuclear symbol
Mg

A 12,12,12

B 12, 10, 12

C 12,14, 12

D 12,12, 24

Cobalt has only one stable isotope which determines
the relative atomic mass for this element. The
correct nuclear symbol for cobalt is

A 3Co.

B /Co.

C :C.

D ?Co.

Identify the correct element based on the full
electron configuration: 1s?2s?2p®3s?3p°®4s?3d>.
A Niobium

B Vanadium

C Phosphorus

D Titanium

Which isotope of carbon contains seven neutrons?
A 'C

B 2C

C BC

D “C

Which characteristics are similar between isotopes
of the same element?

A Number of neutrons

B Density

C Electron configurations

D Boiling and melting points

7

Review questions: Complete these questions online or in your workbook.

Relative atomic mass is calculated by
A dividing the number of isotopes of an element
by 12, relative to carbon.

B counting the number of isotopes that exist for
an element.

C averaging the mass numbers of isotopes that
exist for an element.

D taking the weighted average of the atomic
masses of the isotopes for an element and
expressing it as a ratio to one-twelfth the atomic
mass of carbon-12.

The RAM of Cl is

A 17

B 18.

C 35.45.

D 37.

The condensed electron configuration of Cr is
A [Ar] 4s23d*

B [Ar] 4s!'3d°

C [Ne] 3s23p°3d*4s?

D [Ne] 3s?3p°®3d°4s!

10 Which of the terms should be used to complete the

11

following sentence:
As you go across a period in the periodic table,

electronegativity , and the first

ionisation energy generally

A increases; increases

B increases; decreases

C decreases; decreases

D decreases; increases

Which of the following correctly describes
the properties of potassium, K, compared to
calcium, Ca?

A Higher valency, lower atomic radius

B Higher valency, higher atomic radius
C Lower valency, lower atomic radius

D Lower valency, higher atomic radius

12 Based on its position on the periodic table, oxides of

sulfur, S, are expected to be
A basic.

B amphoteric.

C acidic.

D neutral.
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13 Hund’s rule states that

A every orbital can accept a maximum of two
electrons.

B orbitals with lower energy are completely filled
before orbitals with higher energy.

C when filling a sublevel, one electron occupies
each orbital before any orbitals are occupied by
two electrons.

D the total number of electrons in an atom is
equal to the atomic number and this is the same
as the number of protons.

14 Which lists properties that all increase across a row
of the periodic table?

A Basic nature of the oxide, atomic radius, ionic
radius

B Electronegativity, first ionisation energy, acidic
nature of the oxide

C Atomic radius, acidic nature of the oxide,
electronegativity

D Ionic radius, basic nature of the oxide, first
ionisation energy

15 As electrons are removed from an atom, the

successive ionisation energies

A decrease, because it requires less energy to
remove subsequent electrons from an ion.

B increase, because it requires less energy to
remove subsequent electrons from an ion.

C decrease, because it requires more energy to
remove subsequent electrons from an ion.

D increase, because it requires more energy to
remove subsequent electrons from an ion.

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension
16 Describe the structure of an atom. (1 mark)
17 Recall what atomic number and mass number is.

(2 marks)

18 Identify how isotopes of the same element differ.

(1 mark)

19 Explain why chromium and copper do not follow
the standard electron configuration conventions.

(2 marks)

20 Recall the relative energy levels of the electron
subshell orbitals. (1 mark)

21 Define the terms
a “electronegativity” (1 mark)
b “ionisation energy”. (1 mark)

22 Calculate the RAM for the following:

a copper, which is 69.17% %Cu with an atomic
mass of 62.93 and 30.83% ®Cu with an atomic
mass of 64.92 (2 marks)

b silicon, which is 92.23% 28Si with an atomic
mass of 27.98, 4.68% 2°Si with an atomic mass
of 28.98 and 3.09% *°Si with an atomic mass of
29.97. (2 marks)

¢ nitrogen, which is 99.63% *N with an atomic
mass of 14.00 and 0.37% N with an atomic
mass of 15.00 (2 marks)

d potassium, which is 93.6% *°K with an atomic
mass of 38.96, 0.01% “°K with an atomic mass
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0f 9.96 and 6.73% #K with an atomic mass of
40.96. (2 marks)

23 90% of the atoms of an unknown element have
an isotope with a mass number of 35, 8.0% of the
atoms have a mass number of 37, and the remainder
of the atoms have a mass number of 38. Calculate
the RAM of the unknown element.
(2 marks)

Analytical processes

24 Deduce the nuclear symbol notations for the
following atoms and ions. The number of neutrons
is specified in brackets.

a Sodium cation (12) (1 mark)
b Fluorine atom (10) (1 mark)

¢ Cobalt atom (32) (1 mark)

d Titanium atom (26) (1 mark)
e Chloride anion (20) (1 mark)

25 Deduce the full electron configurations for the
following atoms.

a P (I mark) b Ca (1 mark) ¢ Cu (1 mark)

26 Derive the condensed electron configurations from
the following full electron configurations.

a 1s22s22p°®3s?3p® (1 mark)

b 1s22s22p°3s23p°®4s! (1 mark)

c 1s22s?2p®3s23p°4s!' 3d° (1 mark)

d 1s22s?2p°®3s23p°4s23d!°4p® (1 mark)

OXFORD UNIVERSITY PRESS
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27 Determine the relative abundances of the isotopes 30 Determine the correct condensed electron
of silver using a RAM of 107.868. ©’Ag has an configurations for the electron configurations in
atomic mass of 106.905 and °°Ag has an atomic question 29. (3 marks)

mass of 108.905. (3 marks)

28 There are two adjacent elements located in period Knowledge utilisation

4 of the periodic table. The first element has a 31 The full electron configuration given for nitrogen
completed third energy level (including all of the is 1s22s22p3. This represents nitrogen as a neutral
sublevels) and the second element has at least one atom. If nitrogen was ionised to N°~, determine
p electron in an unfilled shell. Determine the the full electron configuration that would best
identity of the elements. (2 marks) represent this. (1 mark)

29 Identify errors in the following electron 32 Discuss whether there is a relationship between
configurations. Explain why they are errors. the atomic radius and the ionic radius of an ion
a 1s'2s22p* (2 marks) formed from that atom. (2 marks)

b 1s22s22p%3s>3p°©4s? (2 marks)
c 1s?2s?2p°®3s23pS4s24p? (2 marks)

Data drill

Atomic number, atomic radii and Apply understanding
melting points 1 Identify the element with the lowest melting
The order in which elements are displayed on point. (1 mark)
the periodic table is based on their electron 2 Calculate the range of the atomic radii
configuration and their properties. collated. (1 mark)

Some students decide to investigate the Analyse data

relationship between atomic number, atomic radii . . .
p > 3 Sketch graphs of the melting point and atomic

and melting points of some alkali metals: lithium, radius data from Table 1. (4 marks)

sodium, potassium and caesium. They collect some 4 Identif din the d ! K
secondary data and present them in Table 1. entify one trend in the data. (1 mark)

