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1 Introduction to the Course and the Course Materials

1.1 FUNDAMENTAL — What the 4 different levels used here mean
There are 4 different levels that each activity has been labelled as within this this workbook. Learning about these 4 categories
of activities is considered FUNDAMNTAL, so everyone is expected to read this :0)

FUNDAMENTAL — This is the most basic ideas and most important things to do before you try to do anything else. If you are
struggling in this subject these FUNDAMENTAL activities are the most important things to concentrate on to allow you to
progress on towards the higher grades. If you only do the fundamental parts of the course you are unlikely to get above a C
grade.

ESSENTAIL — This refers to activities that you should do if you are aiming for a B or an A grade. These are the kinds of things
that you should be doing before you attempt any of the harder activities.

EXTENSION — Anything that is marked with this is considered to be really important for those students who are on track for
getting an A* and who intend to stay on track.

EXCEPTIONAL — These are things that you can do that are unlikely to have much impact on your final grade, so only the ablest
students who regularly achieve over 90% in assessed activities should attempt these. They are important because they will
help broaden your mind and give you a depth of understanding that will be particularly important if you are finding the work
extremely easy and would like to stretch and challenge yourself. These kinds of experiences and ideas are especially important
to help make a good application for the best universities.

1.2 FUNDAMENTAL — How to use this workbook
Each chapter of this book will have a Keyword list, or Glossary, a Classroom activities section, a Past Exam questions section, a
Mark Scheme section, Assessed Activity section and a Stretch and Challenge Section. It is recommended that you read ahead in
the textbook so that you already have answers, but most importantly, questions about the topic we are studying. This is what
your textbook is for. The Classroom Activities and the Assessed Activities SHOULD NOT be completed in advance, but you can
read through them if you would like. The Past Exam questions should only be attempted when you feel able to do them
successfully, which may be after you have read through the textbook and already worked through the activities there, but
often it will only be after you have been taught the material in class. It is better that you answer the questions well on your the
first attempt and put all of your energy into doing as well as you can on the current topic, especially before the end of topic
test. Only a very small number of students will benefit from getting too far ahead of the class, most will simply have covered
more material less well and this will be reflected in disappointing grades and test scores.

1.3 For Parents Section of Smashing Science
There is a page dedicated to explaining the iGCSE course and the resources which is specifically to help your parents better
understand what you are learning. You will need to get them to scan the QR codes below and then sign this page to show that
they have seen this page and are aware of the additional online resources that have been created specifically for you.

Name of Parent or Guardian: Signature:
Date:
Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 9 of 585
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1.4

Section title

Whatisin it

FUNDAMENTAL — Explaining the different sections of each chapter

‘ How and why it can help you

Keywords Keywords for the topic auto If you are struggling with the language this is the most
translated into Chinese. These important section, you will not be able to do well in much else
words are essential to be able to if you don’t understand the keywords in English. For
understand and answer questions | exceptional students | would be very appreciative of a better
about the the science of the topic | electronic translation.

Extension Keywords that are at the edges of | These are not essential to get an A grade, but they will help you

keywords the syllabus. to better understand where the syllabus ends. They are also

useful in expanding your academic vocabulary and particularly
useful for exceptional students.

Essential Exam
Questions

Past exam questions from
previous exam papers that assess
the topic.

Understanding the science is only a part of being a successful
science student, you also need to be able to read and answer
exam questions in a way that will allow you to get enough
marks. The best practice for anything nearly always is doing the
thing you hope to become good at. The difference between and
A* student and an A grade student often has very little to do
with how much science they understand, but A* students
understand very deeply good exam technique and the patterns
in exam questions. This understanding takes a great deal of
practice. Some students may not finish all of these questions.
Exceptional students will not only finish these questions but
will also go on the websites shown here and download and
work on the additional exam questions.

Mark Schemes

The answers to the exam
questions. This is not the mark
scheme actually used by
examiners when these questions
were in real exams, however, but
a simplified version.

Understanding the difference between a correct, but
incomplete answer and a correct and complete answer is at the
heart of excellent exam technique. Looking at how mark
schemes change over time (they always get harder!) is also a
useful exercise in understanding what the examiners think is
the most important aspect of an idea. Exceptional students will
make notes of the marks they have lost and work on other
guestions until the number of marks they lose in a given topic is
reduced to a very small number, ideally 0.

Fundamental Test on the keywords for the These should only be attempted by those students who are
Assessed course struggling with the topic and the course. Most students are not
Activities expected to try these, but it is up to you to decide which
assessed activity you try based on how you feel about the topic.
Essential Straightforward activities that test | These are not going towards your GPA. You have access to all of
Assessed your progress in the course. them, but it is in your best interest to give them a fair go in
Activities class because the score is important: if you get very high scores
on these, but very low scores on your End of Topic tests than it
is obvious that you are not properly preparing for those tests
because you have shown an ability already in this topic. It is far
better to score badly in these, learn from those poor scores and
revise properly for the end of topic tests, which sometimes will
go towards your GPA.
Extension These are harder questions and These will test your ability to work to tight timelines, which is
Assessed there ar a lot more of them. essential for a good A*. You will complete these after you have
Activities completed the Essential Assessed Activities.
Stretch and Questions, further reading and You can use the advice and information in here to better
Challenge links to additional resources that understand the topic, but also there is an optional activity
Activities and go beyond the syllabus where you are able to give a presentation to the class about
Additional something loosely connected to this topic .
Reading

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 10 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

1.5 FUNDAMENTAL Student Survey Introducing yourself

Please complete this brief introduction to yourself and your background and what you hope to study later on and why.

Name, English and Chinese (in pinyin): Class:

Email address:

iGCSE Subject Target grade iGCSE Subject Target grade

Top 5’s — What are your goals for the following

Rank | University course University (& country | Career How you want to be
itisin) remembered by others

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 11 of 585
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Goals for your time at Ulink

Which activities (at school or outside of school, like music or sport) have you done before?

Which co-curricular activities do you intend to do, or would like to do?

What are your targets for the first few weeks of term?

Academic Targets for this term (and how will you achieve them?):

Life (non-academic) targets for this term (and how will you achieve them?):

If you have studied chemistry before, what do you think is easiest and hardest about the subject?

Easiest:

Hardest:

Most interesting:

Least interesting:

Can you think of anything that has happened in science recently in the news that you thought was amazing?

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 12 of 585
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1.6 FUNDAMENTAL — Electronic Resources Available

An electronic version of this book is available by scanning the QR code below:

This book contains some past exam questions, but for even more practice go to one of the websites below, the larger of the
two is the first one, but is only accessible through a VPN. Either website offers thousands of pages of resources to help you
practice and learn about this subject as well as other subjects.

There is also advice on things you can do to Expand your Mind which will help broaden your horizons and give you ideas on
things that might be of interest, especially to the ablest students. In addition, there is advice and guidance on applying to
university and the kinds of things that the best universities tend to look for in students that they offer places to.

Videos explaining the science in the course in English can be found on this webpage here:

https://www.smashingsciencecn.org/igcse-chem-videos,

1.7 FUNDAMENTAL — How Your Course Will be Assessed at Ulink College Shanghai
For MOST topics you will have 2 Assessed Activities that will be carried out in the classroom. These WILL NOT go towards your
Grade Point Average, but they will help you learn how you are progressing within the topic before the End of Topic Test. Some
of your End of Topic Tests will go towards your GPA. This will be explained in advance. You will also have an End of Semester
Exam in January, an End of Year Exam and your external iGCSE Exams in May.
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1.8 Fundamental Command Terms used in the questions taken from CAIE iGCSE Chemistry
(on which this course is based)

Command word Meaning

(the term(s) ... ) is intended literally, only a formal statement or the same idea in slightly different
Define language is acceptable. Often these questions lose marks over time, so the same answer is
expected, but will carry fewer marks making it more difficult to get full marks.

(the term(s) ... ) normally suggests that a definition should be given, together with some relevant
What do you understand | comment on the significance or context of the term(s) concerned, especially where two or more
by/ What is meant by terms are included in the question. The amount of supplementary comment intended should be
interpreted in the light of the indicated mark value.

implies a short and complete answer with little or no supporting information (e.g. a numerical
answer that can readily be obtained ‘by looking at it’).

requires a number of points, generally each of one word, with no further information. Where a
given number of points is specified only that number of points should be given, so don’t give more
answers than is required or they may not be counted, or they may, if they are incorrect, be used
to deduct marks from your total.

may require reasoning or some reference to theory, depending on the context. It is another way
of asking candidates to give reasons. The candidate needs to leave the examiner in no doubt why
something happens. These questions will usually include the hardest mark, which is normally the
2" or 3" mark that will differentiate between A and A* students.

State

List

Explain

Gi Gi . . . . .
1728 ReEo (el is another way of asking candidates to explain why something happens.

reasons
requires the candidate to state in words (using diagrams where appropriate) the main points.
Describe Describe and explain may be given in the same command, as may state and explain. Usually much
easier than the Explain aspect of the question.
Discuss requires the candidate to give the essential information of the points involved.
Outline implies brevity, so a short response (i.e. limiting the answer to giving just the essentials).
implies that the candidate is expected to make a prediction not by remembering a fact (recall) but
Predict by making a logical connection between other pieces of information. For instance, predict the

properties of a compound with unfamiliar elements, based on understanding lighter elements in
the same group in the periodic table.

implies that the candidate is not expected to produce the required answer by recall but by making
a logical connection between other pieces of information. Normally in chemistry this involves
Deduce being shown a compound that contains unfamiliar elements, but which belong to a group of
familiar elements, e.g. Deduce the formula of hydrogen selenide. Answer: Selenium is in the same
group as oxygen, and hydrogen oxide is H,0, so H,Se is the expected response.

is used in two main contexts, i.e. either to imply that there is no unique answer (e.g. in chemistry,
two or more substances may satisfy the given conditions describing an ‘unknown’), or to imply
that candidates are expected to apply their general knowledge of the subject to a ‘novel’ situation,

Suggest one that may be formally ‘not in the syllabus’ — many data response (for instance where
information is given in a table about different substances) and problem solving questions are of
this type.

Find is a general term that may interpreted as calculate, measure, determine, etc.

Calculate is used when a numerical answer is required. In general, working should be shown and clearly
labelled especially where more than one step is involved.

Measure implies that the quantity concerned can be directly obtained from a suitable measuring
instrument (e.g. length using a rule, or mass using a balance).

. often implies that the quantity concerned cannot be measured directly but can be worked out

Determine

from a graph or by calculation.

suggests that a statement that is only very roughly close to the real value (within a factor of 10) or
Estimate calculation of the quantity concerned. Normally assumptions will need to be made based on
points of principle and values of amounts not given in the question.

when applied to graph work, implies that the shape and/or position of the curve need only be
roughly (or qualitatively) correct, but candidates should be aware that, depending on the context,
Sketch some quantitative aspects may be looked for (e.g. passing through the origin, having an intercept).
In diagrams, sketch implies that simple, freehand drawing is acceptable; nevertheless, care should
be taken over proportions and the clear labelling of important details or equipment.

N
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1.9 ESSENTIAL How the PrelB Course Will be Assessed

All candidates take exam papers at the end of the year. These will be created base on questions taken from Cambridge
Assessment International Education. , which is a part of the University of Cambridge.

You will NOT actually sit the CAIE exam in May!

You will complete a modified course that will allow us to focus on preparing you best for the IB which has a variety of unique
aspects that are not found in the CAIE A Level program, but which need to be completed to allow you the best chance of

success at IB Level.

Your exams will contain questions from these exam papers, but the course may not end with 3 exams (there’s a chance that

you will instead sit for fewer exams):

Extended candidates take

Paper 2 45 minutes
Multiple Choice 30%
40 marks

40 four-choice multiple-choice questions

Questions will ke based on the Extended
subject content (Core and Supplement)

Asseszing prades A®-C
Bxternally assessed

Patrick Brannac

and Extended candidates take

Paper 4 1 hour 15 minutes
Theory 50%
80 marks

Short-answer and structured questions

Questions will be based on the Extended
subject content (Core and Supplemant)

Assessing prades A*-C
Bxternally assessed

www.SmashingScience.org & for China www.SmashingScienceCN.org

or:

Paper 1 hour
Alternative to Practical 20%
40 marks

Questions will be basad on the experimental
skills in Section 4

Assessing grades A*-C
Bxternally assessed
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1.11 FUNDAMENTAL Recording your scores and keeping track of your performance

Target grade: Target Score %
Test name Topic Mark % Topic Mark %
# (out of)  Score # (out of)  Score
7 2 O A
/ % Average of the first 40 / %
/ % assessed activities
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
o)
Average of the first 10 / % / %
assessed activities / %
T / % / %
A verage of the first A
/ % Average of the first 50 / %
/ % assessed activities
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
0,
Average of the first 20 / % / %
assessed activities / %
/ % / %
/ % Average of the first 60 / %
/ % assessed activities
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
0,
Average of the first 30 / % / %
assessed activities / %
/ % / %
/ % / %
/ % / %
/ % / %
/ % / %
/ %
/ %
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112 FUNDAMENTAL School Calendar
W;ek Monc.iay Contents Your Notes
starting
Mon 10 to 14 G1 & PreA Students Orientation
Week
Tue 11th All teachers back in office
10-Aug Fri 14.th Full staff meeting/Department
meeting Welcome Buffet
Sun 16th C6 AS & A2 students registration
Sun 16th UCS Opening Ceremony All Staff
am: G1, G2 & PreA, pm AS, A2 & I1B1/2
1 17-Aug | Mon 17th Teaching Begins
Fri 28th Dead Line for G1, ASD and IB1 to
change options
2 24-Aug Tue 26th Activities Fair
Wed 26th-30th Student Union Elections
3 31-Aug
Fri 11th G1 and PreA Parents consultation day
4 Z=SEPMN Fri 11th Dead Line for A2 Students to drop
options
Fri 18th Dead Line for A2 Predicted grades
5 14-Sep | Fri 18th IB2 Parents' consultation day
Fri 11th Open day for G1 and PreA parents
6 21-Sep | Sat 26th Make up day (Tuesday)
Thur 1st Oct First day of National Holiday
7 28-Sep
10th Oct Last day of National Holiday
5-Oct Sun 11th Make-up Day (Friday's timetable)
8 12-Oct SAT 17 Maket-up Day (S_ports Day) (or
Wednesday if weather is bad)
9 19-Oct | Fri 23rd International Mole day
Wed 28th Alternative sports day
1071260t | 5611, 30th Art Week
Fri 6th Deadline for 1st observation for
11 2-Nov -
returning teachers
Mon 9th to Fri 13th IB2 MS EXAMS
Wed 11th Physics Day
12 9-Nov | Fri 13th CAIE Winter Session Begins
Fri 13th DeadLine for inputting marks for Mid
Sememster Reports
13 16-Nov
Mon 23rd G1,2 PreA, AS and A2 Reports
Fri 27th AS, A2 and IB1 Parents Consultation
14 23-Nov Fri 27th Completion of the first Student
Survey
Sat 28th Makeup day G1, G2, PreA and Pre IB
Parents Consultation day
15 30-Nov
16 7-Dec
17 14-Dec | 13th CAIE Winter session ends
18 21-Dec ~ |
28-Dec
P Brannac "V‘F{'
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Week
starting

Sun 3rd Jan Last day of Xmas holiday
19 4-Jan | Mon 4th to Sat 9th End of Semester Exams
Sat 9th Jan make up day

20 11-Jan

Mon 18th Deadline for input of all makrs in
SIMS for EOS Reports

Fri 22nd Annual Party & Long Service Awards
Celebration

Mon 25th G1,2, PreA, AS and A2 reports
issued

Thur 28th IB1, AS and A2 Parents Consultation
22 25-Jan | Day (PM only)

Fri 29th G1,2 PreA, PrelB Parents Consulation
Day (Whole day)

Sat 30th Spring Festival Holiday begins

1-Feb | Chinese New Year Holiday

8-Feb | Chinese New Year Holiday

Chinese New Year Holiday

Sat 20th Winter Holiday ends

15-Feb | Sun 21st AM All students and form tutors in
school for registration

Sun 21st PM Students Assembly

Mon 22nd Semester 2 Teaching begins

23 22-Feb | Sun 28th New spring classes in school for
registration

Tue 2nd to Fri 12th IB2 Mock Exam

24 1-Mar | Wed 3rd Graduation Picture Day (Weather
permitting)

Fri 12th End of IB2 Mock

Fri 12th G2 and preA Optional Course

21 18-Jan

25 8-Mar .
Information Day
Fri 12th Completion of 2nd Student survey
Mon 15th Deadline for G2, PreA, AS and A2
26 15-Mar

End of Year Exam Papers to AAO for printing

Mon 22nd Guided Revision Starts

Wed 24 UCS Spring Concert

27 22-Mar | Fri 26th Teaching of G2, PreA AS, A2 syllabi
completed

Fri 26th Deadline for all Observations
Mon 29th- Thur 1st April CAIE Oral English
Exam

Thur 1st Guided Revision Ends

28 29-Mar | Fri 2nd April QingMing Holiday Begins (3
days)

Wed 31st Drama Class End of Year
Performance

29 5-Apr | Mon 5th EOQY (G2, PreA, AS & A2) begins

30 12-Apr | Fri 16th EOY ends
31 19-Apr
32 26-Apr | Thur 29th IB External Exams Begin

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 19 of 585
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Week
starting

Mon 3rd CAIE Summer Session Begins

33 3-May | Deadline All marks G3, PreA, AS and A2 into
SIMS

34 10-May | Fri 14th G1 Syllabus Completed

Mon 17th to Fri 21st PrelB EoY exams
Fri 21st IB External Exams End

36 24-May | Mon 24th to Fri 28thy G1 EoY Exams

Mon 31st Deadline for payment of student
tuition and dormitory fees

Fri 4th G2, PreA, AS and A2 reports issued
Fri 4th Deadline for inputting G1 marks into
SIMS

Fri 4th PrelB Parents consultation day

Wed 9th IB Parents Consultation Day

Fri 11th CAIE summer session ends

Sat 12th A2 & IB2 Graduation Ceremony
Mon 7th-9th G1 Students Social Studies
Wed 9th G1 Reports issues

Fri 11th G1 Parents Consultation Day

Mon 14th-16th EoY Reflection Days (All staff
must attend)

39 14-Jun | Thur 17th Ulink Family Day

Fri 18th -20th Annual Summer Trip

Mon 21st Summer Holiday Begins

35 17-May

37 31-May

38 7-Jun

1.13 ESSENTIAL Teaching order
This is the approximate order that these topics will be taught and if they are going to be taught by me. There may be changes
depending on special events or lessons that are missed for other reasons, especially because this is the first year that this
course has been offered

Notice that the textbook that is used, Complete Chemistry for Cambridge IGCSE (3" Edition, Oxford 2014) follows a different
order than the CAIE topic order, which we will follow almost exactly, with some slight changes. Exceptional students will not
only be following the topic being taught outside of class but also preparing for the next topic.

The main difference between our course and CAIE is that we will cover about 20% less of the course than the iGCSE due to
time restrictions (we have fewer lessons per week than PreA level classes) and to allow us to better prepare for the IB group 4

subject you chose to do (which may be Chemistry either HL orSL).

CAIE My topic | Textbook PhysC Teaching
Topic ID ID Chapter | OrgC? Week # Topic name
1 Heading _ The particulate nature of matter
1.1 1.1 1 \ 1 | The particulate nature of matter
2 Heading _ Experimental techniques
2.1 2.1&2 19 ‘ 1| Measurement
2.2.1 2.2.182 2 | 2 | Criteria of purity
2.2.2 2.2.1&2 2 ‘ 2 | Methods of purification
2.2 Heading Purity
3 Heading Atoms, elements and compounds
3.1 3.1 3 4 | Atomic structure and the Periodic Table
3.2 Heading Structure and bonding
3.2.1 3.2.1&2 4 4 | Bonding: the structure of matter
3.2.2 3.2.1&2 4 5 | lons and ionic bonds

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 20 of 585
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CAIE My topic | Textbook PhysC Teaching

Topic ID ID Chapter OrgC? Week # Topic name

3.2.3 3.2.384 4 6 | Molecules and covalent bonds
3.2.4 4 6 | Macromolecules

3.25 3.25 4 6 | Metallic bonding

4 Heading _ Stoichiometry

41 41 5 7 | Stoichiometry

4.2 4.2 6 ‘ 8 | The mole concept

5 _ Electricity and chemistry

5.1 5.1 8 ‘ 9 | Electricity and chemistry

6 Heading _ Chemical energetics

6.1 6.1&2 12 | Energetics of a reaction

6.2 6.1&2 9 ‘ 12 | Energy transfer

7 Heading _ Chemical reactions

7.1 7.1&2 4 13 | Physical and chemical changes
7.2 7.1&2 10 ‘ 14 | Rate (speed) of reaction

7.3 7.3 9 ‘ 15 | Reversible reactions

7.4 7.4 7 | 11 | Redox

8 Heading _ Acids, bases and salts

8.1 8.1&2 11 ‘ 21 | The characteristic properties of acids and bases
8.2 8.1&2 11 22 | Types of oxides

8.3 8.3 11 ‘ 22 | Preparation of salts

8.4 8.4 19 ‘ 23 | Identification of ions and gases
9 Heading _ The Periodic Table

9.1 9.1&2 12 | 25 | The Periodic Table

9.2 9.1&2 12 ‘ 25 | Periodic trends

9.3 9.3 12 26 | Group properties

9.4 9.4 12 ‘ 26 | Transition elements

9.5 9.5 12 ‘ 26 | Noble gases

10 Heading _ Metals

10.1 10.1 13 ‘ 27 | Properties of metals

10.2 10.2 13 | 27 Reactivity series

10.3 10.3 14 28 | Extraction of metals

10.4 10.4 14 ‘ 28 | Uses of metals

11 Heading _ Air and water

11.1 11.1 15 29 | Water

11.2 11.2 15 | 29 | Air

11.3 11.3 16 ‘ 15 | Nitrogen and fertilisers

11.4 114 16 ‘ 30 | Carbon dioxide and methane
12 Heading _ Sulfur

12.1 12.1 16 15 | Sulfur

13 13 _ Carbonates

13.1 13.1 16 ‘ 31 | Carbonates

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 21 of 585
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1.14 EXCEPTIONAL Stretch and Challenge - Basics to delivering an effective presentation
At the end of each topic there will be a chance for the most interested students to give a presentation about anything they
found particularly interesting. It can be about anything, but it will help develop your public speaking skills, your confidence and

allow you to demonstrate subject passion, which is the most important quality that the best universities in the UK are
interested in.

This exercise is voluntary but open to all students.

§e
WHAT GOES ON FOUR LEGS IN THE

MORNING, TWO LEGS ATNOON,
Aumrun‘u;ues IN THE EVENING?
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POWERPOINT IS[BORING!
N

HANG INTHERE |
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1.15 EXTENSION How grade thresholds have changed across the years

GRADE THRESHOLDS FOR EXTENDED CHEMISTRY 0620 FROM JUN2019 TO
JUN2014 A*-C WITH THE PROPORTION OF STUDENTS AWARDED AN A*

T 100.0
1 90.0
. 80.0
=
<<
6
= 1 70.0
[a)
L
|_
5
= 1 60.0
=
w
g 1 50.0
o<
G}
'_
w
O 1 40.0
o
'_
[a)
w
a 1 30.0
w
=
x
i 20.0
10.0
1 0.0
Jun-14 Nov-14 = Mar-15 Jun-15 Nov-15 = Mar-16 Jun-16 Nov-16 =~ Mar-17 Jun-17 Nov-17  Mar-18 Jun-18 Nov-18 = Mar-19 Jun-19
——A* 73.8 74.3 79.5 71.3 77.8 80.5 68.3 73.5 75.0 76.7 76.7 82.5 78.0 80.2 86.0 83.5
——A 64.5 63.8 70.0 62.2 65.8 71.0 59.5 62.7 64.5 65.0 65.0 71.5 64.7 68.2 74.0 69.8
=B 55.3 53.3 60.5 53.0 53.8 61.5 50.7 51.8 54.0 53.3 53.3 60.5 51.3 56.2 62.0 56.2
C 46.3 42.8 51.5 44.2 42.0 52.0 42.0 41.3 44.0 42.0 42.0 49.5 38.2 44.3 50.5 42.5
== % Stds w/ A* 29.6 17.6 29.9 16.4 30.9 19.5 27.6 17.6 24.6 16.5 24.5 20.3

1.15.1  Reflection:

What do you think this graph shows? How can you use this information to make sure you achieve the A*?
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1.16 ESSENTIAL Study Timetable — Use this to assign blocks of time to different subjects and regular activities

Period Time Monday Tuesday Wednesday Thursday Friday Saturday  Sunday
5:00 AM
5:30 AM
6:00 AM
6:30 AM
7:00 AM
7:45 AM
8:00 AM
8:50 AM
9:35 AM
9:45 AM
10:35 AM
Lunch 5 11:25 AM
Lunch 6 12:10 PM
1:00 PM
1:.55 PM
2:45 PM
3:30 PM
4:20 PM
5:00 PM
5:30 PM
6:00 PM
6:30 PM
7:00 PM
7:30 PM
8:00 PM
8:30 PM
9:00 PM
9:30 PM
10:00 PM
10:30 PM
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1.17 ESSENTIAL Revision Timetable —Use this to help you start to organise your revision time

Period Time Monday Tuesday Wednesday Thursday Friday Saturday  Sunday
5:00 AM
5:30 AM
6:00 AM
6:30 AM
7:00 AM
7:45 AM
8:00 AM
8:50 AM
9:35 AM
9:45 AM
10:35 AM
Lunch 5 11:25 AM
Lunch 6 12:10 PM
1:00 PM
1:.55 PM
2:45 PM
3:30 PM
4:20 PM
5:00 PM
5:30 PM
6:00 PM
6:30 PM
7:00 PM
7:30 PM
8:00 PM
8:30 PM
9:00 PM
9:30 PM
10:00 PM
10:30 PM
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2 Learning to learn

2.1 ESSENTIAL Critical reading techniques
4. How to take notes
1. Critical reading technigues 5. Critically processing what you read
2. Use an efficient approach 6. Coping with difficult content

3. Active reading
Active reading simply means reading something with a determination to understand and evaluate it for its

relevance to your needs.

Simply reading and re-reading the material isn't an effective way to understand and learn. Actively and critically
engaging with the content can save you time. Most OU study books and websites include in-text questions and self-
assessed questions. Use these as built-in cues to make your study active.!

PREDICT
Use clues to think about what will happen. CON N ECT

W | think/predict because . Make connections in the text by explaining
how one can relate, or how the text relates to

(&JESTION something else,

W | can relate to this because...
What questions come up about the text, W This reminds me of...
character, plot, detail, or action? W This is similar to ...because...
W Who, what, when, where, how, or why did the
character...

VISUALIZE
CLARI FY Pause to imagine what the setting or action

Clear up any confusion or reaffirm what is must be like.
already known. m When | was reading, | pictured...

W [ think the passage means...

INFER

Use clues from the text and what is known to
figure out what the text means.
W Because _ _Ithink that...

SUMMARIZE
Explain what the text is mainly about. SYNTHES[ZE

® /n my words, this is about...

EVALUATE

Form an idea or judgement about the text,

W This is good/bad because...

B /would have done differently
because...

W | liked/didn't like the way the writer...

Put the pieces together to see them in a new
COMPARE e

B All these details lead me to believe...
Identify similarities seen in the text W Basedon______, the author wants me to
between characters or situations. think...

W [see how is similar to
because 3

GERARD AFLAGUE COLLECTION

1 https://help.open.ac.uk/active-reading
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2.2 FUNDAMENTAL Active Reading Advice

Active reading stategy

Q-°R

RECITE

Consider what you want to
remember from the

2.3 EXTENSION Active Reading Advice

From: https://mcgraw.princeton.edu/sites/mcgraw/files/media/active-reading-strategies.pdf

HE McGRAW CENTER
@, or TEACHING & LEARMING
328 Frist Campus Center
Princeton University, Princeton, NJ

Active Reading Strategies

Choose the strategies that work best for you or that best suit your purpose.

= Ask yourself pre-reading questions. For example: What is the topic. and what do you already
know about it? Why has the instructor assigned this reading at this point in the semester?

= |dentify and define any unfamiliar terms.

= Bracket the main idea or thesis of the reading, and put an asterisk next to it. Pay particular
attention to the introduction or opening paragraphs to locate this information.

= Put down your highlighter. Make marginal notes or comments instead. Every time you feel the urge
to highlight something. write instead. You can summarize the text, ask questions, give assent, protest
vehemently. You can also write down key words to help you recall where important points are discussed.
Above all, strive to enter into a dialogue with the author.
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= Write questions in the margins, and then answer the questions in a reading journal or on a separate
piece of paper. If you're reading a textbook, try changing all the titles, subtitles. sections and paragraph
headings into questions. For example, the section heading “The Gas Laws of Boyle, Charles, and
Avogadro” might become “What are the gas laws of Boyle, Charles, and Avogadro?”

=  Make outlines, flow charts, or diagrams that help you to map and to understand ideas
visually. See the reverse side for examples.

= Read each paragraph carefully and then determine “what it says” and “what it does.” Answer
“what it says” in only one sentence. Represent the main idea of the paragraph in your own words. To
answer “what it does,” describe the paragraph’s purpose within the text, such as “provides evidence for
the author’s first main reason™ or “introduces an opposing view.”

=  Write a summary of an essay or chapter in your own words. Do this in less than a page. Capture
the essential ideas and perhaps one or two key examples. This approach offers a great way to be sure
that you know what the reading really says or is about.

=  Write your own exam question based on the reading.

= Teach what you have learned to someone else! Research clearly shows that teaching is one of the
most effective ways to learn. If you try to explain aloud what you have been studying. (1) vou’ll
transfer the information from short-term to long-term memory. and (2) you'll quickly discover what
vou understand — and what vou don’t.

See other side of page for sample diagrams -

McGraw for Undergraduates: https://mcgraw.princeton.edu/undergraduates

Sample diagrams:

\
( o Cxen)-fle . : w sinx=
U sl i) | nerpretagen / Z
= GRS .
A

ONe kuj
o) (w e

\ ‘__,'*[)k’(m(l o Sl “'.’mf\_ t«k-&
D o.r\ \Iaf\v% / Tudeo B(fige) = Fgorgy

1(\.)) A K 2-‘-*1-&
lw\ A {fge) =y <9
/ ) Nde\Df\b ",\L;{varf
Vol / \ e,
Cad(a L N gl D AE PR BT T
A Berihadhan o]
V‘ t‘z{\ 8 — K = OF
~~ 4 > ) .JL(.& g
VAR S {Z J

oanCaN l"'«d_‘ﬁtm]‘;}a
" Ty ) \
U %;muw

M Lifweo

Sketch of a reading's argumentative structure:

Open with Generalize 10 Diagnosis Tentative . Reply and
specific example larger problem of problem solution % igetion, —> final position
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2.4 How to get the most from your textbook
The best way to learn most efficiently is the most important thing that you will learn about yourself and about
learning. To discover better ways of learning will need you to try them out. Hopefully you have already started to
notice certain patterns in all textbooks, like the way they are set out. Normally one idea or concept is covered in
either a single page or a double page spread, helping to break down a larger topic into smaller parts which are
easier to manage. They will also have questions after idea has been explained which are designed to reinforce your
learning and require you to think about the ideas and make use of what you have just learnt. This is a part of a
process known as Active Learning?. Solving past exam questions is another way to learn by activity. Also effective is
teaching another student who is struggling with a particlar part of the course.

Active reading® requires you to really think about what you are reading and make notes, underline and refloect on
the ideas. If you follow the instructions that follow when you are workign through the textbook, especially if you
are reading ahead of the classes (use the calender and ask your teacher to find out which topic or Chapter is next)

2.4.1 Important points to note about the textbook
Like any textbook it will contain information that is relevant, but not always necessary for the topic it covers. For
instance, some of the uses of chemicals it lists are accurate, they really are used in those processes, but they are
not always included in mark schemes for CAIE iGCSE Chemistry, which in addition to valuing what is true, also
requires from it’s A* students what is most relevant. E.g. if you got hit by a car walking across the street there are
lots of things that you might notice like it’s colour, shape, size and the direction it was travelling, but really only it’s
speed would matter if you hoped to survive. Not all things that are accurate (close to being the “true”* value) are
equally relevant, and this exam board sometimes requires you to understand and list the most relevant factors,

properties or characteristics first.

Activity

What you should do

Why it helps

When you

should do it

But remember, if you highlight everything,
you’ve actually highlighted nothing @

a form of ACTIVE READING.

FUNDAMENTAL | Translate ALL new words, especially the The most important words to translate are | As you are

1. Translation | onesin bold, ideally next to the text. Use the non-scientific words you already know reading.
the glossary at the back to help you. in Chinese.

FUNDAMENTAL | Underline, highlight(circlg), put a *star or Completing the in the Key Points task As you are

2. Underlining | symbol @ next to the biggest new ideas. becomes quicker but most importantly, itis | reading.

FUNDAMENTAL

Answer the Summary Questions about the

Here you are shown what is most

After you have

to describe to your self, so try to make it as
visual and colourful as possible! Make sure
whatever you write is in your own words!!!
Include any notes you have from lessons
here!

task will force your brain to think about
what is most important because space is
limited and writing is work. After you have
thought about it in a new way, you’ll need
to remember your thoughts long enough to
write them out, helping your long-term
memory. This will also help to write out
better que questions.

3. Answers material at the end of the double page important about the ideas of this 2-page finished
spread. spread and forced to think about it in a new | reading both
way. pages

FUNDAMENTAL | Check your answers with the answers Any major misunderstandings or confusions | After you’ve
4. Checking provided at the end the textbook (pages you have are likely to be discovered doing finished your

Answers 286 to 301 this. answers
ESSENTIAL Main ideas, equations and diagrams for At this point you are now starting to own After you have
5. Key Points both pages. It's the idea that you are trying | the information you are processing. This finished the

going through
the questions
and answers,
but before you
start the next
two pages.

2 https://teachingcommons.stanford.edu/resources/learning-resources/promoting-active-learning &

https://www.smartsparrow.com/what-is-active-learning/

3 https://help.open.ac.uk/active-reading

4
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Activity

What you should do

Why it helps

When you

should do it
ESSENTIAL Write out, in your own words, questions If you covered up the notes section of the After you've
6. Cue and bullet points that will force you to page, answering these questions should finished the
Questions think about the essential ideas. Links to allow you revise the whole page simply by next 2-page
v1.0 other parts of the topic and syllabus should | answering a few questions and thinking spread.
also be included (e.g. half-equations are about a few core ideas. If this is done
also covered in Topic 5 (Electrochemistry), | carefully and thoughtfully not only will it
so a note like: make revision quicker later on, but also
T5 2Cl(aq) =Cl; (g) +2e’[conc only!] because it helps long term memories form,
Might be a good idea if you’ve missed a it’'ll mean less revision is needed to get the
mark on this before. highest grade.
ESSENTIAL Write one or two sentences, in your own Another way of thinking about it is: what’s | After you’ve

7. Summary

words that contain only the most
important ideas.

the least useful or important 80% content
here? Give a thoughtful person 2 tasks and
the first thing they’ll do is create a third
task which they’ll do first and prioritize
which of the two is most important.

finished the
section

EXCEPTIONAL Write out, in a different colour, or in any The tricky marks and the slippery After you've
8. Cue other way to identify it, any new questions | explanations (especially that 2" or 31 finished the
Questions or details that you’ve discovered are mark) are most obvious now, but unless past exam
v2.0 important to getting full marks on you make a decent effort to write them guestions
questions assessing material covered in this | down, not only will you have lost the value
2 page spread. of the work you have done because you’ll
After you’ve worked on the past exam be less likely to remember them, you'll also
guestions you should understand this have no record to use later on. This is
section as well as the quality of the work essentially saving your hard work for later
you have put in deserves. You should also when you’ll nee it most.
know in detail which marks are the hardest
and this information needs to go into your
Cue section so the work you’ve putin to
discover this information isn’t abandoned
or forgotten.
EXCEPTIONAL Any new tough mark or detail that you This level of attention to detail will help you | Any time after
9. Top tips have overlooked. become a person who is far less likely to you’ve finished

make a mistake, but if you do, is far more
likely to learn from it. It’s your capacity to
learn effectively and efficiently that will get
you into a good university in the short
term; in the long term it will allow you to
do more interesting things with your work
and your life.

the topic, but
before the
iGCSE exam
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2.5 EXTENSION Examples of active reading
Feel free to tape additional pieces of paper onto the edges of your textbook to increase the space you have for
making additional notes while you are reading. Another option is to digitise your textbook as has been done below.

A6 (&A8). Cue questions 13.5 Thermal decomposition
Fill this in AFTER finishing the section ﬂﬁmmﬁm | When we heat some carbionates, nitrates and hydroxides, they break
. —_— ~ , dawato form twe or more different products. We call this type of
Alm M‘tﬁ‘“ O pfods * Describe the action of heat reaction thermal decomposition. For example, the equation:
- - on selected hydroxides and
with low plowsitier , medtdi < ) et A -
: ates CaCo,(s) > Ca0(s) CO.(g)
ad ’907 F"‘“ ’ W * Bnk the !he‘rmal IR represents the thermal decomposition of calcium carbonate.
. Livi ecomposition of nitrates to
L’?‘ re "éy the reactivity of the metals Thermal decomposition of metal hydroxides
-”\b,’ are qLMrﬂu&, S'oﬂ, Most metal hydroxides decompose when heated. A metal oxide and
water are formed. For example;
com be cot with o
[a«fo to reweal & Stlvery ZolOH)(9) —=—> Zn0l) + H,0(g)
anc —> 2NC oNae * water
wa SGU(’JWM- hydroxide

{ Group Il hydroxides ddcompose in a similar way. Mastalkali matal

=ver, do not decompo hey are stable to heat.
There is one exception to this: W

= he,
2LOH(s) ——> LOG) + H.O(g)
Nitrates can dacampose explosively 1o cause "‘l;.-_wur‘r,v — RN S ter
a brge amount of damage, as shown by the Wdroxde Cxice
remains. of this fertiliser factory Lithium is the least reactive of the alkali metals. So does thermal
B decomposition depend on the reactivity of the metal? We shall look
ACt“"tleS TO DO at thq decompositicn of nitrates and carbonates to answer this
(complete as you are reading) “"“*""
Al. Translating - Ei¥ Thermal decomposition of nitrates
A2. Underlining All nitrates decompose when heated. But there are same differences
. in how they decompose. The alkali metal nitratesdecompose to form
AS. Key Points 3 nitrite and GugaR. You can see that the nitrite ion is similar to the
(in space below) nitrate ion but has one fewer oxygen atom:
EXAMINER s I
AYS... 2KNO(s) ———> 2KNOJs) + O,lg)
YDM. weed to revembey potassum —> POTassium +  oxygen
the products from. the nitrate nitnte
thermat decomposition, Nitrates of other metals decompose on heatmg to form an oxide,
of witrates. If Yo nitcagen dioxide and axygan. For example:
dow't Rinow these, Low )
Won't be able to wyite 2Mg{NO,),(s} ———> 2MgOis) ~ 4NOJg) + O,9)
tquations Tor thermatl magn esium — magnesium nitrogen +  oxygen
dGODM‘POSLtwn, nitrae oxde dioxide
m Lithium nitrate, a compound of the lgast reactive alkali metal,

decomposes in this way toc.

o

K[ hermod_docowpasivion wesns the breskolown o4 o L0 PO
A ! n :
o/ Yy heot,.
$The o pavtie Hhe pital, AL pmore Stable it mitrode,

or o oxiolth wickno0en duovidl pnd oxygen
%* . "how /OM obey the mwomd aeed to

A7. Summary Section- Do this a after you have answered the past exam questions and write, in your own words, only one or two A@ AQMMF Oﬁd

sentences that sums up the important points on this page

—rlu, okl farive e wotod AL e stable i N‘f—/fa,u/
Covbowote or hmolwoxiole 73
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A6 (&A8). Cue questions part 2
Fill this in AFTER finishing the section

When MEol wretad
[ujdwxidb it heatedd

strowgly , it Wi et |
but wnt woth

Whom maete] -bmb.
(e,xwr{ Meali metad )

Bmw\ gM Wil o
CND2)

Copper witvo 2
% heated |, blue solid
will twn ite lolwk

Dl\d EWM ﬁM wll

Nitrates of very unreactive metals, such as silver, decompose to form

the metal when they are heated:

2AgNO (5)

silver nitrate

DEMONS TION]

i > 2Aqgls)

iver

¢ 2NO, (s}

+  nitrogen }
dioxide

0,lg)

oxygen

The decomposition of Group Il nitrates

This experiment is demonstrated ﬁﬂ_

using a
nitrogen dioxide ispaisonous

We start a stopclock when we
begin to heat the magnesium
nitrate, The nitrate is heated
until we see dark brown fumes
of nitrogen dioxide in the tube

We recacd the time taken to see

upboard because

these fumes. Then we repeat the

the amount of nitrate and the
rate of heating the same,

The longer it takes for the nitraﬁ

to decompose, the more stable

experiment using other nitrates.
In this experiment we must kéep

1 Thermal decompaosition is the
breakdown of a compound

into two or more different
products by heat.

2 The more reactive the metal,
the more stable its nitrate,
hydroxide or carbonate.

3 Metal hydroxides decompose
to oxides and water when
heated.

4 Most nitrates decompose to
either nitrites and-oxygen or
10 oxides, nitregen dioxide
and oxygen when heated.

4

|

K

the nitrate is CFigure 1351
ovimn, \
= SUMMARY QUESTIONS
Magnesium nitrate decomposes at 402°C but barium nitrate 1 Copy and complete using the |
decomposes at 865°C. Se it appears that barium nitrate is more stable words below;
than magnesium nitrate, Barium is more reactive than magnesium. 5 Wali di Mated
the more reactive the metal, the more stable to thermal decompositio ) \ it'tdeo & s
its:compoundis: This is wel demonstrated if we look at the AR X9
s when heated. Nitrates of the metals
i decompose when to
Thermal decomposition of carbonates form the metal and
The table shows the temperatures at which the Group Il carbonates ?ex:g::é :ng::sesf;tn_mgl
ResompOh R"W‘a’i = oxides, nitrogen and
o =k when heated
Group Il magnesium | calcium strontium | barium - ;
carbonate carbonate | carbonate | carbonate | carbonate 2 Write equations for the
~ thermal decomposition of:
decomposition 540 900 1280 1360 ) hydroid
tem ature/"C a copperil roxide,
cad CulOH),
The reactivity of the Group Il metals increases down the group: You b calcium nitrate, Ca(NO.),.
can see from the table that'as you go down the group it gets more 3 Suggest why lithium nitrate
difficult to decompose the carbonates. So the more reactive the decomposes in a similar way
metal, the more stable its nitrate, carbonate or hydroxide |s* 10 a Group |l nitrate rather
‘l than a Group | nitrate.
A3. Answers to Summary Questions (& Activity 4 Checking answers)
~ ~
[\ Mkads, heoted, wtvite, (a6 , dioxide OXyfen g
2 N0 0N =01 HM) \/
b 2CalN0y)s = Cad) + UMD + D1\
. (B (e ;
Lithiwm hod & mudkh Swialler ion thon the other 4uwwpl
2 ¢ .
MM so kot & Mgher chavge deusity The chonge olwrwéL
= ’ - - - v
A9 Top Tips - Do this after you’ve taken the end of topic test. Write any difficult, odd or unexpected marks you come across from your tests

and revision and especially from working through past exam questions

R Omumr wthad witraty o2
witviteh and 0XYqem Dbw wersls don't:

osed to fum

IS Mok STnador to

those \7{5 %wmr[[

R Most o the alkali wtta] hydwoside (eewept Livk) olow't olbwwrfw.(&
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2.6 ESSENTIAL Examples of Mind Maps

§
3

g mads e aliys rearki vt
g Ak i ’Eﬁ”ﬁf Hheiv ::.’ We towid awvenye When witals resst
@ howelndds pr VRSistabILE he waltad neaativ wibh c»t:{lnu;;‘ < Aa
g ¢ CovvoSiOm. SeaieA byl wnﬂrﬂm‘ + W""'wbwu Fora. ce
B The cifforsnt size At how easil o Mact] ™ | sl otisis eact E?éf-
Wi i, patAel)
% &ﬁqw T}'L 4] A U'F 1% MA Woﬁp adidt - Olfid.-lﬁﬂ'd h‘]‘”jw TFe HGW e &W't"l
U}E;‘ﬁ:‘l ve leds awrolm(.#{ bl] h-\ﬂ.*-l‘hlj it Sl Ton. ﬁ de‘l"nz Is v
ol ko D 9 - - Ca ' r . o
n the ‘distounce, betuoes
15 o wicnt ok : (T wetnd reattivity Senes) & < - 2uiiie
WA 5 - the enr &
Eﬁhgirw wang  tted § A'"pqs D,u,j elendintt abpul i dwog en ©tk Mm
with . on -altal. Canhent ek enalion
l-\‘ paiol | Wintoy anal Stooud - 1\
-10.2
The brisk down of o lo.\ =lo. )
§ compond b 2, Merits ond Reocti wiy) ot ohut
o] ve
E4 ?:am by heat ‘\ MU‘I
i Th Serieh.
iy The wwont
g [T v .
o Mww:: e A mare reoutive meted it
R o o'-emwﬂ[_’osthﬂh | FWM mekod oxides displase (s rortie
Ly ( th metols RUDH et the Sibesien o B
Corbonot _5;:"*"" UF
r octowr of o Dt MeovbTe-
. boin prol Motie wetds coum Only metads below . lose.e
oles LM hly et i muuusuj-bu ose.e”.
& ﬂfxf ::ed_g"' be wped o4 mdy'.t'twt PR whol %‘u,“ I:Mﬂ‘h'-r. M’ The Tows of o lets peavtive
E oxiolay pad winter pesvbint wetod 5 o better reoluttrnt: by Corbon whin hentisg WA ig luare Readll tr grine”
i i : : .. v - -
P ﬁl‘:‘ﬁﬁdﬂ& do wot When n jore reokive metad 3 hesteol, The wore rovil & wu;n-l 15,
& alﬁ.uun‘lwiz with O wetad oxioe wdhich the wmetn| Hhe more MU to lose e
less heoubicl - The move reavkie mitad
Wiyt deto wapose X
)
o i, Sy S
witvates decowpose ta it oxide leyer T WS oSTow .
9“?::’ uﬂ'.mssi olyoxile ond dt;g:n mm“"‘“‘gﬂ‘f’ s Len AV,
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2.7 FUNDAMENTAL Glossary of Quizlet Library of Weblinks
. If you are struggling with the vocabulary and English in this course here’s a whole library of resources including
games, puzzles and tests that are based on the Quizlet website that will help you get up to speed with the
keywords.