Interpret evidence
TABLE 1 Atomic numbers, atomic radii and melting points of . .
four alkali metals 5 Infer a reason for the trend identified in

question 4. (1 mark)

Element Atomic Melting Atomic 6 Predict the melting point of the element
Aol p(ggt r?srlnl")s rubidium (Z = 37). Justify your response.
Lithium 3 180 134 (2 marks)
Sodium 11 98 154
Potassium 19 63 196
Caesium 55 29 225

Module 2 checklist: Atomic structure, isotopes and the Q Quizlet: Revise key terms online to test your understanding
periodic table
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Introduction to
bonding

Atoms are the building blocks for all matter. Most substances are composed of more
than one atom alone. The process of bringing atoms together to form these substances
involves chemical bonding. To achieve stability, atoms form bonds with other atoms,
and most substances are compounds consisting of particles made from two or more
types of atoms, rather than pure elements made up of only one type of atom. Different
types of bonds are involved in the formation of compounds, depending on the
properties of the atoms present. Some elements, such as nitrogen and oxygen, can even
bond with each other to form a number of different compounds.

The types of bonding discussed in this module are forces of attraction within a
compound. They include ionic bonds, metallic bonds and covalent bonds. In elements
and compounds that are made of molecules, the covalent bonds are also termed
intramolecular bonding (Latin intra meaning “within”).

Prior Check your understanding of elements and subatomic particles
==J knowledge

¢ before you start. If you need to revise, you’ll be assigned a helpful
quiz

resource.

— Explain that the ability of atoms to form chemical bonds, is related to the
arrangement of electrons in the atom and the stability of the valence electron shell.

— Identify that the number of electrons lost, gained or shared is determined by the
electron configuration of the atom.

— State that transition elements can form more than one ion.
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Explain that ions are atoms or groups of atoms that are electrically charged due to
an imbalance in the number of electrons and protons.

Explain that chemical bonds are caused by electrostatic attractions that arise
because of the sharing or transfer of electrons.

Identify that the valency is a measure of the number of bonds that an atom can
form.

Determine the formula and IUPAC name of ionic and molecular compounds.
Determine Lewis (electron dot) structures of molecules and ions, showing all
valence electrons for up to four electron pairs for each atom.

Identify the numbers of bonding and lone pairs of electrons around each atom in
a molecule.

Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024
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Learning intentions
and success criteria

octet rule

atoms gain and lose
electrons to reach
eight electrons in
their valence shell;
exceptions to this
rule are hydrogen and
helium

Study tip

Exceptions to the octet
rule are hydrogen and
helium, which obey a
“duet” rule with two
electrons. Boron and
beryllium also often
form compounds with
fewer than 8 electrons
in their valence shell.
Third period elements
and beyond will either
meet or exceed the
octet rule.

ionic bonding

the process by which
atoms transfer valence
electrons to each
other; the electrostatic
attraction between
cations and anions

to form an ionic
compound
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Types of bonding

Key ideas

— Electrostatic attractions cause atoms to gain, lose or share electrons with each other
to form compounds.

— When a metal atom reacts with a non-metal atom, a transfer of electrons can take
place to form ions and then an ionic compound.

— Covalent bonding is the sharing of electrons between atoms.

— Polyatomic ions are covalently bonded molecules that are electrically charged.

Why are valence electrons important?

The electron configuration of atoms can be separated into two basic components: the inner
electrons and the valence (outer) electrons. Many of an element’s properties result from

the number of valence electrons in the element. For example, the reactivity of an element is
determined by its electrostatic attraction to adjacent atoms. Its valence electrons may be gained
from, lost to or shared with these adjacent atoms to come to a more stable arrangement of atoms.

The octet rule

The octet rule refers to the tendency of atoms to lose, gain or share electrons in order to
achieve eight electrons in the valence energy level, which comprises the highest occupied

s and p sublevels. In doing so, atoms acquire the same electron configuration as the nearest
noble gas. They therefore become more stable than when their octets were incomplete. Atoms
do this by forming chemical bonds, which are essentially forces that hold atoms together in
compounds and molecules. Specifically these bonds are categorised as either being ionic or
covalent bonds.

How does ionic bonding occur?

Ionic bonding is the process by which atoms transfer valence electrons to each other. It is the
result of electrostatic attractions between oppositely charged ions within a compound. Ionic
bonding occurs between positively charged cations and negatively charged anions.

How might ions form? One way is through the transfer of electrons. If an atom gives
away one electron, it will develop a positive ionic charge because of the imbalance of positive
protons and the negative electrons. For example, sodium has 11 protons and 11 electrons.
When sodium donates one electron, it develops a +1 ionic charge because it now only has
10 electrons, but 11 protons. The extra proton provides the excess positive charge. Similarly,
the loss of two electrons by group 2 elements, such as magnesium, results in a +2 ionic
charge, and the loss of three electrons by group 3 elements results in a +3 ionic charge.
Positive ions are called cations.

Unlike metals, non-metallic elements tend to gain electrons from other atoms. They form
negatively charged ions called anions. A gain of one electron by an atom causes a —1 ionic
charge due to the extra electron. For example, chlorine has 17 protons and 17 electrons.

OXFORD UNIVERSITY PRESS
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When it gains an electron, it has 18 electrons, but still 17 protons. The extra electron gives it a
—1 ionic charge.

Whether an atom loses or gains electrons and how many it loses or gains can be predicted
by its position on the periodic table. Table 1 shows how elements from the second period of
the periodic table acquire the electron configuration of either helium or neon, according to
the octet rule. Each element tends to either gain or lose electrons to acquire eight electrons,
depending on the number of electrons it has in its valence shell and whichever process
requires the least amount energy.

TABLE 1 Determining ionic charges in the second row of the periodic table

Element Number of valence electrons Lose or gain electrons? lonic charge

Li 1 (2sY) v Lose 1 to be like He 1+
X Gain 7 to be like Ne

Be 2 (28?) v Lose 2 to be like He 2+
X Gain 6 to be like Ne

B 3 (2s? and 2p') v Lose 3 to be like He 3+
X Gain 5 to be like Ne

N 5 (2s% and 2p®) v Lose 5 to be like He 3—
X Gain 3 to be like Ne

O 6 (2s? and 2p*) v Lose 6 to be like He 2—
X Gain 2 to be like Ne

F 7 (2s* and 2p°) v Lose 7 to be like He 1-

X Gain 1 to be like Ne

For example, sodium can give away an electron to achieve the electron configuration of
neon, but chlorine can accept one electron to achieve the electron configuration of argon.
When sodium and chlorine are combined, they form an ionic compound called sodium ionic compound
chloride, which is held together through the formation of sodium cations that are attracted to a chemical compound
the chloride anions. Both ions in sodium chloride have full valence shells — that is, they have it:i:clsbzzlgsmgether o
completed their octets (Figure 1).

—+ —
‘ :: . . .
Na CI

Cl Nat
Sodium atom Chlorine atom Sodium ion Chloride ion
(a cation) (an anion)
N “ J

Sodium chloride (NaCl)

FIGURE 1 A sodium atom loses an electron to a chlorine atom to form the more stable sodium chloride. Study tip
Use the groups in
We can also predict whether ionic bonding occurs, quantitatively. An ionic electrostatic the periodic table to
attraction is likely to occur when elements have a difference in electronegativity of greater _reme”;]ber CO”G‘mO”
. . . . .. . lonic charges. Grou
than 1.8. Consider sodium chloride. Sodium has an electronegativity of 0.9 and chlorine 1is 1+, grcg)up 2is 23
has an electronegativity of 3.2. The difference is 2.3, which is greater than 1.8. Therefore, group 13 is 3+, group

151is 3-, group 16 is 2-

we predict that sodium and chlorine combine to form a compound held together by ionic g 71
and group 17 is 1-.

electrostatic attractions.
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lons of transition elements

Transition elements can form more than one ion. This is because they have partially filled

d orbitals, allowing them to lose different numbers of electrons. The result is cations with
different ionic charges, which are difficult to predict using the octet rule. An example is iron,
Fe. Neutral Fe has the electron configuration 1s?2s22p©®3s23p®3d®4s?. It can lose electrons
from the 4s orbital alone or the 4s and partially filled 3d orbital to produce Fe?* or Fe3*,
respectively. Other common examples of transition elements that produce more than one ion
are copper (which forms Cu* and Cu?*) and chromium (which forms Cr?* and Cr?).

Polyatomic ions

An ion is an atom or group of atoms that has an electric charge. When an ion has only one
atom, it is called a monatomic ion. When it contains two or more atoms (of the same or
polyatomic ion different elements) chemically combined, it is called a polyatomic ion. For example, OH" is
an ion with two or a polyatomic ion called the hydroxide ion. Some common polyatomic ions are listed in
Table 2. The naming of ions follows rules set by the International Union of Pure and Applied

Chemistry (IUPAC).

more atoms

TABLE 2 Common polyatomic ions

Polyatomic ion Name of ion Polyatomic ion Name of ion
NH,* Ammonium Cr’0> Dichromate
H,0* Hydronium HCO," Hydrogencarbonate
CH,COO- Ethanoate (acetate) OH- Hydroxide
CO» Carbonate NO,” Nitrate
ClOo,” Chlorate NO, Nitrite
Clo, Chlorite PO*" Phosphate
CIO- Hypochlorite SO > Sulfate
CrO,> Chromate SO, Sulfite

How are ionic formulas written?

A monatomic ion is represented by the element symbol with the ionic charge as a superscript
to the right of the element symbol. For example, chloride ions are written as CI". If the

ion is polyatomic, then the number of constituent atoms of each element is represented as

a subscript to the right of each element symbol (but before the ionic charge superscript).

For example, carbonate ions are written as CO,>".

When representing an ionic compound as an ionic formula, the cation is written first,
followed by the anion. For example, for the ionic compound sodium chloride:

Sodium cation: Na*
Chloride anion: Cl-
Sodium chloride: NaCl

The ionic compound does not have a superscript ionic charge because it is overall neutral.
The ratio of cations to anions in an ionic compound is not always one-to-one. Often,
electrostatic attraction occurs between one cation and multiple anions, one anion and
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multiple anions, or even multiple anions and multiple cations. For example, let’s consider
the compound magnesium chloride. A magnesium ion has a 2+ ionic charge. To balance the
2+ charge, two chloride ions, each with a 1— charge, are required. The ionic formula would
therefore be MgCl, with a subscript 2 to indicate that two chloride ions are present for each
Mg?* ion.
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Mg?** 2CI- MgCl,

FIGURE 2 Magnesium chloride consists of one magnesium ion and two chloride ions.

The ionic formula can also be obtained using the swap-and-drop method (Figure 3).
The ionic charge from the cation is “swapped” over to the anion and then “dropped” to be a
subscript. The number loses its positive or negative symbol since it now represents the number
of ions of that element in the ionic compound. The ionic charge does not need to be shown.
The same process happens for the ionic charge from the anion. It is “swapped” to the cation
and then “dropped” to be a subscript for the cation without a positive or negative charge.

Worked example 3.1A

Determining ionic formulas
o Worked example 3.1A: Watch a video that shows how to solve this problem.

Determine the ionic formulas for the compounds formed when

a aluminium and oxygen bond together (1 mark)

b sodium and sulfate ions bond together (1 mark)

¢ phosphate ions and calcium bond together (1 mark)

d sulfate and calcium bond together. (1 mark) >

OXFORD UNIVERSITY PRESS
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A13+ 02—

AllO

273

FIGURE 3 The swap-
and-drop method

for finding the ionic
formula

Study tip

When a cation and
anion have the

same magnitude of
charge (but opposite
signs), the swap-and-
drop method is not
required and gives
the wrong answer,

if used! The ionic
compound must be
written as the simplest
whole number ratio.
For example, Ca?*
and SO,* produce
the ionic compound
Caso,.
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Step 1: Look at the cognitive verbs and “Determine” means to establish, conclude
mark allocation to determine what the or ascertain after consideration, observation,
questions are asking you to do. investigation or calculation. We need to look at

the atoms provided and the ions they form, then
express the ionic compounds formed using their
ionic formulas. The questions are worth 1 mark
each, so we must analyse each set of atoms and
then correctly express our answers.

Step 2: Determine the ions involved using ' a Al** O

the periodic table. For the polyatomic b Na*SO,>

atoms, refer to Table 2. Write them with ¢ Ca* PO

the cation first and then the anion. d CaS0;

Step 3: Apply the swap-and-drop method. | a Al O, (1 mark)
Take the superscripts for the cation and b Na,SO, (1 mark)
anion, swap them, and drop them as ¢ Ca,(PO,), (1 mark)

subscripts. For polyatomic ions, place a d CaSO, (1 mark)
bracket around the entire ion and swap and

drop the superscript charge outside of the

bracket. If the subscripts can be simplified

to 1: 1, you can exclude them.

Determine the ionic formula for ammonium phosphate. (1 mark)

lonic bonding and melting points

Melting points of sodium and potassium salts

1,000
Science inquiry skill(s): Processing and 950 \
analysing data (Lesson 1.7)

900 \

850 L \

800 \

750 \\

700 \\

650

Tonically bonded compounds form crystalline

structures of positive ions, surrounded by negative
ions. All the ions are attracted to the oppositely
charged ions surrounding them. Therefore, these

Melting point (°C)

substances have relatively high melting points
(Figure 4).

600 T T T T
F- ClI- Br~ I~
Element
—e— Na* —e— K"

Practise your skills

1 Determine which of the ionic bonds will be the

strongest. Justify your answer. (2 marks)
FIGURE 4 Melting points of ionic compounds of Na* and anions

2 Use the graph to identify the trend between
grap y of group 17 elements, and of K* and anions of group 17 elements

melting point and ion size/ionic bonding.
(1 mark)
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How are ionic compounds named?