Note: Words from Topic 1 and 2 are combined and found in Topic 1. The same is also true for words from 12 and 13
which are both in Topic 13.

Topic Quizlet word list hyperlink

1. English word to English definition: https://quizlet.com/ 4lta54

English word & translation to Chinese google translate https://quizlet.com/ 4ltg2p
2. This topics word list is grouped with topic 1
3. English word to English definition: https://quizlet.com/ 4ltaf5

English word & translation to Chinese google translate https://quizlet.com/ 4ltgdp
4. English word to English definition: https://quizlet.com/ 4ltdijc

English word & translation to Chinese google translate https://quizlet.com/ 4ltggk
5. English word to English definition: https://quizlet.com/ 4ltdnw

English word & translation to Chinese google translate https://quizlet.com/ 4ltgl9
6. English word to English definition: https://quizlet.com/ 4ltdqq

English word & translation to Chinese google translate https://quizlet.com/ 4ltgnd
7. English word to English definition: https://quizlet.com/ 4lteab

English word & translation to Chinese google translate https://quizlet.com/ 4ltgph
8. English word to English definition: https://quizlet.com/ 4ltede

English word & translation to Chinese google translate https://quizlet.com/ 4ltgr8
9. English word to English definition: https://quizlet.com/ 4ltejh

English word & translation to Chinese google translate https://quizlet.com/ 4ltgsv
10. English word to English definition: https://quizlet.com/_4ltem0O

English word & translation to Chinese google translate https://quizlet.com/ 4ltgux
11. English word to English definition: https://quizlet.com/ 4lteoy

English word & translation to Chinese google translate https://quizlet.com/ 4ltgwqg
12. This topics word list is grouped with topic 13
13. English word to English definition: https://quizlet.com/ 4lterb

English word & translation to Chinese google translate https://quizlet.com/ 4ltgy5
14. English word to English definition: https://quizlet.com/ 4It3b5

English word & translation to Chinese google translate https://quizlet.com/ 4lthOu

All my English to Chinese by topic word All my English keyword to English meaning
lists: by topic word lists:

https://quizlet.com/Patrick Brannac4/folders/igcse- https://quizlet.com/Patrick Brannac4/folders/igcse-
chemistry-cie-0620-glossary chemistry-cie-0620-glossary-english-words-by-topic
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https://quizlet.com/_4lteab
https://quizlet.com/_4ltgph
https://quizlet.com/_4ltede
https://quizlet.com/_4ltgr8
https://quizlet.com/_4ltejh
https://quizlet.com/_4ltgsv
https://quizlet.com/_4ltgux
https://quizlet.com/_4lteoy
https://quizlet.com/_4ltgwq
https://quizlet.com/_4lterb
https://quizlet.com/_4ltgy5
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3 The Cornel Note-Taking System

3.1 Introduction
The main task your brain does is forgetting things. It is constantly, quietly and relentlessly erasing everything you
see, hear and feel during both your conscious and unconscious (e.g. whilst sleeping) sense of being, including the
single moment it takes for you look at this next full stop.

But if you have ever fallen off a bike or had an accident your brain stops deleting everything and instead stores as
much of the information as it is able. Time slows down and your memory becomes almost photographic. Some
things are therefore more memorable than others. The trick with learning is to make your brain think that what you
are trying to learn maters to your brain.
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Current understanding of the human brain is
extremely basic, no-one knows what the
smallest part of an idea might be in terms of
brain cells. But we do know that brain cells
make connections and we think that those connections are where the mind, and memory, is created. We also know
that the brain is more likely to make connections, and therefore memories, from events we are emotionally
attached to, like an accident or a totally awesome movie. If we feel emotions about something, either good or bad,
than our brain thinks that thing is something it needs to keep for later.

Figure 1 The brain as a biological organ

If you keep returning to the same idea over time, but you make your brain think about it differently, for instance by
taking notes using your own words, or making a summary, or writing out key questions raised by that idea, forces it
to make new connections in order to enable this different kind of thinking. Not only will the brain be better able to
use this new idea in a new situation, like in an exam, but these connections make the memory more stable. If the
brain really thinks something is important, like your name or where you live, it will store these essential bits of
information into what is called the Long Term Memory.

The goal of learning is not only to make as many interesting and important connections within the brain as possible,
but also to put as much information into the long term storage area as possible. The goal of education, especially in
the better universities is not fill a student’s brain with specific facts and ideas, or to test how intelligent someone is,
but to train a students brain with skills and techniques to learn faster, better and longer. The more you know, for
instance about the Avengers and the MCU, the more interesting and exciting watching Avengers Endgame for the
first time was as a movie. But it was still kinda disappointing, unfortunately.

Learning how to learn better than before is the most valuable and important thing you will take away from any
lesson. Luckily, you are not the first person to ever be taught. There are thousands of years of history and tens of
thousands of years of culture that you can use to your advantage. Some systems of learning work better than
others.
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In the 1940s a professor of law at Cornell
University called Walter Paulk realised his
students, who were supposed to be some of the
best of their generation, weren’t that good and
he wondered what they could do to learn better.
He invented the Cornell Notetaking system,
which is widely considered to be the best way to
learn difficult things in any subject.

If you imagine using this system gives you a
token that allows you to have to revise less later.
If you follow this system properly, that token has
tremendous value and will not only allow you to
aim for the highest grade, but allow you to do so
with much less stress, challenge and negativity
that often surrounds big exams for disorganised
students. You are effectively being kinder to
your future self by putting the work in earlier
when it matters more. If you skip this, and just
wait until the end of year exam you’ll more likely
be learning instead of revising, which takes
much longer and produces much poorer results.
Even if you end up with the exact same grade,
you’ll have failed to progress as a student, and
that lack of progress eventually, maybe not even
at A Level, but at a world leading university, will
cause all kinds of calamities and challenges. You
may even be so disappointed in how little you
learnt about learning that you decide to become
a teacher. It happens.
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Figure 2 One way of thinking about the mind. Most of it involves aspects of
the self that are hard to understand and even harder to change, but with
enough work it is possible for anyone to nurture and grow the habits of an
outstanding student, but it takes time and especially commitment.
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3.2 The forgetting curve

Overcoming the Curve
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The quicker you return to a lesson to
review it, the less time you will need to
gently nudge it into your long term
memory, so 5 minutes within 24 hours
can be as effective as an hour or more a
month later. Remember, your brain does
not understand what you are trying to
do, but if you try to work with it, and
help it along, remind it that this stuff

Cornell Notetaking
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3.3 Fundamental Cornell Notetaking Basics
Cornell Note-taking System

8.5"

-~
-

Note Taking Area: Record lecture
U-2.5"p— 6" — a3 fully and as meaningfully as possible.

Cue Column: As you're taking notes,
i g keep cue column empty. Soon aftex the
A lecture, reduce your nots 1 concise jottings
S Note Teking A%a | 5 clues for Reciting, Reviewing, and
Reflecting.

Summaries: Swn up each page of your
notes in & sentence or two.

3.3.1 Essential Cornell Notetaking for More Able Students

420 CCC

AL Garden Ave Extension
SAITESIA bt 2 Ithaca, New York 14853-4203
€ lmL) A Corne!l Unlversﬁy g
2\ EEEB Learning Strategies Center f. 607.255.1562
www.lsc.cornell.edu
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The Cornell Note-taking System

Cue Column Note-taking Column

1. Record: During the lecture, use the note-taking column to record the
lecture using telegraphic sentences.

2. Questions: As soon after class as possible, formulate questions based on
the notes in the right-hand column. Writing questions helps to clarify
meanings, reveal relationships, establish continuity, and strengthen
memory. Also, the writing of questions sets up a perfect stage for exam-
studying later.

3. Recite: Cover the note-taking column with a sheet of paper. Then, looking
at the questions or cue-words in the question and cue column only, say
aloud, in your own words, the answers to the questions, facts, or ideas
indicated by the cue-words.

4. Reflect: Reflect on the material by asking yourself questions, for example:
“What's the significance of these facts? What principle are they based on?
How can I apply them? How do they fit in with what I already know?
What’s beyond them?

5. Review: Spend at least ten minutes every week reviewing all your previous
notes. If you do, you’ll retain a great deal for current use, as well as, for the
exam.

Summary

After class, use this space at the bottom of each page
to summarize the notes on that page.

B

<--mmmmmm >
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3.4
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Extension Cornell Notetaking for Better Students
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3.5 Exceptional Cornell Notetaking for the Best Students
The advice and ideas here are not needed for most students but include further ideas that can help develop your
notetaking skills, which is at the heart of the most successful students (and intellectuals).

The Five R’s:
1.RECORD your notes in the right-hand column.
2.REDUCE your notes into the recall column on the left
3.RECITE out loud from the recall column.
4.REFLECT on the information that you are studying.

5.REVIEW your notes immediately and regularly

Step 2: Step 1: Notes
Cues (Record)

(Red uce) When: During class lecture, discussion or activity

What: Record as many facts and ideas from the lesson as

When: During class but &
possible

after the lecture, activity

or discussion
How:

o Buliets, phrases and pictures

® Avoid sentences and paragraphs

e deveiop abbreviations and symbols

® |eave space between points to add information later

What: Reduce learning to
the essential facts 8 ideas

How (make lists):
® Facts
e Key ldeas
* Important words
® Pivotal phrases
® Questions

Why: Students need to record the learning in 2 method that is
meaningful to them before they can do anything with it

Why: Students can not
recail everything and need
to filter out the most im-
portant ideas, concepts
and guestions.

Step 3: Summary
(Reflect & Review)

When: At the end of class, after class for homework or as @ warmup at the start of the next class

What: Synthesis that reviews and summarizes the main ideas from the lesson

How (in complete sentences, answer questions such as the following):
® "Why is this information important?”

® “What conclusions can I make from this information?” "'

® “"How can this information be applied?” ‘ 'I,
Why: Summarizing and reviewing information after it is learned is one of the best
research based strategles for ensuring long term retention of any content or skill.

Step 1: Record Write the topics and vocabulary words, in the
left column of your notes Write questions to
quiz yourself on the material.

—Write a question for each new topic, main
idea, or significant detail.

—Write questions on the material which you

Write main ideas and supporting material in
the right column

Use signals from the lecture

Titles & keywords= topics

main ideas think your teacher will test you
Use abbreviations to get the full idea. y you.
Leave spaces between ideas so you can fill in Step 3: Recite

more later. see how ideas relate to one

This will help transfer ideas to your long-term
another

memory!

Step 2: Reduce Study the information by answering your
guestions in the left column.

—Cover the Record Column.
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—Read your vocabulary words and questions in
the left Column

—Using your own words, define the words and
answer your questions out loud.

—You can also define the words and answer
your questions on the paper you are using to
cover the Record Column.

—Uncover your notes and check what you have
said against the facts.

Step 4: Reflect

After the lecture, write a summary at the
bottom of your notes.

—Use complete sentences in the summary.
—Choose the key points.

—Organize ideas.

—Link ideas together.

Step 5: Review

Improve your memory.

—If you spend 10 minutes after every class in a
quick review of your notes, you will retain
most of what you have studied you won’t have
to cram during an “all-nighter” you will relate
the facts and ideas to present lectures or
readings.

3.6 Essential Note-Taking Tips and Examples

Develop a code system of note-marking to indicate questions, comments, important points ...for

example,

e Mark unfamiliar vocabulary & unclear ideas in unique ways, such as with a star or asterisk.

e Highlight vocabulary terms and important people.
o Circle ideas that are still unclear.

o Make sure you can understand what you have written and if needed, make corrections.

e Use drawings, arrows or other organizers to help you see concepts and relationships between them.

e Use abbreviations and symbols wherever possible in the notes portion (but try to keep your

abbreviations simple to understand, if you forget later your system then your notes lose their mea~--"
o If you completely don’t understand an idea, leave a blank space and ask your teacher for help on

For a more detailed and involved exploration and explanation of notetaking download documen

attached to this QR code (30 pages):
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3.7 Cornel Notetaking Note Paper

Questions & Translations Date:

Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page

For a whole variety of different formats and types of paper: https://incompetech.com/graphpaper/cornelllined/
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson
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Questions & Translations Date:
Fill this in AFTER lesson
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Questions & Translations Date:
Fill this in AFTER lesson
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Questions & Translations Date:
Fill this in AFTER lesson
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Questions & Translations Date:
Fill this in AFTER lesson
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Questions & Translations Date:

Fill this in AFTER lesson
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 65 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 66 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Questions & Translations Date:
Fill this in AFTER lesson

Summary Section- Do this a week later and write, in your own words, only one or two sentences that sums up the important points on this
page
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3.8

Top Tips for Smashing! your Exams

Idea Why it matters

Adding to your answers at
the end

For most students. The harder explain questions, or other multi-mark questions often will require
details that may not be the first ones you include. After you have given the question roughly the
right amount of time per mark, MOVE ON to the next part of the exam. Return later if you have
made the time to do so, after you have checked through the exam and add whatever else you can
think might be relevant AND correct. If you are not sure if it’s relevant, but you are sure that it is
correct, then add it anyways, but only if you have the time!

Annotating your multiple-
choice questions

For ALL students! Although the examiner will not see you question paper for multiple choice
questions, you should still make notes on the question paper itself. This will help you break the
question down, which will often require you to have one idea that follows another, if this is
written down inside the question you are more likely to see this second step. Also important, at
the end you can see your own thinking when you check through your exam at the end, which will
make checking your work easier and more effective

Annotating your questions

For ALL students! You should be writing out what you know about the compounds and ideas as
you are reading the question. Underline numbers, these are usually only ever given to you
because they are necessary in a calculation. For questions involving unknowns, try to write what
Xis if that is possible. This way you break down a larger problem in to more manageable parts
helping you see more clearly the answer.

Checking your exam paper

For most students try to allow at least 10% of the exam time to check your exam paper at the
end, for Paper 2 this is about 5 minutes, Paper 4 it is 8 minutes, for Paper 6 it is 6 minutes. As you
move through the paper, you should have already marked the hardest questions with a star or
other symbol, these should be checked the most carefully.

For the most able students who are aiming for a good A* you ought to have about 20 to 30% of
the time left at the end for checking which will allow you to thoroughly check all of the exam and
locate every mark.

For less able students you may need to ignore the later parts of a tough topic to ensure you are
able to check through the easiest questions at the end to correct any easy mistakes you may have
made.

Chemical equations

For most students. A good answer ought to try to include at least one balanced chemical
equation, even if you feel you have just explained the same thing in words, because you may
have missed something out or not explained properly the idea that you had in your mind which
the chemical equation will provide evidence to the examiner that will allow you to get the mark.
It is an example of REDUNDENCY or a FAIL-SAFE

Crossing out mistakes

Never cross out work that you think is a mistake unless you have already provided another
answer, so draw a box around what you intend to replace, then write your new answer, THEN
write a neat cross through that box. Your crossed-out work should always be readable to the
examiner. If it contradicts your new work, it will not be considered, but if it helps to clarify your
new answer, than it ought to be considered by the examiner. For instance, in a recent exam
students were expected to describe a difference and explain it; many students simply explained
the difference, without saying if the value would be larger or smaller, one student suggested that
it would be smaller in their crossed out work, but only different in their final answer, but they had
shown they understood how it would be different and got the mark.

Diagrams

For ALL students! A picture is worth a 1000 words. A good LABELLED diagram even if there is not
there is no blank space for a diagram, can sometimes be acceptable and can help give a fuller
answer to allow you to pick up the hardest marks or prevent silly mistakes where you have
accidentally not included enough information.

Drawing graphs

In pencil!!! If you make a mistake in the real exam in pen it your answer may not be clear enough
for you to be awarded really easy marks, you cannot ask for another exam paper, so mistakes
that are made in pen are permanent! For ALL students!

Eliminating the wrong
answers in multiple choice
questions

For ALL students! Usually two of the 4 answers are more easily seen as incorrect. Finding these
two will give you a 50/50 chance of getting the right answer with less understanding, so even
though you don’t fully understand the question, you have at least managed to increase your odds
of guessing correctly. If you can’t easily and quickly find these 2 answers, mark the question,
make a guess IN PENCIL, then move on, this question is obviously a difficult question therefore.

Exam Questions

For ALL students! AlImost none of the marks are awarded for answering actual questions (you will
almost never see a question mark!?!). What are commonly referred to as exam questions, even
by Mr Paddy, are in fact commands: calculate this, or explain that or state how etc. This is to
reduce confusion so that you know exactly what is expected from the language of the compag
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Idea Why it matters

For most students. If you really want to make sure you pick up every single mark you should be
aiming to include additional information in a slightly different format, including labelled diagrams
FAIL SAFE or REDUNDENCY | and balanced chemical equations with state symbols. This level of attention to detail means that
if your first attempt at the hardest marks in the exam paper fails, it fails into a safe position,
because you have a backup plan. This is an essential idea in engineering and research science.
For the most able students. Give about 40 to 100% more properties or conditions than there are
marks: irrelevant answers, or incomplete answers will not go against you, so to ensure you
include all of the answers that the examiner requires you need to be very cautious. Answers
Give some properties/etc acceptable one year may not be acceptable in another exam session, they are not incorrect, just
not enough to get a mark. This is essential for a candidate to hope for a good A*!!!

For the least able students. Make sure that you are at least giving as many answers as there are
marks, if you are not sure, give your best guess, never leave an answer blank!

For ALL Students! Give exactly and only x number of properties, any more will either not be
marked, so if one of your answers is irrelevant, and you are supposed to give 3 answers, but you
give 4 and the 4th is correct, you could lose the mark. If one of the answers is wrong, then you
will most likely lose the mark. They do not reward candidates who try to use ambiguity to
increase their score, and in fact actively penalise it.

For most students. Give the name, in English, for the chemical compound, ion or element. Only
Name the name is acceptable, and if you misspell it, especially if it is a negative ion, like chloride, you
will not be awarded the mark.

For ALL students! If a question requires more than one answer, it will have ALWAYS indicated this
Plurals with the use of plurals. If only one answer is needed than again, the statement will indicate this
grammatically. PAY ATTENTION TO THIS!!!

For ALL students! The space given for your working for a calculation should not be considered as
‘rough paper’ or include incomplete numbers or ideas. The space for your response should be
considered as a place for you to communicate with the examiner what you are doing, and
especially thinking, in each step, even if it seems obvious to you what you are doing, each step
should be clearly labelled and written in a way that can be easily followed. Sometimes the final
answer is only worth one mark, and the other marks can only be achieved with carefully laid out
working. Another important reason for good, systematic working, even for easy questions that
involve more than one step is that they allow you at the end of the exam to check your thinking
quickly, efficiently and effectively.

For ALL students! It is only really in the naming of a specific process or compound that spelling is
vital. Otherwise anything that is spelt well enough for the word to be clear and the meaning to be
understood is acceptable. Your written response is used by the exam board to measure you level
of understanding, some students with certain disabilities may not be able to write, but they could
still get an A* in this subject if they could shown, e.g. through speech, that they are able to
understand the ideas. If you think of Stephen Hawking, a world famous scientist, who was also a
professor at the University of Cambridge, he could not write, but he was still extremely well
respected.

For ALL Students! In this case you can use either the chemical formula or the full English name of
the compound, ion or element. If you give the formula and the name and one of them is
incorrect, you will lose the mark, so you are better off only identifying the substance by the way
you are most confident in. For instance, if you say that it is "Bromine (Br)" when it is in fact Br,
you will likely lose the mark. Or "Bromine (Br’)" when it is the bromide ion, you will also lose the

Give x#
properties/conditions/etc

Showing your working in
calculations

Spelling

State or identify

mark.
For most students. Always include these in your diagrams where you can, even if you are not able
State symbols to include all of them for the whole equation (e.g. the electrolysis of aluminium). This is another

example of a FAIL SAFE.

For ALL students! This should be organised at the start of the exam. Take 2 minutes to skim
through the exam paper and find the hardest questions and the easiest ones. The hardest
guestions should be answered last, these are the least efficient use of your time (in terms of
marks achieved versus time spent). The easiest questions are the most efficient use of your time,
The order you answer unless you have run out of time and are forced to leave them unanswered, or poorly answered.
questions DON’T’ ANSWER EXAM QUESTIONS IN THE ORDER THEY APPEAR ON THE EXAM PAPER!!!
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Idea Why it matters

For ALL students! You should know how long you have for each mark (normally it is around 1
mark a minute). You should also have a watch that you are familiar with that is not a smart watch
. . or a smart band. A simple, cheap classic Casio watch would be best, and you can use this same
Time management in ) .
exams watch throughout your academic career making sure to replace the battery before every exam
session. Some questions you should be able to make time up on, others will take considerably
longer, for those harder questions, stop after about 1 minute a mark and return to them at the
end to ensure the easiest marks have been answered fully and carefully.
For the most able students. After you have eliminated the 2 easily incorrect answers there will
Understanding the be two very similar answers that will differ in a fundamental way, hopefully, that will allow you to
distracter answer in a find the correct answer. Sometimes, however, neither will be easily identified as correct, so you
multiple-choice question will need to find the most incorrect answer and chose the other one. These questions tend to be
the hardest marks in the exam.
Units For ALL students! Always include units in your answer! Often, they will not be enough to allow
you to get a mark, but if they are not there you will lose a mark.
For ALL maths students. Nothing to do with chemistry, but | find it really unnecessary. DO NOT
TO THIS! At best rough work which should have been included in your answer booklet, then
Writing in the neatly crossed out, will not be seen by an examiner, so you could very pointlessly drop marks. At
. worst the handwriting is yours in this booklet, so you could be accused of writing the answers in
mathematics formula . . .
booklets there before the exam and therefore cheating. It is CAIE policy (and all exam boards, actually)
that everything a candidate does in the exam is sent to them, which is again related to exam
security which they take extremely seriously. Most likely however, the booklets are just thrown
away for no good reason which is a waste of paper.
Wrong answer + Right = No marks! If you are unsure go with your best guess, but don't give two answers if only one
Answer answer is acceptable. For ALL Students!
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4 IB Diploma

The Diploma Programme is a rigorous pre-university course of study designed for students in the 16 to 19
age range. It is a broad-based two-year course that aims to encourage students to be knowledgeable and
inquiring, but also caring and compassionate. There is a strong emphasis on encouraging students to

develop intercultural understanding, open-mindedness, and the attitudes necessary for them to respect
and evaluate a range of points of view.

The Diploma Programme model

The course is presented as six academic areas enclosing a central core (see figure 1). It encourages the
concurrent study of a broad range of academic areas. Students study two modern languages (or a modern
language and a classical language), a humanities or social science subject, a science, mathematics and
one of the creative arts. It is this comprehensive range of subjects that makes the Diploma Programme a
demanding course of study designed to prepare students effectively for university entrance. In each of the
academic areas students have flexibility in making their choices, which means they can choose subjects that
particularly interest them and that they may wish to study further at university.

OIES IN LANG(,
s\ S\ UITERATUR, &

Figure 1
Diploma Programme model
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IB learner profile

The aim of all IB programmes is to develop internationally minded people who, recognizing their
common humanity and shared guardianship of the planet, help to create a better and more peaceful world.

As IB learners we strive to be:
INQUIRERS

We nurture our curiosity, developing skills for inquiry and
research. \We know how to learn independently and with others.
We learn with enthusiasm and sustain our love of learning
throughout life.

KNOWLEDGEABLE

We develop and use conceptual understanding, exploring
knowledge across a range of disciplines. We engage with issues
and ideas that have local and global significance.

THINKERS

We use critical and creative thinking skills to analyse and take
responsible action on complex problems. We exercise initiative in
making reasoned, ethical decisions.

COMMUNICATORS

We express ourselves confidently and creatively in more than
one language and in many ways. We collaborate effectively,
listening carefully to the perspectives of other individuals and
groups.

PRINCIPLED

We act with integrity and honesty, with a strong sense of faimess
and justice, and with respect for the dignity and rights of people
everywhere. We take responsibility for our actions and their
consequences,

OPEN-MINDED

We critically appreciate our own cultures and personal histories, as
well as the values and traditions of others. We seek and evaluate a
range of points of view, and we are willing to grow from the
experience.

CARING

We show empathy, compassion and respect. We have a
commitment to service, and we act to make a positive difference
in the lives of others and in the world around us.

RISK-TAKERS

We approach uncertainty with forethought and determination;
we work independently and cooperatively to explore new ideas
and innovative strategies. We are resourceful and resilient in the
face of challenges and change.

BALANCED

We understand the importance of balancing different aspects of
our lives—intellectual, physical, and emotional—to achieve
well-being for ourselves and others. We recognize our interdependence
with other people and with the world in which we live.

REFLECTIVE

We thoughtfully consider the world and our own ideas and
experience, We work to understand our strengths and weaknesses
in order to support our learning and personal development.

The IB learner profile represents 10 attributes valued by IB World Schools. We believe these attributes, and others like
them, can help individuals and groups become responsible members of local, national and global communities.
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4.2 Standard Level (SL) and Higher Level (HL) Group 4 Courses
The PrelB Chemistry Course is designed to prepare you for the SL or HL Chemistry IB Diploma courses, however, regardless of

what course you chose for group 4 (the Sciences, including Chemistry, Physics or Biology), they all have common ideas behind
their organisation and are assessed using a similar format.

4.3 Group 4 aims
Through studying biology, chemistry or physics, students should become aware of how scientists work and communicate

with each other. While the scientific method may take on a wide variety of forms, it is the emphasis on a practical approach
through experimental work that characterizes these subjects.

The aims enable students, through the overarching theme of the Nature of science, to:

Appreciate scientific study and creativity within a global context through stimulating and challenging opportunities
Acquire a body of knowledge, methods and techniques that characterize science and technology

Apply and use a body of knowledge, methods and techniques that characterize science and technology

Develop an ability to analyse, evaluate and synthesize scientific information

Develop a critical awareness of the need for, and the value of, effective collaboration and communication during
scientific activities

Develop experimental and investigative scientific skills including the use of current technologies

Develop and apply 21st century communication skills in the study of science

Become critically aware, as global citizens, of the ethical implications of using science and technology

Develop an appreciation of the possibilities and limitations of science and technology

10. Develop an understanding of the relationships between scientific disciplines and their influence on other areas of
knowledge.
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Figure 2

Pathways to scientific discovery
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Group 4 covers all of the sciences, but only the main sciences (Chemistry, Biology and Physics) are offered at most schools,
including this one.

4.4 IB SL and HL Chemistry Syllabus outline

The last topic is the Organic topic, which will be covered in the second year, IB2, which is why it has been removed from the
PrelB course

Syllabus component Recommended

teaching hours
5L HL

Core 95

1.  Stoichiometric relationships 13.5

2. Atomic structure 6

3.  Periodicity 6

4. Chemical bonding and structure 13.5

5. Energetics/thermochemistry 9

6. Chemical kinetics 7

7. Equilibrium 45

8. Acids and bases 6.5

9.  Redox processes 8

10.  Organic chemistry 11

1. Measurement and data processing 10

Additional higher level (AHL) 60

12.  Atomic structure 2

13. The periodic table—the transition metals 4

14. Chemical bonding and structure 7

15.  Energetics/thermochemistry 7

16. Chemical kinetics 6

17.  Equilibrium 4

18. Acids and bases 10

19. Redox processes 6

20. Organic chemistry 12

21.  Measurement and analysis 2

Option 15 25

A, Materials 15 25

B. Biochemistry 15 25

C.  Energy 15 25

D.  Medicinal chemistry 15 25
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Syllabus component Recommended
teaching hours

SL HL

Practical scheme of work 40 60
Practical activities 20 40
Individual investigation (internal assessment—IA) 10 10
Group 4 project 10 10
Total teaching hours 150 240

The recommended teaching time is 240 hours to complete HL courses and 150 hours to complete SL courses
as stated in the document General regulations: Diploma Programme (2011) (page 4, Article 8.2).

Distinction between SL and HL

Group 4 students at standard level (5L) and higher level (HL) undertake a common core syllabus, a common
internal assessment (JA) scheme and have some overlapping elements in the option studied. They are
presentad with a syllabus that encourages the development of certain skills, attributes and attitudes, as
described in the "Assessment objectives” section of this guide.

While the skills and activities of group 4 science subjects are common to students at both 5L and HL,
students at HL are required to study some topics in greater depth, in the additional higher level (AHL)
material and in the common options. The distinction between 5L and HL is one of breadth and depth.

4.5 IB Group 4 External Assessment Details SL Chemistry
Paper 1

Duration: 3/4 hour
Weighting: 20%

Marks: 30

. 30 multiple-choice questions on core, about 15 of which are common with HL.
. The questions on paper 1 test assessment objectives 1, 2 and 3.

. The use of calculators is not permitted.

. Students will be provided with a periodic table.

. No marks are deducted for incorrect answers.

Paper 2

Duration: 1% hours
Weighting: 40%

Marks: 50

. Short-answer and extended-response questions on core material.

. The questions on paper 2 test assessment objectives 1, 2 and 3.

. The use of calculators is permitted. (See calculator section on the OCC))

. A chemistry data booklet is to be provided by the school.
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Paper 3

Duration: 1 hour
Weighting: 20%

Marks: 35

. This paper will have questions on core and 5L option material.

. Section A: one data-based question and several short-answer questions on experimental work.
. Section B: short-answer and extended-response questions from one option.

. The questions on paper 3 test assessment objectives 1, 2 and 3.

. The use of calculators is permitted. (See calculator section on the OCC))

. A chemistry data booklet is to be provided by the school.

4.1 IB Group 4 External Assessment Details HL Chemistry
Paper 1

Duration: 1 hour
Weighting: 20%

Marks: 40

. 40 multiple-choice questions on core and AHL, about 15 of which are common with SL.
. The questions on paper 1 test assessment objectives 1, 2 and 3.

. The use of calculators is not permitted.

. Students will be provided with a periodic table.

. Mo marks are deducted for incorrect answers.

Paper 2

Duration: 2va hours
Weighting: 36%

Marks: 95

. Short-answer and extended-response questions on the core and AHL material.
. The questions on paper 2 test assessment objectives 1, 2 and 3.

. The use of calculators is permitted. (See calculator section on the OCC))

. A chemistry data booklet is to be provided by the school.

Paper 3

Duration: 1% hours
Weighting: 24%

Marks: 45

. This paper will have questions on core, AHL and option material.

. Section A: one data-based question and several short-answer questions on experimental work.
. Section B: short-answer and extended-response questions from one option.

. The guestions on paper 3 test assessment objectives 1, 2 and 3.

. The use of calculators is permitted. (See calculator section on the OCC))

. A chemistry data booklet is to be provided by the school.
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4.2 IB Group 4 Internal Assessment (IA)
If you add up all of the percentages for the External Assessment (which is the main exam at the end of 2 years) you will find
that they only add up to 80%. The remainder, 20% for BOTH HL and SL, of your grade comes from an Internally Assessed
component, which you complete during the 2 years in class and is graded by your teacher. It follows a very specific pattern of
assessment that is easy once you are experienced in it, but can be very challenging if you haven’t been given enough
practice.

Duration: 10 hours
Weighting: 20%
. Individual investigation

. This investigation covers assessment objectives 1,2, 3 and 4.

Internal assessment criteria

The new assessment model uses five criteria to assess the final report of the individual investigation with
the following raw marks and weightings assigned:

Personal
Exploration Analysis Evaluation Communication Total
engagement
2 (8%) 6 (25%) 6 (25%) 6 (25%) 4 (17%) 24 (100%)

Each of the above criteria will be explored this year through practicals which will contribute towards your final PrelB grade.

4.3 Explaining the IB IA Assessment Criteria

Personal engagement

This criterion assesses the extent to which the student engages with the exploration and makes it their own.
Personal engagement may be recognized in different attributes and skills. These could include addressing

personal interests or showing evidence of independent thinking, creativity or initiative in the designing,
implementation or presentation of the investigation.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1 The evidence of personal engagement with the exploration is limited with little
independent thinking, initiative or creativity.

The justification given for choosing the research question and/or the topic under
investigation does not demonstrate personal significance, interest or curiosity.

There is little evidence of personal input and initiative in the designing, implementation or
presentation of the investigation.

2 The evidence of personal engagement with the exploration is clear with significant
independent thinking, initiative or creativity.

The justification given for choosing the research question and/or the topic under
investigation demonstrates personal significance, interest or curiosity.

There is evidence of personal input and initiative in the designing, implementation or
presentation of the investigation.
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Exploration

This criterion assesses the extent to which the student establishes the scientific context for the work, states
a clear and focused research question and uses concepts and techniques appropriate to the Diploma

Programme level. Where appropriate, this criterion also assesses awareness of safety, environmental, and
ethical considerations.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 The topic of the investigation is identified and a research question of some relevance is
stated but it is not focused.

The background information provided for the investigation is superficial or of limited
relevance and does not aid the understanding of the context of the investigation.

The methodology of the investigation is only appropriate to address the research question to
a very limited extent since it takes into consideration few of the significant factors that may
influence the relevance, reliability and sufficiency of the collected data.

The report shows evidence of limited awareness of the significant safety, ethical or
environmental issues that are relevant to the methodology of the investigation®.

3-4 The topic of the investigation is identified and a relevant but not fully focused research
question is described.

The background information provided for the investigation is mainly appropriate and
relevant and aids the understanding of the context of the investigation.

The methodology of the investigation is mainly appropriate to address the research question
but has limitations since it takes into consideration only some of the significant factors that
may influence the relevance, reliability and sufficiency of the collected data.

The report shows evidence of some awareness of the significant safety, ethical or
environmental issues that are relevant to the methodology of the investigation.”

Mark | Descriptor

5-6 The topic of the investigation is identified and a relevant and fully focused research question
is clearly described.

The background information provided for the investigation is entirely appropriate and
relevant and enhances the understanding of the context of the investigation.

The methodology of the investigation is highly appropriate to address the research question
because it takes into consideration all, or nearly all, of the significant factors that may
influence the relevance, reliability and sufficiency of the collected data.

The report shows evidence of full awareness of the significant safety, ethical or environmental
issues that are relevant to the methodology of the investigation®
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Analysis

This criterion assesses the extent to which the student’s report provides evidence that the student has
selected, recorded, processed and interpreted the data in ways that are relevant to the research question
and can support a conclusion.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 The report includes insufficient relevant raw data to support a valid conclusion to the
research question.

Some basic data processing is carried out but is either too inaccurate or too insufficient to
lead to a valid conclusion.

The report shows evidence of little consideration of the impact of measurement uncertainty
on the analysis.

The processed data is incorrectly or insufficiently interpreted so that the conclusion is invalid
or very incomplete.

3-4 The report includes relevant but incomplete quantitative and qualitative raw data that could
support a simple or partially valid conclusion to the research question.

Appropriate and sufficient data processing is carried out that could lead to a broadly valid
conclusion but there are significant inaccuracies and inconsistencies in the processing.

The report shows evidence of some consideration of the impact of measurement uncertainty
on the analysis.

The processed data is interpreted so that a broadly valid but incomplete or limited conclusion
to the research question can be deduced.

5-6 The report includes sufficient relevant quantitative and qualitative raw data that could
support a detailed and valid conclusion to the research question.

Appropriate and sufficient data processing is carried out with the accuracy required to enable a
conclusion to the research question to be drawn that is fully consistent with the experimental data.

The report shows evidence of full and appropriate consideration of the impact of
measurement uncertainty on the analysis.

The processed data is correctly interpreted so that a completely valid and detailed conclusion
to the research question can be deduced.
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Evaluation

This criterion assesses the extent to which the student’s report provides evidence of evaluation of the
investigation and the results with regard to the research question and the accepted scientific context.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 A conclusion is outlined which is not relevant to the research question or is not supported by
the data presentad.

The conclusion makes superficial comparison to the accepted scientific context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources of
error, are outlined but are restricted to an account of the practical or procedural issues
faced.

The student has outlined very few realistic and relevant suggestions for the improvement
and extension of the investigation.

3-4 A conclusion is described which is relevant to the research question and supported by the
data presented.

A conclusion is described which makes some relevant comparison to the accepted scientific
context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources
of error, are described and provide evidence of some awareness of the methodological
issues® involved in establishing the conclusion.

The student has deseribed some realistic and relevant suggestions for the improvement and
extension of the investigation.

5-6 A detailed conclusion is described and justified which is entirely relevant to the research
question and fully supported by the data presented.

A conclusion is correctly described and justified through relevant comparison to the
accepted scientific context.

Strengths and weaknesses of the investigation, such as limitations of the data and sources of
error, are discussed and provide evidence of a clear understanding of the methodological
issues® involved in establishing the conclusion.

The student has discussed realistic and relevant suggestions for the improvement and
extension of the investigation.

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 81 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Communication

This criterion assesses whether the investigation is presented and reported in a way that supports effective
communication of the focus, process and outcomes.

Mark | Descriptor

0 The student’s report does not reach a standard described by the descriptors below.

1-2 The presentation of the investigation is unclear, making it difficult to understand the
focus, process and outcomes.

The report is not well structured and is unclear: the necessary information on focus, process
and outcomes is missing or is presented in an incoherent or disorganized way.

The understanding of the focus, process and outcomes of the investigation is obscured by the
presence of inappropriate or irrelevant information.

There are many errors in the use of subject specific terminology and conventions*.

3-4 The presentation of the investigation is clear. Any errors do not hamper understanding
of the focus, process and outcomes.

The report is well structured and clear: the necessary information on focus, process and
outcomes is present and presented in a coherent way.

The report is relevant and concise thereby facilitating a ready understanding of the focus,
process and outcomes of the investigation.

The use of subject specific terminology and conventions is appropriate and correct. Any
errors do not hamper understanding.
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5 Topic 1 Particulate Theory of Matter

5.1 End of Topic 1 Goals Checklist
For each topic you ought to try to do as many of the following things to get the most out of your time, the resources
available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and
uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because they
are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is
one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

Aspect ‘ What you should have done ‘ Yes/No ‘ Level

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
: Ask your teacher one question about something you do not understand in science
with your Y a &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook
EXTENSION

that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have

ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. - EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
ndo
Topic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
[
P Scored over 90% EXTESNION

Scored over 95%
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Aspect ‘ What you should have done Yes/No | Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about ESSENTIAL
anything.
Spend more than 3 hours a week reading a book you enjoy (in any language
p _ ursaw ing you enjoy (in any language) EXTENSION
about anything.
Spend than5h k readi book y joy (i I
Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book y joy in English about
pen . at least one hour a week reading a book you enjoy in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
P . & you enioy & EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL
You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | section
You have given an answer for every question in the Review and Reflection section
. . EXTENSION
at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
5.2 Topic 1 Syllabus

1 The particulate nature of matter

1.1 The particulate nature of matter

* 5tate the distinguishing properties of solids,
liquids and gases

* [Describe the structure of solids, liquids and gases
in terms of particle separation, arrangement and
types of motion

* [Describe changes of state in terms of melting, # Explain changes of state in terms of the kinetic
boiling, evaporation, freezing, condensation and theory
sublimation

* Describe qualitatively the pressure and
temperature of a gas in terms of the motion of
its particles

Patrick Brannac

* Show an understanding of the random motion .

of particles in a suspension (sometimes known
as Brownian motion) as evidence for the kinetic
particle (atoms, molecules or ions) model of
matter

Describe and explain diffusion

www.SmashingScience.org & for China www.SmashingScienceCN.org

Describe and explain Brownian motion in terms
of random molecular bombardment

State evidence for Brownian motion

Describe and explain dependence of rate of
diffusion on molecular mass
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51

ESSENTIAL Glossary for Keywords for this topic

Many words used in science have a meaning that is slightly different to their common everyday English meaning, for instance
a salt is the product of an acid and base reacting together in chemistry, but normally thought of as table salt (NaCl) in
common use.

The keywords have been auto translated into Chinese, so the translations will not be perfect but they should hopefully make
sense. If there is a better translation you can simply write it out yourself on a Post-it note and stick it over the printed one.

TOpIC

English Chinese
boiling a condition under which gas bubbles . . e .
1 are able to form within a liquid — gas HEERAPEEB S BNERG NS0 FMEARARA
molecules escape from the body of a liquid, BHE, TANNENERESRS
not just from its surface
boiling point the temperature at which a - R
1 liquid boils, when the pressure of the gas R, BERAKRLEATENSBEASTREEN - RIEH
created above the liquid equals atmospheric BB RS
pressure
condensation the change of a vapour or a gas BRSBSAWTELRREE  EHER  ABHET
1 into a liquid; during this process heat is given
out to the surroundings BEH RS
diffusion the process by which different fluids
1 mix as a result of the random motions of their | ¥ B{ER T U FHPFEN Iz M ERRAE R ESHTTE
particles
evaporation a process occurring at the surface . . . .
q of a liquid, involving the change of state from | AR —MERFRALAENTRE  SREETHRIGREE
a liquid into a vapour at a temperature below | MSEARAE ISR ZSIAA
the boiling point
1 fluid a gas or a liquid, they are able to flow FRESRKRBEIKR, BIIBE® R
melting point the temperature at which a L . }
q solid turns into a liquid — it has the same value | BWREIRZRRARNEE - ESRERERR ; &YEE
as the freezing point; a pure substance has a ARSI A
sharp melting point
physical change a change in the physical state .
1 of a substance or the physical nature of a MBT(EAE KFIEFEIEEYMRT ENYRNYBERESZE
situation that does not involve a change in the | gy {00 gt 438 4 FE 254k,
chemical substance(s) present
states of matter solid, liquid and gas are the i
1 three states of matter in which any substance EZ /&MK*D 11$M%E4qum—_[p/(ﬁ%_tﬁzﬁj¢@ﬁE@:ﬂﬁf%
can exist, depending on the conditions of FORA - BAEURETFEEME DSR4
temperature and pressure
sublimation the direct change of state from | g o yjoe ) B o) = o s A S (A BIEMA RO B TS L © £0305
1 solid to gas or gas to solid: the liquid phase is
bypassed #H

Patrick Brannac
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51 ESSENTIAL EXAM QUESTIONS Paper 4 Topic 1 50marks
Q# 1/ iGCSE Chemistry/2015/s/Paper 31/ Q6

(c) Gases diffuse, which means that they move to occupy the total available volume.

(i) Explain, using kinetic particle theory, why gases diffuse.

(i) When the colourless gases hydrogen bromide and ethylamine come into contact, a white
solid is formed.

CH,CH,NH,(g) + HBr(g) - CH,CH,NH,Br(s)
white solid

The following apparatus can be used to compare the rates of diffusion of the two gases
ethylamine and hydrogen bromide.

gives off gives off
CH,CH,NH,(g) HBr(g)
, 7
@ A B C ﬁ
cotton wool soaked in cotton wool soaked in
ethylamine(aq) conc. hydrobromic acid

Predict at which position, A, B or C, the white solid will form. Explain your choice.

Q# 2/ iGCSE Chemistry/2014/s/Paper 31/Q3 (c)

{iii) Suggest another method, other than diffusion, by which helium could be separated from
the mixture of gases in natural gas.