In the same way that ionic formulas are written, ionic compounds are named cation first and
anion second. Metals maintain their elemental name as the cation, with d-block transition metals
represented using Roman numerals in brackets depending on their charge in brackets, e.g.
iron(II) cation for Fe**. Polyatomic ions also maintain their name. When the anion is monatomic,
the last part of the name of the non-metal is removed and replaced with “-ide” ('Table 3).

TABLE 3 Naming anions

Element name lonic formula

Fluorine F-
Chlorine ClI
Oxygen (O
Sulfur S*
Nitrogen N3-
Phosphorus P>

Worked example 3.1B

Base name Anion name
Fluor Fluoride
Chlor Chloride

Ox Oxide

Sulf Sulfide

Nitr Nitride
Phosph Phosphide

Determining the name of ionic compounds

o Worked example 3.1B: Watch a video that shows how to solve this problem.

Determine the name of the following ionic compounds:

a CaO (1 mark)
b ALS, (1 mark)
¢ Li,CO,. (1 mark)

T B

Step 1: Look at the cognitive verbs and mark
allocation to determine what the questions are

asking you to do.

Step 2: List the cation first, then the anion.

Step 3: If the anion is monatomic, replace the
last part of the name of the non-metals and

2

replace it with “-ide

“Determine” means to establish, conclude
or ascertain after consideration, observation,
investigation or calculation. We need to look
at the ionic compounds and name them. The
questions are worth 1 mark each, so we must
analyse each ionic compound and then correctly
name them.

a Calcium oxygen

b Aluminium sulfur

¢ Lithium carbonate

a Calcium oxide (1 mark)

b Aluminium sulfide (1 mark)

Lithium carbonate (1 mark)

(e}

Determine the name of the ionic compound (NH,),S. (1 mark)
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Real-world chemistry

lons in our body

The human body obtains a substantial amount of ions for crucial functions, such as the contraction of the
heart, from food. An ion deficiency due to a lack of particular elements in our food has a significant effect on
our bodies. Table 4 lists some of the more important ions we need every day. Trace amounts of other ions are

also required by the body to function at capacity.

TABLE 4 Important ions in the human diet

lon name
Sodium Na*
Potassium K+
Calcium Ca?*

Magnesium | Mg*

Chloride Cl-

Phosphate

derivatives HPO,*

Apply your understanding

lonic formula

H,PO, and

Dietary sources
Salt, additives, meat, fish,
dairy, eggs, olives, pickled
and smoked foods
Whole grains, meat,
legumes, fruit and
vegetables
Milk, leafy green
vegetables, whole grains,
egg yolk, legumes and nuts

Dairy, flour and cereal, dry
beans, nuts, peas and leafy
green vegetables

Salt, seaweed, rye,
tomatoes, lettuce, celery
and olives

Dairy, cereal products and
meat

Associated functions

Regulation and control of
body fluid levels

Water balance in cells,
muscle and nerve function,
protein synthesis
Formation of bones and
teeth, blood clotting,
muscle function,
transmission of nerve
signals to cells

Nerve impulses, muscle
contraction, enzyme

activation

Balance of body fluid levels

Bone formation and energy
production

Effects of deficiency
Diarrhoea, anxiety, cardiac

arrest

Water imbalance, irregular
heartbeat, cardiac arrest,
tissue breakdown

Rickets, osteoporosis,
stunted formation of teeth

Tremors in muscles, heart

spasms, convulsions

Heavy sweating, chronic
diarrhoea, vomiting

Low energy, loss of
appetite, numbing,
burning or tingling
extremities, joint pain,
swelling and stiffness

1 Evaluate whether it would be possible to identify the type of ion deficiency from symptoms alone

(i.e. without quantitatively measuring ion levels). (2 marks)

2 Research the specific roles that trace elements such as iron and zinc have in supporting bodily
functions and identify the effects of their deficiencies. (4 marks)

How does covalent bonding occur?

covalent bonding
a sharing of electrons
between atoms

molecule

a chemical species
with no overall charge
that is held together by
covalent bonds

90 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

depends on valency of each of the atoms involved.
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Covalent bonding occurs when atoms share electrons to form bonds. It is the type

of bonding that we typically encounter within the chlorine molecule (Cl,), ammonia
compound (NH,) and compounds such as water (H,0) and phosphoric acid (H,PO,).
Covalent bonds typically form between two or more non-metals and produce a covalent
molecule, which can be an element or a compound. The number of bonds formed
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Sharing of Transfer of
electrons electron
o)
o=
@ ( ) @® @
‘ - ‘_
Molecule Positive  Negative
ion ion
Covalent bond Ionic bond

FIGURE 5 Covalent bonding and ionic bonding

For example, oxygen has six valence electrons in its outer shell — it has a valency of 6.

It needs two more to complete its octet. We have already learnt that it can source two more
electrons through ionic bonding, but it can also do this through covalent bonding by sharing
two electrons with a neighbouring atom or atoms. In Figure 6, we can see in the presence of
hydrogen, each hydrogen atom shares one electron to complete the octet for oxygen. By doing
this, oxygen has achieved stability, in that it has acquired its required octet, and hydrogen
being an exception to the octet rule, has also achieved stability.

Hydrogen is an exception to the octet rule and only needs two electrons in its valence shell
to become stable. The electrostatic attraction between the shared pair of electrons between
the each hydrogen atom and the positively charged nuclei of the one shared oxygen atom
holds all three atoms together through two covalent bonds. Just like ionic compounds, we use
subscripts to indicate how many atoms of each type are present in a covalent molecule. In this
case, the resulting covalent molecule is H,O, water.

OX©X0
|

Shared pair of electrons
(covalent bond)

Shared pair of electrons
(covalent bond)

FIGURE 6 Oxygen shares electrons with two hydrogen atoms in order to complete its octet.

Types of covalent bonds

The electrons involved in covalent bonding are considered to belong to both of the atoms
sharing the electrons. When investigating whether a molecule has followed the octet rule for
each of its atoms, these shared electrons are counted twice.
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&
Ba

FIGURE 7 Two chlorine atoms
share one pair of electrons to
form chloride, Cl,.

)

FIGURE 8 Two oxygen atoms
share two pairs of electrons to
form oxygen, O,.

O
S0

FIGURE 9 Two nitrogen
atoms share three pairs
of electrons to form
nitrogen, Nz.

-

When two electrons (or one pair of electrons) are shared between two atoms,

a single covalent bond has formed. This is what we observed in Figure 6. Another
example is chlorine, which has a valency of seven. Each chlorine atom only needs one
more electron to complete its outer shell, and it can do this by sharing one electron
with another chlorine atom. This forms the element chlorine (Cl,), made up of
diatomic molecules, as shown in Figure 7. The electrons are shared to form a single
covalent bond.