- [1]
Q# 3/ iGCSE Chemistry/2014/s/Paper 31/
3 (a) Different gases diffuse at different speeds.
{i) What is meant by the term diffusion?
- [

(i) What property of a gas molecule affects the speed at which it diffuses?
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(b) Helium s a gas used to fill balloons. It is present in the air in very small quantities. Diffusion can
be used to separate it from the air.

Air at 1000 °C is on one side of a porous barrier. The air which passes through the barrier has
a larger amount of helium in it.

(i) Why does the air on the other side of the barrier contain more helium?

Q# 4/ iGCSE Chemistry/2012/w/Paper 31/
7  Both strontium and sulfur have chlorides of the type XCI,. The table below compares some
of their properties.

strontium chloride sulfur chloride
appearance white crystals red liquid
formula SrCl, SCI,
melting point/°C 874 —120
boiling point/=C 1250 59
conductivity of liquid good poaor
solubility in water dissolves to folrm react_s to form a

a neutral solution solution of pH 1

{a) (i) Usethe datainthe table to explain why sulfur chloride is a liquid at room temperature,
25°C.

Q# 5/ iGCSE Chemistry/2010/s/Paper 31/

2 Ozone is a form of oxygen. Ozone is present in the upper atmosphere and it prevents
dangerous solar radiation from reaching the Earth’'s surface. Some of the chemicals that
diffuse into the upper atmosphere decompose ozone. Chemicals that have this effect are
methane (CH,), chloromethane (CH,CI) and an oxide of nitrogen (NO,).

(i) Which of these three chemicals diffuses the most slowly? Give a reason for your
choice.

- [2]
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Q# 6/ iGCSE Chemistry/2006/w/Paper 3/

2 The table shows the melting points, boiling points and electrical properties of the six

substances Ato F.

electrical conductor mﬂi?&?'g,
substance | melting point / °C boiling point / °C te;;:rc;r::”e substance
dissolved in water
A 961 2183 good does not dissolve
B 113 444 does not conduct | does not dissolve
C 0 100 very poor very poor
D 803 1465 does not conduct good
E ~5t0-10 102 to 105 good good
F -85 -60 does not conduct | does not dissolve

(i) Which three substances are solids at room temperature?

(ili) Which one is a gas at room temperature?

(iv) Which two substances are liquids at room temperatura?

Patrick Brannac
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Q# 7/ iGCSE Chemistry/2005/w/Paper 3/
2 Ethanoic acid is a colourless liquid at room temperature. It has the typical acid properties
and forms compounds called ethanoates.

(a) A pure sample of ethanoic acid is slowly heated from 0°C to 150°C and its temperature
is measured every minute. The results are represented on the graph below.

temperature

Y

time

(i) Name the change that occurs in the region Dto E.

[1]

(i) What would be the difference in the region B to C if an impure sample had been
used?

(iii) Sketch on the graph how the line would continue if the acid was heated to a higher
temperature. [1]
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(iv) Complete the following table that compares the separation and movement of the
molecules in regions C to D with those in Eto F.

CtoD EtoF
separation (distance
bEtWEEH panlclesj SEEENIENEENIINEEENIEEEENIENEEEENINENN amn
movement of particles random and slow
Can particles move apart to
ﬂ” En}r vﬂlume? (RRRRRRRRRRERRRRRRRRRRIRRRRRRRRNEER)LE] mn
[3]
Q#t 8/ iGCSE Chemistry/2005/s/Paper 3/ QiGCSE Chemistry/201
(d) Traces of chlorine can be separated from bromine vapour by diffusion.
Which gas would diffuse the faster and why?
[2]

Q# 9/ iGCSE Chemistry/2003/w/Paper 3/

4  Esters occur naturally in plants and animals. They are manufactured from petroleum. Ethyl
ethanoate and butyl ethanoate are industrially important as solvents.

(a) (i) Explainthe term solvent.
1]

Q#t 10/ iGCSE Chemistry/2003/s/Paper 3/ Q4

(b) When nitrogen dioxide is cooled, it forms a yellow liquid and then pale yellow crystals.
These crystals are heated and the temperature is measured every minute. The
following graph can be drawn.
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temperature
B yellow liquid

pale yellow crystals

time

(i) Describe the arrangement and movement of the molecules in the region A-B.

(ii) Name the change that occurs in the region B-C

Q# 11/ iGCSE Chemistry/2002/s/Paper 3/

5 (a) The Kinetic Theory explains the properties of solids, liquids and gases in terms of the
movement of particles.

Ligquids and gases both take up the shape of the container but a gas always fills the
container. Explain this, using the ideas of the Kinetic Theory.

liquid gas

fills container

does not fill container
but has shape of bottom
of container

..[4]
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(b) The following apparatus can be used to measure the rate of diffusion of a gas.

l\.
|||||||||||H\ |
'ﬁ metal foil,

F i | gas escapes
| through small
constant gés hole in foil
pressure gas
applied syringe

(i) What measurements would need to be taken to calculate the rate of diffusion of a

gas?
..[2]
(i) Which gas, carbon dioxide or sulphur dioxide, would diffuse faster?
Explain your choice.
...[3]

511 ESSENTIAL EXAM QUESTIONS Paper 4 Topic 1 50marks Mark Scheme
Q# 1/ iGCSE Chemistry/2015/s/Paper 31/

Ble)i) Any two from:
(particles mowe in) random mation;

(particles) callida; A allemative phrasas for collide
(particles) mova fram a ragion of high concantration to low concantration; 2 | A down a concantration gadient
Blc)(i) C;
M2 it has a lower (relative) malecular mass (than HEr); A athylamine is less dense
A athylamina is a lightar molacule but
M3 ethylamine diffusas faster (than HBr); I *athylamine is lightar’

3 | lethylamine is a smaller molecule
A athylamine molecules or particles
mave faster

A ECF for M2 and M3 if A is given a.g.
HEBr diffuses fasler for M3 becausaitisa
lightar molacule for M2

A ECF for M2 if B is given e.g. thay diffusa
gt samea afe for M3 because molecules
waigh the same for M2

Q# 2/ iGCSE Chemistry/2014/s/Paper 31/Q3c
(iii) fractional distillation (1) [1]
Q# 3/ iGCSE Chemistry/2014/s/Paper 31/

3 (a) (i) (particles)spread to fill total available volume/move from high concentration
to low concentration/ moves down a concentration gradient (1) [1]

(i) massorM (1) [1]
(b) (i) helium atoms/molecules are lighter than molecules in air or N; and O;
or helium is less dense than air or N; and O..
or helium diffuses (through the porous barrier) faster than air or N and
Oz (1)

(ii) faster rate of diffusion/molecules move faster (at high temperatures). (1) [1]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 92 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(iii) fractional distillation (1) [1]
Q# 4/ iGCSE Chemistry/2012/w/Paper 31/

7 (a) (i) melting point is below 25°C; [1]
boiling point above 25°C; [1]
accept: argument based on actual values
note: 25°C is between mp and bp = [2]

Q# 5/ iGCSE Chemistry/2010/s/Paper 31/

2 (i) chloromethane [1]
cond biggest molecular mass / biggest mass of one mole / its molecules
move slowest / heaviest molecule / highest density [1]

accept atomic mass if correct numerical value given
ignore it is the heaviest (gas) / biggest molecule
accept particles or molecules

not atoms

Q#t 6/ iGCSE Chemistry/2006/w/Paper 3/
2 More than required number of answers — [0]

(i) A BD (1]
(i) D (1]
(iiiy F [1]
(iwv) CandE [1]
(vl A (1]
(vi) E (1]
(a)(i) boiling [1]
(ii) lowertemperature or
over temperature range or no plateau 1
(ili) direct continuation of Eto F [1]
(iv) close or touching far apart [2]
fast and random 1
Q#7/ cannot move apart can move apart 2]
Q#t 8/ iGCSE Chemistry/2005/s/Paper 3/ QiGCSE Chemistry/201
(d) chlorine 1]
COND lower M, or lower density or lighter molecules or molecules move faster [2]

OR  lighter or based on A, MAX [1]
smaller with no additional comment or sieve idea [0]
N.B. a total of [3] not [2]

Q# 9/ iGCSE Chemistry/2003/w/Paper 3/

4 {a) (i} inwhch something dissolves [1]
Q#t 10/ iGCSE Chemistry/2003/s/Paper 3/ Q4
(b) (i) close or tightly packed [1]
ordered or lattice [1]
vibrational [1]
NOT forces
(i) melting or freezing or fusion or solidification [1]

Q# 11/ iGCSE Chemistry/2002/s/Paper 3/Q5 (a)

Particles are free to move in both liquids and gases,

so they can change their shape;

In a gas, there are no bonds between particles, so they are free to assume the volume of the container

In a liquid the particles are connected together by bonds, so can only change their shape, not their volume
Total 4 marks

5 (b) (i)
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Time taken
For volume to decrease 2 marks

(ii) Carbon dioxide

Because it has a Mr of 44, SO, has an Mr of 64
Molecules with smaller mass diffuse more quickly
3 marks

5.1 Essential End of Topic 1 Review and Reflection
Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and more
clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the end
of topic tests and other assessed activities, but also in how you learn. How could you become a more effective student to get
more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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6 Topic 2 Experimental Technigues

6.1 End of Topic 2 Goals Checklist
For each topic you ought to try to do as many of the following things to get the most out of your time, the resources
available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and
uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because they
are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is
one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

Aspect ‘ What you should have done Yes/No | Level

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
; Ask your teacher one question about something you do not understand in science
with your Y a gy ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION

Added to your class notes ideas and important information from the textbook
that you learnt

Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have

EXTENSION

ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. - EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
Scored 10% higher than your current average EXTENSION
End of Scored 15% or more than your previous end of topic average EXCEPTIONAL
Topic Test | Scored over 90% EXTESNION
Scored over 95%
SMASHING!!!
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Aspect ‘ What you should have done Yes/No | Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about ESSENTIAL
anything.
Spend more than 3 ho k readi book y joy (i I
p . urs a week reading a book you enjoy (in any language) EXTENSION
about anything.
Spend than5h k readi book y joy (i I
Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book y joy in English about
pen . at least one hour a week reading a book you enjoy in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
P . & you enioy & EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL
You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | Section
You have given an answer for every question in the Review and Reflection section
. . EXTENSION
at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
6.2 Topic 2 Syllabus

2 Experimental techniques

2.1 Measurement

* MName appropriate apparatus for the
measurement of time, temperature, mass
and volume, including burettes, pipettes and
measuring cylinders

2.2 Purity
2.2.1 Criteria of purity

* [Demonstrate knowledge and understanding of
paper chromatography

s |nterpret simple chromatograms

s |dentify substances and assess their purity from
melting point and boiling point information

* Understand the importance of purity in

substances in everyday life, e.g. foodstuffs and
drugs

2.2.2 Methods of purification

* [Describe and explain methods of purification
by the use of a suitable solvent, filtration,
crystallisation and distillation (including use of
a fractionating column). (Refer to the fractional
distillation of petroleum in section 14.2 and
products of fermentation in section 14.6.)

s Suggest suitable purification techniques, given
information about the substances involved

Patrick Brannac
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+ |nterpret simple chromatograms, including the
use of R values

*  Qutline how chromatography technigues can
be applied to colourless substances by exposing
chromatograms to substances called locating
agents. (Knowledge of specific locating agents is
not required.)
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6.3 ESSENTIAL Glossary for Keywords for this topic
Many words used in science have a meaning that is slightly different to their common everyday English meaning, for instance
a salt is the product of an acid and base reacting together in chemistry, but normally thought of as table salt (NaCl) in
common use.

The keywords have been auto translated into Chinese, so the translations will not be perfect but they should hopefully make
sense. If there is a better translation you can simply write it out yourself on a Post-it note and stick it over the printed one.

English Chinese

chromatogram the result of a paper chromatography run, HARBEDMERNWBEE @ ER /FEmilmBE
showing where the spots of the samples have moved to HNAIE

chromatography a technique employed for the separation of it E—ATOEEARYERESYNEAR %
mixtures of dissolved substances, which was originally used
to separate coloured dyes AREYATHBERBRH

tallisation th ff i tals f .
crystallisation ; e process of forming crystals from a 4= B N R R T B S R AR
saturated solution

decanting the process of removing a liquid from a solid EEFAEE - BT MR E A S R AR E
which has settled or from an immiscible heavier liquid by

careful pouring IR R AR TE

distillation the process of boiling a liquid and then RODNRR - RAER AT ANES L A
condensing the vapour produced back into a liquid: usedto | L N

purify liquids and to separate liquids from solutions BES . ATaERETRRRSERDE
downward delivery a method of collecting a gas which is [ T iE— e FESERTE - BITASEE
denser than air by passing it downwards into a gas jar SERNSBETERE —NES T

filtrate the liquid that passes through the filter paper during

filtration RAERE R PRIIBAARIER

filtration the separation of a solid from a liquid, using a fine | ERARFE R BELHWMEBET BN EADT D EL
filter paper which does not allow the solid to pass through B E A

fract.ionalldistillation a method of distill.atic.m usi.ng a MR SR T EE S - BT SRS
fractionating column, used to separate liquids with different | _ =~
boiling points B A

insoluble term that describes a substance that does not
dissolve in a solvent

TAMARE - W S AR TAANY R

locating agent a compound that reacts with invisible, = FRI—FEESY - TEBESENEEEER A
colourless spots separated by chromatography to produce a N

coloured product which can be seen KRR - ERRAEFY) - SRR

mixture a system of two or more substances that can be BERMRSHAILLETYES N0 BN £
separated by physical means i

pure substance a single chemical element or compound — it YRR EFTRIEEY-E—ERE TR
melts and boils at definite temperatures b3k

residue the solid left behind in the filter paper after filtration
has taken place

WREERBERATNE IR ZEY

R¢ value in chromatography, the ratio of the distance BiEORME - A ETHEE SARRDLTHES
travelled by the solute to the distance travelled by the
solvent front 2

risk assessment an evaluation of the methods and chemical REITE L - WS SeI thE R 5 2 B2 YRR
substances used in a particular experiment to see what

safety issues may be involved vl - DL ER A RS RV Z 0l
saturated solution a solution which contains as much BAARERERE NEERUESRARAR
dissolved solute as possible at a particular temperature B
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solubility a measure of how much of a solute dissolves in a
solvent at a particular temperature

English Chinese

BEE, ATEHEAEETERET
A

soluble term that describes a solute that dissolves in a
particular solvent

AARIE - il CARERER AR

solute the solid substance that has dissolved in a liquid (the
solvent) to form a solution

BRRRRERE GAH) PREFRDRME AR

solution formed when a substance (solute) dissolves into
another substance (solvent)

L—MW (AR) BTE YR (B ) BE
BEA R

solvent front the moving boundary of the liquid solvent that
moves up the paper during chromatography

BAEBENTERT/aRE B HARIE BT
B RAVBIE

solvent the liquid that dissolves the solid solute to form a
solution; water is the most common solvent but liquids in

BRBRERBRERARIRE ; KEEB I

organic chemistry that can act as solvents are called organic AT BB P A LUB IR AR AR AEA
solvents A

upward delivery a method of collecting a gas that is lighter M EiE — ) EWESERTE - RITAENEE
than air by passing it upwards into an inverted gas jar Ze SRS A HE B A B E S

6.4 EXTENSION Keywords

Using your textbook find out what each of these words means and write it in English, then give an example and translate

Topic

¢ | English Example Chinese Translation
Hazard any situation or practical that

) includes risks that need to be carefully
managed to perform that experiment safely
for you and your classmates

2 Corrosive

2 Irritant

2 Harmful

2 Flammable

2 Poisonous

2 Explosive

Extension activity: State and explain which of these hazards is most dangerous in the space below

Patrick Brannac
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6.5 EXTENSION Activity 1 WS Safety in the Lab

Find the danger and create a rule to stop it

,
ZANLTR

Where the
problem is What could happen as a result? Write a rule to prevent this danger from causing harm
Student could transfer harmful chemicals
1 | on the bench to his food with his hands Never eat or drink in a lab!

z|m =l |- |z|lo|m|m|o|o|w|>

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 99 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

6.6 ESSENTIAL Activity 2 Hazard Symbols

Hazard symbols are used across the world as a way to keep everyone safer. They use pictures instead of words so they can
be understood by everyone, but before you can be safe in a lab you MUST learn these.

Link the hazard symbols to the correct label and description.

6.7

ESSENTIAL Activity 3 Laboratory apparatus

Apparatus is a scientific name for equipment. Use the list below to label this equipment.

Ooid New
hazard hazard Name Description
symbol symbol
. This may dissolve or burn
Corrosive . . i .
materials, including skin
This includes irritants,
Health
harmful substances, and
hazard
some low-hazard
\ J/ (Harmful)
substances
This contains dangerous
Explosive organisms such as
bacteria
This can be poisonous and
Flammable )
possibly deadly
1
-l
= Toxic This may explode
SOR <] /7 y exp
Caiulon This can catch fire easil
(Irritant) Y

Bmw-rl'lmlm|m| ’

250

magnesium
burning

Patrick Brannac
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Patrick Brannac

(Round bottom) flask
Burette

Clamp stand
Conical flask
Evaporating basin
Funnel

Glass beaker

Heat proof gauze
Measuring cylinder
Mortar

Pistil

Spatula

Stirring rod

Teat pipette

Test tube brush

Test tube holder

Test tube rack
Thermometer

Tongs

Tripod and Bunsen burner
Volumetric flask
Volumetric pipette

Wash bottle (filled with distilled
water)
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6.8 ESSENTIAL EXAM QUESTIONS Paper 2 Topic 2 11marks
Q# 1/ iGCSE Chemistry/2018/w/Paper 21/

2  The diagrams show four pieces of laboratory equipment.

balance pipette stop-clock thermometer

Which equipment is essential to find out if dissolving a salt in water is an exothermic process?

balance pipette stop-clock thermometer
A X X X v
B v X X v
c X v X v
D v X v X

Q# 2/ iGCSE Chemistry/2018/s/Paper 23/

2 Paper chromatography is done in the same way with three different mixtures of dyes. Each
mixture contains at least one of the dyes W, X, Y and Z

The R: values of the dyes in the three mixtures are shown.

dye R: vglues from R: vglues from R: vglues from
mixture 1 mixture 2 mixture 3
W 0.15 0.15 0.15
X 0.00 0.00 0.00
Y 0.50 0.50 0.50
F4 0.00 0.91 0.91

Which conclusion is comrect?

A Dye W is nearest the solvent front and is present only in mixture 1 and mixture 3.
B Dye X has travelled furthest up the chromatography paper.

C Dye Y is the only dye present in all three mixtures.
D

Dye Z is nearest the solvent front and is found in only two of the mixtures.
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3 Solid R reacted with dilute sulfuric acid.

The initial temperature of the dilute sulfuric acid and the final temperature of the solution are

shown.
25 425
20 420
15 H15
10 410
initial temperature final temperature
of the dilute of the solution (°C)
sulfuric acid (°C)
What was the change in temperature in °C?
A -6 B -4 C 4 D 6

Qit 3/ iGCSE Chemistry/2018/s/Paper 22/
2 A chromatography expernment was done to separate a mixture of four substances.

The R: values measured for these substances were 0.3, 0.5, 0.8 and 0.8.

Which diagram shows the chromatogram obtained?

A B C D
salvent front ——
: ¥ (1]
" ' "
L L "
baseline——_| ., % s %

3 Which piece of apparatus cannot be used to collect and measure the volume of gas produced in
an experiment?

A burette

B gas syringe

C measunng cylinder
D pipette
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Q# 4/ iGCSE Chemistry/2018/s/Paper 21/
1 A student investigated the diffusion of ammonia gas, NH;, and hydrogen chlornde gas, HCL

Two sets of apparatus were set up as shown at room temperature and pressure.

source of damp red source of damp blue
ammonia gas litmus paper hydrogen chloride gas litmus paper

\ / \
B L N L

apparatus 1 apparatus 2

The damp red litmus paper in apparatus 1 changed colour after 30 seconds.

How long does it take for the damp blue litmus paper to change colour in apparatus 2?

A 64 seconds
B 30 seconds
C 21 seconds
D

The blue litmus paper would not change colour.

2 Chromatography is a technique used to separate coloured dyes.

Which dye has an R: value of 0.7?
solvent front
0
0
0
0
AR baseline
A B C D
dyes

3 Which piece of apparatus is used to measure exactly 26.3cm’® of a liquid?
A B Cc

£|'|'I'I'I'I ::|
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Q# 5/ iGCSE Chemistry/2018/m/Paper 22/
2  Which method should be used to separate a mixture of two liquids?

A crystallisation
B electrolysis

C filtration

D fractional distillation

3 Lead(Il) iodide is insoluble in water.
Lead(II) iodide is made by adding aqueous lead(II) nitrate to aqueous potassium iodide.

Which pieces of apparatus are needed to obtain solid lead(II) iodide from 20cm® of aqueous

lead(II) nitrate?
1 2 < ) 4 5

A 1,2and4 B 1,3and5 C 1,4and5 D 2,4and5
4 The chromatogram of substance S is shown.

Some distances, W, X, Y and Z, are labelled on the diagram.

3 [ solvent front

____—-substance S

L —

L e
w |IX |Y |Z
' ___—baseline
i Y solvent level
\_ Y,

How is the R; value of substance S calculated?
A X B W ¢ X p il
Y Z X w
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6.8.1
Q# 1/ iGCSE Chemistry/2018/w/Paper 21/

ESSENTIAL EXAM QUESTIONS Paper 2 T2 11marks Mark Scheme
Q# 4/ iGCSE Chemistry/2018/s/Paper 21/

2 A 2 D
Q# 2/ iGCSE Chemistry/2018/s/Paper 23/ ) A
2 D 4 c
3 A Q# 5/ iGCSE Chemistry/2018/m/Paper 22/
Q# 3/ iGCSE Chemistry/2018/s/Paper 22/ ' D
2 C
3 C
3 D
4 C

6.9 ESSENTIAL EXAM QUESTIONS Paper 6 Labelling Equipment and Understanding

Experiments
iG Chem 2 EQ 18w to 16m Labelling Equipment and Understanding Experiments 66marks

Q#2/ iGCSE Chemistry/2018/w/Paper 62/Q1

1 A sample of copper was prepared from lumps of copper(II) carbonate. The first step was to make
a solution of copper(II) nitrate as shown. Carbon dioxide was produced.

dilute
nitric acid

0
0

lumps of copper(1l) carbonate

(a) Complete the boxes to name the apparatus. 2]

1 Magnesium ribbon was burned in air.

magnesium
burning

(a) Complete the box to name the apparatus. [1]

(f) State one safety precaution that should be taken when magnesium is burned in air.
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a# 3/
1

iGCSE Chemistry/2018/w/Paper 61/Q1

A student obtains pure, dry samples of sand and sodium chloride from a mixture of sand and
sodium chloride.

The student uses the apparatus shown. The method consists of six steps, A B, C, D, E and F,
which are shown in the wrong order.

A B c

C:DN:
Y

mixture of rinse the sand add water
sand and with water and stir
sodium chloride
D E F

{30
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heat

_________________________________________ r i{/

heat to leave the sand to
evaporate dry on filter paper

(a) Order the steps in the method.

Ao - - - —
[2]

(b) Complete the box to name the apparatus in D. 1
(e) Why is the sand rinsed with water in B?

______________________________________________________________________________________________________________________________________________ M
(d) Name the process in F.

______________________________________________________________________________________________________________________________________________ 1
(e) How could the purity of the sodium chloride obtained be checked?

______________________________________________________________________________________________________________________________________________ 1
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Q# 4/ iGCSE Chemistry/2018/s/Paper 63/Q1

1 Zincsulfate crystals are hydrated. They contain water of crystallisation. A student did an experiment
to find the mass of water in hydrated zinc sulfate crystals.
The hydrated zinc sulfate crystals were weighed and then heated with a Bunsen burner to remove
the water as shown.

hydrated

watch glass
zinc sulfate
crystals hydrated

zinc sulfate
/(: \ crystls
A

heat

(a) (i) MName the apparatus used to weigh the crystals in A

(ii) Complete the box to name the apparatus. [1]

Q# 5/ iGCSE Chemistry/2018/s/Paper 62/Q1
1 The rate of reaction between an excess of dilute nitric acid and powdered calcium carbonate was
investigated. The carbon dioxide produced was collected. The apparatus used is shown.

o

dilute nitric acid

powdered

calcium carbonate

(a) Complete the box to name the apparatus. [1]
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Q# 6/ iGCSE Chemistry/2018/s/Paper 61/Q1
1 The volume of dilute nitric acid that reacts with 25.0cm® of agueous potassium hydroxide can be

found by titration using the apparatus shown.

dilute nitric acid— |

25.0cm? of aqueous
potassium hydroxide
with indicator

(a) Complete the box to name the apparatus. [1]
Q# 7/ iGCSE Chemistry/2018/m/Paper 62/Q1

1 Astudent used paper chromatography to separate a mixture of coloured dyes. The diagram shows

the apparatus used.
n"f? e
r
pape “H‘“H,.,H
™~
mixture of
coloured dyes —_ i
- baseline
|
\—h\"'-._—:"'-'
(a) (i) Draw a line on the diagram to show the level of the solvent. [1]

(i) Suggest a suitable solvent that could be used.
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(c) The clips hold the paper in position.

Why is this important for the chromatography expenment?

The diagram shows the chromatogram obtained from four dyes, A, B, C and D.

___——solvent front
]
0
[ ] o
° ___—baseline
A B C D

(d) Give one conclusion that can be drawn about dye B.

(f) R values are used to identify compounds.

distance travelled by the compound
distance travelled by the solvent

R:

Calculate the R, value of dye A.
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Q# 8/ iGCSE Chemistry/2017/w/Paper 63/Q1

1 Cerussite is a lead ore which contains lead(II) carbonate. A student obtained a solution of
lead(II) nitrate from cerussite using the apparatus shown.

dilute \'/

acid

cerussite
— 0 — 0
0
step 1 step 2 step 3
(a) Complete the boxes to name the apparatus. 2]

(b) Why was the cerussite crushed in step 1?

Q#9/ iGCSE Chemistry/2017/w/Paper 61/Q1

1 Astudent reacted dilute hydrochloric acid with zinc oxide to prepare zinc chloride solution.
The diagram shows part of the procedure.

zinc chloride
solution

unreacted

zinc oxide
funnel
L -l 1§
1

A

(a) Complete the box to name the apparatus.
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(b) Which of the reactants was in excess?

.............................................................................................................................................. [1]
(c) (i) Name the separation process this apparatus is used for.
....................................................................................................................................... [1]
(ii) Suggest why this apparatus would not work.
....................................................................................................................................... [1]

Q# 10/ iGCSE Chemistry/2017/s/Paper 63/Q1

1 Amixture of alcohols can be separated by fractional distillation. The apparatus shown was used to
separate ethanol from the mixture.

“
\ 3 r ,
mixture ik
of alcohols — —t
@

7
(@) (i) Complete the box to identify the apparatus. [1
(ii) Indicate with an arrow where heat is applied. [1]

(b) What is the purpose of the water?

.............................................................................................................................................. [2]
(c) Why is the thermometer bulb placed as shown and not in the mixture of alcohols?

.............................................................................................................................................. [1]
(d) Use the letter E to indicate on the diagram where ethanol would collect. [1]

(ii) Give a physical test to identify pure ethanol.
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Q# 11/ iGCSE Chemistry/2017/s/Paper 62/Q1

1 A student investigated the rate of reaction between an excess of dilute hydrochloric acid and
magnesium ribbon. The apparatus is shown.

-----------------------------------------

] T X |

magnesium ribbon

NUF

|
5

|
dilute L

hydrochloric
acid

Two experiments were carried out. The temperature was the same in each case.

(a) Complete the boxes to identify the apparatus. [2]

Q# 12/ iGCSE Chemistry/2017/s/Paper 61/Q1
1 Astudent prepared strontium nitrate crystals.

The diagram shows some of the stages in this preparation.

strontium
carbonate
added
strontium nitrate
/ solution
dilute acid—_[— //
Sy __ ae——UuUn reacted
solid
stage 1 stage 2 stage 3
(a) (i) Complete the box to identify the apparatus. 1]

(i) What is used to add the strontium carbonate to the acid in stage 1?
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Q# 13/ iGCSE Chemistry/2016/w/Paper 62/Q1

1 This question is about the separation of mixtures.
The diagram shows four sets of apparatus that can be used to separate mixtures.

A B Cc D

1

Y

___\
o heat
(a) Complete the boxes to name the apparatus. [2]

(b) The table shows four different mixtures.

Complete the table to show which set of apparatus should be used to obtain the substance
listed. The first one has been completed for you. Each set of apparatus can be used once,
more than once or not at all.

mixture to obtain use apparatus
petroleum and water petroleum B
sodium chloride 3 :
Ssaoked ixwabir sodium chloride crystals |
sodium chloride il

dissolved in water

insoluble silver chloride

PRI P silver chloride

(3]

(c) Putaring around the separation method that should be used to separate a mixture of coloured
dyes.

centrifugation chromatography condensation evaporation

(1
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Q# 14/ iGCSE Chemistry/2016/s/Paper 63/Q1

1 Airis a mixture of gases. The diagram shows the apparatus used to find the percentage of oxygen
in air.
50 cm? of air were passed backwards and forwards over excess heated copper until there was no
further change. The apparatus was left to cool and the volume of gas remaining was 40cm?.

copper
IllllllllllllIlllllllllll
[H 100 80 60|40 20 20 40 60 80 100
(a) Complete the box to name the apparatus. [1]
(b) Use an arrow to indicate where heat is applied. [1]

Q# 15/ iGCSE Chemistry/2016/s/Paper 62/Q1
1 The diagram shows the apparatus used to reduce copper(Il) oxide with hydrogen.

.-f“"ff
copper(1l) oxide excess hydrogen
hydrogen . burning in air
—_— W
i - i
u Q’hw ﬂ‘ﬁ"
P L’
— 5&53&:"& u}g!aﬁn ice

colourless liquid

(a) Complete the boxes to name the apparatus. [2]

(d) Suggest a reason why the U-tube is surrounded by ice.
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(e) The colourless liquid is water

(iii} How could you show that this liguid is pure?

M

Q# 16/ iGCSE Chemistry/2016/s/Paper 61/Q1
1 The diagram shows the apparatus used to separate a mixture of water, boiling point 100°C, and
ethanol, boiling point 78°C.

water and
ethanol mixture

+++++++++++++++

{a) Complete the boxes to name the apparatus. [2]

{b) Label the arrows on the condenser. [N

(c) Identify one mistake in the apparatus.

(d) Which liquid would collect first? Explain your answer.

(e) Why would it be better to use an electrical heater instead of a Bunsen burner to heat the water
and ethanol mixture?
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Q# 17/ iGCSE Chemistry/2016/m/Paper 62/Q1
1 The diagrams show the apparatus used to obtain crystals of calcium chloride from a mixture of solid

calcium chloride and solid calcium carbonate.
Calcium chloride is soluble in water and calcium carbonate is insoluble in water.

A

(a) Complete the boxes to name the apparatus. [2]

(b) (i) Write down the order in which the apparatus should be used in this experiment.

_______________________________________________________________________________________________________________________________________ [1]
{ii) MName the separation process in C.
_______________________________________________________________________________________________________________________________________ [1]
(c) (i) What has been added to the mixture in B?
_______________________________________________________________________________________________________________________________________ [1]
(ii) What is the general name given to the liquid in the dish in C7?
_______________________________________________________________________________________________________________________________________ [1
(d) How would you know when to stop heating the dish in A?
______________________________________________________________________________________________________________________________________________ [1]
6.9.1 Mark Scheme iG Chem 2 EQ 18w to 16m Labelling Equipment
Q# 1/ iGCSE Chemistry/2018/w/Paper 63/Q1
1(a) mortar 1
[Teat/dropping) pipette / dropper 1
Q# 2/ iGCSE Chemistry/2018/w/Paper 62/Q1
1ia) Tong(s) !
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1(f) Goggles 'blus glass 1
Q# 3/ iGCSE Chemistry/2018/w/Paper 61/Q1

i(a)l | M1ALCF 1
M2 B.D.E OR B.E.D OR D.B.E 1
(b} | Evaporating / crystallising basin / dish 1
1c) To wash-out/ dissolve fremove  sodium chioride / salt 1
1(d) Filtration 1
(e} | Melting point 1
Qi#t 4/ iGCSE Chemistry/2018/s/Paper 63/Q1
1{a)i) | balance 1
1a)i) | erucible 1
1(b} open ;s
1ic) weigh the solid 1
heat to constant mass 1
1(d) anhydrous copper sulfate / cobalt chloride paper 1
tums blue/ turns pink 1
Q# 5/ iGCSE Chemistry/2018/s/Paper 62/Q1
1(a) (gas) syringe 1
Q# 6/ iGCSE Chemistry/2018/s/Paper 61/Q1
1{a) burette 1

Q# 7/ iGCSE Chemistry/2018/m/Paper 62/Q1

ENT line drawmn on diagram between base line and bottomn of paper and below dot 1
1{a)(ii) water 1
1(b) dropper/ teat pipette 1
1(c) so mixture is above ! not in contact'does not runi/dissolve in solvent 1
1id) is two substances / contains D 1
1ie) insoluble 1
1(f) 2Bw32/5 1
0.56-0.64 1
Q# 8/ iGCSE Chemistry/2017/w/Paper 63/
1(a) pestle 1
(teat) pipette 1
1(b) to increase surface area/ make it dissolve faster 1
1(c) nitric (acid) 1
1(d) residue 1
Q# 9/ iGCSE Chemistry/2017/w/Paper 61/
1(a) evaporating basin / dish 1
1(b) zinc oxide 1
e)i) filtration 1
1(c)(ii) no filter paper 1
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Q# 10/ iGCSE Chemistry/2017/s/Paper 63/

1(a)() (delivery) tube 1
1(a)(ii) arrow beneath the tube containing the mixture of alcohols 1
1(b) to cool 1

the gas into a liquid

1(c) to measure the temperature of the vapour/temperature of liquid would not be constant 1
1(d) E shown on the test-tube in water bath 1
1(a)() (delivery) tube 1
1(a)(i) arrow beneath the tube containing the mixture of alcohols 1
1(b) to cool 1

the gas into a liquid

1(c) to measure the temperature of the vapour/temperature of liquid would not be constant 1
1(d) E shown on the test-tube in water bath 1
1(e)() lighted splint ignites the liquid / test for water, e.g. add anhydrous copper(Il) sulfate gives a negative result 1
1(e)(i) melting/ boiling point determination 1
Q# 11/ iGCSE Chemistry/2017/s/Paper 62/
1(a) measuring cylinder 1
conical flask 1

Q# 12/ iGCSE Chemistry/2017/s/Paper 61/

1{a)i) stirrer/ glass rod 1
1(a)ii) Spatula 1
Q# 13/ iGCSE Chemistry/2016/w/Paper 62/
1(a) (liebig) condenser 1
tripod 1
1(b) sodium chloride crystals: C 1
water: D 1
silver chloride: A 1
1(c) chromatography 1
Q# 14/ iGCSE Chemistry/2016/s/Paper 63/
1(a) (gas) syringe; 1
1(b) arrow under copper, 1
Q# 15/ iGCSE Chemistry/2016/s/Paper 62/
1(a) 2
stand, 1
beaker, 1
1(d) to condense (the water vapour), 1
1(e)ii) | boiling/ melting point determination; | 1 |
Q# 16/ iGCSE Chemistry/2016/s/Paper 61/
Question Answer Marks
1(a) 2
fractionating column; 1
tripod, 1
1(b) water labelled twice; 1
1(c) heatunder (the collecting) beaker, 1
1(d) 2
M1 ethanadl,; 1
M2 lowest/ lower boiling point; 1
1(e) athanol is fammable; 1
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Q# 17/ iGCSE Chemistry/2016/m/Paper 62/
1(a) | tripod; 2

stiring rod/stimrer,
1(b)(i) B C A

1(b)(ii) | filtration;

1e)i) waler,

1(e)i) filtrate;

- | ] - -

1(d) solid/ crystals appearning on edge/glass rod test;

6.10 ESSENTIAL EXAM QUESTIONS Paper 6 Topic 2 Experimental Techniques 79 marks

Q# 1/ iGCSE Chem/2015/w/Paper 62/
2 A mixture of three compounds, P, Q and R, was separated using a piece of paper.

solvent front
________________________ T i
R L
P @
baseline
Q —

(a) Name this method of separation.

.............................................................................................................................................. [1]
(b) What could have been used to apply the mixture onto the paper?

.............................................................................................................................................. [1]
(c) Suggest a possible solvent that could be used for this separation.

.............................................................................................................................................. 1]
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(e) R:values are used to identify compounds.

_ distance travelled by compound
~ distance travelled by the solvent

Use the diagram to work out the R; value of compound R.

.............................................................................................................................................. 2]
Q# 2/ iGCSE Chem/2015march/Paper 6/
1 Ateacher separated a mixture of two liquids using the apparatus shown. The liquids were:
e ethanoic acid, boiling point 118°C,
e chloroethanoic acid, boiling point 190°C.
cold water out
fractionating column
small
glass beads
mixture of liquids
heat
(a) Complete the boxes to label the pieces of apparatus used. [2]
(b) (i) Which liquid would be collected first? Explain why.
....................................................................................................................................... [2]
(i) How would the teacher know when all of this liquid had been collected?
....................................................................................................................................... [1]
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(c) Suggest why small glass beads are used in the fractionating column instead of large glass

beads.

Q# 3/ iGCSE Chem/2015march/Paper 6/
4 Astudent investigated the solubility of salt D in water at various temperatures.

Four experiments were carried out.

(a) Experiment 1
4 g of salt D was added to a boiling tube. A burette was filled with distilled water and 10.0 cm?® of
water added to the boiling tube. The mixture of salt D and water was heated carefully until all of
the solid had dissolved. The boiling tube was removed from the heat and the solution allowed
to cool. The solution was stirred gently with a thermometer.

The temperature at which crystals first appeared was noted.

The boiling tube and its contents were kept for the remaining three experiments.

(b) Experiment 2

From the burette another 2.0cm?® of water was added to the boiling tube and contents from
Experiment 1.

The mixture was heated to dissolve the crystals and allowed to cool as in Experiment 1. The
temperature at which crystals first appeared was noted.
Record, in the table, the total volume of water in the boiling tube.

(c¢) Experiment 3

From the burette another 2.0cm?® of water was added to the boiling tube and contents from
Experiment 2. The experiment was repeated exactly as before.
Record, in the table, the total volume of water in the boiling tube.

(d) Experiment 4
From the burette another 4.0 cm?® of water was added to the boiling tube and contents from

Experiment 3. The experiment was repeated exactly as before.
Record in the table the total volume of water in the boiling tube.

Use the thermometer diagrams in the table to record the temperatures at which crystals first
appeared in the four experiments.

Experiment total volume o i temperature at which
number of water/cm? g crystals first appeared/°C

95
1 10.0 | ‘ 90
85
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80

70

70

60

60

50

3]

(e) Plot the results on the grid below and draw a smooth line graph.

temperature
at which crystals
first appeared/°C

8.0 10.0 12.0 14.0 16.0 18.0 20.0

total volume of water/cm?

[5]
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(f) From your graph, find the temperature at which crystals of D would first appear if the total
volume of water in the solution was 20.0cm?®.
Show clearly on the grid how you worked out your answer.

............................... [3]

(g) How would the student know when salt D was completely dissolved in the water?

(h) The solubility of salt D at 100°C is 57 g in 100 cm? of water.
Suggest, with a reason, the effect of using 89 of salt D instead of 4 g in these experiments.

(i) Salt C is less soluble in water than salt D.

Sketch on the grid the graph you would expect for salt C. Label this graph. 2]
(i) Describe and explain one improvement that could be made to the experimental method to

obtain more reliable results in this investigation.

T D NI o oo A L A R O e A e R R et
explanation

Q# 4/ iGCSE Chem/2014/w/Paper 6/

3 A student investigated the colours present in a fruit drink. The fruit drink was tested to check that
no artificial colours had been added. The apparatus below was used.

glass cover

paper —_| |__—Dbeaker

N — solvent

Y(\
X/

(a) (i) Name the method used.
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(ii) Why is there a glass cover on the beaker?

....................................................................................................................................... [1]
(b) When should the paper be removed from the beaker?
.............................................................................................................................................. [1
(c¢) The diagram shows the results of the experiment.
__—solvent front
O 0
0
0
0
O
Q\

[ /L
Ve oolours from

artificial colours fruit drink

(i) How many different coloured compounds were present in the fruit drink?
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Q# 5/ iGCSE Chem/2014s/Paper 6/

1 A student separated a mixture of two alcohols, ethanol (boiling point 78°C) and
butanol (boiling point 118°C).
The apparatus used is shown below.

mixture of
alcohols

T

heat
(a) Complete the boxes to identify the pieces of apparatus labelled. [2]
(b) Label the arrows. [1]

(c) State the name of this separation process.

.............................................................................................................................................. [2]
(d) (i) Which liquid is first to collect in the beaker?
....................................................................................................................................... [1]
(ii)) How would the student know when all of this liquid had collected?
....................................................................................................................................... [1]
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(e) Identify and explain a possible hazard in this experiment.

Q# 6/ iGCSE Chem/2013s/Paper 6/
2 A student found a recipe for making elderberry wine by fermentation.

1kg elderberries
0.5kg sugar

10 g yeast granules
3dm?® water

The student decided to make some elderberry wine using the apparatus below.

airlock

water

_____ —]_—fermenting mixture

The student carried out the following method.

Step 1 The elderberries were crushed.

Step 2 The crushed elderberries and sugar were added to the water and the mixture was
boiled for ten minutes. The crushed elderberries were then separated from the
mixture.

Step 3 Yeast was added to the liquid when it had cooled to room temperature.

(a) Suggest the purpose of the airlock in the apparatus.

(2]

(d) Why was the yeast in Step 3 not added until the liquid was at room temperature?
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(e) (i) State one observation during the fermentation.

Q# 7/ iGCSE Chem/2012s/Paper 6/

3 Coffee beans contain caffeine and other compounds. Caffeine is soluble in water and in
trichloromethane, an organic solvent.
A student obtained crystals of caffeine by the following method.
Stage 1 Some coffee beans were crushed into small pieces.
Stage 2 Hot water was added to the crushed beans to dissolve the soluble substances.

Stage 3 The crushed beans were separated from the liquid solution.

Stage 4 The liguid was allowed to cool and shaken with trichloromethane to extract the
caffeine from the water.

Stage 5 The caffeine was crystallised from the trichloromethane solution.

Stage 6 The caffeine crystals were checked for punty.

{a) What apparatus should be used to crush the beans in Stage 17
- [

{b) How could the dissolving process in Stage 2 be speeded up?

{e) Draw a diagram of the apparatus used in Stage 3.

(2]

i‘ e
> K
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(d) How should Stage 5 be carried out?

(¢) What method could be used to check the purity of the crystals in Stage 67

Q# 8/ iGCSE Chem/2011s/Paper 6/

1 Astudent heated hydrated zinc sulfate crystals, Z7nS0O,.7H,O, using the apparatus below to
obtain a sample of water.

ice cubes
in water

{a) Complete the box to identify the piece of apparatus labelled. [1]
(b} Use labelled arrows to indicate:

(i)} where the heat is applied,

(ii) where the sample of water would collect. [2]

{e) State the purpose of the ice cubes.

- [1]
{d) Describe a physical test for pure water.
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Q# 9/ iGCSE Chem/2006/w/Paper 6/
6 You are provided with a pot of paint as shown below.

coloured solids

pAINT

-

magnified view of paint

The paint is a mixture of a liquid and a solid.

The liquid can be dissolved in water. The solids are insoluble in water but soluble in organic
solvents.

(a) How can a sample of the solid be separated from the rest of the paint?

.......................................................................................................................................... [2]
(c) The label on the paint tin states
"Touch-dry in three hours"
(i) How could you check this value?
,,,,,,,,,,,,,,,, [2]
(ii) Suggest how you could speed up this drying process.
,,,,,,,,,,,,,,,, [1]
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Q# 10/ iGCSE Chem/2003/w/Paper 6/

2 A student extracted and investigated the orange colour in some sweets.
The student followed these instructions:

=2 T & 5 I L e

(a)

(b)

(c)

(d)

(e)

Collect sweets, a walch glass, a beaker, eye protection and 100cm? of ethanol.
Crush the sweets.

Place the crushed sweets in the beaker containing 100 cm® of ethanol.

Boil the mixture with the walch glass covering the beaker.

Decant the liquid and concentrate it by evaporation until the colour is dark orange.

Investigate which colours are present in the orange solution.

Why should the sweets be crushed?

.[2]
Why should the experiment be carried out in a well-ventilated laboratory?
1]

State one safety precaution that the student should have taken, other than carrying out
the experiment in a well-ventilated laboratory and using eye protection.

]

State the purpose of the watch glass.

1]

Explain the term decant.
1]

6.10.1  ESSENTIAL EXAM QUESTIONS Paper 6 Topic 2 Experimental Techniques 79
marks Mark Scheme

Q# 1/ iGCSE Chem/2015/w/Paper 62/

Question Answer Marks Guidance
2(a) chromatography, 1
2(b) (teat) pipette/capillary tube, 1 | A: dropper/ glass rod
2(c) waler/ organic solvent, 1
2(d) compound Q is insoluble; 1 | R: it reacts with the solvent
2(e) between (4.7 and 5.1) divided by (6.2 or 6.3), : comect answer with no working scores 2

answer: between 0.74 and 0.82;
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Q# 2/ iGCSE Chem/2015march/Paper 6/

1

(a)

(b)

(c)

thermometer (1)
condenser (1) [2]
(i) ethanoic acid (1)

lower boiling point/evaporates first (1) [2]
(ii) temperature reading will rise/gap in liquid coming over/no more collected at

118°C (1) [1]
larger surface area (1) [1]

Q# 3/ iGCSE Chem/2015march/Paper 6/
(d) Table of results

4

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 132 of 585

(e)

(f)

total volume of water boxes completed correctly (1),
10, 12, 14, 18

temperature boxes completed (2)
all 4 correct (2)

3 correct (1)

2 or fewer correct (0)

91, 73, 65, 54 [3]

appropriate scale for y axis (1)
note: must use at least 4 large squares vertically to plot points

all points correctly plotted (3),
all 4 correct (3)

3 correct (2)

2 correct (1)

1 or fewer correct (0)
note: origin should not be included

smooth line graph (1) [5]

value from graph for 20cm® water, 50-53 (1) +half a small square
shown clearly by extrapolation (1)

unit, °C (1) [3]
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(g) clear/colourless liquid forms/no solid/ crystals /salt visible (1)

(h) salt would not all dissolve (1)

(i)

()

use of figures (1)
e.g. only 5.7 g would dissolve in 10 cm® water at 100 °C

sketch graph always above line (1)

label (1)

any one improvement from: (1)

do not remove thermometer from solution

use IT method /second person to note formation of crystals
repeat

do separate experiments

use smaller volumes of water

evaporation

linked explanation (1)

loss of solid on thermometer

observing formation of first crystals may vary

average

more results to plot on graph

method of avoiding evaporation e.g. separate experiments, lid

Q#t 4/ iGCSE Chem/2014/w/Paper 6/

(1]

(2]

(2]

(2]
(1]
(1]

(1]

3 (a) (i) chromatography (1)
(ii) to prevent loss / evaporation of solvent (1)
(b) when the solvent is near the top of the paper / before the solvent reaches the top of the
paper (1)
(c) () 4(1)

(ii) yes, one artificial dye (1)
at same height / matches (1)

Q# 5/ iGCSE Chem/2014s/Paper 6/

1

Patrick Brannac

(a) thermometer (1)
condenser (1)
allow condensing tube, condensating tube, etc.

(b) arrows labelled — water (in) and water (out) (1)

(c) fractional (1)

distillation (1)

www.SmashingScience.org & for China www.SmashingScienceCN.org

(1]

(2]

(2]

[1]

Page 133 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(d) (i) ethanol (1)
(ii) temperature would rise (above 78°C) (1)
(e) alcohols are (in)flammable / catch fire / burn (1)
ignore: explode

Bunsen burner / flame / heat (1)

Q# 6/ iGCSE Chem/2013s/Paper 6/
2 (a) to prevent air / oxygen / bacteria entering jar (1)

(b) pestle and / or mortar (1)

(c) diagram of funnel and filter paper (1) labelled (1)

(d) yeast would not work at high temperatures / kills yeast / denatures enzymes / owtte (1)
allow: kills enzyme

(e) (i) bubbles /froth (1)
not: gas / CO; given off / turns cloudy
(ii) (collect gas) and measure volume / count bubbles (1)
over certain time interval (1)

allow: one mark for timing until bubbles / reaction stopped

(f) fractional distillation (1)
Q# 7/ iGCSE Chem/2012s/Paper 6/
3 (a) pestle (1) mortar (1)

(b) stifmix/shake (1) allow: heat/boil

(c) diagram showing funnel (1)
indication of filter paper (1) note: labels not necessary

(d) heat'evaporation (1)

to crystallising point or description (1)
in fume cupboard (1) max 2

(e) meling point'description of (1) allow: chromatography ignore: bp
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Q# 8/ iGCSE Chem/2011s/Paper 6/
1 (a) beaker(1) [1]

(b) (i} (amow)labelled heat in correct position under shaded crystals (1)

[ii}y armow labelled water in testtube at or below the level of the ice (1) [2]

(c) to cool/condense the water or steam/owtte (1) [1]

(d) physicaltest ignore chemical tests
boiling point/freezing point (1)

100/0°C (1) [2]
Q# 9/ iGCSE Chem/2006/w/Paper 6/
& (@) paintsample + water(1) fiter(1) solid residue(1) max 2 [2]
ic} (i} applypaint, start timer{1) method of checking dry, note time(1)
no painting = 0 [2]
(i) correct method(1) e.g. hair drier'wind/fan/increase temperature.
MNOT catalyst. [1]

Q# 10/ iGCSE Chem/2003/w/Paper 6/

2 (a) Larger surface area (1) |
Quicker to extract colour/more colour extracted (1) not easier/faster | 2
(b) | Reference to ethanol (1) !
(c) Reference to flammability of ethanal (1) | 1
(d) To prevent loss of solvent (1) not splash/evaporation | 1
{e) Pour off liquid (1) 1
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6.11 EXTENSION EXAM QUESTIONS Paper 6 Topic 2 Long Answer Questions 53 marks

Q# 1/ iGCSE Chem/2015march/Paper 6/
6 Rhubarb Leaves

Ethanedioic acid dihydrate, H,C,0,.2H,0, is a white crystalline solid. This acid is water-soluble and
is found in rhubarb leaves.

Plan an investigation to obtain crystals of ethanedioic acid dihydrate from some rhubarb leaves.
You are provided with common laboratory apparatus, water and sand.
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Q# 2/ iGCSE Chem/2013s/Paper 6/

5 Identical pieces of steel were placed in two different boiling liquids for 12 hours.
The graphs show how the mass of each piece of steel changed.

graph A graph B
steel in boiling acid solution steel in boiling alkali solution
200 0.20
A
’A

150 / 0.15
(=)} 4 (=)}
£ = /
S 100 S 0.10
w A 1] 7
3 8
= 5 &

50 4 0.05 r
,l
0 0
0 2 4 6 8 10 12 0 2 - 6 8 10 12
time/hours time /hours

(a) Give one similarity in the change in mass of the steel in both liquids.

..................................................................................................................................... [1]

(b) Describe two ways in which the mass loss shown in graph A is different from that shown
in graph B.
U s s S e A R e A R A e S e A s
i S S A S s A R N A TR A B s
..................................................................................................................................... [3]

(c) State Fwo_different safety precautions that would need to be taken when carrying out this
investigation.
S
S B S R B S A S S A S A O R T e [2]
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Q# 3/ iGCSE Chem/2011/w/Paper 6/
6 Seawater contains sodium chloride and other salts.
Plan an experiment to find the mass of salts in 1dm?® of seawater.
You will be provided with a small bottle of seawater.
You should include details of the method and any apparatus used.

(1dm?® = 1000 cm?)

Q# 4/ iGCSE Chem/2010/w/Paper 6/
7 E numbers identify chemicals which are added to foods.
(e) E1101s Sunset yellow.
Outline a method you could use to show the presence of E110 in a food colouring.
A space has been left if you want to draw a diagram to help you answer the question.
- 4]
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Q# 5/ iGCSE Chem/2009/w/Paper 6/

7 Leaves from trees contain a mixture of coloured pigments which are not soluble in water. A
student was given these two instructions to investigate the pigments in the leaves.

1. Crush some leaves to extract the coloured pigments.
2. Use the liquid extract to find the number of coloured pigments in the leaves.

(a) What would the student need in order to effectively carry out instruction 17

(b) Describe an experiment to carry out instruction 2.
A space has been left below if you want to draw a diagram to help answer the question.
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Q# 6/ iGCSE Chem/2006/w/Paper 6/
6 You are provided with a pot of paint as shown below.

coloured solids

magnified view of paint

The paint is a mixture of a liquid and a solid.

The liquid can be dissolved in water. The solids are insoluble in water but soluble in organic
solvents.

(b) How would you determine the number of coloured substances contained in the solid
you separated in (a)?

Q# 7/ iGCSE Chem/2005/w/Paper 6/
3 The green pigment chlorophyll can be obtained from grass.
Step1 The grass is crushed with sand.
Step 2 The grass is ground with ethanol until the solution is saturated.
Step3 The solution is separated from the rest of the mixture.

Step 4 The colours in the solution are separated.
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(d) Describe how Step 4 is carried out.

Q# 8/ iGCSE Chem/2004/w/Paper 6/
7 Forged Banknote

A fake banknote can be investigated by dissolving the ink off the paper.

You are provided with four different inks from four different criminals. Describe an
experiment to show which one of these inks is the same as the ink from the banknote.

You can use a labelled diagram to help you answer the question.
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Q# 9/ iGCSE Chem/2003/w/Paper 6/

2 A student extracted and investigated the orange colour in some sweets.

The student followed these instructions:

Collect sweets, a walch glass, a beaker, eye protection and 100cm?® of ethanol.
Crush the sweets.
Place the crushed sweets in the beaker containing 100 cm® of ethanol.
Boil the mixture with the walch glass covering the beaker.
Decant the liquid and concentrate it by evaporation until the colour is dark orange.

L= R & 5 I L

Investigate which colours are present in the orange solution.

(f) Describe how the student could carry out instruction 6. You may draw a diagram in the
space below to help you answer the question.
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6.11.1  EXTENSION EXAM QUESTIONS Paper 6 Topic 2 Long Answer Questions 53

marks Mark Scheme

Q# 1/ iGCSE Chem/2015march/Paper 6/

6

any seven from:

extraction

cut leaves up/small pieces/grind/crush (1)
use of pestle/mortar (1)

add water (1)

sand (1)

boil/heat/stir/mix/shake (1)

separation

decant/filter (1)

obtaining crystals

evaporate /heat solution (1)

to crystallising point/until crystals start to form (1)

leave to cool (1)

Q# 2/ iGCSE Chem/2013s/Paper 6/

5

(a) both lose mass (1)
not: change mass

(b) mass loss increases constantly in graph A (1)
becomes constant in graph B (after about 7-9 hours) (1)
mass loss or change is greater in acid/less in alkali (1)

(c) goggles /lab coat / tongs / fume cupboard / well ventilated area any two
ignore: reference to hair

Q# 3/ iGCSE Chem/2011/w/Paper 6/

6

measured volume of seawater (1)
using measuring cylindar (1)

into evaporating dish/beaker (1)
pre-weighed (1)

evaporate/heat (1)

to dryness/constant mass (1)
re-weigh (1)

indication of calculation method (1)

would not work = mase O
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Q# 4/ iGCSE Chem/2010/w/Paper 6/ Q7
(¢} marks can be obtained from diagram
chromatography (1) description of applying E110 to paper (1)
use of solvent (1) results / number of spots (1) [4]
Q# 5/ iGCSE Chem/2009/w/Paper 6/

T (&) pestle/morar/solhent’sand (any thres)
ignore water and/or heat [3]

(B) NB marks can be obtained from a diagram
chromatograp hy or chromatogram (1)
paper (1)
apply spotiextract to paper (1)
description or name of solvent used (1)
and separation e.g. spots on paper (1) (max4) [4]

If water used as solvent (max 3)
If paper dipped into extract (max 3)
If method would not work (max 2)

Q# 6/ iGCSE Chem/2006/w/Paper 6/ Q6
(b} =olid + organic solvent(1) add to papen1)
chromatographyi1) use of solvent(1) description of spots(1)
max 4 MB use of water = max 1 for chromat ography 4]
Q# 7/ iGCSE Chem/2005/w/Paper 6/

3 (a) pestle (1) and mortar (1) [2]
(b) chlorophyll more soluble in ethanol or similar [1]
(c) fittration [1]
(d) chromatography (1), paper (1), add pigments (1), use of solvent (1) [4]

Q# 8/ iGCSE Chem/2004/w/Paper 6/

T chromatography (1) apply inks/spots to paper (1)
onganic solventiwater (1) rises up paper (1)
check heights/positions of spots (1) compare to find ink from banknote (1) ()

M.B. all marks can be obtained from a diagram

Q# 9/ iGCSE Chem/2003/w/Paper 6/ Q5

(f Chromatography (1)

Apply orange concentrate (1) to paper (1)
Use of solvent (1)

Description of elution (1)

Result of experiment (1)

Max 5 — all marks could be obtained from a suitable diagram 5]
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6.12 FUNDAMENTAL Assessed Activity 1 Keyword Test

Only complete this Assessed Activity if you are struggling in this subject and finding the course and the language really
difficult.

English Meaning

distillation

downward delivery

risk assessment

R; value

chromatogram

locating agent

soluble

saturated solution

solvent front

solubility

chromatography

filtrate

mixture

pure substance

crystallisation

fractional distillation
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English Meaning

decanting

upward delivery

filtration

solute

solvent

residue

insoluble

solution

6.13 ESSENTIAL Assessed Activity 2 —Which separation technique?
Q#1/
1 The following techniques are used to separate mixtures.

A simple distillation B fractional distillation C evaporation
D chromatography E filtration F diffusion

From this list, choose the most suitable technique to separate the following.

(a) methane from a mixture of the gases, methane and ethane ... . [1]
(b) water from agueous magnesium sulfate .................. [1]
(e¢) glycine from a mixture of the amino acids, glycine and lysine [1]
(d) iron filings from a mixture of iron filings and water ... [1]
(e) zinc sulfate crystals from aqueous zinc sulfate ... [1]
{f} hexane from a mixture of the liquids, hexane and octane __________________ [1]

[Total: 6]
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EXTENSION activity — How fast can you finish?
Q#2/

Butane and propane are both gases, silver chloride is a salt that is insoluble in water, glucose and maltose are both
sugars.

1  Alist of technigues used to separate mixtures is given below.

filiration
diffusion
fractional distillation
simple distillation
crystallisation
chromatography
From this list, choose the most suitable technique to separate the following mixtures.
A technigque may be used once, more than once or not at all.
(a) butane from a mixture of propane and butane e [1]
(b) oxygen from BQUId air M
{c) water from agueous magnesium sulfate e [1]
(d) potassium chlonde from aqueous potassium chloride

(&) silver chloride from a mixture of silver chloride and water

(f) glucose from a mixture of glucose and maltose

Q#3/
Helium and argon are gases at room temperature.
Barium sulphate does not dissolve in water.

1 A list of technigues used to separate mixtures is given below.

fractional simple

distillation distillation crystallization filtration diffusion

From the list choose the most suitable technigue to separate the following.

water from aqueous copper(Il) sulphate

helium from a mixture of helium and argon

copper(ll) sulphate from agueous copper(II) sulphate

ethanol from aqueous ethanol

barium sulphate from a mixture of water and banum sulphate [5]
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6.14 ESSENTIAL Assessed Activity 3 Labelling equipment
Q#2/
1 The volume of hydrochloric acid that reacts with 25.0 cm?® of aqueous sodium hydroxide can be
found using the apparatus below.

T

hydrochloric acid— |

0
o 25.0 cm? of aqueous
A sodium hydroxide
. + indicator
(a) Complete the boxes to identify the pieces of apparatus labelled. 2]

Q#3/

1 A student separated a mixture of two alcohols, ethanol (boiling point 78°C) and
butanol (boiling point 118°C).
The apparatus used is shown below.

mixture of
g alcohols

(a) Complete the boxes to identify the pieces of apparatus labelled. [2]
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(b) Label the arrows. [1]

(e) Identify and explain a possible hazard in this experiment.

1 Astudent reacted dilute nitric acid with lead(II) oxide to prepare lead(II) nitrate. The diagram shows
the stages in the method used.

2 Lead(II) oxide
was added until
all the nitric acid
had reacted

1 50cm? of dilute nitric

acid was measured into 02 0
a beaker ﬂ
DILUTE| =
NITRIC
ACID B
P —
4 The solution was
allowed to cool
3 The mixture
was:eepamied solution of
lead(II) nitrate
(a) Complete the boxes to identify the pieces of apparatus. [2]

(c) The lead(II) oxide was weighed before and after the additions.

e 4 —19 ST F—15
] = ] E
e —t
F 17 F— 13
16 |g 12 |g
before after

Use the balance diagrams to work out the mass of lead(II) oxide added to the dilute nitric acid.

Extension work Labelling equipment

Q# 6/
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1 A student investigated the products formed when ethanol was burned using the apparatus
shown.

(a) Complete the box to identify the piece of apparatus. 1

(b) Why is a suction pump used?

1 A student reacted excess iron powder with sulfuric acid to prepare a solution of iron(II)
sulfate.
The diagram shows the procedure followed in three stages.

2

iron powder was added
until all the sulfuric acid
had reacted

1

50 cm? of dilute sulfuric
acid was measured and
added to a beaker

3
the mixture was solution of
allowed to cool iron(IT) sulfate
{a) Complete the boxes to identify the pieces of apparatus labelled. [2]
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Q# 8/

1 Astudent heated hydrated zinc sulfate crystals, Z7nSO,.7H,O, using the apparatus below to
obtain a sample of water.

ice cubes
in water

(a) Complete the box to identify the piece of apparatus labelled. [1]
(b} Use labelled arrows to indicate:

(i} where the heat is applied,
(ii) where the sample of water would collect. [2]

{c) State the purpose of the ice cubes.

- [1]
Q#9/
1 Astudent investigated the reaction of air with copper. 100 cm? of air was passed continuously

over heated copper using the apparatus below. When the volume remained constant, the
apparatus was left to cool and the volume of gas was measured.

copper
Dgl . LRI L L III|III|III|IIIII__ __I LJ A e ALt L o e R el e L ’\:D
, /f [ A a2 ,
air /
(a) (i) Complete the box to show the apparatus labelled. [1]
(ii) Indicate on the diagram, with an arrow, where heat is applied. (1]

Q# 10/ iGCSE Chem/2010s/Paper 6/
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1 The diagram shows the apparatus used to prepare a gas. The gas is more dense than air.

{(a) Complete the boxes to name the apparatus. [3]

6.15 Extension Mind Map for Topic 2 Experimental Techniques and Seperation
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6.16 Essential End of Topic 2 Review and Reflection
Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and
more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the
end of topic tests and other assessed activities, but also in how you learn. How could you become a more effective
student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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AV Avinicax Associatios

Learning about science y reading newspapers, journals, and popular science magazines. Not all of these magazines can be
accessed everywhere, but it is important that you understand and read as widely as you can, especially about the subject
you are interested in pursuing at A levels and beyond. You may need to buy a subscription, but the school library also has
an excellent selection of current magazines and newspapers.

To give you a sample of the kinds of articles and things you could be reading I've downloaded selected articles that relate
to this topic, which is about experiments. If you find the language challenging, which is likely, instead of reading for
meaning you could instead try reading for vocabulary, print out an article and translate any words you may find. One way
to learn another language if you are already very confident in that language is to explain the meaning of new words in
English, rather than simply translate them. All are available from here:

https://www.smashingsciencecn.org/igcse-chem-additional-resources

e The Atlantic (an article which helped to introduce the idea that medicine and chemistry might be a new direction
in healthcare, back in 1909)

e The Economist, possibly the most read newspaper by CEQ’s and corporate executives, as well as politicians and
academics, published an article which challenged the idea that science is getting better

e The Smithsonian looked at 10 of the most interesting experiments

e The New York Times also looked at 10 important experiments

e Some of the most popular online (and sometimes offline) sources for news aimed at an educated general
audience include:

e https://www.wired.com/

e https://www.newscientist.com/

e https://www.scientificamerican.com/
e National Institute of Health: https://kids.niehs.nih.gov/
e Smithsonian website: https://ssec.si.edu/ and https://www.si.edu/kids

e And especially Wikipedia, which also has a Simple English version: https://simple.wikipedia.org/wiki/Main Page

Academic Journals

This is where new science and discoveries is reported to the scientific community, and then the world. They follow a very
specific set of rules, and try to explain exactly what they did in their experiments and what they think their results mean.
Normally, even after finishing a degree it is difficult to understand what is going on in these articles (usually you just the
read the abstract, which tells you roughly what they found out, and sometimes the conclusions, which tells you in more
detail why their study matters) The two most famous journals are : “Nature” and “Science”.

You are unlikely to understand anything about these, but two famous experiments are included if you go to the iGES
Additional Resources webpage.
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7 Topic 3 Atoms, Elements and Compounds

7.1 End of Topic 3 Goals Checklist
For each topic you ought to try to do as many of the following things to get the most out of your time, the resources
available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and
uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because
they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

What you should have done

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
. Ask your teacher one question about something you do not understand in science
with your y g &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION

Added to your class notes ideas and important information from the textbook
that you learnt

Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have

EXTENSION

ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. - EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
nd o
Topic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
P Scored over 90% EXTESNION

Scored over 95%
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What you should have done

Spend more than 1 hour a week reading a book you enjoy (in any language) about

. ESSENTIAL
anything.

Spend more than 3 hours a week reading a book you enjoy (in any language)

. EXTENSION
about anything.

Spend than5h k readi book y joy (i I
Reading pen more' an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.

Spend at least one hour a week reading a book you enjoy in English about

. EXTENSION
anything.
Spend than 3 h k readi book joy in English about
pen.more an 3 hours a week reading a book you enjoy in English abou EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL

You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | Section

You have given an answer for every question in the Review and Reflection section
at the end of this topic

EXTENSION

You have Given good and thoughtful answers for every question in the Review

EXCEPTIONAL
and Reflection section at the end of this topic

7.2 Topic 3 Syllabus

3 Atoms, elements and compounds

3.1 Atomic structure and the Periodic Table

s State the relative charges and approximate
relative masses of protons, neutrons and
electrons
» Define proton number (atomic number) as the
number of protons in the nucleus of an atom
» Define nucleon number (mass number) as the
total number of protons and neutrons in the
nucleus of an atom
s  Use proton number and the simple structure of
atoms to explain the basis of the Periodic Table
(see section 9), with special reference to the
elements of proton number 1to 20
s Define isotopes as atoms of the same element * Understand that isotopes have the same
which have the same proton number but a properties because they have the same number
different nucleon number of electrons in their outer shell

s State the two types of isotopes as being
radicactive and non-radicactive continued
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3.1 Atomic structure and the Periodic Table continued

(]
=]
o

+ State one medical and one industrial use of
radioactive isotopes

s Describe the build-up of electrons in "shells'
and understand the significance of the noble
gas electronic structures and of the outer
shell electrons. (The ideas of the distribution
of electrons in s and p orbitals and in d block
elements are not required.)

Mote: a copy of the Periodic Table, as shown in the
Appendix, will be available in Papers 1, 2, 32 and 4.

3.2 Structure and bonding
3.2.1 Bonding: the structure of matter

i

Cor

+  [Describe the differences between elements,
mixtures and compounds, and between metals
and non-metals

*  Describe an alloy, such as brass, as a mixture of a
metal with other elements

3.2.2 lons and ionic bonds

Care

s Describe the formation of ions by electron loss
or gain

& [Describe the formation of lonic bonds between
elements from Groups | and VI

3.2.3 Molecules and covalent bonds

Lore

s Describe the formation of single covalent bonds
in H,, CL,, H,Q, CH,, NH, and HC1 as the sharing
of pairs of electrons leading to the noble gas
configuration

s  Describe the differences in volatility, solubility
and electrical conductivity between ionic and
covalent compounds

Patrick Brannac

Supplerment
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Describe the formation of ionic bonds between
metallic and non-metallic elements

Describe the lattice structure of ionic compounds
as a regular arrangement of alternating positive
and negative ions

Describe the electron arrangement in more
complex covalent molecules such as N,, C,H,,
CH,OH and CO,

Explain the differences in melting point and

boiling point of ionic and covalent compounds in
terms of attractive forces
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3.2.4 Macromolecules
Core

s [Describe the giant covalent structures of graphite
and diamond

s Relate their structures to their uses, e.g. graphite
as a lubricant and a conductor, and diamaond in
cutting tools

3.2.5 Metallic bonding
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Supplement

Describe the macromolecular structure of
silicon(IV) axide (silicon dioxide)

Describe the similarity in properties between
diamond and silicon(IV) oxide, related to their
structures

Supplement

Describe metallic bonding as a lattice of positive
ions in a ‘sea of electrons’ and use this to describe
the electrical conductivity and malleability of
metals
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7.3

ESSENTIAL Glossary for Keywords for this topic

Many words used in science have a meaning that is slightly different to their common everyday English meaning, for
instance a salt is the product of an acid and base reacting together in chemistry, but normally thought of as table salt
(NaCl) in common use.

The keywords have been auto translated into Chinese, so the translations will not be perfect but they should hopefully
make sense. If there is a better translation you can simply write it out yourself on a Post-it note and stick it over the

printed one.
:—CO: English Chinese
3 | ioke partin s cremical eaction | FEALS S RUMTHRE ) ik
atomic number (Z) the number of protons in 5
3 the nucleus of an atom; it is also the number FRFFH (2) EFREPUBEFY ; EERFPEFENSR
of electrons present in an atom and the IR TEEBRREDHNE
position of the element in the Periodic Table
chemical bonding the strong forces that hold
atoms (or ions) together in the various ERBEEMRTEANSHENPNET (BT ) #
3 structures that chemical substances can form N N o N
— metallic bonding, covalent bonding and ionic JETRINBRAT-2RERE - ANBNBT (BMNE)
(electrovalent bonding)
compound a substance formed by the
3 chemical combination of two or more MM 2 TRIREE L HEEE SRR
elements in fixed proportions
covalent bond a chemical bond formed by the
3 sharing of one or more pairs of electrons MR NEFZBHEE—NEZ N EF R {EFE
between two atoms
density expresses the relationship between BEERYENESESCHSENEN Y ENA L | BE-
3 the mass of a substance and the volume it
occupies: density = mass / volume FE/1AR
3 :;tr::"ff):‘e"x':;“;feah%"rfgc:r'f CONANNENe | IBFHF—HASHIRTHST, ANES - H2
electrical conductor a substance that
3 conducts electricity but is not chemically BESARSHEEEIETIAAEEFZTEHNYHR
changed in the process
electron (arrangement) configuration a " . .
3 shorthand method of describing how BFf ( BESY ) MBI BB F U B R FRENALRNE S
electrons are organised by energy levels of an &,
atom.
electron a subatomic particle with negligible _ s
3 mass and a charge of -1; electrons are present BFEREREEBEA-1MTR AT ; BEFFETH
in all atoms, located in energy levels outside BEF . NI FEFZZINGEELR
the nucleus
electrostatic force of attraction a strong # R 3D EH AR BT 2 1P R A A3 A -
3 pulling force between particles with opposite
charges — such forces are involved in s
element a substance which cannot be further
3 divided into simpler substances by chemical ERREB I CETAE—T D NE RN RN ; TR
methods; all the atoms of an element contain BEFHESHENENEF
the same number of protons
energy levels (of electrons) the allowed . .
3 energies of electrons in atoms — electrons fill (BBFH ) ERREFPEFHNRIFEEE-BFNERFORT
these levels (or shells) starting with the one ZIER— B UaE TN BER ( FE)
closest to the nucleus
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giant ionic structure a lattice held together by
the electrostatic forces of attraction between
positive and negative ions

EAMEFEWET I ENBEF ZERNBERS | DFREBRT
FE—HERLEH

giant metallic lattice a regular arrangement of
positive metal ions held together by the
mobile ‘sea’ of electrons moving between the
ions

EXMERESEE EBFHANINBIESFZEBRY
BB BEMREFE—E

giant molecular structure substance where
large numbers of atoms are joined by covalent
bonds forming a strong lattice structure

BE XD FEWYIT -
RERRIEEN

HpRERFBETHNRIEZEMEK

insulator substance that does not conduct
electricity

FEENBEEYR

intermolecular forces the weak attractive
forces which act between molecules

SFEWERADERT 2 FZERISERS 5

ionic (electrovalent) bond a strong
electrostatic force of attraction between
oppositely charged ions

BF (BfN) BETHEREBENSFZEFRBRARFER
5lh

ions charged particles made from an atom, or
groups of atoms (polyatomic ions), by the loss
or gain of electrons

BFEBEZBEFHNERIKBMER—TNRFA—HRF (Z
RFBET ) HRBIRIFHE

isotopes atoms of the same element which
have different numbers of neutrons in their
nuclei: they differ in their mass (nucleon)
numbers; some isotopes are radioactive
because their nuclei are unstable (radio-
isotopes)

Rl—RMRFZPFRFRIBMAREF - ENHRE (
%F ) 8RR, —ERUREBMS T - ANENNRFZ
ARE (EHERUZR)

lattice a regular three-dimensional
arrangement of atoms, molecules or ions in a
crystalline solid

&K, BEhEF, 2FREFRIRN =455 R

malleable a word used to describe the
property that metals can be bent and beaten
into sheets

AR AT - AR B O U EHFF TS R AR T

mass number (A) the total number of protons
and neutrons present in the nucleus of an
atom

FREH (A) RFHRPEEMRFNFF RS

matter anything which occupies space and has
mass

HiEZEEF EERENETASEYETIME

metallic bond an electrostatic force of
attraction between the mobile ‘sea’ of
electrons and the regular array of positive
metal ions within a solid metal

ERBEB TR EBF SEAKEREPANNEEEE T
5z BRyEREBIR S| A

molecule a group of atoms held together by
covalent bonds

SFRIHMBRESE—EN—HRF

neutron an uncharged subatomic particle
present in the nuclei of atoms — a neutron has
a mass of 1 relative to a proton

PR R R S B R TR F 4 F—h F AR TR
FHRENL

non-metals a class of chemical elements that
are typically poor conductors of heat and
electricity

FER—HXEFETE  BEERVENARSAE

nucleon number (A) the total number of
protons and neutrons present in the nucleus
of an atom

BFH (A BEFRPFEENRFANPTRE
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nucleus (of an atom) the central region of an
atom that is made up of the protons and
neutrons of the atom; the electrons orbit
around the nucleus in different ‘shells’ or
‘energy levels’

R¥Z (RFH) EFHPORE, BRFHRFNPFAH
B ; BFESRFZUARRF" 2 BERBIT

proton a subatomic particle with a relative
mass of 1 and a charge +1 found in the
nucleus of all atoms

RFREMBRFNRFZPEHERSHNREIRBE+18]
TRFHRIF

proton number another name for atomic
number

T HIRFHEI B

radioactivity the spontaneous decay of
unstable radio-isotopes

BETHERRERURNE KRR

salts ionic compounds made by the
neutralisation of an acid with a base (or alkali);
for example, copper(ll) sulfate and potassium
nitrate

BABESH () PAmESN® Bian - i

pt::]
2

BeHd (1) FNAEEREER

2

BFEEY ;

simple molecular substances are made up of
individual molecules held together by covalent
bonds: there are only weak forces between
the molecules

|Eﬂ$E’J ?WJEEEI AHMBESE—ENEDD FHK :

subatomic particles very small particles —
protons, neutrons and electrons — from which
all atoms are built

TRFHFIFE NN T F - PFNBEF-HEERF

valency the combining power of an atom or
group of atoms: in ionic compounds the
valency of each ion is equal to its charge; in a
covalent molecule the valency of an atom is
the number of bonds that atom makes

HEEFEEYT &
>FH - RFREEM

EEM—TRFHE-HRTHESEE
TPEFHNEENSTHSS , £#1XN7
ERFEARRNEE
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7.4 ESSENTIAL EXAM QUESTIONS Paper 4 Topic 3 327marks

Subtopic Chem 3.1 Q# 1/ iGCSE Chemistry/2012/w/Paper 31/ Q2
(b) A radioactive isotope of iodine, '£31, is used to treat cancer.

(i) Define the term isotope.

______________________________________________________________________________________________________________________________ [2]
(ii) How many protons, electrons and neutrons are there in one atom of 12

number of protons ...

number of electrons ...

number of neutrons __.________. [2]

(iii) When this isotope, 1%1, emits radiation, a different element with a proton number of

54 is formed.
What is the name of this element?

______________________________________________________________________________________________________________________________ [1]
Subtopic Chem 3.1 Q# 2/ iGCSE Chemistry/2012/s/Paper 31/
4 Vanadium is a transition element. It has more than one oxidation state.
The element and its compounds are often used as catalysts.
(a) Complete the electron distribution of vanadium by inserting one number.
2+8+ +2
[1]

Subtopic Chem 3.1 Q# 3/ iGCSE Chemistry/2010/w/Paper 31/

1 The table gives the composition of three particles.

: number of number of number of
particle protons electrons neutrons
15 15 16
15 18 16
15 15 17

(a) What is the evidence in the table for each of the following?

(i) Particle A is an atom.
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(ii) They are all particles of the same element.

.............................................................................................................................. [
(iii) Particle B is a negative ion.
.............................................................................................................................. [2]
(iv) Particles A and C are isotopes.
.............................................................................................................................. 2]
(b) (i) What is the electronic structure of particle A?
.............................................................................................................................. [
(ii) What is the valency of the element?
.............................................................................................................................. [1
(iii) s the element a metal or a non-metal? Give a reason for your choice.
______________________________________________________________________________________________________________________________ [1]

Subtopic Chem 3.1 Q# 4/ iGCSE Chemistry/2008/s/Paper 31/

2 (a) Complete the table which gives the names, symbols, relative masses and relative
charges of the three subatomic particles.

name symbol | relative mass | relative charge
electron -3
proton 1
n 0

[3]
(b) Use the information in the table to explain the following.

(i) Atoms contain charged particles but they are electrically neutral because they
have no overall charge.
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(if) Atoms can form positive ions.

[2]

(iii) Atoms of the same element can have different masses.

[2]

(iv) Scientists are certain that there are no undiscovered elements missing from the
Periodic Table from hydrogen to lawrencium.

Subtopic Chem 3.1 Q# 5/ iGCSE Chemistry/2007/w/Paper 3/
2 The table below gives the number of protons, neutrons and electrons in atoms or ions.

particle number of number of number of neutrons symbol or
protons electrons formula
A 8 10 10 1BE-
:
B 11 11 12
C 18 18 22
D 15 18 16
E 13 10 14
(a) Complete the table. The first line is given as an example. (6]

(b) Which atom in the table is an isotope of the atom which has the compaesition 11p, 11e
and 14n7? Give a reason for your choice.

Subtopic Chem 3.1 Q# 6/ iGCSE Chemistry/2006/s/Paper 3/ QiGCSE Chemistry/201 (b)

(ii) Use the Periodic Table to work out the number of protons and the number of
neutrons in one atom of iron.

number of protons = number of neutrons = [1]

Subtopic Chem 3.1 Q# 7/ iGCSE Chemistry/2006/s/Paper 3/ Q6
(b) Some radicactive isotopes are used as nuclear fuels.

(ii) Give another use of radicactive isotopes.

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 164 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Subtopic Chem 3.1 Q# 8/ iGCSE Chemistry/2005/w/Paper 3/

5 Strontium and zinc are both metals with a valency of 2. Strontium is more reactive than zinc.
Its chemistry is similar to that of calcium.

(a) (i) Complete the following table that shows the number of protons, electrons and
neutrons in each particle.

particle protons electrons neutrons
gy
“3r
ESanf
[3]
(ii) Explain why *Sr and *Sr are isotopes.
(iii) Complete the electron distribution of an atom of strontium.
2 + 8 + 18 + T [1]
Subtopic Chem 3.1 Q# 9/ iGCSE Chemistry/2002/w/Paper 3/ Q2 (a)
(i) Complete the electron distribution of manganese by inserting one number.
2+8+ + 2 [1]

Subtopic Chem 3.21-2 Q# 10/ iGCSE Chemistry/2012/w/Paper 31/ Q5
(¢) The structural formula of carbonyl chlonde is given below.

C

1
\

c=0
/

Cl

Draw a diagram showing the arrangement of the outer (valency) electrons in one molecule
of this covalent compound.

Use o to represent an electron from a carbon atom.

Use x to represent an electron from a chlorine atom.
Use e to represent an electron from an oxygen atom.
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Subtopic Chem 3.21-2 Q# 11/ iGCSE Chemistry/2012/w/Paper 31/
7  Both strontium and sulfur have chlorides of the type XCI,. The table below compares some

of their properties.

strontium chloride sulfur chloride
appearance white crystals red ligquid
formula SrCl, SCI,
melting point/°C 874 =120
boiling point/°C 1250 59
conductivity of liquid good poor
solubility in water dissolves to fo_rm react_s to form a

a neutral solution solution of pH 1

(i) Strontium is a metal and sulfur is a non-metal. Explain why both have chlorides of
the type XCI,.
The electron distribution of a strontium atomis 2+ 8+ 18 + 8 + 2.

______________________________________________________________________________________________________________________________ [2]
Subtopic Chem 3.21-2 Q# 12/ iGCSE Chemistry/2012/s/Paper 31/Q3
(b) Lithium reacts with nitrogen to form the ionic compound, lithium nitride.
(i) State the formula of the lithiumion. . [1]
(ii) Deduce the formula of the nitndejon. ... . [1]
(iii) In all solid ionic compounds, the ions are held together in a lattice.
Explain the term latfice.
-1
(iv) What is the ratio of lithium ions to nitride ions in the lattice of lithium nitnde?
Give a reason for your answer.
oo thium ions : ______ nitride ions
- 2]
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Subtopic Chem 3.21-2 Q# 13/ iGCSE Chemistry/2011/w/Paper 31/
1  This question is concerned with the following oxides.

sulfur dioxide
carbon monoxide

lithium oxide
aluminium oxide
nitrogen dioxide

strontium oxide
(this list is referred to in the next
question)

(€) Lithium oxide is an ionic compound.

(i) Identify another ionic oxide in the list on page 3.

- [1]

(i) Draw a diagram which shows the formula of lithium oxide, the charges on the ions
and the arrangement of the valency electrons around the negative ion.
Use x to represent an electron from an atom of oxygen.
Use o to represent an electron from an atom of lithium.

[2]

Subtopic Chem 3.21-2 Q# 14/ iGCSE Chemistry/2011/s/Paper 31/ Q2
(b} The electron distribution of a selenium atomis 2+ 8 + 18 + 6.

{i) Selenium forms an ionic compound with potassium. Draw a diagram which shows
the formula of this ionic compound, the charges on the ions and the arrangement of
the valency electrons around the negative ion.

Use o to represent an electron from an atom of potassium.
Use x to represent an electron from an atom of selenium.

[3]
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Subtopic Chem 3.21-2 Q# 15/ iGCSE Chemistry/2009/s/Paper 31/
3 The following is a list of the electron distributions of atoms of unknown elements.

element electron distribution
A 25
B 284
Cc 28,82
D 28,188
E 28,1881
F 2,8,18,18,7

(b) Elements C and F can form an ionic compound.

(i) Draw a diagram that shows the formula of this compound, the charges on the ions
and the arrangement of the valency electrons around the negative ion.
Use o to represent an electron from an atom of C.
Use x to represent an electron from an atom of F.

[3]

(ii) Predict two properties of this compound.
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Subtopic Chem 3.21-2 Q# 16/ iGCSE Chemistry/2008/w/Paper 31/
2 There are three types of giant structure — ionic, metallic and macromolecular.

(a) Sodium nitride is an ionic compound. Draw a diagram that shows the formula of the
compound, the charges on the ions and the arrangement of the valency electrons
around the negative ion.

Use x to represent an electron from a sodium atom.
Use o to represent an electron from a nitrogen atom.

[3]
Subtopic Chem 3.21-2 Q# 17/ iGCSE Chemistry/2007/w/Paper 3/

3 Magnesium reacts with bromine to form magnesium bromide.
(a) Magnesium bromide is an ionic compound. Draw a diagram that shows the formula of
the compound, the charges on the ions and the arrangement of outer electrons around

the negative ion.
The electron distribution of a bromine atom is 2, 8, 18, 7.

Use x to represent an electron from a magnesium atom.
Use o to represent an electron from a bromine atom. [3]

(b) In the lattice of magnesium bromide, the ratio of magnesium ions to bromide ions is
1:2.

(i) Explain the term lattice.

[2]

(i) Explain why the ratio of ions is 1:2.
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Subtopic Chem 3.21-2 Q# 18/ iGCSE Chemistry/2007/s/Paper 3/

4 Use your copy of the periodic table to help you answer these questions.

(a) Predict the formula of each of the following compounds.

(i)

(iif)

barium oxide

boron oxide

(b) Give the formula of the following ions.

(i)

(iif)

sulphide

gallium

Subtopic Chem 3.21-2 Q# 19/ iGCSE Chemistry/2007/s/Paper 3/
2 Complete the following table.

Subtopic Chem 3.21-2 Q# 20/ iGCSE Chemistry/2006/w/Paper 3/

2 The table shows the melting points, boiling points and electrical properties of the six
substances A to F.

electrcal conductor wer:zzlﬁlm
substance | melting point / °C boiling point / °C le;;:rc;r::”e substance
dissolved in water
A 961 2193 good does not dissolve
B 113 BER does not conduct | does not dissolve
c 0 100 very poor very poor
D 803 1465 does not conduct good
E -5to-10 102 to 105 good good
F -85 -60 does not conduct | does not dissolve
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(ii) Which one is an ionic compound?
ANEERER N RN RN RN RN R RN R RN NN RN NN RN RN RN ENE RN NN RN NN RN RN NN R R NN R RN NN RN NN RN NN RN NN ENERR NN ERRRNNENER RN [1]
Subtopic Chem 3.21-2 Q# 21/ iGCSE Chemistry/2005/w/Paper 3/

1 (a) The structure of a typical ionic compound is a regular arrangement of positive and
negative ions.

{ii) Give two physical properties of ionic compounds.

(b) lons are formed by electron loss or gain. The electron distribution of a magnesium
atom is 2 + 8 + 2 and of a nitrogen atom is 2 + 5.

(i) Give the formula of the magnesium ion.

(ii) Give the formula of the nitride ion.

{iv) In this compound there is an ionic bond. Why are the two ions attracted to each
other?

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 171 of 585

'SMASHINGI })


http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Subtopic Chem 3.21-2 Q# 22/ iGCSE Chemistry/2003/s/Paper 3/ Q5

(e) Describe, by means of a simple diagram, the lattice structure of an ionic compound,
such as caesium chloride.

[2]
Subtopic Chem 3.21-2 Q# 23/ iGCSE Chemistry/2003/s/Paper 3/

5 The first three elements in Period 6 of the Periodic Table of the Elements are caesium,
barium and lanthanum.

(d) Barium chloride is an ionic compound. Draw a diagram that shows the formula of the

compound, the charges on the ions and gives the arrangement of the valency electrons
around the negative ion.

The electron distribution of a barium atom is 2.8.18.18.8.2

Use x to represent an electron from a barium atom.
Use o to represent an electron from a chlorine atom.

[2]
Subtopic Chem 3.21-2 Q# 24/ iGCSE Chemistry/2002/w/Paper 3/ Q3
(e) Draw a diagram that shows the arrangement of the valency electrons in the
ionic compound sodium phosphide.
Use o to represent an electron from sodium.
Use x to represent an electron from phosphorus. [3]
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Subtopic Chem 3.21-2 Q# 25/ iGCSE Chemistry/2001/w/Paper 3/ Q5

(c) Sulphur reacts violently with magnesium to form the ionic compound magnesium
sulphide. Draw a diagram that shows the arrangement of the valency electrons in this
compound.

Use O to represent an electron from a magnesium atom.
Use X to represent an electron from a sulphur atom. [3]

Subtopic Chem 3.23-4 Q# 26/ iGCSE Chemistry/2012/w/Paper 31/
7 Both strontium and sulfur have chlorides of the type XCI,. The table below compares some

of their properties.

strontium chloride sulfur chloride
appearance white crystals red liquid
formula SrCl, SCI,
melting point/°C 874 =120
boiling point/°C 1250 59
conductivity of liquid good poor
solubility in water dissolves to fo_rm react_s to form a

a neutral solution solution of pH1

(iv) Explain the difference in the electrical conductivity of liquid strontium chloride and
liquid sulfur chloride.

Subtopic Chem 3.23-4 Q# 27/ iGCSE Chemistry/2012/w/Paper 31/

4  Silicon(IV) oxide, Si0,, and zirconium(IV) oxide, ZrQ,, are both macromolecules.
They have similar physical properties but silicon(IV) oxide is acidic and zirconium(IV) oxide
Is amphoteric.