Sometimes, more than one pair of electrons must be shared to complete the outer
shell and achieve stability. Take oxygen, for example. In Figure 6, we saw that it shared
electrons with two hydrogen atoms to form a water molecule with two single bonds
and complete its octet. It can also do this by sharing two electrons with another atom
with the same valency, such as another oxygen atom. In this case, there are two pairs of
electrons shared (four electrons total) and a double covalent bond is formed (Figure 8).
This covalent molecule is the diatomic molecule oxygen, O,.

Atoms can also share three pairs of electrons (six electrons total) to form a triple
covalent bond. A common example is gaseous nitrogen, N, (Figure 9).

To determine the pattern of electron sharing, you need to consider the valency.

Nitrogen makes up approximately 78% of the air in the atmosphere but it does
not readily take part in chemical reactions. This is because triple bonds are very
strong. Thus, molecules containing multiple bonds such as double or triple bonds
have stronger forces of electrostatic attraction between atoms.

Polyatomic ions are electrically charged groups of atoms that are held together by
covalent bonding. For this reason, a compound can contain both ionic and covalent
bonding if there is a polyatomic ion present. For example, in calcium carbonate
(CaCO,), the three oxygen atoms each have covalent bonds to the central carbon
atom, forming the carbonate polyatomic ion. Ionic bonding occurs between negatively
charged CO,’" ions and positively charged Ca** ions to make a compound that is
overall electrically neutral.

Worked example 3.1C

Determining the pattern of valence electron sharing in covalent
molecules

o Worked example 3.1C: Watch a video that shows how to solve this problem.

Determine how valence electrons are shared between the atoms in the covalent
molecule CF,. (1 mark)

T,

Step 1: Look at the cognitive verb and mark “Determine” means to establish, conclude
allocation to determine what the question is or ascertain after consideration, observation,
asking you to do. investigation or calculation. We need to look at

the valency of each atom in the molecule, then
find how the electrons are shared. The question
is worth 1 mark, so we must analyse the atoms

and provide the correct value.
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T

Step 2: Use the periodic table to determine Carbon is in group 4 so it has a valency of 4.

the number of valence electrons in each atom | Fluorine is in group 7 so it has a valency of 7.

of the molecule.

Step 3: Determine how many electrons are Carbon needs four more electrons. Fluorine

required by each atom to make a full valence | needs one. If carbon shares one electron with

shell. From this, determine how many need to | each of the four fluorine atoms, all atoms will

be shared. have complete octets. (1 mark) This results in
the formation of four single covalent bonds.

Determine how valence electrons are shared between the atoms in the covalent
molecule NH.. (1 mark)

How are covalent molecules named?

Covalent molecules are named in a similar way to ionic compounds. The first element in
the molecular formula is named first using the full elemental name, followed by the second
element. Prefixes are used (Table 5) to represent the number of each atom present. The
exception to this is when there is only one of the first element present. For example, NO is
called nitrogen monoxide as opposed to mononitrogen monoxide.

TABLE 5 Naming covalent compounds

Number of atoms Prefix used in name Number of atoms Prefix used in name
1 Mono 6 Hexa
2 Di 7 Hepta
3 Tri 8 Octa
4 Tetra 9 Nona
5 Penta 10 Deca

Table 6 shows how these rules are applied to name various compounds consisting of
nitrogen and oxygen atoms.

TABLE 6 Naming covalent compounds

Molecular formula Name
NO Nitrogen monoxide =
& * Study tip
NO Nitrogen dioxide o
2 — : An ionic compound
N,0 Dinitrogen monoxide is often made up
N,0, Dinitrogen trioxide of a metal cation
T 8 and one or more
N,0, Dinitrogen pentoxide non-metal anions.
) ) Covalent compounds
If the second element of the compound starts with a vowel, the final “0” or “a” of often have two or
the prefix is dropped to avoid confusion. So rather than saying nitrogen monooxide, the more non-metals.
.. . .. .. [ .. Make sure you
compound is nitrogen monoxide. Similarly, dinitrogen pentoxide is correct and dinitrogen check whether a
pentaoxide is incorrect. metal is present
Naming covalent molecules composed of more than two types of atoms can be a little bit ?g:;;gs?'ng the
more complicated. You will learn about how to name more complex molecules in Units 3 & 4. '
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Challenge

Naming covalent compounds

The naming of covalent compounds is slightly different from naming ionic compounds

because the ratio of each element within the compound cannot be determined from
the ionic charges. For this reason, the ratio forms part of the name. For example, N,O
is dinitrogen monoxide. Note that if the first element is singular, then the quantity

is not referred to in the compound’s name. For example, CO, is carbon dioxide (not

monocarbon dioxide). Use Table 5 to identify the names for the covalent compounds
CCl, N,Cl, CBr,, SF, and P,0,. (5 marks)

Retrieval and comprehension

1

Describe the difference between “inner
electrons” and “valence electrons”. (2 marks)
Recall which category of elements can form
more than one ion. (1 mark)

Explain how chemical bonding is associated
with the electron configuration stability.

(2 marks)

Describe the role of valency in the formation of
bonds. (2 marks)

Explain how ionic bonds are composed of
oppositely charged ions but produce a neutrally
charged compound, using sodium chloride as an
example. (2 marks)

Analytical processes

6
7

Compare ionic and covalent bonding. (2 marks)
For the following atoms, determine whether
electrons must be gained or lost to complete

the octet rule and how many electrons must be
gained or lost.

TABLE 7 Elements and their ions

Element Group Total number of
electrons
Potassium
13
Nitrogen
20

94 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

Check your learning 3.1: Complete these questions online or in your workbook.

Chlorine (2 marks)
Potassium (2 marks)
Nitrogen (2 marks)
Bromine (2 marks)

o o6 o

Magnesium (2 marks)

8 Determine the names for the following covalent
compounds
a BrCl, (1 mark)
b NH, (1 mark)

9 Determine the ionic formulas for
a lithium carbonate (1 mark)
b magnesium oxide (1 mark)
¢ calcium nitrate (1 mark)
d potassium chloride. (1 mark)

10 Use the periodic table to deduce the missing
information in Table 7. (20 marks)

11 Use the ionic formula Cr,0.*" as an example
to infer what the subscripts and superscripts
represent. (2 marks)

Number of lonic Anion or
electrons lost or charge cation
gained formed
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Lewis structures

Key ideas

— Lewis structures use element symbols and electron dots to represent atoms and
compounds.

— Electron dots are used to show singular bonding electrons and electrons in a lone pair
(non-bonding electrons).

— Lewis structures can also be used to represent ions by taking into account the ionic
charge.

What are Lewis structures?

Lewis structures (or electron dot structures) are visual diagrams that represent the
valence electrons (from the highest s and p sublevels) present in atoms, ions and molecules.
Electrons are drawn as dots surrounding the atom’s elemental symbol. The elemental symbol
represents the inner electrons that do not need to be individually shown because they do not
take part in bonding.

Electron dots are added one at a time until the four sides of the element symbol are filled.

The second dot for each side is then added, until all the atom’s valence electrons are included.

The exact location of the dots surrounding the element symbol is irrelevant, except for
helium. Helium does not follow the octet rule because it has a full valence 1s sublevel of two
electrons, so the two electrons are drawn together on one side.