(a) Define the term macromolecule.
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(b) (i) Predictthree physical properties of these two oxides.

(ii) MName an element which has the same physical properties as these two oxides.

Subtopic Chem 3.23-4 Q# 28/ iGCSE Chemistry/2011/s/Paper 31/ Q2
(b) The electron distribution of a selenium atomis 2 + 8 + 18 + 6.

(ii)y Draw a diagram showing the arrangement of the valency electrons in one molecule
of the covalent compound selenium chloride.
Use x to represent an electron from an atom of selenium.
Use o to represent an electron from an atom of chlorine.

[3]
(iii) Predict two differences in the physical properties of these two compounds.
[
Subtopic Chem 3.23-4 Q# 29/ iGCSE Chemistry/2010/w/Paper 31/ Q6
(c) (i) Give the formulae of lithium fluoride and nitrogen fluoride.
thium IO de
nitrogen UONde 2]
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(ii) Predict two differences in their properties.

______________________________________________________________________________________________________________________________ [2]
(iii) Explain why these two fluorides have different properties.
______________________________________________________________________________________________________________________________ [2]
Subtopic Chem 3.23-4 Q# 30/ iGCSE Chemistry/2010/w/Paper 31/
4 Ammonia is an important industrial chemical.
(a) (i) Give the electron structure of an atom of nitrogen.
______________________________________________________________________________________________________________________________ [1]

(ii) Use this electronic structure, rather than the valency of nitrogen, to explain why the
formula of ammonia is NH, not NH,.

Subtopic Chem 3.23-4 Q# 31/ iGCSE Chemistry/2010/w/Paper 31/
6 The table below shows the elements in the second period of the Periodic Table and some of
their oxidation states in their most common compounds.

element Li Be B C N O F MNe
number of outer electrons 1 2 3 4 5 §] T 8
oxidation state +1 +2 +3 +4 =3 | =2 | -1 0

(a)
(iii) Select two elements in the table which exist as diatomic molecules of the type X,
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Subtopic Chem 3.23-4 Q# 32/ iGCSE Chemistry/2010/s/Paper 31/ Q5

(b) Two of the oxides of these elements are carbon dioxide, CO,, and silicon(IV) oxide,
SiO

2-

(i) Draw a diagram showing the arrangement of the valency electrons in one molecule
of the covalent compound carbon dioxide.

Use x to represent an electron from a carbon atom.
Use o to represent an electron from an oxygen atom.

[3]
Subtopic Chem 3.23-4 Q# 33/ iGCSE Chemistry/2009/w/Paper 3/ Q4

(c) Itis now known that the smell of the seaside is due to the chemical dimethyl sulfide,
(CHa)2S.

(i) Draw a diagram that shows the arrangement of the valency electrons in one
molecule of this covalent compound.
Use x to represent an electron from a carbon atom.
Use o to represent an electron from a hydrogen atom.
Use e to represent an electron from a sulfur atom.

[3]
Subtopic Chem 3.23-4 Q# 34/ iGCSE Chemistry/2009/w/Paper 3/

5 The first three elements in Group |V are carbon, silicon and germanium.
The elements and their compounds have similar properties.

(a) The compound, silicon carbide, has a macromolecular structure similar to that of
diamond.
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(ii) Complete the following description of the structure of silicon carbide.

Each carbon atom is bonded to four atoms.

Each silicon atom is bonded to carbon atoms. [2]

(b) Germanium(lV) oxide, GeO,, has the same macromolecular structure as silicon(IV)
oxide. Draw the structural formula of germanium(IV) oxide.

[3]
Subtopic Chem 3.23-4 Q# 35/ iGCSE Chemistry/2008/w/Paper 31/ Q6

(b) Potassium and calcium are very reactive metals at the top of the series. Because their
ions have different charges, K* and Ca®, their compounds behave differently when
heated.

(i) Explain why the ions have different charges.

Subtopic Chem 3.23-4 Q# 36/ iGCSE Chemistry/2008/w/Paper 31/
2 There are three types of giant structure — ionic, metallic and macromolecular.
{c) Silicon(IV) oxide has a macromolecular structure.

(i) Describe the structure of silicon(IV) oxide (a diagram is not acceptable).

(ii) Diamond has a similar structure and consequently similar properties.
Give two physical properties common to both diamond and silicon(IV) oxide.
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Subtopic Chem 3.23-4 Q# 37/ iGCSE Chemistry/2008/s/Paper 31/ Q5

(d) The structural formula of carbonyl chloride is given below.

Draw a diagram that shows the arrangement of the valency electrons in one molecule
of this covalent compound.
Use x for an electron from a chlorine atom.
Use o for an electron from a carbon atom.
Use ¢ for an electron from an oxygen atom.

Subtopic Chem 3.23-4 Q# 38/ iGCSE Chemistry/2007/s/Paper 3/

4  Use your copy of the periodic table to help you answer these questions.

[4]

(c) Draw a diagram showing the arrangement of the valency electrons in one molecule of
the covalent compound nitrogen trichloride.

Use x to represent an electron from a nitrogen atom.
Use o to represent an electron from a chlorine atom.

Subtopic Chem 3.23-4 Q# 39/ iGCSE Chemistry/2007/s/Paper 3/

2 Complete the following table.

[3]

of electrical electrical
type particles present conductivity | conductivity of example
structure . C
of solid liquid
macro atoms of tj.nm dlﬁerent
molecular elements in a giant poor poor
covalent structure
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Subtopic Chem 3.23-4 Q# 40/ iGCSE Chemistry/2006/w/Paper 3/ Q5

(d) Give a diagram showing the arrangement of the valency electrons in one molecule of
the covalent compound urea. Its structural formula is given below.

N
O:C/
~

SN AN
T II T

N

Use o to represent an electron from a carbon atom.
Use x to represent an electron from a hydrogen atom.
Use e to represent an electron from a nitrogen atom.

(3]
Subtopic Chem 3.23-4 Q# 41/ iGCSE Chemistry/2005/s/Paper 3/ Q4(b)

(iii) Draw a diagram to show the arrangement of the valency electrons in one molecule
of the covalent compound hydrogen sulphide.
Use o to represent an electron from a sulphur atom.
Use x to represent an electron from a hydrogen atom.

[2]
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Subtopic Chem 3.23-4 Q# 42/ iGCSE Chemistry/2004/w/Paper 3/
5 Strontium and sulphur chlorides both have a formula of the type XCi: but they have

different properties.
property strontium chloride sulphur chloride
appearance white crystalline solid red liquid
melting point/ °C 873 -80
particles present ions molecules
electrical conductivity of solid poor poor
electrical conductivity of liquid good poor

(a) The formulae of the chlorides are similar because both elements have a valency of 2.
Explain why Group 11 and Group VI elements both have a valency of 2.

(b) Draw a diagram showing the arrangement of the valency electrons in one covalent
molecule of sulphur chloride.
Use x to represent an electron from a sulphur atom.
Use o to represent an electron from a chlorine atom.

[3]
(c) Explain the difference in electrical conductivity between the following.
(i) solid and liquid strontium chloride
(1]
(ii) liguid strontium chloride and liquid sulphur chloride
(1
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Subtopic Chem 3.23-4 Q# 43/ iGCSE Chemistry/2004/s/Paper 3/ QiGCSE Chemistry/201
(b) Silicon has the same type of macromolecular structure as diamond.

(i) Explain why one atom of either element can form four covalent bonds.

[ AN Nl A A N A A R I R R R N R R RN RN AR R R R AR NI RN RN R R L]} [2]
(ii) Predict two physical properties of silicon.
2]
(iii) Name a different element that has a similar structure and properties to silicon.
[1]
()
(iii) Describe the structure of silicon(IV) oxide. You may use a diagram.
[2]

Subtopic Chem 3.23-4 Q# 44/ iGCSE Chemistry/2004/s/Paper 3/ Q3

(b) Draw a diagram to show the arangement of the valency electrons in one molecule of
nitrogen.

(2]
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Subtopic Chem 3.23-4 Q# 45/ iGCSE Chemistry/2003/w/Paper 3/ QiGCSE Chemistry/201
(e) Ancther compound that contains nitrogen and hydrogen is hydrazine, N,H,.

(i) Draw the structural formula of hydrazine. Hydrogen can form only one bond per
atom but nitrogen can form three.

(i) Draw a diagram that shows the arrangement of the valency electrons in one
molecule of hydrazine. Hydrazine is a covalent compound.
Use x to represent an electron from a nitrogen atom.

Use o to represent an electron from a hydrogen atom.

[3]
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Subtopic Chem 3.23-4 Q# 46/ iGCSE Chemistry/2003/s/Paper 3/

2 Calcium and other minerals are essential for healthy teeth and bones. Tablets can be taken
to provide these minerals.

Healthy Bones

Each tablet contains

calcium
magnesium
zinc

copper
boron

(a) Boron is a non-metal with a macromaolecular structure.

(i) Whatis the valency of boron?

(ii) Predict two physical properties of boron.

(iii) MName another element and a compound that have macromolecular structures.

compound ...

(iv) Sketch the structure of one of the above macromolecular substances.
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Subtopic Chem 3.23-4 Q# 47/ iGCSE Chemistry/2002/s/Paper 3/
4 Bromine is one of the halogens in Group VII.

(c) Bromine reacts with phosphorus to form phosphorus tribromide.
Draw a diagram showing the arrangement of the valency electrons in one molecule of
this covalent compound. The electron distribution of bromine is:

2 +8 4+ 18 + 7.

Use x to represent an electron from phosphorus.
Use o to represent an electron from bromine. [3]

Subtopic Chem 3.23-4 Q# 48/ iGCSE Chemistry/2001/w/Paper 3/ Q5
(b) The diagram shows a possible arrangement of the valency electrons in a molecule of
sulphur dioxide.

O represents an electron from an oxygen atom
X represents an electron from a sulphur atom

00 KX
O X
0 X

00 \

bond2  bond 1

00

O=xOx
Q0o

() What type of covalent bond is labelled bond 17

(i) What is unusual about the covalent bond labelled bond 27
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Subtopic Chem 3 Q# 49/ iGCSE Chemistry/2009/w/Paper 3/

5 The first three elements in Group |V are carbon, silicon and germanium.
The elements and their compounds have similar properties.

(a) The compound, silicon carbide, has a macromolecular structure similar to that of
diamond.

(i) A major use of silicon carbide is to reinforce aluminium alloys which are used in
the construction of spacecraft. Suggest three of its physical properties.

[3]

Subtopic Chem 3.25 Q# 50/ iGCSE Chemistry/2011/s/Paper 31/ Q3

(c) Both iron and steel have typical metallic structures - a lattice of positive ions and a sea
of electrons.

(i) Suggest an explanation for why they have high melting points.

2

(ii) Explain why, when a force is applied to a piece of steel, it does not break but just
changes its shape.

2

Subtopic Chem 3.25 Q# 51/ iGCSE Chemistry/2010/w/Paper 31/

2  About 4000 years ago the Bronze Age started in Britain. Bronze is an alloy of copper and
tin.

(a) (i) Suggestareason why a bronze axe was better than a copper axe.

.............................................................................................................................. [1]

(ii) Brass is another copper alloy. Name the other metal in brass.
.............................................................................................................................. [1]
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(b) The diagram below shows the arrangement of particles in a pure metal.

(i)
.............................................................................................................................. [1]
(ii) Draw a diagram which shows the arrangement of particles in an alloy.
(2]
(iii) Explain the term malleable.
______________________________________________________________________________________________________________________________ [1]
(iv) Why are metals malleable?
.............................................................................................................................. [2]
Subtopic Chem 3.25 Q# 52/ iGCSE Chemistry/2010/s/Paper 31/ Q5 (a)
(iii} Explain why graphite is a soft matenal.
.............................................................................................................................. [2]
(iv) Give one use of graphite.
............................................................................................................................. [1]
(b) Two of the oxides of these elements are carbon dioxide, CO,, and silicon(IV) oxide,

Si0,.
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(ii) A section of the macromolecular structure of silicon(IV) oxide is given below.

S

AN

0 O,
0

|
5
|

# Y

Use this diagram to explain why the formula is SiO, not Si0,.

(iii} Predict two differences in the physical properties of these two oxides.

Subtopic Chem 3.25 Q# 53/ iGCSE Chemistry/2010/s/Paper 31/
5 Carbon and silicon are elements in Group IV. Both elements have macromolecular
structures.

{a) Diamond and graphite are two forms of the element carbon.

(i) Explain why diamond is a very hard substance.

(ii) Give one use of diamond.
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Subtopic Chem 3.25 Q# 54/ iGCSE Chemistry/2008/w/Paper 31/
2 There are three types of giant structure — ionic, metallic and macromolecular.

(b) (i) Describe metallic bonding.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [3]
(ii) Use the above ideas to explain why
metals are good conductors of electricity,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
metals are malleable.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [2]
Subtopic Chem 3.25 Q# 55/ iGCSE Chemistry/2007/s/Paper 3/
2 Complete the following table.
of electrical electrical
type particles present conductivity | conductivity of example
structure : o
of solid liquid
metallic | and good copper

(3]

Subtopic Chem 3.25 Q# 56/ iGCSE Chemistry/2006/w/Paper 3/Q6

(c) Two of the elements in chalcopynte are the metal, copper, and the non-metal, sulphur.
These have different properties. Copper is an excellent conductor of electricity and is
malleable. Sulphur is a poor conductor and is not malleable, it is brittle. Explain, in
terms of their structures, why this is so.

difference in electrical conductivity

difference in malleability
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Subtopic Chem 3.25 Q# 57/ iGCSE Chemistry/2006/w/Paper 3/

2 The table shows the melting points, boiling points and electrical properties of the six
substances A to F.

electrical conductor werizzt;i;e:lm
substance | melting point / °C boiling point / °C te:llp:rgr:;re substance
dissolved in water
A 961 2193 good does not dissolve
B 113 444 does not conduct | does not dissolve
C 0 100 very poor very poor
D 803 1465 does not conduct good
E ~5to0 -10 102 to 105 good good
F -85 -60 does not conduct | does not dissolve

(v) Which substance is a metal?

Subtopic Chem 3.25 Q# 58/ iGCSE Chemistry/2006/s/Paper 3/

4  The first three elements in Group IV are
carbon,
silicon,
germaniurm.

(a) The element germanium has a diamond-type structure. Describe the structure of

germanium. A diagram is acceptable.

[2]

(b) Unlike diamond, graphite is soft and is a good conductor of electricity.

(i) Explain why graphite has these properties.
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(ii) Give a use of graphite that depends on one of these properties.

property

use [1]

(c) Carbon dioxide and silicon(IV) oxide have similar formulae but different types of
structure.

(i) Give the formulae of these oxides.

(d) All these elements form compounds with hydrogen called hydrides. The saturated
hydrides of carbon are the alkanes. Predict the formula of the hydride of germanium
which contains two germanium atoms.

Subtopic Chem 3.25 Q# 59/ iGCSE Chemistry/2004/s/Paper 3/

5 (a) Copper has the structure of a typical metal. It has a lattice of positive ions and a “sea”
of mobile electrons. The lattice can accommodate ions of a different metal.

Give a different use of copper that depends on each of the following.
(i) the ability of the ions in the lattice to move past each other

(ii) the presence of mobile electrons

(iii) the ability to accommodate ions of a different metal in the lattice

[1]

Subtopic Chem 3.25 Q# 60/ iGCSE Chemistry/2003/w/Paper 3/ Q2 (b)

(ii) Describe the structure of a typical metal, such as zinc, and explain why it is
malleable.
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7.4.1 ESSENTIAL EXAM QUESTIONS Paper 4 Topic 3 327marks Mark Scheme
Q# 1/ iGCSE Chemistry/2012/w/Paper 31/ Q22

(b) (i) same Z/same number of protons; [1]
accept: atoms of the same element
different number of neutrons / different nucleon number / different mass

number; (1]
(ii) 53 protons and 53 electrons: [1]
78 neutrons; (1]
(iii) xenon: [1]

Q# 2/ iGCSE Chemistry/2012/s/Paper 31/
4 (a) 2+8+11+2 [1]

Q# 3/ iGCSE Chemistry/2010/w/Paper 31/
1 (a) (i) same number of protons and electrons [1]

(ii) all have the same number of protons / same proton number / same atomic number  [1]

(ili) more electrons than protons [2]
number of protons and electrons not equal ONLY [1]

{iv) same number of protons (and electrons) / same proton number / same atomic number[1]

different number of neutrons / different mass number / nucleon number [1]
(b) (i) 2+8+5 [1]
(i) 3/5 [1]

(iii)) non-metal because it accepts electrons
{ needs 3e to complete outer energy level
{ because it is in Group V or 5e in outer shell [1]
note need both non-metal and reason for [1]

[Total: 9]
Q# 4/ iGCSE Chemistry/2008/s/Paper 31/
2 (a)
1/1840 or
electron e ore 1/2000 or O -1
1/1837 or negligible
proton porp orH" 1 +1
neutron n 1 0 or neutral
each correct row (1) [3]

(b) (i) equal numbers of protons and electrons of positive and negative charges or charges
cancel/balance [1]
or net charge =0 [1]
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(ii) lose electron(s) [1]
more protons than electrons [1]
NOT more + than —

(iii) different numbers of neutrons [1]
same number of protons or same number of electrons [1]
for just giving- they are isotopes [1] ONLY

(iv) anelementis known for each proton number [1]
accept any sensible idea, for example no gaps betweenz =1 and z = 103

Q# 5/ iGCSE Chemistry/2007/w/Paper 3/

2 (a) ®Na [1]
“iohr [1]
3"'15F"3'_ [1] for n::harge and [1] for symbr:;rl elc. [2]
2T 3AT* [1] for charge and [1] for symbol ete. [2]

ACCEPT +3 and -3
NOTE Only the above are to be awarded the mark

(b) particle B or #,;Na or sodium [1]
COND they have the same proton number or the same number of protons
or the same atomic number [1]

NOT the same number of electrons
Accept same number of electrons and protons

Q# 6/ iGCSE Chemistry/2006/s/Paper 3/ QiGCSE Chemistry/201 (b)
(if) 26p and 30n [1]

Q# 7/ iGCSE Chemistry/2006/s/Paper 3/ Q6 (b)

(ii) treatment of cancer, autoradiographs, tracer, sterilising food,
surgical equipment, measuring thickness, checking welds [1]

Qi 8/ iGCSE Chemistry/2005/w/Paper 3/

Question 5
(a)(i) 38Bp 3Be 50N [1]
38p 38e 52n [1]
30p 28e  35n [1]
(ii) Same number of protons and different number of neutrons [1]
(iii) B8+2 [1]
Q# 9/ iGCSE Chemistry/2002/w/Paper 3/ Q2 (a)
(i) 13 - (1]
Q# 10/ iGCSE Chemistry/2012/w/Paper 31/ Q5
(c) each chlorine 1bp and 3nbps; [1]
4 e between carbon atom and oxygen atom; [1]
2nbps on oxygen atom; [1]
Q# 11/ iGCSE Chemistry/2012/w/Paper 31/
(i) strontium loses 2e; [1]
sulfur gains 2e; [1]

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 192 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Q# 12/ iGCSE Chemistry/2012/s/Paper 31/Q3

(b) (i)
(ii)
(i)

(iv)

Li”
N3~

regular arrangement of ions / particles / positive and negative ions alternate;
not: atoms

31
ratio to balance charges / reason in terms of valency;

Q# 13/ iGCSE Chemistry/2011/w/Paper 31/
iGCSE Chemistry/201

() (i)

(i)

strontium oxide
accept: aluminium oxide

use correct formula

cond: charges on ions

6x and 20 around oxygen
ignore: electrons around Li

Q# 14/ iGCSE Chemistry/2011/s/Paper 31/ Q2

(b) (i) correctformula

cond following marks conditional on correct formula
If covalent mark 1 only

correct charges

6x and 2o around anion

do NOT penalise for incorrect coding

ignore electrons around potassium

Q# 15/ iGCSE Chemistry/2009/s/Paper 31/ Q3

(b) (i)

(ii)

CF- or Calz

COND next two marks conditional on correct formula

C* and F or Ca* and I

7* and 1o round F/I

NOTE covalent=0

Ignore electrons around Ca

accept arrow notation arrow from electron on calcium atom to iodine

high melting point or boiling point

conducts when molten or in solution

soluble in water

brittle

correct chemical properties

hard

Any TWO

NOT crystalline solid NOT does not conduct as a solid

[1]
[1]
[1]

[1]
[1]

(1]

(1]
[1]

[1]

[1]
[1]

[2]
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Q# 16/ iGCSE Chemistry/2008/w/Paper 31/

2 (a) 3Na: 1N cormect ratio [1]
correct charges [1]
8e around N [1]

if no symbols then must have correct key

if covalent only mark 1

ignore electrons around sodium

if the response includes both a corect and an incorect answer
do not select correct one, mark = [0]

Q# 17/ iGCSE Chemistry/2007/w/Paper 3/
3 (a) Correct ratio MgBr, orMg 2Br [1]

Accept anywhere in space
IF formula suggests covalency then [1] only for MgBr;

orMg 2Br

correct charges Mg and Br- [1]
Do not be concerned about location of minus sign

8e around bromine [1]

NOTE do not require correct coding — just 7 and 1 coded differently
NOTE ignore electrons around magnesium

(b) (i) pattern or order or regular or repeat or alternate [1]
COND positive and negative ions or atoms or molecules or paricles 1]
NOTE Accept a sketch that shows the above, that is particles arranged in a regular
way, e.g. any ionic compound such as sodium chloride

(ii) Any reason from the list: [1]
charges must balance
or based on valencies
or group Il and group VII
or 2e in outer level and 7e in outer level
or magnesium loses 2 electrons and bromine gains 1 electron (per atom)

Qit 18/ iGCSE Chemistry/2008/s/Paper 31/

4 (a) (i) BaO [1]
(ii) B0, [1]
(b) (i) s* [1]
(i) Ga™ [1]
Q# 19/ iGCSE Chemistry/2008/s/Paper 31/

2 good [1]
named example e.g. sodium chloride [1]
ACCEPT correct formula

Q# ZIO/ iGCSE C_hemistry/2006/w/Paper 3/
(i) D (1]
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Q# 21/
Question 1

(a)(iy lattice
(i)  high melting point or high fixed points

poor conductor as solid
good conductor as liquid, accept either aqueous or molten

hard
soluble in water
Any TWO

(b)(i) Mg”

(i) N*

(i) MasN;

(iv) opposite charges
Do NOT accept "attract” it is in the question
accept electrostatic attraction as a phrase

Q# 22/ iGCSE Chemistry/2003/s/Paper 3/ Q5

(e) alternating (positive and negative)
pattern

Q# 23/ iGCSE Chemistry/2003/s/Paper 3/Q5

(d) correct formula 1Ba to 2CI
charges correct
8e around the anion
All three points
Two points  ONLY [1]
If covalent [0] out [2]

Q# 24/ iGCSE (_Zhemistry/ZOOZ/w/Paper 3/Q3

(e} 3Nato 1P [1]
COND next two marks
correct charges . [1]
8¢ around P [1]

[f covalent then only one mark for 3Nato 1P

Q# 25/ iGCSE Chemistry/2001/w/Paper 3/ Q5
{c) 2+ on Mg
2- and 8e on sulphur
Mg : 15
Q# 26/ iGCSE Chemistry/2012/w/Paper 31/

(iv) molten strontium chloride has ions/ionic compound;
which can move;

sulfur chloride has no ions / only molecules / molecular [ covalent;
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Q# 27/ iGCSE Chemistry/2012/w/Paper 31/

4 (a) giant covalent;
or: polymer made from monomers;

(b) (i) any three from:
high mp / bp;
hard;
brittle;
insoluble (in water);
poor conductor of electricity / heat;

(ii) carbon/diamond/ silicon / boron;
not: graphite
Q# 28/ iGCSE Chemistry/2011/s/Paper 31/ Q2
(ii) correct formula

If ionic mark 1 only

cond

2 bp and 2 nbp around selenium

1 bp and 3 nbp around both chlorine atoms

(iii) the ionic compound
higher melting point / boiling point / less volatile

conducts when molten or aqueous, covalent compound does not

(1]

[3]

(1]

[1]

[1]
[1]

is soluble in water, covalent is not / ionic insoluble in organic solvents, covalent soluble

in organic solvents
harder
any two

[2]

note there has to be comparison between the ionic compound and the covalent

compound
not density

Q# 29/ iGCSE Chemistry/2010/w/Paper 31/ Q6

(¢) (i) LiF
NF 4

(ii) LiF has higher mp / bp
LiF is a (crystalline) solid, NF is probably a gas / a liquid
{ LiF is less volatile
as liquids only LiF conducts
LiF is soluble in water, NFs is not
when both solids LiF is harder
any two

(iii) LiF is an ionic compound
NF: is a covalent/molecular compound

[2]

[1]
[1]

for stating that one is ionic and the other covalent [1] without specifying which is which

Q# 30/ iGCSE Chemistry/2010/w/Paper 31/
4 (a) (i) nitrogen 2+5

(ii) needs three electrons
to complete energy level
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Q# 31/ iGCSE Chemistry/2010/w/Paper 31/ Q6 (a)
(iii) any two from nitrogen, oxygen and fluorine
accept symbols / molecular formulae

Q# 32/ iGCSE Chemistry/2010/s/Paper 31/ Q5 (a)
(b) (i) 4e between carbon and oxygens
2 non-bonding pairs on both oxygens
cond correct coding — only scored if marks 1 and 2 awarded
ignore O; in atom
Q# 33/ iGCSE Chemistry/2009/w/Paper 3/ Q4
(c) (i) correct structural skeleton
COND 4bp around both carbon atoms
2bp and 2nbp around sulfur atom
NOTE marks 2 and 3 can only be awarded if mark 1 has been scored

Q# 34/ iGCSE Chemistry/2009/w/Paper 3/
(i) silicon
four

(b) diagram to include:
each germanium atom bonded 4 oxygen atoms
each oxygen to 2 germanium atoms
looks or stated to be tetrahedral
tetrahedral” scores mark even if diagram does not look tetrahedral
independent marking of three points

Q# 35/ iGCSE Chemistry/2008/w/Paper 31/ Q6

(b) (i) potassium has one valency electron
or loses one electron
calcium has two valency electrons
or loses two electrons

Q# 36/ iGCSE Chemistry/2008/w/Paper 31/
(c) (i) tetrahedral
151 : 40 bonded/surrounded, etc.
10 : 2 Si

MOT molecules of oxygen, etc.
NOT intermolecular forces
ONLY tetrahedral can score for either of the above

(1]

[1]
[1]
[1]

[1]
[1]
[1]

(1]
(1]

[1]
(1]

(1]

[1]

[1]
[1]

Despite what the question states, ACCEPT a clear accurate diagram which shows the

above three points.

(i) hard
high mp or bp
colourless (NOT clear) or shiny or translucent

non/poor conductor (of electricity)
brittle

insoluble

any TWO

NOT crystalline or strong
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Q# 37/ iGCSE Chemistry/2008/s/Paper 31/ Q5

(d) Be around both chlorine atoms [1]
4e between carbon and oxygen atoms [1]
Be around carbon atom [1]
Be around oxygen [1]
if a bond contains a line with no electrons, no marks for atoms joined by that line
ignore keying
Q# 38/ iGCSE Chemistry/2008/s/Paper 31/
(c) NCIs [1]
COND 8e (1bp and 3nbp) around each chlorine [1]
8e (3bp and 1nbp) around nitrogen [1]
Q# 39/ iGCSE Chemistry/2008/s/Paper 31/
silica or silicon(IV) oxide or sand or silicon oxide
named polymer only TWO elements [1]

Q# 40/ iGCSE Chemistry/2006/w/Paper 3/ Q5

(d) Correct diagram for urea [3]
one emor OMLY [2]
two ermors  ONLY [1]
three erors O

Q# 41/ iGCSE Chemistry/2005/s/Paper 3/ 4 (b)

(iii) 2Hto 1S
COND B8e around sulphur atom
2e per hydrogen atom
THREE correct [2]
TWO from above [1]
lonic structure = [0]

Q# 42/ iGCSE Chemistry/2004/w/Paper 3/

5 (a) Group Il metals will lose 2e [1]
Group V1 elements will gain 2e [1

(b) SCL [1]
COND 8e around both chlorine atoms [1]

8e around sulphur with 2nbp and 2bp 1

If x and o reversed ignore if this is the only error
(c) (i) lons cannot move in solid or can move in liquid [1

(i) Noions in sulphur chloride or it is covalent or only molecules or only
strontium chlorde has ions [1]

Q# 43/ iGCSE Chemistry/2004/s/Paper 3/ QiGCSE Chemistry/201

(b) (i) both have four outer or valency electrons 1
need to share four more 1
or need four more to complete energy level
NOT four bonds

(ii) hard
britie
high melting or boiling point
poor conductor of electricity or semi-conductor
any TWO [2]
MOT insoluble inwater, NOT tough
MOT appearance

iii manium or carbon 1
(iii) ge
MNOT graphite
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(iii) 4 oxygen atoms around 1 silicon atom [1]
2 silicon atoms around 1 oxygen [1]
tetrahedral or diagram that looks tetrahedral [1]
If some wrong chemistry, such as ionic MAX
2/3

Q# 44/ iGCSE Chemistry/2004/s/Paper 3/ Q3
(b) 6 electrons in bond between two nitrogen atoms [1]

2 electrons on each nitrogen [1]
ignore any coding of electrons with dots or crosses

Qi#t 45/ iGCSE Chemistry/2003/w/Paper 3/ QiGCSE Chemistry/201

{e) (i) correct structural formula [1]

H H

N,/

(ii) 8e around nitrogen [1]
2e around each hydrogen [1]

H H

¥a *0
H XN N * H
0 o * -vnta

Q# 46/ iGCSE Chemistry/2003/s/Paper 3/
2 (a) (i) 3 ignore any charges [1]

(ii) high melting or boiling point
hard
poor conductor of electricity or heat
brittle
Any TWO 2]
NOT insoluble, dull, or malleable

(iii) carbon, graphite diamond silicon, germanium [1]
silicon (I'V) oxide or silica or silicon dioxide or silicon oxide
or sand or silicon carbide or named polymer [1]

(iv) four around one [1]
cond looks tetrahedral or shows continuation [1]
For graphite layers [1] weak bonds between layers [1]
Accept any macromolecule, no link with (iii)
For polymer repeat unit [1] continuation [1]

Q# 47/ iGCSE Chemistry/2002/s/Paper 3/ Q4

(c) P and 3Br 1]
COND upon first mark being awarded
3bp and inbp around phosphorus [1]
8¢ around cach bromine 1

if charpes then first mark only

Q# 48/ iGCSE Chemistry/2001/w/Paper 3/ Q5
{b) (i} double [1]

(i} both electrons from sulphur or equivalent [
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Q# 49/ iGCSE Chemistry/2009/w/Paper 3/

5 (a) (i) strong

hard

light or low density

high melting point or high fixed points

Accept high strength to weight ratio for [2]

it includes marks 1 and 3

any THREE 3]
Q# 50/ iGCSE Chemistry/2011/s/Paper 31/ Q3

(c) (i) strong attractive forces / strong bonds / bonds hard to break / requires a lot of
energy to break bonds [1]
not between ions, not between positive and negative ions,
not between electrons

between positive ions and (negative) electrons / opposite charges attract [1]
(ii)) because the layers, lattice or rows of ions/cations [1]

accept sheets of ions
not atoms / molecules / protons / nuclei

can move / slip / slide past each other [1]

Q# 51/ iGCSE Chemistry/2010/w/Paper 31/

2 (a) (i) harder/stronger / any sensible suggestion which relates to better properties for purpose

e.g. stays sharp longer / cuts better / mare comosion resistant [1]

(ii) zinc [1]

(b) (i) lattice [1]
(ii) regular pattern of one type of atom [1]
with different atom interspersed [1]

can show the difference — size, shading, label etc.

(ili) can change its shape by force / plastically deform / can be hammered into sheets / can

bend etc. [1]
(iv) particles /ions / atoms / layers [1]
cond can slide past each other [1]
or metallic bond is non-directional [1]
particles can move past each other [1]

Q# 52/ iGCSE Chemistry/2010/s/Paper 31/ Q5 (a)

(iii) layer structure / sheets [1]
molecules / ions in layers = [0]
layers can slide (over each other) [1]
(iv) lubricant / pencils / electrodes [1]

mark first use offered

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 200 of 585

'SMASHINGI })


http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(ii)) 40 around each Si
25iaround each O
must refer to diagram not valencies or electron distributions

(iii) SiOz has higher mp or bp
Si0: is a solid, CO; is a gas (at rip)
{when both are solids) then Si0; is harder
has higher density
Si0; insoluble, COs soluble
any two, comparison needed

Q# 53/ iGCSE Chemistry/2010/s/Paper 31/

5 (a) (i) macromolecular/ giant covalent / giant atomic
all atoms held in position / in tetrahedral structure / to four other carbon
atoms / all strong bonds

(ii) jewellery / drilling / cutting / engraving / cutting edges in scalpels
mark first use offered
Q# 54/ iGCSE Chemistry/2008/w/Paper 31/
(b) (i) positive ions or cations
NOT atoms or cores or nuclei
layers or lattice or regular pattem
delocalised or free or mobile electrons or sea

OR positive ions or cations

NOT atoms or cores or nuclei

attraction between ions and electrons

delocalised or free or mobile electrons or sea

the attraction/electrostatic bonding must be between ions and
delocalised electrons, between cations and anions does not score
ACCEPT bond if qualified - electrostatic bond, etc.

if molecular or molecules then cannot score cation mark

(ii) delocalised/free/mobile electrons
or electrons can move

layers or ions or atoms or particles
NB more flexible than 2(b)(i)
can slip or move past each other or bonding non-directional

Q# 55/ iGCSE Chemistry/2008/s/Paper 31/
electrons [1] and positive ions [1]
good

Q# 56/ iGCSE Chemistry/2006/w/Paper 3/Q6

{c) Copper has delocalised electrons
In sulphur the electrons are localised or cannot move in the piece of sulphur

In copper there are layers of copper atoms/ions
Which can slip
In sulphur there are no layers

Q# 5_7/IiGCSE Chemistry/2006/w/Paper 3/
(v) A
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Qi 58/ iGCSE Chemistry/2006/s/Paper 3/

4 (a) 4 Ge atoms around 1 Ge
Looks tetrahedral or stated to be

(b) (i) Graphite has layers
COND that can move/slip
or weak bonds between layers

Graphite has delocalised/free/mobile electrons
(i) property and use
soft lubricant or pencils
OR good conductor electrodes or in electric motors

() (i) CO:and SiO; or XO;

(ii) CO; molecular or simple molecules or simple covalent
Si0; macromolecular or giant covalent

(d) Ge:zHs

Q# 59/ iGCSE Chemistry/2004/s/Paper 3/
5. (a) Has to be three different uses.

any use that depends on malleability or ductility-
jewellery, pipes, wires, sheets, roofing, omaments
NOT that it is malleable or ductile

elecfrical wires or cooking utensils or electrodes
(good) conductor

making alloys or named alloy

Q# 60/ iIGCSE Chemistry/2003/w/Paper 3/ Q2 (b)
(1) lattice or layers of (positive) ions
delocalised or free or mobile electrons
layers/atoms/particles can slip [3]
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7.1 Essential End of Topic 3 Review and Reflection
Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and
more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the
end of topic tests and other assessed activities, but also in how you learn. How could you become a more effective
student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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8 Topic 4.1 Stoichiometry

8.1

End of Topic 4.1 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources
available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and
uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because
they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

What you should have done

Level

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Int ted Try to answer one question asked by your teacher at least once a week ESSENTIAL
nteracte
. Ask your teacher one question about something you do not understand in
with your . ESSENTIAL
science once a week
teacher - - - -
Ask your teacher one question about something to do with science every
EXTENSION
lesson
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and .
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Completed the questions at the end of each 2 page spread in your exercise
Textbook P a page s y EXTENSION
book
Added to your class notes ideas and important information from the textbook
EXTENSION
that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have
. . ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. s EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found
. . . EXCEPTIONAL
in this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
nd o
Topic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
opic Tes
P Scored over 90% EXTESNION
Scored over 95%
SMASHI
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What you should have done

Spend more than 1 hour a week reading a book you enjoy (in any language)

. ESSENTIAL

about anything.
Spend more than 3 ho k readi book joy (i I
p r ' urs a week reading a book you enjoy (in any language) EXTENSION
about anything.
Spend more than 5 hours a week reading a book you enjoy (in any language

Reading P . & you enjoy ( y language) EXCEPTIONAL
about anything.
Spend at least h k readi book y joy in English about
pen.a east one hour a week reading a book you enjoy in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
pend ursaw "8 You enjoy in Enel ! EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL

You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL

Reflection | Section
You have given an answer for every question in the Review and Reflection

EXTENSION
section at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
8.2 Topic 4.1 Syllabus
4 Stoichiometry
4.1 Stoichiometry
s Use the symbols of the elements and write the *  Determine the formula of an ionic compound
formulae of simple compounds from the charges on the ions present
s Deduce the formula of a simple compound from + Construct equations with state symbols,
the relative numbers of atoms present including ionic equations
s Deduce the formula of a simple compound from * Deduce the balanced equation for a chemical
a model or a diagrammatic representation reaction, given relevant information

s Construct word equations and simple balanced
chemical equations

» Define relative atomic mass, A, as the average
mass of naturally occurring atoms of an element
on a scale where the '“C atom has a mass of
exactly 12 units

»  Define relative molecular mass, M, as the sum
of the relative atomic masses. (Relative formula
mass or M_will be used for ionic compounds.)

(Calculations involving reacting masses in simple
proportions may be set. Calculations will not
involve the mole concept.)
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8.3
Topic
#

ESSENTIAL Glossary for Keywords for this topic (4.1 Stoichiometry)

English

balanced chemical (symbol) equation a summary of a
chemical reaction using chemical formulae — the total
number of any of the atoms involved is the same on both
the reactant and product sides of the equation

Chinese

TR (75 ARX-FEREFXHTIEZRN
MR E-E RERIRF SBE S R RN A=
M9 AERE]

chemical reaction a change in which a new substance is
formed

E22 R R B M) RV 224k

formula (chemical) a shorthand method of representing
chemical elements and compounds using the symbols of
the elements

2ax (L)
MBI ST %

 ERARRAESRTEETRIMIES

ionic equation the simplified equation for a reaction
involving ionic substances: only those ions which take
part in the reaction are shown

BF ARG REFRRORMOBIESER : @
TRRLSSRANEF

law of conservation of mass matter cannot be lost or
gained in a chemical reaction — the total mass of the
reactants equals the total mass of the products

MRTRBERELERNPAZERAKE-RAY)
MEREST YN ERE

molecular formula a formula which shows the actual
number of atoms of each element present in a molecule
of the compound

2FX, RTEEYMDFHREFENEHTRILIR
RFHEHNFH

molecular mass another, less precise, name for relative
molecular mass

DFERIAKBHN S —TIREZEN S FE

products (in a chemical reaction) the substance(s)
produced by a chemical reaction

Fm (EEZERNS ) BEZFRNFENYR

reactants (in a chemical reaction) the chemical
substances that react together in a chemical reaction

RN (EEZERNS ) EIEFE RN F—ERMNAY
B MR

spectator ions these are present in a chemical reaction
but take no partin it. They are not included in ionic
equations

REBFEFETIEZERND - BAS5EHS - Bf]
AEEEBEFHEAS

standard atom the atom against which the relative
atomic masses of all other atoms are measured using the
mass spectrometer; one atom of the carbon-12 isotope is
given a mass of exactly 12

R EARENNERBEMRFHENRF

FRENRT ;| KR2RMRMN— T EFHIRENETA
12

state symbols these are used to show the physical state
of the reactants and products in a chemical reaction: they
are (s) solid, (I) liquid, (g) gas and (aq) dissolved in
solution in water

REFS - BT ERNEZERN S RNAFIF=EIY)

R BNZ (9 Bk, 0 &iE () S
M (aq) BEEEKDENER

symbol (chemical) a simple letter, or group of letters,
that represents an element in a chemical formula

5 (b)) —1TEENFEIE—AFE - KFE
FHAPHITR

word equation a summary of a chemical reaction using
the chemical names of the reactants and products

HHEN - 2EARNYFIF-IIEZERREITH
B R NAHE

relative formula mass (Mr) the sum of all the relative
atomic masses of the atoms present in a ‘formula unit’ of
a substance

BYANEE (M) PR AKX B PEFEENRA
RFHIANRFREN D

relative molecular mass (Mr) the sum of all the relative
atomic masses of the atoms present in a molecule

BYDFHEE (M) SFPARAERFUFEHENR
FRENSH
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8.3.1 Other Keywords that are needed for Topic 4.2 which will be covered later on
in your studies:
TOPIC English Chinese
concentration a measure of how mu(ch solute is dissolved | spE#H SRR AREATIHNSE - B ROLIERE
in a solvent. Solutions can be dilute (with a high L N e
AR ( SEEAIRER) - AZRIER ( SEEH
L proportion of the solvent), or concentrated (with a high ﬁ\{ﬂ (SEehlnasl) - waliERER (Sedl
proportion of the solute) R )
1 empirical formula a formula for a compound which ZHRATEEYHNAT - ETNEFENESENERT
shows the simplest ratio of atoms present H
1 hydrat(::‘d s?lts ionic compOl'Jnds that‘contain \{vater of EEERET 2 B aBEa KK ST LAY
crystallisation between the ions within the solid
molar f:onf:entratlon the measure of the concentration of ERRERSTRENSE - LS AR50
1 a solution in terms of the number of moles of the solute — o
dissolved per cubic decimetre of solution (mol/dm3) HOERBYEREZR (mol / dm3)
molar mass the mass, in grams, of one mole of a o
1 & EREE—ERIENES - LIRS
substance
molar volume of a gas one mole of any gas has the same —uﬁ(E’]F' R —EE R A S TER RN R E A
1 volume under the same conditions of temperature and HEET (E—PASENZETN24 dm3) B
pressure (24 dm3 at one atmosphere and room
temperature) ’ﬁ*ﬁlﬂﬂ"]ﬁ( 3
mole the measure of amount of substance in chemistry; P e =
one mole of a substance has a mass equal to its relative BRLFRYRBENEE | —ERYRNRE
1 formula mass in grams — that amount of substance TERAM D FHANRE (URNEN ) ZYRE
contains 6.02 x 10* (the Avogadro constant) atoms, £6126.02x1023 (Avogadro®E %) EF, HFHH
I f i i . _
mo e.cules or formula units depending on the substance Ft EERERTREENYE
considered
percentage Purlty a.measure of the purity of the product S T 4 1 823 S T B0 S R = M 4t
1 from a reaction carried out experimentally: percentage _ _
purity = mass of pure product mass of impure product EE& : AR =AY REALFYHRE
xloo x100
percentage yield a measure of the actual yield of a ERESHEAEN TARBE X EREIRICFR . B
1 reaction When ca?rried out experimentally compar(.ed to S ST R SR B - FERE ) LSt
the theoretical yield calculated from the equation:
percentage yield = actual yield predicted yield x100 FRr=2& - 32100
standard so'lutlon a S.O|utIOI’.l whose concentratpn is A T — TR S T D AN B - B9 2 A 5 A
1 known precisely — this solution is then used to find the VAR s
concentration of another solution by titration TRIEE KIS — A RERE
structural formula the structural formula of an organic HEMANFR - BNDFHEMTERS FOWEF
lecule sh how the at d bonds i lecul
] | morectie SnOWSs NOW e gfoms and honcs @ MOEE | mmmaE ZE e HE | YRR TRAAERFALN
are arranged in space: all the atoms and covalent bonds
must be shown i
titration a method of quantitative analysis using EERRHTEENESEONSE  EREEE Y
g | solutions: one solution is slowly added to a known A REER N ARG R — AR - B
volume of another solution using a burette until an end- .
point is reached ERHAR
water of crystallisation water included in the structure of e . o N
certain salts as they crystallise; for example, copper(ll) BRKRERNERIEPIZHK; A1 - K
1 sulfate pentahydrate (CuSO4.5H20) contains five SWEEHI (1)  (CuSO4.5H20) B FHREEHE (1)

molecules of water of crystallisation per molecule of
copper(ll) sulfate

BERNFEEK
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8.4 EXTENSION Keywords
You do not need to understand these words to score a good A, or even a low A* but if you are aiming for a good or high
A* then understanding words like these here will be helpful.