TABLE 1 Lewis structures of helium and period 2 elements of the periodic table

Group 1 Group2 Group13 Group14 Group15 Group16 Group17 Group 18
He
Li Be B C N (©) F Ne

How are Lewis structures drawn for covalent molecules?

The electrons in Lewis structures of covalent molecules are categorised as either singular
bonding electrons or lone pair (non-bonding) electrons. To create a Lewis structure of a
covalent molecule, there are several steps involved.
1 Place the atoms’ element symbols together, starting with the atom that has ability to form
the most bondings in the centre. Surround the central atom with the other atoms.
2 Draw a single line to connect the central atom with each of the surrounding atoms to
represent bonds.
3 Determine the valencies of each atom in the molecule and find the sum.
Draw the lone pairs of electrons on the surrounding atoms to complete the octet.
The exception is hydrogen, which only requires two electrons to achieve stability.

OXFORD UNIVERSITY PRESS
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Learning intentions
and success criteria

Kre

FIGURE 1 The Lewis
structure of a krypton
atom

electron dot
represent the number
of valence electrons in
a Lewis structure

Lewis structure
visual diagrams to
show the number of
electrons in the valence
shell

bonding electrons
valence electrons

that are shared with
another atom

lone pair
electrons

valence electrons

that are not bonded

to another atom; also
known as non-bonding
electrons

Study tip

Hydrogen'’s single
electron is located in
the 1s shell. It does
not follow the octet
rule and only requires
two electrons to
complete its valence
shell.
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Study tip

Electrons can be
represented by
symbols other than
dots if their origin

is confusing. For
example, the Lewis
structure of carbon
monoxide could have
dots for the electrons
from the carbon
atom and crosses for
the electrons from
oxygen.

Study tip

Place the bonding
electrons of the
surrounding atoms
on the side of the
element symbol
nearest to the central
atom. This will make
the Lewis structure
easier to draw.

coordinate
covalent bond

a covalent bond in
which two electrons
come from only one
atom
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5 Draw any remaining electrons on the central atom. If there are not enough electrons to
finish the central atom’s octet, then multiple bonds need to be formed: double or triple
bonds.

6 Double check your Lewis structure by confirming the total number of valence electrons

from Step 3.
A [ 5 | _ .
H—N—H :p:C:O: H—CIs

FIGURE 2 The Lewis structures of (A) ammonia (NH,), (B) carbon dioxide (CO,) and (C) hydrogen chloride
(HCI). The bonding electrons are shown as lines.

Worked example 3.2A shows you how to do this for NF..

It is important to understand the limitations of Lewis diagrams. These diagrams are
effective in determining the number of bonds formed, as well as whether they are single,
double or triple bonds. However, they are not able to reliably determine the shape of
molecules, as they are a two-dimensional diagram, and bonds can be arranged in three-
dimensional space.

Coordinate covalent bonds

A coordinate covalent bond is formed when the two electrons in the covalent bond have
been sourced from only one of the atoms involved. In other words, one atom donates a greater
number of electrons than another, making the contribution of electrons uneven. For example,
carbon monoxide (CO) has a triple bond between carbon and oxygen with six shared
electrons — four from oxygen and two from carbon. Oxygen donates one of its lone pairs
(which would otherwise be non-bonding) to the triple bond.

Worked example 3.2A

Determining Lewis diagrams for covalent compounds
o Worked example 3.2A: Watch a video that shows how to solve this problem.

Determine the Lewis structures for NF,. (1 mark)

T e e
Step 1: Look at the cognitive verb and mark “Determine” means to establish, conclude
allocation to determine what the question is or ascertain after consideration, observation,
asking you to do. investigation or calculation. We need to look
at the valency of each atom in the molecule
and use this information to construct a Lewis
structure. The question is worth 1 mark, so
we must analyse the molecule and represent

it correctly.

OXFORD UNIVERSITY PRESS
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T G,

Step 2: Place the atoms’ element symbols

together, starting with the atom that has the most

bonding electrons in the centre. Surround the
central atom with the other atoms.

Step 3: Draw a single line to connect the central
atom with each of the surrounding atoms to
represent bonds.

Step 4: Determine the valencies of each atom in
the molecule and find the sum.

Step 5: Draw the lone pairs of electrons on the
surrounding atoms to complete the octet.

Step 6: Draw any remaining electrons on the
central atom. If there are not enough electrons
to finish the central atom’s octet, then multiple
bonds need to be formed: double or triple bonds.

Step 7: Double check your Lewis structure by
confirming the total number of valence electrons
from step 4.

Determine the Lewis structures for:
a CH,CI (1 mark)
b HCN. (1 mark)

F N F
F
F—N—F
F

Each fluorine has seven valence electrons.
Nitrogen has five valence electrons.

(3 X 7) + 5 = 26 valence electrons total
SF—N—TF

F—N—T:
F

(1 mark)
The sum of all the electrons is 26, which
corresponds to the total number of valence
electrons.

How are Lewis structures drawn for ions?

When drawing Lewis structures, the difference between molecules and ions is the third step.

The number of valence electrons of an ion is different from the valency of its neutral atom

counterpart. We need to take into account the ionic charge, which will require the addition or

subtraction of electrons from the total number of valence electrons.

For example, an ionic charge of 3— means that we need to add 3 to the valency of the

uncharged atom. In the same way, an ionic charge of 1+ means subtracting 1 electron from

the atom’s valency.

To show that the Lewis structure is for an ion, we use square brackets around the whole

Lewis structure and indicate the ionic charge on the top right, like a superscript. See how this
is done for the carbonate ion in Worked example 3.2B.

OXFORD UNIVERSITY PRESS
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Worked example 3.2B

Determining Lewis diagrams for ions
o Worked example 3.2B: Watch a video that shows how to solve this problem.

Determine the Lewis structure for CO,*. (2 marks)

Step 1: Look at the cognitive verb and mark “Determine” means to establish, conclude or ascertain after

allocation to determine what the question is asking | consideration, observation, investigation of calculation. We need to

you to do. look at the valency of each atom in the ion and use this information
to construct a Lewis structure. The question is worth 2 marks, so
we must analyse the ion and represent it correctly.

Step 2: Place the atoms’ element symbols together, (e} C 9]

starting with the atom that has the most bonding
electrons in the centre. Surround the central atom

with the other atoms. ©

Step 3: Draw a single line to connect the central O—C——0
atom with each of the surrounding atoms to

represent bonds. o

Step 4: Determine the number of valence electrons
by adding or subtracting electrons from the valency
based on the ionic charge.

Step 5: Draw the lone pairs of electrons on the
surrounding atoms to complete the octet.

Step 6: Draw any remaining electrons on the
central atom. If there are not enough electrons
to finish the central atom’s octet, then multiple
bonds need to be formed: double or triple bonds.
In this case, we have already used up all 24 valence
electrons, so to complete the octet for carbon, we
need to make a double bond.