Avogadro constant another name for a mole AvogadroE #FEM H— 18 F

mass'cor?centratlon the measure of the con.centratlon ofa EERE - LETHS A RD AR ARRS
solution in terms of the mass of the solute, in grams, e e _
dissolved per cubic decimetre of solution (g/dm3) (=) NBNBRRENERE (g/dm3)

relative atomic mass (Ar) the average mass of an atom of an HNBEFES (Ar) TEMEFEHNES =
element, taking account of the isotopes of the element, on a

scale where a carbon-12 atom has a mass of exactly 12 IBETTRWEIMR - k12 R FRIREEE 12

8.5 ESSENTIAL Active Learning Activity 1 Balancing chemical equations
Part 1

1. Fe + ____ HS0, —> _ Fey(SO.: + ___ H
2 GH +_ 0, —> __ HO o+ ____ cCo
3. KOH + __ HPO, —> _ KPO, +__ HO
4. sn0: +____ H —> ____ sn + _ HO
5.  ____ NHs  +____ 0, =—> ____NO +____ HO
6. ___ KNO; + __ HCO0s —> __ KCO; + ____ HNO;
7. BBre 4+ ____ HNOs —> __ B(NOj)s + ____ HBr
8. __ BFR 4+ LliSO; —> _ By(SOs): + ____ LF
9. (NH)PO. + __ Pb(NOs)y —> _ Pbs(PO)s + __ NH.NO;
10. _ Sels + 0. —> Sed,  + Cla

Patrick Brannac ~ www.SmashingScience.org & for China www.SmashingScienceCN.org Page 208 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Part 2

1. _ (CHs + 0 = + __ HDO
2. Na" + . = __ Nad

3. A + 0 —> _ ALG

4. N +  H —>» __ NH

5. Q0@ +__ Hlg) — __ GHus() +_  HO

6. _ FeOs(s) + _  CO(g) —> ___ Fe) + _ COyd)
7. HSOs + __ Pb(OH)y —> __ Pb(SOs), + __ HO

8. A + Hd — _ Ad: o+ H

0. _ Cas(POs), +  HS0, —>»  (@S0s + _ Ca(HPOs)
10. _ HPOs  + HCl —> PCls + H0

Extension activity

Name as many of the chemicals above as you can.
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8.5.1 Active Learning Activity Balancing chemical equations Mark Scheme

Part 1 Part
DT E + S T T €«e— T 4+ es 1 00 OH v + d I €— pPH & + fodH T 0T
CONTHN 2T+ f(Pod)qd T T <— MfON)Ad £+ COdCHN) T ¢ 6 (OFHE) T+ OSED 7 €— OSH 7+ {odw T 6
1 "9 + HosFa T T e— s £ + 48 ¢ 8 M T o+ PV T e— PH 9+ ¥ T 8
OO+ CoNg TT «— CONW O+ T oH  TF o+ Toskd T <«— (Mol T+ f0SH T L
ONH TZ 4 N TT <— foOH TT o+ om T 9 ©D TE + (4 T «— (B £ + (Fo T 9
OH "9+ ON ¥ € o T+ N TV OH TE + (WD T «— B T+ B 8§
OH ~ ¢ + s T T €e— H 7 o+ w1 b R
OH £ + "0dN T €— fOdH T + HM £  f o T e— 0 TF o+ v T e
W F + OH 9 «— O [ + W "7 T T
HoOTE + (osfed T T «— fSH £+ ™ T T OH T+ m T e o T+ o T 4
8.6 FUNDAMENTAL Active Learning Activity 2 Table of Common, and Not-So Common
lons

Fundamental Activity

Use the information on the next page to find these ions and write out their chemical formula:

lon

Carbonate

Phosphate

Sulfate

Nitrate

Ammonium

Silver

Exceptional Reflection:

Transition metals are commonly said, at iGCSE to all have variable oxidation states,
but some transition metals listed here are only given one charge. Can you think of
why this may be? Is it accurate to call elements like Zn and CD transition metals? If
you go onto a website like ChemGuide find out if these metals really are considered
transition metals (this is A-level material) either by scanning this code or clicking the
link below:

https://www.chemguide.co.uk/inorganic/transition/features.html#top
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Table of Tons and Charges

Polyatomic Ions

-1charge

chlorate, Cl1O5

chlorite, CIO;"

cyanide, CN°

hydrogen carbonate, HCOj;
(also called bicarbonate)
hydroxide, OH
hypochlorite, C1O°
10date, 105

nitrate, NO3

nitrite, NOy
permanganate, MnO,
perchlorate, ClO,4

acetate, C,H;0,", or CH;COO -~

Transition Metals without varying charges:

-2charge
carbonate, CO3 ™
chromate. CrO,
dichromate, Cr,0,
sulfate, SO,
sulfite, SO;

-3 charge
phosphate, PO, ™
phosphite, PO; ~

+1 charge

. = E=
ammonium. NHy

Ag”
Cd**
Zn*

silver
cadmium
zinc

Transition Metals with varying charges:

lon Systematic Name
Fe3* iron(lll)
Fe®* iron(ll)
Cust copper(ll)
Cu” copper(l)
Golt cobalt(ll)
Co** cobalt(ll)
sn** tin(V)
Sn?* tin(ll)
Pb** lead(IV)
Pb?* lead(ll)
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8.7 ESSENTIAL Active Learning Activity Naming Chemical Compounds

Use the table from the last page to name the following compounds

1. The formulas and common names for several substances are given below. Give the systematic
names for these substances. (see ion name table on the last page.)

Common Name Chemical .
Formula Systematic Name
a. |Sugar of lead Pb(C,H30)2 Lead (Il) Ethanoate
b. |Blue vitrol CuSO,
c. |Epsom salts MgSO,
d. |Milk of magnesia Mg(OH).
e. |Gypsum CaS0,
f.  |Laughing gas N.O

2. Write the formula for each of the following compounds:

a. Sulfur difluoride g. Ammonium acetate

b. Sulfur hexafluoride h. Ammonium hydrogen
carbonate

c. Sodium phosphate i. Cobalt (II1) nitrate

d. Lithium nitride j.  Copper (I1) chloride

e. Chromium (I11) carbonate k. Potassium sulfite

f. Tin (1) fluoride I.  Sodium hydroxide

3. EXTENSION Name each of the following compounds

a. CuF i. NaNO;
b. Cdl, j. Ca(NOy),
c. HI k. Mgs(POs):
d. NO I. HsP

e. NF; m. Na;SO4

f. N.Cl, n. Ca(HCOs;);
g. CFy

h. KCI
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8.7.1 Naming Chemical Compounds Mark Scheme

1. 3
a. lead (1) acetate a. copper (1) fluoride
b. copper (Il) sulfate b. cadmium iodide
c. magnesium sulfate c. hydrogen moniodide
d. magnesium hydroxide d. nitrogen monoxide
e. calciumsulfate e. nitrogen trifluoride
f. dinitrogen monoxide f. dinitrogen dichloride
g. carbon tetrafluoride
2. h. potassium chloride
a. SF; i. sodium nitrate
b. SFs j. calcium nitrite
c. NagPO, k. magnesium phosphate
d. LisN I. trihydrogen monophosphide
e. Cry(COs)3 m. sodium sulfate
f. SnF, n. calcium hydrogen carbonate or calcium
9. NH,CoH30; or NH,CH3COO bicarbonate
h. NH4;HCO;
i. Co(NO3)s3
j. CuCl;
k. K;SOs;
I. NaOH
8.8 EXCEPTIONAL INFORMATION Naming compounds (Nomenclature) — The Complete

Set of Rules
These rules go into even more detail than is needed at A level, but knowing that these rules exist is important for the very
ablest students and hopefully will allow you to make sense of the names you will throughout your career in chemistry.

From: https://chemed.chem.purdue.edu/genchem/topicreview/bp/ch2/names.html

Long before chemists knew the formulas for chemical compounds, they developed a system

of nomenclature that gave each compound a unique name. Today we often use chemical formulas,
such as NaCl, C12H22011, and Co(NHz3)s(ClO4)s, to describe chemical compounds. But we still need
unique names that unambiguously identify each compound.

Common Names

Some compounds have been known for so long that a systematic nomenclature cannot compete
with well-established common names. Examples of compounds for which common names are used
include water (H20), ammonia (NHs), and methane (CHa).

Naming lonic Compounds
(Metals with Non-metals)

The names of ionic compounds are written by listing the name of the positive ion followed by the
name of the negative ion.

NaCl sodium chloride
(NH4)2SOsammonium sulfate

NaHCOs; sodium bicarbonate
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We therefore need a series of rules that allow us to unambiguously name positive and negative ions
before we can name the salts these ions form.

Naming Positive lons

Monatomic positive ions have the name of the element from which they are formed.

Na* sodium Zn%* zinc
Ca** calcium H* hydrogen
K* potassium Sr2* strontium

Some metals form positive ions in more than one oxidation state. One of the earliest methods of
distinguishing between these ions used the suffixes -ous and -ic added to the Latin name of the
element to represent the lower and higher oxidation states, respectively.

FeZ ferrous Fe3* ferric
Sn%* stannous Sn* stannic
Cu* cuprous Cu?* cupric

Chemists now use a simpler method, in which the charge on the ion is indicated by a Roman
numeral in parentheses immediately after the name of the element.

Fe?* iron(Il) Fe3* iron (lI1)
Sn* tin(11) Sn** tin(1V)
Cu* copper(l) Cu? copper(ll)

Polyatomic positive ions often have common names ending with the suffix -onium.
H;O* hydronium
NHz* ammonium
Naming Negative lons

Negative ions that consist of a single atom are named by adding the suffix -ide to the stem of the
name of the element.

F fluoride (oL oxide

Cl chloride Sz sulfide

Br bromide \Es nitride

I iodide p3 phosphide
H- hydride c* carbide
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Common Polyatomic Negative lons

-1 ions
HCOs5 bicarbonate HSO4 ?g/iclerjlofga:)sulfate
CH3COy acetate ClOg perchlorate
NOs nitrate ClOos chlorate
NO2 nitrite Cloy chlorite
MnO4 permanganate Clo hypochlorite
CN- cyanide OH" hydroxide
-2 ions
COs* carbonate 0> peroxide
SO4* sulfate CrOs* chromate
SO5% sulfite Cr0/% dichromate
$,03% thiosulfate HPO,* hydrogen phosphate
-3 ions
PO, phosphate AsO,* arsenate

BOs* borate

Naming Polyatomic lons

At first glance, the nomenclature of the polyatomic negative ions in the table above seems
hopeless. There are several general rules, however, that can bring some order out of this apparent
chaos.

The name of the ion usually ends in either -ite or -ate. The -ite ending indicates a low oxidation
state. Thus,the NO2" ion is the nitrite ion.

The -ate ending indicates a high oxidation state. The NOs" ion, for example, is the nitrate ion.

The prefix hypo- is used to indicate the very lowest oxidation state. The CIO- ion, for example, is
the hypochlorite ion.

The prefix per- (as in hyper-) is used to indicate the very highest oxidation state. The ClO4 ion is
therefore the perchlorate ion.

There are only a handful of exceptions to these generalizations. The names of the hydroxide (OH"),
cyanide (CN-), and peroxide (O2%) ions, for example, have the -ide ending because they were once
thought to be monatomic ions.
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Naming Simple Covalent Compounds
( Non-metals with non-metals )
Oxidation states also play an important role in naming simple covalent compounds. The name of

the atom in the positive oxidation state is listed first. The suffix -ide is then added to the stem of the
name of the atom in the negative oxidation state.

HCI hydrogen chloride
NO nitrogen oxide
BrCl bromine chloride

As a rule, chemists write formulas in which the element in the positive oxidation state is written
first, followed by the element(s) with negative oxidation numbers.

The number of atoms of an element in simple covalent compounds is indicated by adding one of
the following Greek prefixes to the name of the element.

1 mono- 6 hexa-
2 di- 7 hepta-
3 tri- 8 octa-
4 tetra- 9 nona-

5 penta- 10 deca-

The prefix mono- is seldom used because it is redundant. The principal exception to this rule is
carbon monoxide (CO).

Naming Acids

Simple covalent compounds that contain hydrogen, such as HCI, HBr, and HCN, often dissolve in
water to produce acids. These solutions are named by adding the prefix hydro- to the name of the
compound and then replacing the suffix -ide with -ic. For example, hydrogen chloride (HCI)
dissolves in water to form hydrochloric acid; hydrogen bromide (HBr) forms hydrobromic acid;
and hydrogen cyanide (HCN) forms hydrocyanic acid.

Many of the oxygen-rich polyatomic negative ions in Table 2.1 form acids that are named by
replacing the suffix -ate with -ic and the suffix -ite with -ous.

Acids containing ions ending with ide often become hydro -ic acid
cr chloride HCI hydrochloric acid
F fluoride HF hydrofluoric acid
hyd Ifuri
5> sulfide HaS yerosuire
acid
Acids containing ions ending with ate usually become -ic acid
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CH3CO2" acetate CHsCOzH acetic acid

COs* carbonate H,CO3 carbonic acid
BOs* borate H3BO3 boric acid
NOs” nitrate HNO3 nitric acid
S04~ sulfate H,S04 sulfuric acid
ClOy perchlorate HClO4 perchloric acid
PO, phosphate H3PO4 phosphoric acid
i permanganic
MnOg4 permanganate HMnNO4 .
acid
CrO4* chromate H,CrOq4 chromic acid
ClOos chlorate HCIO3 chloric acid
Acids containing ions ending with ite usually become -ous acid
Cloy chlorite HCIO; chlorous acid
NOy nitrite HNO, nitrous acid
SOz sulfite H,S0 3 sulfurous acid
hypochlorous
clo hypochlorite HCIO vp

acid

Complex acids can be named by indicating the presence of an acidic hydrogen as follows.

NaHCO3 sodium hydrogen carbonate (also known as sodium bicarbonate)
NaHSOs3 sodium hydrogen sulfite (also known as sodium bisulfite)
KH,PO4 potassium dihydrogen phosphate
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8.9 Active Learning Activity 4 Word and Symbol Equations

Task 1: Complete the following word equations

1- Calcium carbonate + hydrochloric acid = calcium chloride + water +

2 + sulfuric acid - magnesium sulfate + hydrogen

3. Magnesium + nitric acid - + hydrogen

4. Zinc hydroxide + - zinc chloride + water

5. + hydrochloric acid = magnesium chloride + water + carbon
Dioxide

6. Aluminium + hydrochloric acid > + hydrogen

7. Sodium hydroxide + hydrochloric acid - +

8. Sodium carbonate + - sodium sulfate +water +

9. + nitric acid =  calcium nitrate + water + carbon dioxide

10. + sulfuric acid = iron(ll) sulfate + hydrogen

Task 2: Complete the following word equations

1- Hydrochloric acid + sodium hydroxide =2 ....c.ccceevevvececeeeeeeenen. L

2- SOAIUM F WALEE ™ oo eeeeeeeeeeeeeeeeeeeeeeneeeeaees F ettt e e e e e e e —aaaa——s

3- MaAgNESIUM + OXYEEN ™ .oouicreeierieereseeeeereeetessberaseetesasassaeseessesessesassassnens

4- Sulfuric acid + magnesium carbonate =2 .......ccooecevveceverrennnen. L +

5- Zinc + copper sulfate =2 ....cccoceeeeeceveieiree e F oot et

6- Sulfuric acid + sodium hydroxide =2 ......ccevevveeece e, F ottt et erenn
7- Hydrogen + OXYZEN =2 ....cevveeeeeceeeereeeeeereevervenin,

8- Carbon + OXYZEN = ..vcvverieieeeececte e

9- Aluminium + NItriC aCId = covvee oo eeeeeeeeeeeeaens F ottt
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10-SOIUM + SUITUE = ettt e e et e e et e e et e e eeeseeeeneeseeeeneeeneeeennnnns

Task 3: Complete and balance the symbol equations
(you are allowed to write in the spaces only)

1. + 2HCl 5 > MgCl, (g + HO() +

2. Mg(OH)yg+ HySOy4nq) =2 +

3. CuQy + = Cu(NO3);(q + H20y)

4. + H,SO04(aq) 2 MgS04(aq) + H,0()

5. + H3S04(aq) 2 MgSO04(aq) + H20p) + COyq

9 ZnC|2(aq) +

aq)

6. Zn(OH),) + 2HCI

7. Mg(s) + HZSO4(aq) 9 +

Task 4: Complete the following word equations and write balanced symbol equations

1- Calcium carbonate + hydrochloric acid =2 .......c.coveeeeeeecececeeeeeee e

Symbol equation:

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

2- Iron (111) oxide + sulfuric acid = .......cvveeeiieeiriece s

Symbol equation:

3- Sodium carbonate + SUIfUFIC @Cid = .eeeeeeeeee e eeee e e eeeeeeeeeeee e

Symbol equation:

4- Zinc + hydrochloric acid = ...

Symbol equation:

5- AlUMINTUM 4 NIEFC QCIA ™ oot eeeeeeeeee e eeeereeessenereeee e

Symbol equation:

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 219 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Extension Word and Symbol Equations
Task 5: Read the following paragraphs about some chemical processes. Write word and balanced chemical symbol

equations for reactions 1 to 8
(reactants and products are underlined):

Reaction 1:
In car engines, where the temperature is very high, nitrogen gas reacts with oxygen to form
different oxides, one of these oxides is nitrogen dioxide which contributes to acid rain .

Reaction 2

Carbon monoxide, a poisonous gas, is also formed by the reaction of oxygen and carbon
(present in fuels).

Car manufactures use catalytic convertors to change these gases into the less

harmful products nitrogen, oxygen and carbon dioxide.

Reaction 3
During the process of photosynthesis, plant combine carbon dioxide gas from the atmosphere
and water from the soil to produce glucose (CsH;,06) and oxygen gas

Reaction 4
In respiring, some living organisms burn glucose to produce carbon dioxide gas and water
vapor. (Reaction4).

Reaction 5
In an industrial process, limestone (calcium carbonate) is strongly heated to produce
quicklime (calcium oxide) and_carbon dioxide gas (reaction 5).

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

Reaction 6
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In the presence of water, iron (and steel) articles react with oxygen in the air to form iron

(111) oxide (Reaction 6).

Reaction 7
In industry, zinc metal is extracted from zinc blend (zinc sulfide) by heating the blend in
air. The products are sulfur dioxide and zinc oxide (reaction7)

Reaction 8
The metal oxide from the previous equations is then heated with carbon to produce the

pure metal and a colourless gas (reaction 8)
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8.9.1 Word and symbol equations mark scheme

Task 1
1. Carbon dioxide
2. Magnesium
3. Magnesium nitrate
4. Hydrochloric acid
5. Magnesium carbonate
6. Aluminium chloride
7. Sodium chloride + water
8. Sulfuric acid->carbon dioxide
9. Calcium carbonate
10. Iron
Task 2

Sodium hydroxide + water

Sodium hydroxide + hydrogen

Magnesium oxide

Magnesium sulfate + carbon dioxide + water
Zinc sulfate + copper

Sodium sulfate + water

Water

Carbon dioxide

. Aluminium nitrate + hydrogen

10. Sodium sulfide

L N UEWN e

Task 3

1. MgCOs(aq) = CO;(g)
2. MgSOs-(aq) + H20(l)
3. 2HNO>(aq)

4. Mg(OH)y(s)

5. MgCOs(s)

6. H0O(l)

7. MgSO0au(s) + Ha(g)

k

4

1. Calcium chloride + water + carbon dioxide

CaCOs(s) + 2 HCl (ag) = CaCly (aq) H20(l) + COa(g)

2. lIron (lll) Sulfate + water
Fe,0s3 (s) + 3H2504(aq) =2 Fez(S04)3 + 3H,0(1)

3. Sodium Carbonate + Sulfuric acid = Sodium
sulfate + carbon dioxide + water

Na,COs(s) + H2S04(aq)=> NazSO4(aq) +CO(g) +

H.0(l)

4. Zinc + hydrochloric acid & Zinc chloride +
hydrogen
Zn(s) + 2HCl(aq) = ZnCly(aq) + Ha(g)

5. Aluminium + Nitric acid = Alumium nitrate +

hydrogen
2Al(s) +6HNOs(aq) = 2AI(NOs)s (aq) + 3Ha(g)

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org

Task 6

© N Uk WM

2N3(g) + O2(g) > 2NO2(g)

2C(s) +O2(g) > 2CO(g)

6CO, (aq) + 6H20(|) > C5H1206(aq) +602(g)
CeH1206(aqg) +60,(g) = 6CO; (aq) + 6H20(1)
CaCO0s(s) 2 Ca0(s) +COx(g)

4Fe(s) +30,(g) = 2Fe,0s(s)

27ZnS (s) 22Zn0(s) + SO(g)

C (s) + 2Zn0O(s) = 2Zn(s) + 2ZnCl(aq) CO(g))
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8.10 FUNDAMENTAL EXAM QUESTIONS T4.1 Paper 1 12marks
All of these questions in this section come from Paper 1, which only assesses Core syllabus material and they are
designed to all be answerable by students who can only achieve a C grade.

Q# 16/ iGCSE Chemistry/2004/w/Paper 1/

9 When propane is bumed, carbon dioxide and water are formed, as shown.
CaHgz + 505 — rC0Os + sH:0

Which values of rand s balance the equation?

r S
A 1 3
B 1 3]
c 3 4
D 3 8

10 Which formula represents a compound containing three atoms?

A  HNO; B H:0 C LiF D ZnS0O.

Q# 17/ iGCSE Chemistry/2004/s/Paper 1/

9 The oxide Pb3;O. reacts with dilute nitric acid to form lead(II) nitrate, lead(I'V) oxide and another
product.

What is the equation for this reaction?

A  Pbi0O; + 4HNO; — 2Pb(NO:); + PbO: + 2H;O
B Pbi:O: + 2ZHNO:; — 2PbNO: + PbOs + H:
C PbiO: + 4HNO:; — Pb(NO3). + 2PbO + 2H0
D 2Pbi0s + 2ZHNO:; — 2Pb:NO: + 2Pb0O, + H:

Q#t 18/ iGCSE Chemistry/2004/s/Paper 1/

10 The compound ethyl mercaptan, C:HsSH, has a very unpleasant smell.

What is its relative molecular mass?

A 34 B 50 C &1 D 62
Q# 19/ iGCSE Chemistry/2003/w/Paper 1/

10 Two gases react as shown.

X +Y, — 2XY
reactants product

When measured at the same temperature and pressure, what is the value of

volume of product
volume of reactants °
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S

o O o r

4
11 Carbon and chlorine form a chloride.

What is the formula of this chloride?

A ccCl
B CCl,
C CaCl,
D CaCl,

Qit 20/ iGCSE Chemistry/2003/s/Paper 1/
9 The relative atomic mass of oxygen is 16 and that of hydrogen is 1.

This means that ...(i)... of oxygen has the same mass as ...{(ii)... of hydrogen.

Which words correctly complete the gaps?

gap (i) gap (i

A | anatom | thirty-two molecules
B | anatom eight molecules
C | a molecule sixteen atoms

D | a molecule eight atoms

10 The diagram shows a model of a molecule containing carbon, hydrogen and oxygen.

O

How many atoms of each element are in the molecule?

carbon | hydrogen | oxygen
A 1 6 2
B 2 5 1
C 2 6 1
D 6 2 1
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Q#t 21/ iGCSE Chemistry/2002/w/Paper 1/

9 One method of producing carbon dioxide is to react calcium carbonate with dilute hydrochloric
acid.

What is the balanced chemical equation for the reaction?

A CaCO, + HCl —» CaO + CO, + HCI
B CaCO, + 2HCI — CaCl, + CO, + H,0
C CaCO, +4HCI — CaCl, + CO, + H, + H,0
D Ca(HCO,), + HCl — CaCl + 2CO, + H,0

10 A gas has the molecular formula NOCL.

Which diagram could show molecules of the pure gas NOCI(?

A B C D )
ey
o © ® N
° ° &° e ? s & o o i
@ o o &° C% «° oo
.O ‘30 C% o 0
o e o 93630 ) oQ g%

11 Butenedioic acid has the structure shown.

O—0

H
~c

c o}
H-~ \\‘C/ ~H

|
O

What is the molecular formula of butenedioic acid?

H
\\O/

A CHO B C,H,0, C GCH,0, D C.H,0,

Q# 22/ iGCSE Chemistry/2002/s/Paper 1/
10 What is the formula of copper(Il) oxide and of sulphur hexafluoride?

copper(Il) oxide sulphur hexafluoride
A Cu0 SeF
B Cuo SF,
c Cu,0 SF
D Cu,0 SFg
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8.10.1 FUNDAMENTAL EXAM QUESTIONS

T4.1 Paper 1 12marks Mark Scheme
Q# 1/ iGCSE Chemistry/2012/w/Paper 11/

4 B

Q#t 2/ iGCSE Chemistry/2012/s/Paper 11/

9 C
Q#t 3/ iGCSE Chemistry/2011/w/Paper 11/

8 B

Qi 4/ iGCSE Chemistry/2011/s/Paper 11/

8 D

Qi 5/ iGCSE Chemistry/2010/w/Paper 11/
10 B
Qit 6/ iGCSE Chemistry/2010/s/Paper 11/

10 C

Qi 7/ iGCSE Chemistry/2009/w/Paper 11/

10 C

11 B

Qit 8/ iGCSE Chemistry/2009/s/Paper 1/
10 C

11 D

Q# 9}TGCSE Chemistry/2608/w/Paper 1/

10 B

11 B
Qi 10/ iGCSE Chemistry/2008/s/Paper 1/

11 D
Oi# 11/ iGCSE Chemistry@007/w/Paper 1/

10 D
11 B

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org

Q# 12/ iGCSE Chemistry/2007/s/Paper 1/

10 D
Q# 13/ iGCSE Chemistry/2007/s/Paper 1/

11

Q# 14/ iGCSE Chemistry/2006/w/Paper 1/

9 D
10 C
Q# 15/ iGCSE Chemistry/2005/s/Paper 1/
10 D
Q# 16/ iGCSE Chemistry/2004/w/Paper 1/
g C
10 B
Q#t 17/ iGCSE Chemistry/2004/s/Paper 1/
9 A

Q# 18/ iGCSE Chemistry/2004/s/Paper 1/

10 D
Q# 19/ iGCSE Chemistry/2003/w/Paper 1/
10 B
11 B
Q# 20/ iGCSE Chemistry/2003/s/Paper 1/
9 B
10 C
Q# 21/ iGCSE Chemistry/2002/w/Paper 1/
9 B
10 B
11 B
Q# 22/ iGCSE Chemistry/2002/s/Paper 1/
10 B
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8.11 FUNDAMENTAL EXAM QUESTIONS Paper 2 Smarks
Qi 1/ iGCSE Chemistry/2018/w/Paper 23/

9 [ron(III) chromate is a yellow solid. It contains the ions Fe* and CrO,*.

What is the formula of iron(IIT) chromate?

A FeCrO, B Fe3(CrOy); C Fe:CrOy D  Fey(CrOy);
Q#t 2/ iGCSE Chemistry/2018/w/Paper 22/

9 The formulae of some ions are shown.

positive ion negative ion
I F PO
AP* S04~
Mg** NO:
K* Clr
Which formula is not correct?
A Alx(SOs), B K;iPO. C Mg(NOs), D TiCls

Q# 3/ iGCSE Chemistry/2018/w/Paper 21/
9 Iron can react with sulfur to form two ionic compounds.

The iron is present as Fe™ in one compound and as Fe™* in the other compound.
The sulfur ion is present as S™ in both compounds.

What are the formulae of the two compounds?
A FeSand Fes5s
B FeSandFe:s:
C FeS5S; and Fes5:

D FeS; and Fes5;
Qi 4/ iGCSE Chemistry/2017/w/Paper 23/
8 A compound contains 34.5% calcium, 24.1% silicon and 41.4% oxygen by mass.

What is its empincal formula?

A CazSi0s B CaSiOs C (CaSi0, D CaSiOs
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Q#t 5/ iGCSE Chemistry/2017/w/Paper 22/
7  The equation for the reaction between phosphorus and oxygen is shown.

xPy + yO: —» zP:0s

Which values of x, y and z balance the equation?

X Y z
A 1 5 .
B 1 10 .
c Z 5 F .
D 2 10 1

Q#t 6/ iIGCSE Chemistry/2017/s/Paper 23/
7 Aqueous iron(IIl) sulfate and aqueous sodium hydroxide react to give a precipitate of
iron(III) hydroxide and a solution of sodium sulfate.

What is the balanced equation for this reaction?

A
B
c
D

A

Fex(SOs4)s(aq) + 2NaOH(aq) — Fe(OH)a(s) + Na>SOs4(aq)

Fex(SO4)s(aq) + 3NaOH(aq) — Fe(OH)a(s) + 3Na,S0s(aq)
Fex(SO4)s(aq) + 6NaOH(aq) — 2Fe(OH)s(s) + 3Na>S04(aq)

2Fe,(SO,):(aq) + 6NaOH(aq) — 4Fe(OH)(s) + BNa,SO.(aq)

Q#t 7/ iGCSE Chemistry/2017/s/Paper 22/
7  Which equations are balanced?

1
2
3
4

1 and

2

Fe.0; + 3CO — 2Fe + 3CO;

ZnCO; + 2HCI — ZnCl; + CO; + 2H0

Mg(NO3); + NaOH — Mg(OH). + 2NaNO;
CaCO; + H,SO4 — CaS0O4 + HO + CO;

B 1and4 C 2and3

Qit 8/ iGCSE Chemistry/2017/s/Paper 21/
7 Aluminium reacts with fluorine.

xAl(s) + yFalg) — zAlFs(s)

Which values of x, y and z balance the equation?

o o0 m Fr

oW M

Wk W M|
F T S
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Q#t 9/ iGCSE Chemistry/2016/m/Paper 22/

9 Magnesium nitride is formed when magnesium burns in air. Magnesium nitride is an ionic
compound.

What is the formula of magnesium nitride?
A MQNZ B MQQNZ C "H'I'g2N3 D MggNz
8.11.1 FUNDAMENTAL EXAM QUESTIONS Paper 2 9marks mark Scheme

Qit 1/ iGCSE Chemistry/2018/w/Paper 23/
L
Q#t 2/ iGCSE Chemistry/2018/w/Paper 22/
9 i

Qit 3/ iGCSE Chemistry/2018/w/Paper 21/
9 ‘ A

Q# 4/ iGCSE Chemistry/2017/w/Paper 23/
8 |B

Q#t 5/ iGCSE Chemistry/2017/w/Paper 22/
7 | A

Qit 6/ iIGCSE Chemistry/2017/s/Paper 23/
7 ‘ C

Q#t 7/ iGCSE Chemistry/2017/s/Paper 22/
8 ‘ A

Q#t 8/ iGCSE Chemistry/2017/s/Paper 21/
T | B

Q# 9/ iGCSE Chemistry/2016/m/Paper 22/
9 D

8.12 ESSENTIAL EXAM QUESTIONS T4.1 Paper 4 9marks
Qi 1/ iGCSE Chemistry/2014/w/Paper 31/

7 Nitrogen can form ionic compounds with reactive metals and covalent compounds with non-metals.
(a) Nitrogen reacts with lithium to form the ionic compound lithium nitride, Li;N.

(i) Write the equation for the reaction between lithium and nitrogen.

Qi 2/ iGCSE Chemistry/2013/s/Paper 31/ Q6
Ammonia is a compound with the molecular formula NHs

(c) Another compound which contains only nitrogen and hydrogen is hydrazine, N,H,.
Complete the equation for the preparation of hydrazine from ammonia.

..... NH, + NaClIO —» N,H, + ... + H,O 2]
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Q#t 3/ iGCSE Chemistry/2013/s/Paper 31/

3 A small piece of marble, CaCO,, was added to 5.0cm® of hydrochloric acid, concentration
1.0mol/dm?, at 25°C. The time taken for the reaction to stop was measured. The expenment

was repeated using 5.0 cm® of different solutions of acids. The acid was in excess in all of the
experiments.

Typical results are given in the table.

experiment temperature /°C acid solution time /min

1 25 hydrochloric acid 1.0 mol/dm? 3
(b) The equation for the reaction in experiment 1 is:

CaCO,(s) + 2HCI(ag) — CaCl,(aqg) + CO,(g) + HO(l)
Complete the following ionic equation.

CaCO,(s) + 2H*aq) — ... + ...+
[1]
Q#t 4/ iGCSE Chemistry/2004/s/Paper 3/
3 Anorganic compound decomposes to form nitrogen.

CsHsN-Cl(aq) - CeHsC1(1) + N2(g)

(a) Explain the state symbols.

Q#t 5/ iGCSE Chemistry/2002/w/Paper 3/ Q3
(b) The following compounds contain two elements. Predict their formulae.

aluminium sulphide

silicon phosphide [2]

8.12.1 EXAM QUESTIONS T4.1 Paper 4 9marks Mark Scheme
Q# 1/ iGCSE Chemistry/2014/w/Paper 31/
7 (a) (i) 6L + N» = 2LisN
species (1) balancing (1)
Q# 2/ iGCSE Chemistry/2013/s/Paper 31/ Q6
) 2ZMH; + NaClO — MzH, + NaC[+ H:0 (2]
not balanced only 1
Q#t 3/ iGCSE Chemistry/2013/s/Paper 31/ Q3
(b) experiment 1 Ca®" + CO; + H,0O (1]
Q# 4/ iGCSE Chemistry/2004/s/Paper 3/
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3 (a) dissolved or solution in water [1]
NOT agueous NOT soluble in water

| liguid and g gas [1]
Q# 5/ iGCSE Chemistry/2002/w/Paper 3/ Q3
(b) AlSs (1]
SizPs 1]

8.13 FUNDAMENTAL Assessed Activity 1 Keyword Test

English Chinese ‘
law of conservation of mass

molecular formula

relative molecular mass (Mr)

relative formula mass (Mr)

balanced chemical (symbol) equation

standard atom

chemical reaction

molecular mass

state symbols

symbol (chemical)

formula (chemical)
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English Chinese
reactants

ionic equation

products

word equation

spectator ions

8.14 ESSENTIAL Assessed Activity 2 T4.1 Paper 1 (Core only material) 15marks

Q#1/
8 A compound has the formula CH;CO,H.

How should the relative molecular mass, M,, of this compound be calculated?

A 12+1+16

B 3(12+1)+2(12+16) +1

C (4x12)+(2x1)+16

D (2x12)+ (4= 1)+ (2x186)
Q#2/

9 The equation for the reaction between magnesium and dilute sulfuric acid is shown.

Mg + H,SO; — MgSO. + H,
M, of MgSO. is 120

Which mass of magnesium sulfate will be formed if 12 g of magnesium are reacted with sulffuric

acid?

A 5g B 10g C 60g D 120g
Q# 3/
8 The relative formula mass, M,, of copper(1l) sulfate, CuSQ., is 160.

Which mass of sulfur is presentin 160 g of copper(lI) sulfate?
A 16g B 32g C 64g D 128g

Q# 4/
8 Whatis the relative molecular mass (M) of HNO;?

A 5 B 31 c 32 D 63
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Q#5/
10 The chemical compositions of two substances, W and X, are given.

W Na(AlSi;)Og
X Ca(Al:Siz)Oq
Which statements are correct?

1  Wand X contain the same amount of oxygen.
2 W contains three times as much silicon as X.

3 X contains twice as much aluminium as W.
A 1and2 B 1and3 C 2and3 D 1,2and3

Q# 6/
10 Hydrogen and chlorine react as shown.

1 molecule . 1 molecule 2 molecules
of hydrogen of chlorine —~ of hydrogen chloride

What is the equation for this reaction?

A  2H+2C1— 2HCI
B 2H+2Cl— H,Cl;
C H;+Cl; » 2HCI
D

H: + Cl: = H.Cls

Q#7/

10 For each atom of carbon present in a molecule, there is an equal number of atoms of oxygen but
twice as many atoms of hydrogen.

What is the formula of the molecule?

A CH,0, B C,H,0, C C,H.0, D C,HO

11 Water is formed when 48 g of oxygen combine with 6 g of hydrogen.
What mass of oxygen combines with 2g of hydrogen?

A 12g B 169 C 9%g D 1449

Q# 8/
10 Nitrogen and hydrogen react together to form ammonia.

N: + 3H:; — 2NH4
When completely converted, 7 tonnes of nitrogen gives 8.5 tonnes of ammonia.

How much nitrogen will be needed to produce 34 tonnes of ammonia?

A 7 tonnes B &8.5tonnes C 28 tonnes D 34 tonnes
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11 Which relative molecular mass, M, is not correct for the molecule given?

molecule M,
A ammonia, NH; 17
B carbon dioxide, CO: 44
C methane, CHs 16
D oxygen, O 16

Q#9/
10 Lead(Il) nitrate can be decomposed as shown.

XPb(NOE}Z —» beO + ZN02 + 02

Which numbers x, y and z balance the equation?

>
N

o 0O m >
BONONON
BoOoRE NN (<
N BN

11 Carbon and chlorine form a chloride.
What is the formula of this chloride?
A CCL B CCL C CaCk D CaCl
Q# 10/
11 The diagram shows a molecule of vinyl chloride (used to make pvc).

key

@ a carbon atom
@ a chlorine atom

(O a hydrogen atom

What is the formula of vinyl chloride?

A CH:CHh B CH:Ck C C:HCL D C:HiCl
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Qi# 11/

10 The diagram shows a model of a molecule of an organic acid.

What is the relative molecular mass of this acid?

A 11 B 40 C &8 D 74

11 For complete combustion, one molecule of an organic compound needs 8 molecules of oxygen.

What could the formula of this compound be?
A CsH4OH
B Ce¢H;OH
C CgzH,;OH
D CeHiz
Q# 12/
10 Boron, B, forms an oxide.

Which equation is comrectly balanced?

A 2B +30; - B:0;

B 2B+ 30;— 2B:0;
C 4B+ 20, - 2B,0,
D

4B + 30, — 2B:04
Q# 13/

11 Students are asked to state

e the number of atoms in one molecule of ethanoic acid,

« the relative molecular mass, M, of this acid.

Which line is correct?

number of atoms M,
A 8 32
B 8 60
C g 26
D g 46
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Qi 14/

9 Magnesium and sulphur each form a chloride.

What could be the formulae of these chlorides?

magnesium sulphur
A Mg-C1 S:Cl1
B Mg-C1 SCL
c MgChL S:Cl1
D MgChL SChk

10 A gas has the molecular formula NOCL

Which diagram could show molecules of the pure gas NOCI?

Q# 15/

® © }
O
.o o ® R 3
¢ e
¢ @ .o .% .‘

& go
‘O
& g

O
®
5

S S

10 For which compound is the formula comrect?

compound formula
A ammonia NH,
B carbon monoxide CO-
c iron(11I) oxide Fe;0-
D zinc hydroxide Zn(OH),
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8.15 Extension Assessed Activity 3 T4.1 Stoichiometry 11marks
Q#1/
(c) Deduce the formula of iron(III) sulfate.

.............................................................................................................................................. [1]
Q# 2/
2  Choose from the following list of gases. A gas may be chosen once, more than once or not at all.
sulfur dioxide hydrogen methane carbon monoxide
argon ethene butane
(b) When burned in oxygen, the only product is water. ... e [1]
(e) When reacted with oxygen, the only product is carbon dioxide. ..., [1]

Q# 3/
1 Use your copy of the Periodic Table to help you answer some of these questions.
(e) Use the following ions to determine the formulae of the compounds.

ions OH Cr* Ba* S0O2
compounds

(i) chromium(IID) sulate ... et n e

(i) banum hydroxide
[2]

Q# 4/
5 The law of constant composition states that all pure samples of a compound contain the same
elements in the same proportion by weight.

A typical experiment to test this law is to prepare the same compound by different methods and
then show that the samples have the same composition.

Methods of making copper(II) oxide include:

heating copper carbonate,
heating copper hydroxide,
heating copper nitrate,
heating copper foil in air.
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(¢) The table below shows the results obtained by reducing the copper(Il) oxide produced by
different methods to copper.

(i} Complete the table.

source of mass of mass of percentage
copper(ll} oxide | copper(ll) oxide/g copper/g copper!%
CucCo, 237 1.89 79.7
Cu{OH), 251 1.99
Cu(NO;), 2N 1.68
Cuand O, 229 1.94

[2]
(i) One of the samples of copper(Il) oxide is impure.

Identify this sample and suggest an explanation why the percentage of copper in this
sample is bigger than in the other three samples.

Q#5/
(b) In the lattice of calcium nitride, the ratio of calcium ions to nitride ions is 3:2.

(ii) Interms of ionic charges, explain why the ratio of ions is 3:2.

8.16 Extension Mind Map for Topic 4.1 Chemical equations
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8.17 Essential End of Topic 4.1 Review and Reflection
Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and
more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the
end of topic tests and other assessed activities, but also in how you learn. How could you become a more effective
student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 239 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

8.18

Exceptional Stretch and Challenge Activities and Additional Reading The SI System

The Mole is the unit for amount of substance. When you are writing out chemical equations you are in fact dealing with molar amounts.

Name

metre

kilogram

second

ampere

kelvin

Patrick Brannac
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kg
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Measure

length

mass

electric current

thermodynamic

temperature

Current (2005) formal definition

"The metre is the length of the path travelled by light in
vacuum during a time interval of 1/299792458 of a second."
17th CGPM (1983, Resolution 1, CR, 97)

"The kilogram is the unit of mass; it is equal to the mass of
the international prototype of the kilogram."
3rd CGPM (1901, CR, 70)

"The second is the duration of 9192631770 periods of the
radiation corresponding to the transition between the two
hyperfine levels of the ground state of the caesium 133
atom."

13th CGPM (1967/68, Resolution 1; CR, 103)

"This definition refers to a caesium atom at rest at a
temperature of 0 K."

(Added by CIPM in 1997)

"The ampere is that constant current which, if maintained in
two straight parallel conductors of infinite length, of negligible
circular cross-section, and placed 1 metre apart in vacuum,
would produce between these conductors a force equal to 2
x 107 newton per metre of length."

9th CGPM (1948)

"The kelvin, unit of thermodynamic temperature, is the
fraction 1 /273.16 of the thermodynamic temperature of

the triple point of water."

13th CGPM (1967/68, Resolution 4; CR, 104)

"This definition refers to water having the isotopic
composition defined exactly by the following amount of
substance ratios: 0.000 155 76 mole of 2H per mole

of tH, 0.000 379 9 mole of 7O per mole of °O, and 0.002 005
2 mole of 80 per mole of *0."

(Added by CIPM in 2005)
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Historical origin / justification

1./10,000,000 of the distance from
the Earth's equator to the North Pole
measured on the circumference
through Paris.

The mass of one litre of water at the
temperature of melting ice. A litre is
one thousandth of a cubic metre.

The day is divided in 24 hours, each
hour divided in 60 minutes, each
minute divided in 60 seconds.

A second is 1/(24 x 60 x 60) of
the day.

The original "International Ampere"
was defined electrochemically as the
current required to deposit 1.118
milligrams of silver per second from a
solution of silver nitrate. Compared to
the SI ampere, the difference is
0.015%.

The Celsius scale: the Kelvin scale
uses the degree Celsius for its unit
increment, but is a thermodynamic

scale (0 K is absolute zero).

Dimension

symbol
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https://en.wikipedia.org/wiki/SI_base_unit#cite_note-sibro-1
https://en.wikipedia.org/wiki/Dimensional_analysis
https://en.wikipedia.org/wiki/Dimensional_analysis
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Length
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Paris
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Litre
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Second
https://en.wikipedia.org/wiki/Time
https://en.wikipedia.org/wiki/Day
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Silver_nitrate
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Celsius_scale
https://en.wikipedia.org/wiki/Absolute_zero

Name | Symbol Measure Current (2005) formal definition Historical origin / justification Dimension

symbol
"1. The mole is the amount of substance of a system which
contains as many elementary entities as there are atoms in
0.012 kilogram of carbon 12; its symbol is 'mol'.
2. When the mole is used, the elementary entities must be Atomic weight or molecular
amount of " 4 : —
mole mol specified and may be atoms, molecules, ions, electrons, weight divided by the molar mass N
substance . o . i
other particles, or specified groups of such patrticles. constant, 1 g/mol.
14th CGPM (1971, Resolution 3; CR, 78)
"In this definition, it is understood that unbound atoms of
carbon 12, at rest and in their ground state, are referred to."
(Added by CIPM in 1980)
"The candela is the luminous intensity, in a given direction, of
luminous a source that emits monochromatic radiation of _ o The .candleg_ ower, which is b_ased on
candela cd intensity frequency 540x10%? hertz and that has a radiant intensity in the light emitted from a burning J
Intensty that direction of 1/683 watt per steradian.” candle of standard properties.

16th CGPM (1979, Resolution 3; CR, 100)

To find out more about the Sl system click on this link: https://www.nist.gov/pml/weights-and-measures/metric-si/si-units Or scan this QR code:

Exceptional Reflection
Why do you think the Sl units exist? Do any countries not use this system? Who gets to decide on these standards?
One of these, until 2019 is not based on a universal law, the Kilogram. To find out more about this exceptional unit and how and why it
changed in 2019 read these articles:
e https://www.theverge.com/2018/11/13/18087002/kilogram-new-definition-kg-metric-unit-ipk-measurement

e https://www.nist.gov/pml/weights-and-measures/si-units-mass

e  https://www.sciencealert.com/it-s-official-the-definition-of-a-kilogram-has-changed
For an alternate version of the kilogram, which was not adopted can be found by finding out about the world’s roundest object:

e https://www.heason.com/news-media/technical-blog-archive/world-s-roundest-
object#:~:text=World's%20Roundest%200bject,in%20measurement%3B%20defining%20the%20kilogram.
e https://www.newscientist.com/article/dn14229-roundest-objects-in-the-world-created/
Exceptional Activity — Create a short 2-3 minute presentation about any part of an Sl unit you find most interesting. You should try to explain as much as possible,
rather than just describing facts to show analysis, which is a higher order thinking skill that becomes increasingly important as you progress through your
education.
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https://en.wikipedia.org/wiki/Dimensional_analysis
https://en.wikipedia.org/wiki/Dimensional_analysis
https://en.wikipedia.org/wiki/Mole_(unit)
https://en.wikipedia.org/wiki/Amount_of_substance
https://en.wikipedia.org/wiki/Amount_of_substance
https://en.wikipedia.org/wiki/Atomic_weight
https://en.wikipedia.org/wiki/Molecular_weight
https://en.wikipedia.org/wiki/Molecular_weight
https://en.wikipedia.org/wiki/Molar_mass_constant
https://en.wikipedia.org/wiki/Molar_mass_constant
https://en.wikipedia.org/wiki/Candela
https://en.wikipedia.org/wiki/Luminous_intensity
https://en.wikipedia.org/wiki/Luminous_intensity
https://en.wikipedia.org/wiki/Steradian
https://en.wikipedia.org/wiki/Candlepower
https://www.nist.gov/pml/weights-and-measures/metric-si/si-units
https://www.theverge.com/2018/11/13/18087002/kilogram-new-definition-kg-metric-unit-ipk-measurement
https://www.nist.gov/pml/weights-and-measures/si-units-mass
https://www.sciencealert.com/it-s-official-the-definition-of-a-kilogram-has-changed
https://www.heason.com/news-media/technical-blog-archive/world-s-roundest-object#:~:text=World's%20Roundest%20Object,in%20measurement%3B%20defining%20the%20kilogram.
https://www.heason.com/news-media/technical-blog-archive/world-s-roundest-object#:~:text=World's%20Roundest%20Object,in%20measurement%3B%20defining%20the%20kilogram.
https://www.newscientist.com/article/dn14229-roundest-objects-in-the-world-created/

9 Topic 4.2 The Mole Concept

9.1

End of Topic 4.2 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources

available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and

uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because
they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

Aspect What you should have done Yes/No  Level

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
‘ Ask your teacher one question about something you do not understand in science
with your Y g &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook
EXTENSION
that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have
. . ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. e EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
) ) EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
nd o
Topic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
ic Tes
P Scored over 90% EXTESNION
Scored over 95%
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Aspect What you should have done Yes/No Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about ESSENTIAL
anything.
Spend more than 3 hours a week reading a book you enjoy (in any language
P , arsaw ne > (in any language) EXTENSION
about anything.
Spend than 5 h k readi book y joy (i I
Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book you enjoy in English about
pen . at least one hour a week reading a boo u in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
P . & you enioy & EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL
You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | Section
You have given an answer for every question in the Review and Reflection section
. . EXTENSION
at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
9.2 Topic 4.2 Syllabus

4 Stoichiometry

4.2 The mole concept

Patrick Brannac
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Define the mole and the Avogadro constant

Use the molar gas volume, taken as 24dm” at
room temperature and pressure

Calculate stoichiometric reacting masses,
volumes of gases and solutions, and
concentrations of solutions expressed in g/ dm’
and mol/dnr. (Calculations involving the idea of
limiting reactants may be set. Questions on the
gas laws and the conversion of gaseous volumes
to different temperatures and pressures will not
be set.)

Calculate empirical formulae and molecular
formulas

Calculate percentage yield and percentage purity
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9.3

ESSENTIAL Glossary for Keywords for this topic

Many words used in science have a meaning that is slightly different to their common everyday English meaning, for

instance a salt is the product of an acid and base reacting together in chemistry, but normally thought of as table salt

(NaCl) in common use.

The keywords have been auto translated into Chinese, so the translations will not be perfect but they should hopefully

make sense. If there is a better translation you can simply write it out yourself on a Post-it note and stick it over the

printed one.

;oplc English Chinese

balanced chemical (symbol) equation a

summary of a chemical reaction using THLE (55 ARX-EREERBTEERNOHE
4 chemical formulae — the total number of any

of the atoms involved is the same on both the -5 REEAIRF S BUEE S BN RN Y9 AE R

reactant and product sides of the equation
4 gﬂg;‘t‘;‘;"‘c'erfsaf:r‘r’:ezc"a”ge nwhichanew | 1 s g s AT RO L

concentration a measure of how much solute

iS.diSSO|V('Ed in a.solvent. Sqlutions can be REHEAEAREARANDHEE - ARIYLUSHEER (
4 dilute (with a high proportion of the solvent),

or concentrated (with a high proportion of BEAlEA ) - M IER%ER ( SEAIRAR)

the solute)

empirical formula a formula for a compound
4 which shows the simplest ratio of atoms ARG ATIEEYHN AR ENGEERNEEBBENERFL

present

formula (chemical) a shorthand method of

representing chemical elements and 2~k (%) ‘Eﬁﬁiiﬁ’%iﬁ{t?i%*ﬂ'fté#%mgﬁ
4 compounds using the symbols of the 575i%

elements

hydrated salts ionic compounds that contain
4 water of crystallisation between the ions EEATEFZEEZEERKNKEREFEESY

within the solid

ionic equation the simplified equation for a

reaction involving ionic substances: only BFARALREFORNRNOEERRER | NERHB
4 those ions which take part in the reaction are | b5 55 W AYE F

shown

law of conservation of mass matter cannot

be lost or gained in a chemical reaction — the YT EEREEFERNPAZEZRIRE-RNIH R
4 total mass of the reactants equals the total EETEYHNEES

mass of the products

molar concentration the measure of the

concentration of a solution in terms of the BRRERRRENEE - UBULRKBRTABENAR
4 number of moles of the solute dissolved per HIEE/REFET ( mol / dm3)

cubic decimetre of solution (mol/dm3)
4 ::czlasilrl;i:iie mass, in grams, of one mole BREE—ERYENES - Mk

molar volume of a gas one mole of any gas

has the same volume under the same SHIERFR—EROTOSHERRNRENE R
4 conditions of temperature and pressure (24

dm3 at one atmosphere and room N (E—PASEMZR N 724 dm3) EFERAER

temperature)

mole the measure of amount of substance in

chemistry; one mole of a substance has a BRLZHRYRZENEE ; —ERYRENRES THEAM
4 mass equal to its relative formula mass in NHAOFHMWES (LEREML ) -ZYENNEE

grams — that amount of substance contains

Patrick Brannac
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6.02 x 103 (the Avogadro constant) atoms,
molecules or formula units depending on the
substance considered

6.02x1023 (Avogadro®#) R+, #FaHFX, EKE
RFREENY R

molecular formula a formula which shows
the actual number of atoms of each element
present in a molecule of the compound

I PR, RREAMSFIRENSHARNTTRTH
95 F =

u\

=

molecular mass another, less precise, name
for relative molecular mass

DFERNALBRN S —PMREE2EN D FE

percentage purity a measure of the purity of
the product from a reaction carried out
experimentally: percentage purity = mass of
pure product mass of impure product x100

MEANLHERIXNHATHRNNFYEENES
MR A=A YR E A A YRIP1E X100

percentage yield a measure of the actual
yield of a reaction when carried out
experimentally compared to the theoretical
yield calculated from the equation:
percentage yield = actual yield predicted yield
x100

EERAEDEENTRIESXITERNIBICTXR . YLK
HITHRNEFRZENEE | FERBDEE=LFRZE - Il
FZHRx100

products (in a chemical reaction) the
substance(s) produced by a chemical reaction

o (EEZERNT ) BEZE RN ERYR

reactants (in a chemical reaction) the
chemical substances that react together in a
chemical reaction

RN (EEZERND ) BEZERNP—ERNAEFEY)
R

relative formula mass (Mr) the sum of all the
relative atomic masses of the atoms present
in a ‘formula unit’ of a substance

Y ANRE (M) PR ARXEN" P EEMRERFH
X RFFRERSH

relative molecular mass (Mr) the sum of all
the relative atomic masses of the atoms
present in a molecule

BXDFRE (Mr) FFHFARAERFHUFARNRETRE
AR F

spectator ions these are present in a chemical
reaction but take no part in it. They are not
included in ionic equations

XEBSFEFETEERND - BAS5ESD - BIIAE2
EBFLEAH

standard atom the atom against which the
relative atomic masses of all other atoms are
measured using the mass spectrometer; one
atom of the carbon-12 isotope is given a mass
of exactly 12

tERFERAECNEFMEE MR FRIEXN R FRER
BT ix12RMIRA— N R FRRENILE 12

standard solution a solution whose
concentration is known precisely — this
solution is then used to find the
concentration of another solution by titration

IER R —IRERRENNAR-REREZGARATEY
BEHE 3 — A RIORE

state symbols these are used to show the
physical state of the reactants and products in
a chemical reaction: they are (s) solid, (l)
liquid, (g) gas and (aq) dissolved in solution in
water

REFTS - BTERNMEZRND RN RN
CBMIZ (s) BR, () &K, (g S (aq) BFE
HIKPEER

structural formula the structural formula of
an organic molecule shows how the atoms
and bonds in a molecule are arranged in
space: all the atoms and covalent bonds must
be shown

ZD T BID FREMNIRAD FPRIR MR
| P HES : BB RAERFAMIEN R

symbol (chemical) a simple letter, or group of
letters, that represents an elementin a
chemical formula

5 (%) —1TEENFERI—HFE  ARLEFEAT
EbIVER

Patrick Brannac
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titration a method of quantitative analysis e . e .
a using solutions: one solution is slowly added | ERBBRBTEENEEN A | ERBEEN—T0AE

to a known volume of another solution using | %5421 712 B AATRM B— AR - BRKIIE R

a burette until an end-point is reached

water of crystallisation water included in the

structure of certain salts as they crystallise; ERKEERNERY RPN ; HlM - KSR
| e e TS 51 (1) (cusorswio) TR (1) 8552

water of crystallisation per molecule of fa7K

copper(ll) sulfate

word equation a summary of a chemical EHE - REARMAFNNCEBIRETOERR
4 reaction using the chemical names of the

reactants and products IESEEE 3

9.4 ESSENTIAL EXAM QUESTIONS Topic 4.2 Paper 3/4 148marks
Subtopic Chem 4.2 Q# 1/ iGCSE Chemistry/2015/w/Paper 31/
5 (a) Acompound, X, contains 55.85% carbon, 6.97% hydrogen and 37.18% oxygen.

(i) How does this prove that compound X contains only carbon, hydrogen and oxygen?

- 1]
(iiy Use the above percentages to calculate the empirical formula of compound X.
- 2]
(i) The M, of X is 86.
What is its molecular formula?
- 2]

Subtopic Chem 4.2 Q# 2/ iGCSE Chemistry/2015/s/Paper 31/ Q3

(d) Calculate the maximum mass of zinc which will react with 50cm?® of hydrochloric acid, of
concentration 2.0 mol/dm?®.

Zn + 2HCI - ZnCl, + H,

Show your working.

[3]
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Subtopic Chem 4.2 Q# 3/ iGCSE Chemistry/2014/s/Paper 31/

6 Hydrogen peroxide decomposes to form water and oxygen. This reaction is catalysed by
manganese(IV) oxide.

(d) In the first experiment, the maximum volume of oxygen produced was 96 cm® measured at
r.t.p. Calculate the concentration of the aqueous hydrogen peroxide in mol/dm?®.

2H,0,(aq) — 2H,0(l) + O,(q)
IADLET SRS O TR - o oocooconooiscn o eginsimmaases o s et o onra st [1

number of moles of H,0, in 40cm? of solution = ... [1]

concentration of the aqueous hydrogen peroxide inmol/dm® = ... ... ..

Subtopic Chem 4.2 Q# 4/ iGCSE Chemistry/2013/w/Paper 31/ Q4

(d) Calculate the maximum mass of carbon dioxide given off when 20.0 g of small lumps of
calcium carbonate react with 40 cm?® of hydrochloric acid, concentration 2.0 mol/dm?.

CaCO4(s) + 2HCI(aq) — CaCly(ag) + H,O(l) + CO.(g)

number of moles of HCI used =

mass of carbon dioxide = ................ g [4]
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Subtopic Chem 4.2 Q# 5/ iGCSE Chemistry/2013/w/Paper 31/

(c) Basic lead(Il) carbonate has a formula of the type xPbCO,.yPb(OH), where x and y are
whole numbers.
Determine x and y from the following information.

PbCO, — PbO + CO,
Pb(OH), — PbO + H,0

When heated, the basic lead(I) carbonate gave 2.112 g of carbon dioxide and 0.432 g of
water.

Mass of one mole of CO, = 44¢g
Mass of one mole of H,0 = 189

NMumber of moles of CO,formed = . [1]
Mumber of moles of H,O formed = ... [1]
X= o andy=_ .

Formula of basic lead(Il) carbonate 1s .. ... 1]

Subtopic Chem 4.2 Q# 6/ iGCSE Chemistry/2012/w/Paper 31/ Q7

Strontium chlonde-6-water can be made from the insoluble compound, strontium
carbonate, by the following reactions.

SrCO,(s) + 2HCI(ag) — SrCl(aq) + CO,(g) + H,O(l)
SrCl,(aq) + 6H,O(l) — SrCl,.6H,0(s)
The following method was used to prepare the crystals.
(¢) In the above experiment, 50.0 cm? of hydrochloric acid of concentration 2.0mol/dm?®* was

used. 6.4 g of SrCl,.6H,0 was made.
Calculate the percentage yield.

number of moles of HClused = ... ..

number of moles of SrCI,.6H,0 which could be formed = .
mass of one mole of SrC1,.6H,0 is 267 g

theoretical yield of SrC1,6H,0= g

percentage yield = ... % [4]
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Subtopic Chem 4.2 Q# 7/ iGCSE Chemistry/2012/w/Paper 31/ Q2

(c) Fluorine, the most reactive halogen, forms compounds with the other halogens. It forms
two compounds with bromine.
Deduce their formulae from the following information.

compound 1

The mass of one mole of this compound is 137 g.

Its formulais ... [1]
compound 2

0.02 moles of this compound contain 0.02 moles of bromine atoms and 0.1 moles of
fluorine atoms.

Itsformulais ... ... ... [1]

Subtopic Chem 4.2 Q# 8/ iGCSE Chemistry/2012/s/Paper 31/
8 Iron and steel rust when exposed to water and oxygen. Rust is hydrated iron(I1I) oxide.
(b} A sample of rust had the following compaosition:

51.85qg of iron 22 22 g of oxygen 16.67 g of water.

Calculate the following and then write the formula for this sample of rust.

number of moles of iron atoms, Fe= . [1]
number of moles of oxygen atoms, O = ... [1]
number of moles of water molecules, H,O= [1]

simplest mole ratio Fe:O:H,O1s ______:

formula for this sample of rust is . R [1]
Subtopic Chem 4.2 Q# 9/ iGCSE Chemlstry/2012/s/Paper 31/

6 Butane is an alkane. It has the following structural formula.
H H H H
P
b
(a) The equation for the complete combustion of butane is given below. Insert the two
missing volumes.

2CH, (g) + 130,(g) — 8CO,(g) + 10H,0(g)

40 volume of gas/cm?

[2]
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Subtopic Chem 4.2 Q# 10/ iGCSE Chemistry/2011/w/Paper 31/ Q7
(¢) There are three possible equations for the thermal decomposition of sodium
hydrogencarbonate.

ZNaHCO,(s) — Na0O(s) + 2C0O,(g) + H,O(g) equation 1
NaHCO,(s) — NaOH(s) + CO.g) equation 2
2NaHCO,(s) — Na,CO4(s) + CO,(g) + H,O(g) equation 3

The following experiment was carried out to determine which one of the above is the
cormrect equation.

A known mass of sodium hydrogencarbonate was heated for ten minutes. It was then
allowed to cool and weighed.

Results

Mass of sodium hydrogencarbonate = 3.36¢

Mass of the residue = 2.12g

Calculation

M_for NaHCO, = 84g; M _for Na,O = 62g; M_for NaOH = 40g
M_ for Na,CO, = 1069

(i) Number of moles of NaHCO_used = ... [1]

(i) If residue is Na,O, number of moles of Na,0O = _..........
If residue is NaOH, number of moles of NaOH = ..
If residue is Na,CO,, number of moles of Na,CO, = ... [2]

(iif) Use the number of moles calculated in (i) and (ii) to decide which one of the three
equations is comrect. Explain your choice.

- 2
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Subtopic Chem 4.2 Q# 11/ iGCSE Chemistry/2011/s/Paper 31/ Q5

(d) 20.0cm?® of aqueous sodium hydroxide, 2.00 mol/dm?®, was placed in a beaker. The
temperature of the alkali was measured and 1.0 cm? portions of hydrniodic acid were
added. After each addition, the temperature of the mixture was measured. Typical results
are shown on the graph.

temperature

.

18.0cm? volume of
acid added

NaOH(aq) + HI{agq) — Nal(aq) + H,Of(l)

(iii) In another experiment, it was shown that 15.0cm? of the acid neutralised 20.0cm? of
aqueous sodium hydroxide, 1.00mol/dm?®. Calculate the concentration of the acid.

- [2
Subtopic Chem 4.2 Q# 12/ iGCSE Chemistry/2010/w/Paper 31/ Q5

(b) 6.0 g of cobalt(Il) carbonate was added to 40 cm® of hydrochloric acid, concentration
2.0mol/dm?®. Calculate the maximum vyield of cobalt(II) chloride-6-water and show that
the cobalt(Il) carbonate was in excess.

CoCO, +2HCI — CoCl, + CO, + H,O
CoCl, + 6H,0 — CoCl,.6H,0
Maximum yield
Number of moles of HClused = ...
Number of moles of CoCl, formed = ...
Number of moles of CoCl_6H,Oformed =

Mass of one mole of CoCl,.6H,0 = 2389

Maximum yield of CoCI,.6H,0= ... .. g [4]
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To show that cobalt(II) carbonate is in excess

Number of moles of HClused = ... (use value from above)

Mass of one mole of CoCO, = 119g

Number of moles of CoCO, in 6.0g of cobalt(Il) carbonate = ... [1]

Explain why cobalt(Il) carbonate is in @Xcess

Subtopic Chem 4.2 Q# 13/ iGCSE Chemistry/2010/s/Paper 31/ Q7
(&) The titanium ore contains 36.8% iron, 31.6% titanium and the remainder is oxygen.

(i) Determine the percentage of oxygen in this titanium compound.
percentage of OXYOeN = % [1]
(ii) Calculate the number of moles of atoms for each element.

The number of moles of Fe is shown as an example.
number of moles of Fe = 36.8/56 = 0.66

number of moles of Tl =

number of moles of O = [1
(iii) What is the simplest ratio for the moles of atoms?

Fe : Ti : O

(iv) What is the formula of this titanium compound?
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Subtopic Chem 4.2 Q# 14/ iGCSE Chemistry/2009/w/Paper 3/ Q6
(c) 9.12g of anhydrous iron(1l) sulfate was heated. Calculate the mass of iron(I11) oxide
formed and the volume of sulfur trioxide, at r.t.p., formed.

2FeS04(s) — Fe04(s) + SO,(g) + SO4(g)

mass of one mole of FeS0; = 152g

number of moles of FeS0. used

number of moles of Fe 0,
formed =

mass of one mole of Fe.0O,

]
w

mass of iron(111) oxide formed

]
w

number of moles of SO, formed

1
a
3

volume of sulfur trioxide formed

[6]
Subtopic Chem 4.2 Q# 15/ iGCSE Chemistry/2009/s/Paper 31/
9 Quantities of chemicals, expressed in moles, can be used to find the formula of a
compound, to establish an equation and to determine reacting masses.

(a) A compound contains 72% magnesium and 28% nitrogen. What is its empirical
formula?

(b) A compound contains only aluminium and carbon. 0.03moles of this compound reacted
with excess water to form 0.12moles of A{OH); and 0.09 moles of CH,.

Write a balanced equation for this reaction.
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(c) 0.07 moles of silicon reacts with 259 of bromine.

Si + 2Br: SiBr,

(i) Which one is the limiting reagent? Explain your choice.

Subtopic Chem 4.2 Q# 16/ iGCSE Chemistry/2008/w/Paper 31/

4 Across the world, food safety agencies are investigating the presence of minute traces of
the toxic hydrocarbon, benzene, in soft drinks. It is formed by the reduction of sodium
benzoate by vitamin C.

(b) Benzene contains 92.3% of carbon and its relative molecular mass is 78.

(i) What is the percentage of hydrogen in benzene?

(ii) Calculate the ratio of moles of C atoms: moles of H atoms in benzene.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [2]
(iii) Calculate its empirical formula and then its molecular formula.
The empirical formula of benzene is
The molecular formula of benzene is L ...sceereemsssesennien 4]

Subtopic Chem 4.2 Q# 17/ iGCSE Chemistry/2008/w/Paper 31/
3 Steelis an alloy made from impure iron.

(a) Both iron and steel rust. The formula for rust is Fe;0..2H,0.
It is hydrated iron(Il1) oxide.
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(¢) (i) Calculate the mass of one mole of Fe;0:.2H,0.

(il) Use your answer to (i) to calculate the percentage of iron in rust.

Subtopic Chem 4.2 Q# 18/ iGCSE Chemistry/2008/w/Paper 31/
7 The alkanes are generally unreactive. Their reactions include combustion, substitution and
cracking.

(a) The complete combustion of an alkane gives carbon dioxide and water.

(i) 10cm® of butane is mixed with 100 cm® of oxygen, which is an excess. The mixture
is ignited. What is the volume of unreacted oxygen left and what is the volume of
carbon dioxide formed?

CiHu(g) + 670,(g) — 4C0O4(g) + 5H-O()

Volume of oxygen left = cm®

Volume of carbon dioxide formed = cm?® [2]

Subtopic Chem 4.2 Q# 19/ iGCSE Chemistry/2008/s/Paper 31/ Q7

(b) Using 25.0 cm® of aqueous sodium hydroxide, 2.24 mol/dm?®, 3.86 g of crystals were
obtained. Calculate the percentage yield.

2NaOH + H;SO; — Na,S0O,; + 2H:0
Na:S0O; + 10H, 0 — Na;S0,.10H:0

Mumber of moles of NaOH used =

Maximum number of moles of Na:50,4.10H:0 that could be formed =

Mass of one mole of Na;S0,.10H0 = 3229

Maximum yield of sodium sulphate-10-water = g

Percentage yield = % [4]

Subtopic Chem 4.2 Q# 20/ iGCSE Chemistry/2007/w/Paper 3/

7 (a) A small piece of mamble, calcium carbonate, was added to 5cm’® of hydrochloric acid at
25°C. The time taken for the reaction to stop was measured.

CaCQs(s) + 2HCllag) — CaCL(aq) + COz(g) + H:O(l)

Similar experiments were performed always using 5cm’ of hydrochlonc acid.
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(b)

(ii)) One piece of marble, 0.3g, was added to 5cm® of hydrochloric acid, concentration
1.00mol /dm?®. Which reagent is in excess? Give a reason for your choice.

mass of one mole of CaCO: =100g

number of moles of CaC0s =

number of moles of HCI =

reagent in excess is

reason [4]

(ili) Use your answer to (ii) to calculate the maximum wvolume of carbon dioxide
produced measured at r.t.p.

Subtopic Chem 4.2 Q# 21/ iGCSE Chemistry/2007/s/Paper 3/ Q7

(d) A better way of measuring the degree of unsaturation is to find the iodine number of the
unsaturated compound. This is the mass of iodine that reacts with all the double bonds
in 100 g of the fat.

Use the following information to calculate the number of double bonds in one molecule
of the fat.

Mass of one mole of the fat is 884g.

. ~_.
One mole of L reacts with one mole fG—CH“

The iodine number of the fat is 86.2g.

Complete the following calculation.

100 g of fat reacts with 86.2 g of iodine.

884 g of fat reacts with g of iodine.
One mole of fat reacts wth . moles of iodine molecules.
Number of double bonds in one molecule of fat is [3]

Subtopic Chem 4.2 Q# 22/ iGCSE Chemistry/2006/w/Paper 3/ Q3

(b) When calcium carbonate is heated strongly, it decomposes.
CaCQO: — Ca0 + CO;

(i) Calculate the relative formula mass of:

CaCOs

CaO [2]
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(ii) 7.00 kg of calcium oxide was formed. What mass of calcium carbonate was
heated?

[2]

Subtopic Chem 4.2 Q# 23/ iGCSE Chemistry/2006/w/Paper 3/

6 An ore of copper is the mineral, chalcopyrite. This is a mixed sulphide of iron and copper.

(a) Analysis of a sample of this ore shows that 13.80 g of the ore contained 4.80 g of
copper, 4.20g of iron and the rest sulphur.
Complete the table and calculate the empirical formula of chalcopyrite.

copper |iron | sulphur

composition by mass/g 4.80 4.20

number of moles of atoms

simplest mole ratio of atoms

[3]

The empincal formula is

[1]

Subtopic Chem 4.2 Q# 24/ iGCSE Chemistry/2006/s/Paper 3/ Q7
(d) Propene reacts with hydrogen iodide to form 2-iodopropane.

CH:-CH=CH: + HIT — + CHs:-CHI-CHs
1.4 g of propene produced 4.0g of 2 -iodopropane.

Calculate the percentage yield.

moles of CH-—CH=CH: reacted =

maximum moles of CH:~CHI-CH- that could be formed

mass of one mole of CH;—CHI-CHs = 170g

maximum mass of 2 - iodopropane that could be formed

percentage yield % [4]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 257 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Subtopic Chem 4.2 Q# 25/ iGCSE Chemistry/2005/w/Paper 3/

6

(a) The following method is used to make crystals of hydrated nickel sulphate.

An excess of nickel carbonate, 12.0 g, was added to 40 cm® of sulphuric acid, 2.0
mol/dm®. The unreacted nickel carbonate was filtered off and the filtrate evaporated to
obtain the crystals.

NICD] + HgSD.i — NlSDd + CDZ + HED
NiSO, + 7H,0 —= NiSO,.7H,0

Mass of one mole of NiS0,.7H.0 = 281 g
Mass of one mole of NiCO; = 119 g

(i) Calculate the mass of unreacted nickel carbonate.
Number of moles of H:SO, in 40 cm® of 2.0 mol/dm® acid = 0.08

Number of moles of NiCOs reacted =

Mass of nickel carbonate reacted =

Mass of unreacted nickel carbonate = a [3]

(ii) The experiment produced 104 g of hydrated nickel sulphate. Calculate the
percentage yield.

The maximum number of moles of NiS0O, .TH-0 that could be formed =

The maximum mass of NiSO, .7TH:0 that could be formed = g

The percentage yield = % [3]

Subtopic Chem 4.2 Q# 26/ iGCSE Chemistry/2005/s/Paper 3/ QiGCSE Chemistry/201
(c) 0.015 moles of iodine react with 0.045 moles of chlorine to form 0.030 moles of a single

product. Complete the equation.

L+ Cr —* [2]

Subtopic Chem 4.2 Q# 27/ iGCSE Chemistry/2005/s/Paper 3/ Q4

(d) Gypsum is hydrated calcium sulphate, CaS0,.xH;O. It contains 20.9% water by mass.
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Subtopic Chem 4.2 Q# 28/ iGCSE Chemistry/2004/w/Paper 3/ Q7

(¢) lron(lll) sulphate decomposes when heated. Calculate the mass of iron(lll) oxide
formed and the volume of sulphur trioxide produced when 10.0 g of iron(lll) sulphate
was heated.

Mass of one mole of Fe;(S0O,), is 4004.

Fes(S04)s (s) —= Fez0s(s) + 350; (g)

Mumber of moles of Fez(504): =

Number of moles of Fe;:04 formed =

Mass of iron(11l) oxide formed = g
Number of moles of SO, produced =
Volume of sulphur trioxide atr.t.p. = dm? [5]

Subtopic Chem 4.2 Q# 29/ iGCSE Chemistry/2004/s/Paper 3/

7 Chemists use the concept of the mole to calculate the amounts of chemicals involved in a
reaction.

(a) Define maole.

(1]

(b) 3.0g of magnesium was added to 12.0g of ethanoic acid.
Mg + 2CH,;COOH — (CH,COO),Mg + H,
The mass of one mole of Mg is 24 g.
The mass of one mole of CH,COOH is 60g.

(i) Which one, magnesium or ethanoic acid, is in excess? You must show your
reasoning.

3]

(ii) How many moles of hydrogen were formed?

(1]

(iii) Calculate the volume of hydrogen formed, measured at r.t.p.
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(c) Inan experiment, 25.0cm® of aqueous sodium hydroxide, 0.4mol/dm®, was neutralised
by 20.0cm® of aqueous oxalic acid, H,C;0s.

2NaOH + H:C304 — NaxC;04 +2H,0
Calculate the concentration of the oxalic acid in mol /dm?®.
(i) Calculate the number of moles of NaOH in 25.0 cm® of 0.4 mol/dm? solution.
(1]

(ii) Use your answer to (i) and the mole ratio in the equation to find out the number of
moles of H,C,04 in 20 cm® of solution.

[1]

(iii) Calculate the concentration, mol/dm?®, of the aqueous oxalic acid.

[2]

Subtopic Chem 4.2 Q# 30/ iGCSE Chemistry/2003/w/Paper 3/ Q5
(d) Sulphur dioxide reacts with chlorine in an addition reaction to form sulphuryl chloride.

SO, + Cl, — SO,CL,

8.0g of sulphur dioxide was mixed with 14.2 g of chlorine. The mass of one mole of
50,Cl, is 1350.

Calculate the mass of sulphuryl chloride formed by this mixture.
Calculate the number of moles of SO, in the mixture = ................
Calculate the number of moles of Cl, in the mixture = ..................
Which reagent was not in excess? ..o

How many moles of SO,Cl, were formed = ..................

Calculate the mass of sulphuryl chloride formed = ............. g [5]
Subtopic Chem 4.2 Q# 31/ iGCSE Chemistry/2003/s/Paper 3/

2 Calcium and other minerals are essential for healthy teeth and bones. Tablets can be taken
to provide these minerals.

(c) Each tablet contains the same number of moles of CaCO, and MgCO,. One tablet
reacted with excess hydrochloric acid to produce 0.24 dm?® of carbon dioxide at r.t.p.

CaCO, + 2HCl — CaCl, + CO, + H,0
MgCO, + 2HCI — MgCL, + CO, + H,0

(i) Calculate how many moles of CaCO, there are in one tablet.

number of moles 002 =

number of moles of CaCO, and MgCO,

number of moles of GaGOB =
[3]
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(ii) Calculate the volume of hydrochloric acid, 1.0 mol/dm?, needed to react with one
tablet.

number of moles of CaCO, and MgCO, in one tablet =
Use your answer to (c)(i).

number of moles of HCI needed to react with one tablet =

volume of hydrochloric acid, 1.0 mol/dm?, needed to
react with one tablet =

Subtopic Chem 4.2 Q# 32/ iGCSE Chemistry/2002/w/Paper 3/ Q3
(f) Sodium reacts with sulphur to form sodium sulphide.

ZNa + 5 — Na,S
An 11.5g sample of sodium is reacted with 10 g of sulphur. All of the sodium reacted but
there was an excess of sulphur.

Calculate the mass of sulphur left unreacted.

(i) Number of moles of sodium atoms reacted =
[2 moles of Na react with 1 mole of 5]

(i) MNumber of moles of sulphur atoms that reacted =

(iii) Mass of sulphurreacted = ... g

(iv) Mass of sulphur left unreacted = ... g [4]
Subtopic Chem 4.2 Q# 33/ iGCSE Chemistry/2002/s/Paper 3/ Q5

(c) A 20cm?® sample of butyne, G,Hg, is bumnt in 150 cm? of oxygen. This is an excess of
oxygen.

2C,Hg(g) + 110,(g) —> 8CO,(g) + 6H,O()

(i) What volume of oxygen reacts?

1]
(i) What volume of carbon dioxide is produced?
1]
(iii) What is the total volume of gases left at the end of the reaction?
1]
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(d) Calculate the mass of water formed when 9.0 g of butyne is burnt. The mass of one
mole of butyne is 54 g.

from the above equation, 1 mole of butyne forms 3 moles of water
number of moles of butyne reacted ...............
number of moles of water formed .................

mass of water formed ............... g [3]

Subtopic Chem 4.2 Q# 34/ iGCSE Chemistry/2001/w/Paper 3/ Q2

(c) Potassium chlorate, which has a formula of the type, KCIO , decomposes to form
oxygen. 2.45g of the chlorate produced 1.49g of potassium chloride and 0.72 dm? of
oxygen at r.t.p. Find the value of n.

KCI0, — KCI + 50,

Mass of one mole of KCI = 74.5g

Mumber of moles of KCI formed

Number of moles of oxygen molecules formed

Number of moles of oxygen atoms

Mole ratio KCL: Qs ............

[4]
Subtopic Chem 4.2 Q# 35/ iGCSE Chemistry/2001/w/Paper 3/
3 Propaneis an alkane. It has the structural formula:

(a) The equation for the complete combustion of propane is given below. Insert the two
missing volumes.

CyHg(@) + 50,(@) —> 3CO,(g) + 4H,0()
volume of gas/cm® ... ... 15 2]

9.4.1 ESSENTIAL EXAM QUESTIONS Topic 4.2 Paper 3/4 148marks Mark Scheme
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Q#t 1/ iGCSE Chemistry/2015/w/Paper 31/
S(ali) adds up to 100%;

S(aii) M1 558512 and 6.97(/1) and 37.215;
or evaluation 4650 6870 2.325;
M2 CoHaD,

comact answar with no warking = [2]

S{aiii) M1 (BEM3;
M2 CiHeD:;
comact answar with no working =[2]

Q#t 2/ iGCSE Chemistry/2015/s/Paper 31/ Q3

3d) | M1molesof HCI = 0.1(mal);
M2 moles of Zn = 0.05(maol);

mass of zinc = 3.25g;

A ECFfor M1 =%

3 | A ECF for M2 = 65
Unit requirad for M3

Q# 3/ .iéCSE -Che-mist-ry/2014/s/Paper 31/ Q6
(d) number of moles of O, formed = 0.096/24 = 0.004 (1)

number of moles of H;O; in 40cm” of solution = 0.004 = 2 = 0.008 (1)

concentration of the hydrogen peroxide in mol/dm® = 0.008/0.04 = 0.2 (1) [3]

Q#t 4/ iGCSE Chemistry/2013/w/Paper 31/ Q4

(d}) number of moles of HCl in 40 cm® of hydrochlorc acid,
concentration 2.0mol / dm® = 0.04 x 2.0 = 0.08
maximum number of moles of CO; formed = 0.04
mass of one mole of CO. =449
maximum mass of CO; lost =004 = 44 =1.76¢g

Qit 5/ iGCSE Chemistry/2013/w/Paper 31/ Q6

(c) number of moles of CO: formed =2.112/ 44 = 0.048
number of moles of H:O formed =0.432 /18 = 0.024

x=2and y=1NOT: ecf from this line

formula is 2PbC0Os.Pb(OH )z / Pb(OH).. 2PbCO,

Q#t 6/ iGCSE Chemistry/2012/w/Paper 31/ Q7
(c) number of moles of HCI used = 0.05 x 2 = 0.1

number of moles of SrCL.6 H-0 which could be formed. = 0.05

mass of one mole of SICL.EH.0 is 267 g

theoretical yield of SrCL.6H-0 = 0.05 = 267 = 13.35q
percentage yield = 6.4/13.35 x 100 = 47.9%

accept: 48%

allow: ecf

Qit 7/ iGCSE Chemistry/2012/w/Paper 31/ Q2

(e) BrF=/FBr;
Bng.l" FEBr;

Qi 8/ iGCSE Chemistry/2012/s/Paper 31/
(b) moles of Fe = 51.85/56 = 0.926 (0.93);
moles of O = 22.22/16 = 1.389 (1.39);
moles of H;O = 16.67/18 = 0.926 (0.93);

if givenas 0.9 14 0.9
three of the above correct = [2]
two of the above correct = [1]

simplest whole number mole ratio Fe : O : H:O is 2: 3: 2/ Fe;0:.2H:0;
allow: ecf for a formula based on an incorrect whole number ratio
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Q# 9/ iGCSE Chemistry/2012/s/Paper 31/
6 (a) 10cm; [1]
65cm’; [1]

Q# 10/ iGCSE Chemistry/2011/w/Paper 31/ Q7
(c) calculation:
M. for NaHCOs = 84 g; M, for Na;0O = 62g; M, for NaOH = 40g
M, for Na,CO; = 1064g

(i) number of moles of NaHCO; used = 3.36/84 = 0.04 [1]

(ii) if residue is Na.O, number of moles of Na.0O = 2.12/62
=0.034 /0.03

if residue is NaOH, number of moles of NaOH = 2.12/40
=0.0583/0.05

if reside is Na,COs, number of moles of NazC0Os = 2.12/106 =0.02 all three comect [2]
note: two correct =1

(iii) equation 3 [1]
mole ratio 2:1 agrees with equation [1]

Q#t 11/ iGCSE Chemistry/2011/s/Paper 31/ Q5 (d)

(i) 1.33/1.3/1.3333 (mol/dm®) scores both marks [2]
not 1.34
for a correct method = My Vs / moles of NaOH = 0.02
with an incorrect answer only [1]

Qit 12/ iGCSE Chemistry/2010/w/Paper 31/ Q5

(b) number of moles of HCIused = 0.04 = 2 =0.08
number of moles CoCL formed = 0.04
number of moles CoClL.6H-0 formed = 0.04
mass of one mole of CoCL.6H.0 = 238 g
maximum yield of CoCL.6H:0 = 9.52g [4]
accept 9.5g
mark ecf to moles of HC1
do not mark ecf to integers

to show that cobalt(IT) carbonate is in excess

number of moles of HCI used = 0.08 must use value above ecf

mass of one mole of CoCO; =119g

number of moles of CoCO: in 6.0g of cobalt(ll) carbonate = 6.0/119 = 0.050 [1]
reason why cobalt(ll) carbonate is in excess 005 > 0.08/2 [1]
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Q# 13/ iGCSE Chemistry/2010/s/Paper 31/ Q7
(e) (i) percentage of oxygen = 31.6%

(ii) calculate the number of moles of atoms for each element
number of moles of Ti = 31.6/48 = 0.66

number of moles of O = 31.6/16 = 1.98 accept 2
both correct for one mark

(iii) the simplest whole number ratio for moles of atoms:

Fe : Ti : O
1 1 3

(iv) formula is FeTiO; accept TiFeO;
must be whole numbers from (iii) or cancelled numbers from (iii)
mark ecf throughout

Q# 14/ iGCSE Chemistry/2009/w/Paper 3/ Q6

{c) number of moles of FeS0, used = 9.12/152 = 0.06
number of moles of Fe-0; formed = 0.03*
mass of one mole of Fe:0s = 16009
mass of iron(I11) oxide formed = 0.03 x 160 = 4.8g
number of moles of 80 formed = 0.03
volume of sulfur trioxide formed = 0.03 x 24 = 0.72dm°®
If mass of iron(III) oxide greater than 9.12 g, then only marks 1 and 2 available

Apply ecf to number of moles of Fe;0s* when calculating volume of sulfur trioxide.

Do not apply ecf to integers

Q# 15/ iGCSE Chemistry/2009/s/Paper 31/
9 (a) 72/24=3and28/14=2
Mgz,

accept just formula for [2] even with incorrect or no working
NOT ecf

(b) AlCs+ 12H,0 = 4AI(OH)s + 3CH,
For ALCs ONLY [1]

(c) (i) silicon is limiting reagent
0.07 moles of Si and 25/160 = 0.156 moles of Br;
because 0.14 (2 x 0.07) < 0.156
If 80 used to find moles of Brs the mark 1 and 3 still available
arguments based on masses can be used

(i) 0.07
NOT ecf
Qi 16/ iGCSE Chemistry/2008/w/Paper 31/ Q4
(b) (i) 7.7%

(ii) forany number: equal number ratio
for example 1:1 or 6:6

(iii) empirical formula is CH
molecular formula is CsHs
no e.c.f., award of marks not dependent on (ii)

[1]

[1]

[1]
[1]

[1]
[1]

[2]

[1]
[1]
[1]

[1]

[1]
[2]

[1]
(1]
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Q#t 17/ iGCSE Chemistry/2008/w/Paper 31/ Q3

(c) (i) 196 [1]
(ii) 112/196 x 100 [1]
=57(.1)% ACCEPT 57 to nearest whole number [1]

mark e.c.f. to (c)(i) provided percentage not greater than 100%
ONLY ACCEPT 112/answer (c)(i) x 100

otherwise [0]
Q# 18/ iGCSE Chemistry/2008/w/Paper 31/
7 (a) (i) 35cm® [1]
40cm’® [1]

Q#t 19/ iGCSE Chemistry/2008/s/Paper 31/ Q7
(b) number of moles of NaOH used = 0.025 x 2.24 =0.056 [1]

maximum number of moles of Na:S0;.10H:0 that could be formed = 0.028 [1]
mass of one mole of Na;S0,4.10H.0 = 322g
maximum yield of sodium sulphate — 10 - water =9.02g [1]

percentage yield = 42 8% [1]
mark ecf but NOT to simple integers

if ecf marking, mark to at least one place of decimals

if percentage > 100% then 3/4 maximum

Q#t 20/ iGCSE Chemistry/2007/w/Paper 3/ Q7 (b)

(ii) mass of one mole of CaCO; =100

number of moles of CaC0; = 0.3/100 = 0.003 [1]
moles of HCT= 51000 x 1 = 0.005 [1]
reagent in excess is CaCOs; [1]

ecf from above
would need 0.006 moles of HCI
or hydrochloric acid only reacts with 0.0025 moles of CaCO; [1]

NOTE this mark needs to show recognition of the 1:2 ratio

(iij) mark ecf to (i), that is from moles of limiting reagent in (i)
moles of CO: = 0.005 x 0.5 x 24 = 0.06 dm
NOT cm® unless numerically correct. 60 cm®
lgnore other units
NOTE If both number of moles integers then no ecf for (ii) and (iii)

Qit 21/ iGCSE Chemistry/2008/s/Paper 31/ Q7
(d) 100g of fat react with 86.2g of iodine

[1]

B84qg of fat react with 762 g of iodine [1]
limit 762 x 2

one mole of fat reacts with 762/254 moles of iodine molecules

one mole of fat reacts with 3 moles of iodine molecules [1]
number of double bonds in one molecule of fat is 3 [1]
limit 6

consequential marking allowed provided the number of double bonds is an integer.
Qit 22/ iGCSE Chemistry/2006/w/Paper 3/ Q3

(b) (i) 100 (1]
56 ignore units in both cases (1]

(i) 7.00kg is 1/8 of 56 (1]
1/8 of 100kg is 12.5kg (1]

Give both marks for comect answer without explanation. Ignore missing units
but penalise wrona units
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Q#t 23/ iGCSE Chemistry/2006/w/Paper 3/

6 (a
copper iron sulphur
composition by (4.80) (4.20) 4.8 [1]
mass/g
number of moles 0.075 0.075 015 [1]
of atoms
simplest mole ratio | 1 1 2 [1]
of atoms
(4]
The empirical formula is CuFeS: [1]
Qi 24/ iGCSE Chemistry/2006/s/Paper 3/ Q7
(d) moles of CH3:-CH = CH; reacted = 1.4/42 =0.033 [1]
conseq
maximum moles of CH,-CH(I1)-CH, that could be formed = 0.033 [1]
conseq
maximum mass of Z-iodopropane that could be formed = 5.61 g [1]

accept 170 x 0.033 = 5.61 and 170 x 0.033333 = 567

conseq unless greater than 100%

percentage yield 4.0/5.67 x 100 =70.5% [1]
Do not mark consequently to a series of small integers. There has to be

a serious attempt to answer the question, then consequential marking is

appropriate.