Step 7: Double check your Lewis structure by
confirming the total number of valence electrons
from Step 4.

Step 8: Draw square brackets around the

Lewis structure and indicate the charge using a

superscript.

Each oxygen has six valence electrons. Carbon has four valence
electrons. The 2— charge means that there are two additional
electrons.

(3 X 6) + 4 + 2 = 24 valence electrons total

:0—C—0Ot
|
102
:0—C—O:
|
:0:

The sum of all the electrons is 24, which corresponds to the total
number of valence electrons.

2—
X oo

‘O—C——0:2

:9:

(1 mark for correct electron placement; 1 mark for charge)

Determine the Lewis structure for PO,’". (2 marks)
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What are the exceptions to the octet rule?

There are three main exceptions to the octet rule.

1

FIGURE 3 Lewis structure for NO

Molecules with an odd number of electrons that cannot be completely paired — these
molecules are highly reactive, unstable radicals that react to fix the odd number of
electrons. An example is NO (Figure 3).

Molecules with a central atom that has less than an octet that cannot form multiple bonds.
For example, the fluorine atoms in BF, are so electronegative that they do not form a
coordinate covalent bond (Figure 4).

Molecules with a central atom with more than an octet because the central atom (often
from the third period and beyond) can accept additional electrons and it is bonded to
highly electronegative surrounding atoms. An example is PCI, (Figure 5).

. :Cl:
el
. .. . /N
N =—0: Bk S Ck

FIGURE 4 Lewis structure for BF, FIGURE 5 Lewis structure for PCI,

Check your learning 3.2: Complete these questions online or in your workbook.

Retrieval and comprehension 4 Determine the Lewis structures of the

1 Describe the components of a LLewis structure following ions:

and what they represent. (2 marks)
2 Explain why hydrogen is an exception to the
octet rule. (1 mark)

Analytical processes
3 Determine the Lewis structures of the following
covalent compounds:

CCl, (1 mark)

H,O (1 mark)

CO, (1 mark)

NH, (1 mark)

HCI (1 mark)

C,H,. (1 mark)

-0 a6 o ®

OXFORD UNIVERSITY PRESS

a H,O0" (2 marks)
b NH," (2 marks)
¢ OH (2 marks)

d NO,. (2 marks)

Knowledge utilisation

5 Methane is a covalent molecule with the formula

CH,. Due to repulsion between the negatively
charged electrons, the angles between the bonds
are greater than 90°. Evaluate the effectiveness
of the two diagrams in Figure 6 for their ability to
accurately represent the three-dimensional model
of methane. (2 marks)

H
H |

/é E— o —TH]
H™/ >~g |
H H

FIGURE 6 Two representations of methane
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Review: Introduction to bonding

Ssummary

Electrostatic attractions cause atoms to gain, lose or share electrons with each other to form compounds.

When a metal atom reacts with a non-metal atom, a transfer of electrons can take place to form ions and

then an ionic compound.

Covalent bonding is the sharing of electrons between atoms.

Polyatomic ions are covalently bonded molecular species that are electrically charged.

The formulas of ionic compounds represent the ratio of atoms, and are named using the original metallic
element name and a modified version of the non-metallic element name that ends with “—ide

2

When non-metals are attracted to each other, they share electrons to form covalent bonds.

Non-metals can form single, double or triple covalent bonds with each other in order to complete their

octets.

Lewis structures use element symbols and electron dots to represent atoms and compounds.

Electron dots are used to show singular bonding electrons and electrons in a lone pair (non-bonding

electrons).

Lewis structures can also be used to represent ions by taking into account the ionic charge.

Review questions: Complete these questions online or in your workbook.

(1 mark each)

1 JTonic bonding is characterised as
A sharing of electrons between a metal and
non-metal.
B transfer of electrons between a metal and
non-metal.
C transfer of electrons between two non-metals.
D transfer of electrons between two metals.
2 Anionis
A only an atom that is positively charged.
B an atom or group of atoms that are electrically
charged.
C a group of atoms.
D an atom or group of atoms that are neutral.
3 How many covalent bonds will an element with six
valence electrons, like oxygen, form?
A One
B Two
C Three
D Four

100 CHEMISTRY FOR QUEENSLAND UNITS 1 & 2

4

Nitrate is characterised as a polyatomic ion that
contains a 1- charge and

A one nitrogen and one oxygen.

B one nitrogen and two oxygen atoms.
C one nitrogen and three oxygen atoms.
D one nitrogen and four oxygen atoms.
BCl, is a compound called

A boron chloride.

B boron chlorine.

C boron trichloride.

D monoboron trichloride.

Transition metals

A always form one ion.

B can form more than one ion.

C always form two different ions.

D do not form ions.

OXFORD UNIVERSITY PRESS
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7 Valency can be used to determine
A whether an ionic or covalent bond forms.
B the number of bonds an atom can form.
C whether an atom will be ionic or neutral.

D the strength of electrostatic attractions between
atoms.

8 The correct ionic formula for calcium sulfate is
A Ca,S0),.
B Ca,SO,.
C CaSoO,.
D Ca*SO,j.

Review questions: Complete these questions online or in your workbook.

Retrieval and comprehension

9 Explain why an ion has an ionic charge. (1 mark)

10 Describe covalent bonding. (1 mark)

11 Identify what electron shell sublevels are
represented in a Lewis structure. (1 mark)

12 Explain the bonding involved in barium
hydroxide, with reference to how electrons are
shared or transferred. (2 marks)

13 Explain the bonding involved in sodium
thiosulfate (Na,S,0,), with reference to how
electrons are shared or transferred. (2 marks)

Analytical processes
14 Determine the Lewis structures of the following
ions:
a bromide (2 marks)
b nitride (2 marks)
¢ carbonate. (2 marks)

15 Determine the Lewis structures of the following
covalent compounds:

a SCI, (1 mark)
b CCLF, (1 mark)
¢ COBr,. (1 mark)

16 Determine the Lewis structures of the following
polyatomic ions:

a BF, (2 marks)
b H,O" (2 marks)
¢ CIO,". (2 marks)
17 Determine the Lewis structures of:
a silicon (2 marks)
b caesium (2 marks)
c selenium. (2 marks)

18 Determine the Lewis structures of the following
monatomic ions:

a nitride (2 marks)
b sulfide (2 marks)
¢ iodide. (2 marks)

OXFORD UNIVERSITY PRESS

19 Determine the Lewis structures of the following
molecules:

a SO, (1 mark) b PH,. (1 mark)

20 Determine the Lewis structures of the following
polyatomic ions:

a NH," (2 marks) b SO/ . (2 marks)
21 Compare covalent and ionic bonding. (2 marks)
22 Compare monatomic and polyatomic ions.

(2 marks)
23 Determine the ionic formulas for:

a potassium sulfide (1 mark)
radium phosphide (1 mark)
aluminium nitride (1 mark)

strontium chlorite (1 mark)

o a6 o

boron phosphate (1 mark)
f ammonium sulfite. (1 mark)

24 Use the periodic table to deduce the missing
information in Table 1. (12 marks)

TABLE 1 Elements and their resulting compounds

Number of
valence electrons

Group Element Total number
of electrons

Chlorine
16
Silicon
9
25 Determine the ionic formulas of:
a boron iodide (1 mark)
b magnesium oxide. (1 mark)
26 Determine the names for the following:
a N,O (1 mark)
b BCI, (1 mark)
¢ (NH),CrO,. (1 mark)
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Knowledge utilisation

27 Evaluate the following Lewis structures
to identify the errors. Provide a correct
representation of each.

a :F:
N
ET P EY (2 marks)
b :Cl

H— C=0 (2 marks)

28 Evaluate the Lewis structures provided to identify
the errors. Provide a correct representation of each.

a LX) 17
EC =N (2 marks)
b 1F:

5 B I (2 marks)

29 A difference in electronegativity of 0—0.44 is
considered a non-polar covalent bond because the
electrons are equally shared by the atoms — the
electrons are placed in the middle of the bond.

Data drill

Properties of chlorine compounds

A difference in electronegativity of 0.4—1.8 is
considered a polar covalent bond because the
electrons are not shared equally by the atoms —

the electrons are closer to one atom. A difference in

electronegativity of >1.8 is considered an ionic bond

because the electrons have actually transferred
completely to one of the atoms.

a Use the electronegativity values in Table 2 to
determine the location of electrons in Lewis
structures of Cl, H,O and SiH,. Pay particular
attention to the placement of electron dots on
the bonds. (3 marks)

TABLE 2 Electronegativity of elements

Element CI o H Si
Electronegativity 3.2 3.4 2.2 1.9

b Evaluate the significance of not assigning a
difference in electronegativity of 1.6—1.9 as
either ionic or covalent. Use HF and NaBr as
examples. (2 marks)

c Investigate the effect of polar covalent versus
ionic bonds on a compound’s properties.

(2 marks)

The melting point, boiling point and electrical conductivity of some chlorine compounds were

experimentally determined and recorded in Table 1.

TABLE 1 Properties of various chlorine compounds

Substance Melting Difference in Electrical Electrical conductivity
point (°C) electronegativity conductivity (solid) (liquid form)
Lithium chloride 605 2.2 poor good
Beryllium chloride 399 1.6 poor poor
Boron trichloride question 5 1.2 question 5 question 5
Carbon tetrachloride -22 0.6 poor poor
Sodium chloride 801 2.3 poor good
Potassium chloride 770 2.4 poor good

Apply understanding

1 Identify ionic formula for boron trichloride.
(1 mark)

2 Determine the range of the melting points in
Table 1. (1 mark)

Analyse data

3 Categorise the compounds as ionic or covalent.

(2 marks)

Module 3 checklist: Introduction to bonding
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4 Contrast the properties of one ionic compound
and one covalent compound, using examples.
(1 mark)

Interpret evidence

5 Predict the melting point and electrical
conductivity of boron trichloride. Justify your
predictions. (3 marks)

@ Quizlet: Revise key terms online to test your understanding
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Analytical
techniques

Analytical techniques are used to identify or measure the amount of a molecule,
element, ion or compound in an unknown substance. Many techniques use the
electromagnetic spectrum, which can provide some of the most valuable information
about the structure, bonding and composition of molecules.

The earliest demonstration of light being dispersed through a prism was in the
form of a rainbow. Light is dispersed through water droplets, which act as a prism,
separating the range of visible light that we see as white light into colours. The
resulting rainbow was named a spectrum by Sir Isaac Newton in the 1600s. The
perception of colour is due to matter interacting with visible light of different energies.

The analytical technique of spectroscopy uses light to determine information about
various substances. Atoms, ions and molecules interact with electromagnetic radiation
depending on the energy of the light used and the energy states within those atoms,
ions or molecules.

Prior Check your understanding of ionic charge, isotopes and electron

knowledge  onfigurations before you start.
quiz

— State that mass spectrometry involves the ionisation of substances and the
separation and detection of the resulting ions. ('The operation of the mass
spectrometer is not required.)

— Analyse mass spectrometry spectra, to determine the isotopic composition of
elements, the relative atomic mass of an element and percentage abundances of the
isotopes of an element.

— Discriminate between absorption and emission line spectra.
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Explain that flame tests and atomic absorption spectroscopy (AAS) rely on electron
transfer between atomic energy levels.

Explain that the emission spectrum of hydrogen provides evidence for the existence
of electrons in discrete energy levels (Bohr model), which converge at higher
energies.

Analyse flame tests and atomic absorption spectroscopy (AAS) to identify elements
and determine the concentration of metallic ions in solution.

Appreciate that analysis of the distribution of elements in living things, Earth and

the universe has informed a wide range of scientific understandings.

Investigate flame tests to identify elements.
Investigate mass spectra and isotopes*

Investigate atomic absorption spectroscopy (AAS) and the concentration of
aqueous metallic ions.*

*Note: Simulations may be used.

Source: Chemistry 2025 v1.1 General Senior Syllabus © State of Queensland (QCAA) 2024

Practicals. ;
) v

oxforddigital E ) These lessons are available on Oxford Digital.

Lesson 4.3 Conducting a flame test
Lesson 4.4 Simulating atomic absorption spectroscopy

Lesson 4.6 Simulating mass spectrometry

T

-2

,/\l';;».
4
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Principles of spectroscopy

Key ideas

— Spectroscopy is a branch of physical chemistry that studies the interactions between
chemicals and the electromagnetic spectrum.

— When electrons absorb electromagnetic radiation, an absorption spectrum is produced.
When they emit electromagnetic radiation, an emission spectrum is produced.

— Absorption and emission spectra support Bohr's model for electron configuration.

What is spectroscopy?

Spectroscopy is the branch of chemistry that investigates the interaction between matter
and the electromagnetic spectrum. The way in which molecules interact with light
(electromagnetic radiation) will depend not only on the type of molecule, atom, element or
compound, but also on the type of electromagnetic radiation involved.

The electromagnetic spectrum

The electromagnetic spectrum consists of the full range of frequencies of light. It
includes gamma rays, X-rays, ultraviolet and visible light, through to infrared, microwaves
and radio waves. These sections of the electromagnetic spectrum are defined by their
different energies, frequencies and wavelengths.

Electromagnetic radiation, or light, consists of photons (particles lacking mass), which
travel at the speed of light in a vacuum, such as space. A photon behaves as both a particle
and a wave, depending on the type of the experiment in which it is used. In chemistry, we
typically consider light as a particle. These particles of light carry energy and are absorbed
or emitted from atoms. The energy of a photon is related to its frequency. The higher the
frequency, the higher the energy of the light and the smaller the wavelength.

Figure 1 shows the electromagnetic spectrum. There is an inverse relationship between
energy and wavelength: as energy increases, wavelength decreases. Visible light forms the
narrowest region of the spectrum.
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FIGURE 1 The electromagnetic spectrum consists of the full range of frequencies of light.
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the number of

waves (referring to
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