Qi 25/ iGCSE Chemistry/2005/w/Paper 3/

Question 6
(a)(i) moles of NiCO- reacted = 0.08 [1]
mass of nickel carbonate reacted =9.52 g [11]
mass of nickel carbonate unreacted =2.48 g [11]
(ii) maximum number of moles of hydrated salt = 0.08 [1]
maximum mass of salt =0.08x281=2248¢ [1]
percentage yield 10.4/22.48 x 100 = 46.3% [1]
Q#t 26/ iGCSE Chemistry/2005/s/Paper 3/ QiGCSE Chemistry/201
(c) I, + 3CL = 2IChL [2]

For having either reactants or products correct ONLY [1]

Q#t 27/ iGCSE Chemistry/2005/s/Paper 3/ Q4
(d) mass of one mole of CaS0, = 136

moles of CaS0,in 79.1g = 0.58 accept 0.6 [1]
moles of H;O in 2099 = 1.16 accept 1.2 [1]
conseqx = 2 ¥ given as an integer [1]

Qi 28/ iGCSE Chemistry/2004/w/Paper 3/ 7 (c)

Mark consequentially to any error but not involving simple integers
There has to be some evidence that the candidate has attempted to work
through the calculation and not merely inserted whole numbers.
Forexample 2, 1,160 or 1, 0.5, 80

number of moles of Fex(S0,): =1/40 or 0.025
number of moles of Fe: Oy formed = 1/40 or 0.025
mass of iron(lll) oxide formed = 0.025 x 160 = 4g

number of moles of S0; produced = 3/40 or 0.075
volume of sulphur trioxide atr.t.p. =0.075x 25
= 1.8dm" (5]
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Q#t 29/ iGCSE Chemistry/2004/s/Paper 3/

7 (a) Avogadro's Number of particles
or formula mass in grams
or 6 x 10° particles accept atoms, ions and molecules _
or as many particles as there are carbon atoms in 12.00g of “Ca
ANY one [1]

(b} (i) moles of Mg = 3/24 = 0.125
moles of CH;COOH = 12/60 = 0.200
magnesium is in excess

OR 3.0g of magnesium react with 15g of acid

only 12.0 g of acid present
magnesium is in excess [3]

(ii) Mark conseq to (i) but NOT to any simple integer
moles of Hy= 0.1 [1

(iii) Mark conseq to (ii) but NOT to any simple integer

Wolume of hydrogen = 0.1 x 24
= 2.4 dm’ [2]
(c) (i) moles of NaOH = 25/1000 x 0.4 = 0.0 [1
(i) Mark conseq to (i) but NOT to any simple integer
moles of acid = 0.01/2 = 0.005 [1
(iii) Mark conseq to (ii) max 10M
concentration of acid = 0.005 x 1000/20 [1]
= 0.25 mol/dm® [1

Qit 30/ iGCSE Chemistry/2003/w/Paper 3/ Q5

{d) the number of moles of 80 in the mixture = 0.125
the number of moles of Cl; In the mixture = 0.2
cond reagent was not in excess? SO,
cond moles of SO:Cl: formed = 0.125
cond the mass of sulphuryl chloride formed = 16.9g

[5]
Q# 31/ iGCSE Chemistry/2003/s/Paper 3/ Q2
(c) (i) number of moles CO, = 0.24/24 = 0.01
conseq number of moles of CaCO,; and MgCO, = 0.01
conseq number of moles of CaC0O; = 0.005 [3]
(i)  Calculate the volume of hydrochloric acid, 1.0 mole/dm®, needed to react with

one tablet.

number of moles of CaC0O; and MgCQOs in one tablet = 0.01

Expect same as answer to (c)(i). NO marks to be awarded. Just mark
consequentially to this response

conseq number of moles of HC1 needed

to react with one tablet = 0.02 [11

conseq volume of hydrochloric acid, 1.0 mole/dm®, needed to react with one
tablet = 0.02 dm® or 20 cm’ [1]
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Q# 32/ iGCSE Chemistry/2002/w/Paper 3/ Q3

® () 11.5/23 = 0.5 [}
(i) 0.25 (1]
conseq to (i)
(i) 025 x 32 = 8¢ m
conseq
(iv) 2.0 g [1]

only conseq to (iii) if answer to (iii) is less than 10

NB If (ii) is 0.3(125), no excess is possible, (iv) ZERO

Q#t 33/ iGCSE Chemistry/2002/s/Paper 3/ Q5 (c)
(i) 110 (cm3)
(ii) 80 (cm3)
(iii) Starting gases (170) of which 130 was used, so 40 left of 02, 80 made of CO2 and H20 is a liquid
therefore 80
(d)
0.167
0.5 mol water
9g of water
3 marks
Qit 34/ iGCSE Chemistry/2001/w/Paper 3/ Q2
{c) *0.02 [
0.03 not conseq [
*0.06 conseq to above [
[

3 accept either as ratiooron n =
Accept ratio conseq to answers designated by

Qi 35/ iGCSE Chemistry/2001/w/Paper 3/
3(@) 5 [1]
[1]

*

25
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9.1 Essential End of Topic 5 Review and Reflection
Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and
more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the
end of topic tests and other assessed activities, but also in how you learn. How could you become a more effective
student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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10 Topic 7.4 Redox

10.1

End of Topic 7.4 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources

available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and

uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because
they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

Aspect What you should have done ‘ Yes/No Level
Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
: Ask your teacher one question about something you do not understand in science
with your Y g &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook
EXTENSION
that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. . EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
Scored 10% higher than your current average EXTENSION
End of Scored 15% or more than your previous end of topic average EXCEPTIONAL
. Scored over 90% EXTESNION
Topic Test
Scored over 95%
SMASHING!!!
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Aspect What you should have done Yes/No Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about

. ESSENTIAL
anything.
Spend more than 3 hours a week reading a book you enjoy (in any language
P ‘han shoursaw ng > (in any language) EXTENSION
about anything.
Spend more than 5 hours a week reading a book you enjoy (in any language
Reading | P . & you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book y joy in English about
pen . at least one hour a week reading a book you enjoy in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
P . & you enioy & EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL
You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | section
You have given an answer for every question in the Review and Reflection section
. . EXTENSION
at the end of this topic
You have Given good and thoughtful answers for every question in the Review
EXCEPTIONAL

and Reflection section at the end of this topic
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10.2 Topic 7.4 Syllabus

7.4 Redox

* Define oxidation and reduction in terms of oxygen .
loss/gain. (Oxidation state limited to its use .

10.3

Topl

to name ions, e.g. iron(IL), iron(III), copper(II),
manganate(VII).)

ESSENTIAL Glossary for Keywords for this t
English

oxidation state a number given to show whether an

Define redox in terms of electron transfer

|dentify redox reactions by changes in oxidation
state and by the colour changes involved when
using acidified potassium manganate(VII), and
potassium iodide. (Recall of equations involving
KMnQ, is not required.)

Define oxidising agent as a substance which
oxidises another substance during a redox
reaction. Define reducing agent as a substance
which reduces another substance during a redox
reaction.

|dentify oxidising agents and reducing agents
from simple equations

opic

Chinese

SUESTTRITZZEEREERERNEF ; BFH

7 element has been oxidised or reduced; the oxidation state
of an ion is simply the charge on the ion ACEREBES LHRME
oxidation there are three definitions of oxidation: (i) a
reaction in which oxygen is added to an element or SLESLEFZDEN : () FHERMETRAE
7 compound; (ii) a reaction involving the loss of electrons BYHRHRN ; i) SREF SFRBEFRES
from an atom, molecule or ion; (iii) a reaction in which the FHRA :  Gil) RINTRBEILSHRE
oxidation state of an element is increased
, | oxidising agent a substance which will oxidise another in A —MESEERRN PRS- R
a redox reaction Y&
redox reaction a reaction involving both reduction and SULR RN — M RIAS KA RAFACERAL
7 oxidation reducing agent a substance which will reduce RN - —fY S E SRR RN GRS — )
another in a redox reaction &
reduction there are three definitions of reduction: (i) a
reaction in which oxygen is removed from a compound; EEB=MARIEX © () MEEYFRERN
7 (ii) a reaction involving the gain of electrons by an atom, &R Gi) BRENET  SFABFREBETH
molecule or ion; (iii) a reaction in which the oxidation RRL (i) RS S RER R

state of an element is decreased

Patrick Brannac

www.SmashingScience.org & for China www.SmashingScienceCN.org

Page 273 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

104 ESSENTIAL Classroom Active Learning Task 1 Assigning Oxidation States
Oxidation number rules:

Elements have an oxidation number of 0

Group | and Il — In addition to the elemental oxidation state of 0,
Group | has an oxidation state of +1 and Group Il has an oxidation
state of +2.

Hydrogen —usually +1, except when bonded to Group | or Group Il,
when it forms hydrides, -1.

Oxygen — usually -2, except when it forms a O-O single bond, a
peroxide, when it is -1.

Fluorine is always -1. Other halogens are usually -1, except when
bonded to O.

1. Give the oxidation numbers of all the elements in the following molecules and
ions:

a. SO, S0., 505, 50 50,5

b. Clog, C]'D_, Cng_, ¢|D3_, CTOJ,'

c. N:O, NO, NOz, N20s, N20s5, MNOz", NOs

2. Determine the oxidation number of the sulfur atom:

a. H:S b. 5 c. 50 d. 5% e HS f. 50 g S0

3. Indicate the oxidation number of phospherus in each of the following

compounds:
a. HPFOs d. H3iPO,4
b. HPO: e. HsP:07
c. HPOs f. HsPsOp

4, Give oxidation numbers for the underlined atoms in these melecules and ions:

a. (s:0 f. CIF; k.  MoOs*
b. PtCl* g. HzAsO; . MnOg
¢c. Cal; h. SbFe m. PtCls®
d.  SnF: i. TiO: n 0
e. AlOs3 j- Pa 0. O
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10.4.1  ESSENTIAL Classroom Active Learning Task 1 Assigning Oxidation States Mark

Scheme
NOTE: The both terms Oxidation State and Oxidation Number effectively mean the same thing at iGCSE and A Level,
although Oxidation Number in fact refers to the Roman numerals in the names of transition metal containing compounds,
like Iron (I1l) oxide

1. Give the axidation numbers of all the elements in the following molecules ¢
lens:

-2 -3 Hed 4D, HeD,
a. SO, S0z, 503 5057, S04

Mo H3 D 453 ¥3.2
b, ClOz, - ClO°, ClO7, ClOs, Cloy

$l -2 -r}—;. A M D S B3 E-D
c. N:O, NO, NOz, Nz0: Nz0s, NOz, NOs3

2. Determine the oxidation number of the sulfur atom:

+ -2 e +#1 46 -2 - +H -3y -0 He-d
a, H:5 b. 5 ¢ H;SDq- d s* e HSs- f S0: g. 50:

3. Indicate the uxldc:'rn:m humber nf phosphorus in each of the fnl!nwmg

compounds: _
o W0, S d. ﬂﬁéﬁ 5
b. fpon e bd 5
c Tupos _t% ¢ Hobion +5_

4. Give oxidation humbers for Tha underlined ﬂ‘mms in these molecules and ions:

A +3 - -2
a.  Cs20 f. CIFs . k. MG 04" .
s L -3 ' R ':‘_
b.  PtCls* g. H3AsOs ' . MnO4
e - - oo -l
c. Cal; ‘h.  S5bFg m. PiCly

+a -l 4 -3 _ 5
d.  SnF: i, TiO: - on O:

+5 -3 o :
e.. AlOs. N _ 9. . Qs
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10.1 ESSENTIAL Classroom Active Learning Task 2 Assigning Oxidation States
1. Assign oxidation humbers to each of the atoms in the following
compounds:
Na-CrO, Na = = Cr=
K2Cr20Oy K= 0= Cr=
CO; 0= C=
CH, H= =
HCIO4 0= H= Cl=
MnO- 0= Mn =
S50, 0= S=
Sk F= =
a. What is the range of oxidation states for carbon?
b. Which compound has C in a +4 state?
E: Which compound has C in a -4 state?
2. Nitrogen has 5 valence electrons (Group V). It can gain up to 3 electrons (-3), or

lose up to 5 (+5) electrons. Fill in the missing names or formulas and assign an
oxidation state to each of the following nitrogen containing compounds:

name formula | oxidation state of N
NH;
nitrogen
nitrite
NOs

dinitrogen monoxide

NO.
hydroxylamine NH,OH
nitrogen monoxide
hydrazine N2H,4
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10.2 ESSENTIAL Classroom Active Learning Task 3 Oxidising and Reducing Agents

3. During chemical reactions, the oxidation state of atoms can change. This occurs
when compounds gain or lose electrons, or when the bonds to an atom change. This is
illustrated by the reaction between nitrogen and hydrogen to make ammonia:

N>(g) + 3 Hz(g) — 2 NHa(g)

a. Assign oxidation numbers to each of the atoms in this reaction.
N (in N;) = N (in NHz) =
H (in Ha) = H (in NHs) =

When an oxidation number increases, that species has been oxidized.
b. Which reactant undergoes an increase in its oxidation number?
When an oxidation number decreases, that species has been reduced.

L Which reactant undergoes a decrease in its oxidation number?

The species that is oxidized is called the reducing agent because it gives up an
electron, so that another species can gain an electron (be reduced).

d. What is the reducing agent in this reaction?

The species that is reduced is called the oxidizing agent because it takes an electron
away from another group, raising that group's oxidation number.

e. What is the oxidizing agent in this reaction?

4. In each of the following reactions, assign oxidation numbers to all of the
elements and identify the oxidizing and reducing agents and the change in
oXidation number.

a. 4 Fe + 30,22 Fe, 0,

change in oxidation number
oXxidizing agent

reducing agent
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e NH4N02~~)N2+2 Hgo

change in oxidation number
oxidizing agent
reducing agent

d. P4+10 Cl,—4 PCl;s

change in oxidation number
oxidizing agent
reducing agent

e 2 Cr*+H,0+6 ClOy —Cr,0;*+6Cl0,+2 H*

change in oxidation number
oxidizing agent

reducing agent

10.3 EXCEPTIONAL Active Learning Activity 4 Balancing Redox Reactions
The material here does beyond the iGCSE syllabus, but if you are really interested in this topic this is what you would go
on to cover at A Level.

Balancing Redox Reactions

Oxidation/Reduction (Redox) reactions can be balanced using the oxidation state
changes, as seen in the previous example. However, there is an easier method, which
involves breaking a redox reaction into two half- reactions. This is best shown by
working an example.

Hydrobromic acid will react with permanganate to form elemental bromine and the
manganese(ll) ion. The unbalanced, net reaction is shown below,

Br + MnO, — Br, + Mn?*

D Break this into two half-reactions, one involving bromine and the other involving
manganese.
Bromine half-reaction Manganese half-reaction
Br — Br: MnOs — Mn**

6. First balance the bromine half-reaction first.

a. Balance the bromine atoms of the reaction
Br —» Br,
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b. Now balance charge by adding electrons (e’)

Br — _Brz

This half-reaction is producing/consuming electrons. This is an
oxidation/reduction half-reaction. Confirm this by assigning oxidation
numbers to the bromine species.
7. Next, balance the manganese half-reaction.
a. Balance the manganese atoms of the half-reaction
__ _MnOs - Mn*

b. Next, balance oxygen by adding water molecules (H,0)

___MnOs »___ Mn*

C. Next, balance hydrogen by adding protons (H")
__MnOs - Mn*
d. Finally, balance charge by adding electrons (e°).
__ _MnOs - Mn*
This half-reaction is producing/consuming electrons. Thisis a
oxidation/reduction half-reaction. Confirm this by assigning oxidation

numbers to the manganese atoms.

Notice that the number of electrons equals the change in oxidation
number.

8. Now put the two half-reactions together. The number of electrons produced
must equal the number of electrons consumed.

2Br —» Br, + 2e 5e + 8H' + MnO; — Mn** + 4H,0
multiply this half-reaction by multiply this half-reaction by
Br - B+ € e+ H'+ MnOy;—>  Mn*+_ _ H.O

Add the two half-reactions, canceling out species that appear on both sides (including
electrons)

Br+ H'+ MnOs - B+  Mn*+ _ H0

Which compound is the oxidizing agent ?
Which compound is the reducing agent ?
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10.3.1  ESSENTIAL Classroom Active Learning Task 2,3 &4 Mark Scheme

Worksheet 25 - OxidationReduction Reactions

Oxidation number rules:

Elements have an axdation number of 0

Group | and Il - In addition 1o the elemental oxidation stale of 0,
Group | has an oxkiason state of #1 and Group 1| has an oxidation
slate of +2

Hydrogen ~usually 1, excepl when bonded to Group | or Group |,
Wi T g e, o1

Oxygen - usually -2, excapt 'when it forms a 0-0 single bord, 8
perouice, when it is «1

Fluorine is sdways -1 Other halogens are usually -1, éxcept when
bonded to O,

1. Assign oxidation numbers bo each of the atoms in the following

compounds:
NaCO, MNasr| 0=~ catl
wouo, i i) o= - e- 46
co, Os=) C=-—ly
CH, Heg] Ceeld

HOO,  0="X Hs ) Cli=4F
MnOy Or~) M=
so;7 0=~) s=+Y4
SF F==~] s= 4

4 Whatisthe range of axidation sttes for carbon? A 4 14
b, Which compound has Cina +d suste? My

[ Which compound has 'C in a -4 stale? CO}.

The spacsas thal is coaidized is called the reducing agent because i ives up an
alactron, 53 that anoiher species can gain an aleclron {be reduced).

g Whalis the reducing agent in this raacticn? F'JJ_ .

The speces Lhal & reducad is called tha oidizing agent because il akes an eledron
ety [ram anather group, raising that grou p's cxidation number.

E Whal is Ihe axidizing agent in this reaction? H_‘;.

5 Imaach of the foiowing restiong, sugn oxidati nambses bal ol e
elefienla and idantify the owidizing and reducing agents and the changa in
oxidation number.

a 4 Fig + 30— Faslly

change lin oxidation number

axidizing agent {:}_,_ e e N
feducing agent [p (7 = +3
bk HH0 Lok + Ky '
oxidizing agent - H—0
reducing agent é & —» #]

i S I
[ MH MO g—h;+2 HyO

520

¢ thange in azidatien number

oxidizing agent NJHy o
reducing ngm&u; $7—> )

d. Pyl —d POl

) ——i e b o
changs in o T
ouidizing agont "o —-FM T
reducing agent [, 0 —2+f

B 0P +HDHE L0y —Cry0y +BCI0+2 H

2+ change in oxidation number

axidizing agant |/ £ Y e Y
nmﬂrhumntl;_. ’.._' " ? —y
i

Patrick Brannac

2. Nitrogen has 5 valence edectrons (Group V). 1L can gain up 1 3 electrons (-3), of
1089 up to 5 (+5) electrons.  Fill in the missng nameas o¢ formukas and assign an
axidation state to each of the followng nirogen containing compounds.

nome formula | oxidation state of N

Rnmnig |V -3
nitregen [\)A U
nitrie "UU ‘ } -;
A}i T3 g_?g NOy v ;)
divogen monwide ]~ vl

Nikeces Do
hygrowylamine NH;OH '

nilragean Monaxide _U \.) + 1
hyml% NzHA

3. During chemical reactions, the oxidation state of atoms can change. This octure
when compounds gain ar lose ekclrons, of when the bonds to an atom change. Thisis
dlustrated by the reachon between nitrogen and hydrogen 1 make ammonia:
Nig) + 3 Hilg) 2 NHug)

8. Assign oxidation numbers 1o each of the aloms in this reaction

NinN= O N(inNHy) = = 4

HinH)= O HinNHy = &
When an oxidation number increases, that spedies has bean oxidized.

b Which reactsnt ungérgoes an ncrease i its oxdation number?

When an oxdcation number d , that sp has been reduced
¢ Wlwl\reaﬂvnmdun;oosaomeaaemllso:emnonnumoef‘?f\}J

BEYUND 1 H SE  Baisncing Redox Resctions =X CTAAL
Crdcdation/Reduction (Redax) reactions can be balanced using he oxidalion slale
changes, as saan in the pravious example. However, there is an easier method, which
imvealves breaking a redax reaction inko bwo half- reactions. This is bas) shawn by
wirking an axample.

Hydrobromic acid will react with pemangarale 1o kim alemantal broming and the
manganese]ll} ion.  The unbalanced, net reaction is ehown belos,

06 + M0 = Dy Wt
5 Braak this into two hatf-reactions, ane involving brameng and the oihar invoking

ETEN
Bromine haif-reaction Manganasa hall-raaction
Br —+ Bry MR — Mt

B Firsl balance the tromine half-rescion iral
a. Balance tha bromine aloms of the reaction
:_"‘ Br -+ _.l_Elrx
b, Mow balance charge by adding electrons (e

.
Lor ol +de

This hall-reaction s producing/consuming electrens. This Is an
oxldationireduction hall-reaction. Conlinm thes by assioning axidatian
nimbers io the bromne species.
7 Mk, hebanes thé mangarasa hall-raachion.
a,  Balance the manganese sioms of the hatkreaction
Mty oM™
b Nawxl, balanos onygen by adding water mokecules (HyD)
_IMHU'.' —t_lIH'Iz' + Y .'I":J_' /
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c. Next, batance hydrogen by adding protoas (H')
WM * L maos =+ we® s M4
d Finally, balance charge by adoing electrons (87)

B v U+ Lina: +.L e + WAL

Thes halfveaction & producimg/consuming electrons Thsis a
oxidationreduction halfweasctian. Confirm this Dy assigning axsdation
MUMDETS 16 1he manganese atoms

MNosca that tha numbar of elecirans equals the change N oxidatian
rumber.

8 Noaw put the two half-reactions logather  The number of electrons produced
must aqual the number of electrons consumed

287 —+ Bey v 2¢ 5" + 8"« MnOy - M + 4HLO

-

mwultipty thes half-reaction by i mwltiply this halfreaction by 2_

!{.)_ne ' _5_9:. - _L)_n' &9' - )"_‘-" + _'\:*"'“-' o A"-‘“" o i“&n

Agd tha two half-reactions, canceing oul spacks that appear on both sides {induding
alectrons)
”~

[0 e }ﬁ._uimo B e o b+ Do

-

 a -
Which compound is the oxidizing agent ? /) 4 vy

Which compound i the reducing agent 7 "_')f -

10.4 ESSENTIAL EXAM QUESTIONS Paper 3/4 48marks
Qi 1/ iGCSE Chemistry/2015/s/Paper 31/
3 (a) The reactions between metals and acids are redox reactions.

Zn + 2H* > Zn* + H,

(i) Which change in the above reaction is oxidation, Zn to Zn®* or 2H* to H,? Give a reason
for your choice.

(i) Which reactant in the above reaction is the oxidising agent? Give a reason for your choice.

Q#t 2/ iGCSE Chemistry/2012/s/Paper 31/

4 Vanadium is a transition element. It has more than one oxidation state.
The element and its compounds are often used as catalysts.
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(d) The oxidation states of vanadium in its compounds are V(+5), V(+4), V(+3) and V(+2).
The vanadium(III) ion can behave as a reductant or an oxidant.

(i) Indicate on the following equation which reactant is the oxidant.

N+ 7n = V& + Zn*
[1]

(ii) Which change in the following equation is oxidation?
Explain your choice.

V¥* + Fe™* - V¥ + Fe?+

- [2
Q#t 3/ iGCSE Chemistry/2011/w/Paper 31/ Q5

(b) lron has two oxidation states +2 and +3. There are two possible equations for the redox
reaction between iron and bromine.

Fe + Br, - Fe* + 2Br-
2Fe + 3Br, — 2Fe™ + 6Br-

(i) Indicate, on the first equation, the change which is oxidation. Give a reason for your
choice.

- [2]
(i) Which substance in the first equation is the reductant (reducing agent)?

Q#t 4/ iGCSE Chemistry/2010/w/Paper 31/Q3
This equation is needed for the question that follows:
(iif) Br; + 2e — 2Br-
(iv) Is the change in (iii) oxidation or reduction? Give a reason for your choice.

(v) Complete the following description of the reaction in the right hand beaker.

Fe**changesinto ... .. _ [1]
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Q#t 5/ iGCSE Chemistry/2010/w/Paper 31/

6 The table below shows the elements in the second period of the Periodic Table and some of
their oxidation states in their most common compounds.

element Li Be B C N O F MNe
number of outer electrons 1 2 3 4 5 4] 7
oxidation state +1 +2 +3 +4 | =3 | =2 | -1 0

(a) (i) What does it mean when the only oxidation state of an element is zero?

.............................................................................................................................. [1]
(ii) Explain why some elements have positive oxidation states but others have negative
ones.
.............................................................................................................................. [2]
Q#t 6/ iIGCSE Chemistry/2009/w/Paper 3/ Q4
(b) Ozone is an oxidant. It can oxidise an iodide to iodine.
20 + 05 + 2H" — . +0; + H:O
(ii) Explain in terms of electron transfer why the change from iodide ions to iodine
molecules is oxidation.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(iii) Explain, using your answer to b(ii), why ozone is the oxidant in this reaction.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]

Qi 7/ iGCSE Chemistry/2007/w/Paper 3/ Q2 (b)
(iii) The reaction between magnesium and bromine is redox. Complete the sentences.

Magnesium IS e = QE'I'I'I because it has
............................................ electrons.

Bromine has been because it has

electrons. [4]
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Qi 8/ iGCSE Chemistry/2005/s/Paper 3/ Q2

2 The following apparatus was used to measure the rate of the reaction between zinc and
iodine.

to balance

——— 100cm® of aqueous iodine,

thin plate of zinc 0.1mol/dm? at 25 °C

| mixture stirred by
R - magnetic stirrer

The mass of the zinc plate was measured every minute until the reaction was complete.

(a) Write an ionic equation for the redox reaction that occurred between zinc atoms and
iodine molecules.

Qi 9/ iGCSE Chemistry/2004/s/Paper 31/

(c) Silicon is made by the carbon reduction of the macromolecular compound, silicon(I'V)
oxide.

(i) Balance the equation for the reduction of silicon(IV) oxide.

Sio, + C - Si + co [1]

(ii) Explain why the silicon(IV) oxide is said to be reduced.

[1]

Qi 10/ iGCSE Chemistry/2003/w/Paper 3/ Q2

(c) A solution of an impure zinc ore contained zinc, lead and silver(I) ions. The addition of
zinc dust will displace both lead and silver.

(i) The ionic equation for the displacement of lead is as follows.

change 1

| Y

Zn(s) + Pb*(ag) — Zn®**(ag) + Pb(s)

| A

change 2

Which change is reduction? Explain your answer.

...................................................................................................................................
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(ii) Write an ionic equation for the reaction between zinc atoms and silver(I) ions.

............................................................................................................................... [2]
Q# 11/ iGCSE Chemistry/2002/w/Paper 3/
3 The elements in Period 3 and some of their common oxidation states are shown below.
Element MNa Mg Al Si P 5 Cl Ar
Oxidation
State +1 +2 +3 +4 -3 —2 -1 0
(a) (i) Why do the oxidation states increase from sodium to silicon?
1]
(i) After Group(IV) the oxidation states are negative and decrease across the period.
Explain why.
-[2]

Q# 12/ iGCSE Chemistry/2002/s/Paper 3/ Q4
(b) Bromine is obtained from the bromide ions in sea water. Sea water is concentrated by
evaporation. Chlorine gas is bubbled through the solution. Chlorine oxidises the
bromide ion to bromine.
(i) Complete the following equation.

CL + ... B —— i+ [2]

(i) Explain using the idea of electron transfer why the bromide ion is oxidised by
chlorine.

The bromide ion is oXidiSEd DECAUSE ......coooe et ee e ae e aeeae s
Chilorine is the oxidising agent DecaUSe .........cccceveiericrreee e e ae e

(iii) Name a reagent that can be oxidised by bromine molecules.

Q# 13/ iGCSE Chemistry/2001/w/Paper 3/ QiGCSE Chemistry/201 (a)
(ili) The following reaction is used to detect carbon monoxide.

CO + Pd* + H,O0—> CO, + Pd + 2H*
orange black

What type of chemical reaction is the change Pd?* to Pd? Give a reason for your
answer.
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10.4.1  Mark Scheme iG Chem 7.4 EQ Paper 3/4
Q# 1/ iGCSE Chemistry/2015/s/Paper 31/

gy |ZntoZn®;
bacausa alactron loss; 2 | A bacause axidafion number has
incraasad for M2
3a) (i) [2)H" or “hydmogen ion(s); R H; or ‘hydrogen’
it accapls electrons or Bkes alectrons (from zinc atoms); 2 | A becauss it is reduced or becaussa it
dacraases in oxidation numbar
A it causas zinc to bose alecirons

Qit 2/ iGCSE Chemistry/2012/s/Paper 31/Q4

(d) (i) V**isoxidant; [1]
(i) V3 to V", [1]
increase in oxidation number / electron loss; [1]

Qit 3/ iGCSE Chemistry/2011/w/Paper 31/ Q5

(b) (i) FetoFe® [1]
because oxidation is electron loss / increase in oxidation number [1]
(ii) Fe [1]
Qit 4/ iGCSE Chemistry/2010/w/Paper 31/
{(iv) reduction because electron gain [1]

| because oxidation number decreases
need both points

(v) Fe* [1]
Q#t 5/ iGCSE Chemistry/2010/w/Paper 31/
6 (a) (i) does not form compounds / does not accept and does not lose electrons [ has full outer

shelllhas 8e in outer shell /it is a Noble Gas / it is in Group 0/8 [1]
(ii) small number of outer electrons / lose electrons then positive [1]
large number of outer electrons / gain electrons then negative [1]
Q#t 6/ iIGCSE Chemistry/2009/w/Paper 3/ Q4
(ii) T loses electrons (to form iodine molecules) [1]

must be in terms of electron transfer NOT oxidation number

(iii) they (electrons) are accepted by ozone
or it is an electron acceptor [1]

Qit 7/ iGCSE Chemistry/2007/w/Paper 3/ Q3 (b)

(iii)) reducing or reduction or reductant [1]
lost electrons or given or donated electrons or transferred (to bromine) [1]
reduced (1]
gained or accepted electrons [1]

Qit 8/ iGCSE Chemistry/2005/s/Paper 3/
2 (a) Zn + I = Zn* + 21° [2]

For having either reactants or products correct ONLY [1]

Qi 9/ iGCSE Chemistry/2004/s/Paper 3/
(c) (i) correctly balanced [1

(i) lost oxygen [1

or decrease in oxidation number
NOT accepts electrons unless valid explanation
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Q# 10/ iGCSE Chemistry/2003/w/Paper 3/ Q3

{c) (i) oneinvolving lead — change 2 [1]
cond because electrons are gained (1]
or oxidation number less

{(11) correct equation i2]

Zn + 2Ag = 2Ag + Zn”
not balanced ONLY [1]
Q# 11/ iGCSE Chemistry/2002/w/Paper 3/
3 (a) (i) number of outer electrons increases [1]

or number of electrons more than complete energy level
or number of electrons to be lost
or accept clear examples
NOT just different groups or valencies

(i) gain electrons [1]
number of electrons to be gained is less across period  [1]

or number of outer electrons increases

Q# 12/ iGCSE Chemistry/2002/s/Paper 3/

4 {(a) (i) fuorine ]
(i) iodine and sstatine (]
(b) () Cl + 2Br ==> 2CI + Bn {2

not balanced ONLY (1]

(i) because it has lost electron(s Y{Must be electron transfer) [

Not conseq because it took electrons from the bromide [1]

or chlorine gained clectrons
or because chlonne was reduced

(ii) lodide or metals or iron{ll} etc [1]
not iodine accept iodine ions or alkene
Qi 13/ iGCSE Chemistry/2001/w/Paper 3/ QiGCSE Chemistry/201 (a)
(iii} reduction
COND electron gain or decrease in oxidation number
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10.5 ESSENTIAL EXAM QUESTIONS Paper 2 18marks
Q# 1/ iGCSE Chemistry/2018/w/Paper 23/
16 The equation for the reaction between zinc and copper(1l) oxide is shown.

Zn + CuQ — Zn0O + Cu

Which row shows the oxidising agent and the reducing agent?

oxidising agent reducing agent
A CuO Cu
B CuO Zn
c Zn CuO
D Zn Zn0

Q# 2/ iGCSE Chemistry/2018/w/Paper 22/
16 The thermite reaction can be used to produce iron from iron(III) oxide.

The equation for the reaction is shown.
2A1 + Fe,0; — 2Fe + ALO;
Which statements about this reaction are correct?

1 Aluminium is the oxidising agent.
2 Aluminium is less reactive than iron.
3 Electrons are transferred from aluminium to iron.

4  Theiron in the iron(III) oxide is reduced.

A 1and3 B 1and4 C 2and3 D 3and4
Q# 3/ iGCSE Chemistry/2018/w/Paper 21/

16 An excess of iron(II) chloride is added to acidified potassium manganate(VII).

Which statements are correct?

1 The purple colour disappears.

2 Iron(II) is reduced to iron(II).

3 Manganate(VII) ions are oxidised to manganese(II) ions.
4 Potassium manganate(VII) is an oxidising agent.

A 1and2 B 1and4 C 2and3 D 3and4

Q#t 4/ iGCSE Chemistry/2018/s/Paper 23/
16 The equation for a redox reaction is shown.

2Fe* + Zn — 2Fe®™ + Zn*
Which statements are comect?
1 Fe® is reduced to form Fe®*.

2  Zn oxidises the Fe** ions.

3 Fe™is an oxidising agent.

A 1,2and3 B 1andZonly € 1T1and3only D 2and3aonly

Q#t 5/ iGCSE Chemistry/2018/s/Paper 22/
Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org

Page 288 of 585

'SMASHING] })


http://www.smashingscience.org/
http://www.smashingsciencecn.org/

16 Iron{II) chloride solution reacts with chlorine gas.
The equation is shown.

2FeCliz(ag) + Cli(g) — 2FeCli(aq)
Which statements about this reaction are correct?
1 Fe™ ions are reduced to Fe™ ions.
2 Chlorine acts as a reducing agent.
3 Fe® ions each lose an electron.

4 Cl. molecules are reduced to CI™ ions.

A land2 B 2and3 C 2Z2and4 D 3and4
Q# 6/ iGCSE Chemistry/2018/s/Paper 21/
16 Chlorine displaces iodide ions from potassium iodide.

Cl; + 2" —» I; + 2CI”

What is the oxidising agent?

A chlonde ions

B chlorne
C iodide ions
D iodine

Q#t 7/ iGCSE Chemistry/2018/m/Paper 22/
18 The reaction between magnesium and carbon dioxide is shown in the equation.

2Mg + CO; - 2MgO + C
Which statement describes what happens in this reaction?
A Carbon is oxidised.
Magnesium is reduced.

B
C Neither oxidation nor reduction happens.
D

The carbon in carbon dioxide is reduced.

19 Which changes involve reduction?

1 2T 5> I, + 2¢

2 CuO + H; - Cu + H:O
3 A + 3¢ - Al

4 Pb* + SO — PbSO;
d

A 1and2 B 1and4 C 2and3 D 3and4

Q#t 8/ iGCSE Chemistry/2017/w/Paper 23/
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14 Silver chloride reacts when it is exposed to light.

Which row shows what happens to the silver in this process?

half-equation type of reaction
A | Ag - Ag” + & oxidation
B | Ag - Ag® + e~ reduction
C | Ag" + e — Ag oxidation
D | Agh + e = Ag reduction

Qi 9/ iGCSE Chemistry/2017/w/Paper 22/
14 Copper metal donates electrons to silver ions.

Zinc metal donates electrons to copper ions.
What is the strongest reducing agent?

A copperions
B copper metal
C silverions

D zinc metal
Q#t 10/ iGCSE Chemistry/2017/w/Paper 21/
14 Copper(II) oxide reacts with hydrogen.

CuO + H: - Cu + HO

Which row is cormrect?

oxidising agent reducing agent
A Ha CuO
B CuO H-
Cc H-0 Cu
D Cu H.O

Q# 11/ iGCSE Chemistry/2017/s/Paper 21/
17 An example of a redox reaction is shown.

Zn + Cu®™ = Zn* + Cu

Which statement about the reaction is correct?

A Znis the oxidising agent and it oxidises Cu®*.
B Znis the oxidising agent and it reduces Cu™".
C Znis the reducing agent and it oxidises Cu**.
D Znis the reducing agent and it reduces Cu®".

Q# 12/ iGCSE Chemistry/2017/m/Paper 22/
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17 Chlorine displaces bromine from a solution of potassium bromide.

Cl; + 2KBr —» 2KCI + Br;

What is the oxidising agent in this reaction?

A
B
Cc
D

bromide ions
bromine
chloride ions

chlorine

Q# 13/ iGCSE Chemistry/2016/w/Paper 23/
17 Which change represents an oxidation reaction?

A
B
Cc
D

chlorine changes to chlorate(l) ions
chlorine changes to chloride ions

copper(ll) ions change to copper

potassium manganate(VII) ions change to potassium manganate(VI) ions

Q# 14/ iGCSE Chemistry/2016/w/Paper 22/
17 Chromium forms the compound chromium(III) sulfate.

What does the (III) represent?

A
B
Cc
D

the charge on a sulfate ion
the number of chromium ions combined with one sulfate ion
the number of sulfate ions combined with one chromium ion

the oxidation state of chromium

Q#t 15/ iGCSE Chemistry/2016/w/Paper 21/
17 Four ionic half-equations are shown.

1 Cu**(aq) + 2e” — Cu(s)
2 2I(aq) —» Ix(aq) + 2e
3 Fe*(aq) » Fe*(aq) + e
4 Cly(g) + 26 —» 2Cl(aq)

Which statement is correct?

o O W

In equation 1, copper(Il) ions are oxidised to copper.
In equation 2, iodide ions are reduced to iodine.
In equation 3, iron(Il) ions are oxidised to iron(II1) ions.

In equation 4, chlorine is oxidised to chloride ions.
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Q# 16/ iGCSE Chemistry/2016/s/Paper 21/
17 Which equation represents a reduction reaction?

A Fe* + e - Fe¥
B Fe’ - Fe™ + &
C Fe* +e& — Fe*

D Fe** - Fe* + &
Q#t 17/ iGCSE Chemistry/2016/m/Paper 22/
16 Zinc is extracted from zinc blende by roasting it in air to form zinc oxide.

The zinc oxide is then heated with carbon to form zinc.
The equations for the reactions are shown.

1 2ZnS + 30; —» 2ZnO + 2SO,

2 ZnO +C - Zn + CO

Which statement about reactions 1 and 2 is not correct?

A Inreaction 1 the oxidation state of sulfur increases and it is oxidised.
B Inreaction 1 the oxidation state of zinc increases and it is oxidised.
C Inreaction 2 the carbon acts as a reducing agent and it is oxidised.

D Inreaction 2 the oxidation state of zinc decreases and it is reduced.
10.5.1  ESSENTIAL EXAM QUESTIONS T7.4 Paper 2 Mark Scheme

Qit 1/ iGCSE Chemistry/2018/w/Paper 23/
‘ 16 ‘ B
Q#t 2/ iGCSE Chemistry/2018/w/Paper 22/
® |p
Qit 3/ iGCSE Chemistry/2018/w/Paper 21/
16 ‘ B

Q# 4/ iGCSE Chemistry/2018/s/Paper 23/

‘ 16 | c

Q# 5/ iGCSE Chemistry/2018/s/Paper 22/
16 D

Q# 6/ iGCSE Chemistry/2018/s/Paper 21/

16 B

Q#t 7/ iGCSE Chemistry/2018/m/Paper 22/
18 D
19 C

Qi 8/ iGCSE Chemistry/2017/w/Paper 23/

14 D
Q# 9/ iGCSE Chemistry/2017/w/Paper 22/

14 ‘ D

Q# 10/ iGCSE Chemistry/2017/w/Paper 21/
14 |8

Q# 11/ iGCSE Chemistry/2017/s/Paper 21/

17 D

Q# 12/ iGCSE Chemistry/2017/m/Paper 22/
17 |D

Q# 13/ iGCSE Chemistry/2016/w/Paper 23/
17 A

Q# 14/ iGCSE Chemistry/2016/w/Paper 22/
17 D

Q# 15/ iGCSE Chemistry/2016/w/Paper 21/
17 c

Q# 16/ iGCSE Chemistry/2016/s/Paper 21/
17 C
Q# 17/ iGCSE Chemistry/2016/m/Paper 22/

16 B
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10.6 FUNDAMENTAL Assessed Activity 1 Keyword Test

English Meaning

oxidation state

oxidation

oxidising agent

redox reaction

reduction

10.7 FUNDAMENTAL Assessed Activity 2 Paper 1 17marks
Q#1/
14 Which change is an oxidation?

A FeOto Fe:04
B Fe:0O3to FeO
C H»0;to HO
D H,0toH;

Q# 2/
14 The element vanadium, V, forms several oxides.

In which change is oxidation taking place?

A VO V203

N
B V.05 » VO,
C V,0, - VO
D V.05 — Vi0s
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Q# 3/

18 The red colour in some pottery glazes may be formed as a result of the reactions shown.

heat
CuCO, — CuO+CO,

CuQ+SnQ — Cu+ Sn0o,

These equations show that ...... 1...... is oxidised and ...... 2. is reduced.

Which substances correctly complete gaps 1 and 2 in the above sentence?

1 2
A Cco, Sn0O,
B CuCO; CuO
C CuO SnO
D SnO CuO

Q# 4/
18 Iron is extracted from iron oxide using carbon monoxide as shown in the equation.

iron oxide + carbon monoxide — iron + carbon dioxide

What does the equation show?

Carbon monoxide is oxidised to carbon dioxide.

Carbon monoxide is reduced to carbon dioxide.
C lIronis oxidised to iron oxide.

D Iron oxide is oxidised to iron.
Q# 5/

18 The equations represent redox reactions.
In which equation is the underlined substance acting as a reducing agent?
A Ca0 + H:0 — Ca(OH):
B CO,+C—2CO
C CuO+H;—»Cu+H0O
D 3CO + Fe;0; — 2Fe + 3CO,

Q#6/
18 The reactions shown may occur in the air during a thunder storm.

N2 + 02 — 2NO
2NO + 0, - 2NO,
NO + O3 — NO; + O3

Which line shows what happens to the reactant molecules in each of these reactions?

N, NO O3
A oxidised oxidised oxidised
B oxidised oxidised reduced
C reduced reduced oxidised
D reduced reduced reduced
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Q#7/
17 In which of the following reactions is the substance printed in bold oxidised?

A burning the wax in a candle

B dissolving hydrogen chloride in water

C making glucose from carbon dioxide and water by photosynthesis
D

reacting sodium hydroxide with sulphuric acid

Q# 8/
18 When written as formulae, which compound has the greatest number of oxygen atoms?

A calcium oxide

B copper(ll) oxide
C iron(Ill) oxide
D

potassium oxide

Q#9/

19 The equation explains the colour change that occurs when agueous potassium hydroxide is
added to agueous potassium dichromate(VI).

K:Cr, Oy + 2KOH — 2K;CrO; + H0
potassium potassium
dichromate(VI) chromate(VI)

orange yellow

As a result of adding an excess of agueous potassium hydroxide to ageous potassium
dichromate(V1), what happens to the oxidation state of the chromium and the pH of the reaction

mixture?
oxidation sta_zte of the pH of the mixture
chromium
A decreases decreases
B decreases increases
Cc stays the same decreases
D stays the same increases
Q# 10/
16 Which equation shows an oxidation reaction?

A C+0;—>»CO;

B CaCQO;— Ca0+CQO,

C 2H;0; — 2H;0 + O,

D N;O;— 2NO,;
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Qi# 11/

15 Which process does not involve either oxidation or reduction?

A
B
c
D
Qi# 12/

burning methane in the air
extracting iron from hematite
heating copper(Il) oxide with carbon

reacting sodium carbonate with dilute hydrochloric acid

29 What is used to test for the presence of water?

A
B
c
D

Q# 13/

anhydrous copper(Il) sulphate
aqueous barium chloride
aqueous sodium hydroxide

Universal indicator paper

17 In which reaction does reduction of the underlined substance take place?

w

Cc

D
Q# 14/

Cu0+C — 2Cu+CO
2Cu;0 + O; — 4Cu0
2Cu +0O; —» 2Cu0
CuO+CO — Cu+ CO;

16 In an experiment, copper(Il) oxide is changed to copper by a gas X.

What happens to the copper(II) oxide and what is X?

copper(lI) oxide gas X
A oxidised carbon dioxide
B oxidised carbon monoxide
c reduced carbon dioxide
D reduced carbon monoxide
Q# 15/

17 The equation shows what happens when hydrated copper(11) sulphate is heated.

CuS0,.5H,0(s) — CuSO,(s) + 5H,0(g)

What can be deduced from the equation?

A

B
C
D

The hydrated copper(11) sulphate is oxidised.
The hydrated copper(11) sulphate is reduced.
The reaction is reversible.

There is no colour change.
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Qi 16/
15 When hydrogen is passed over a heated metal oxide, the metal and steam are formed.

metal|0xide
, _ L/W -_@—excess of
hydrogen — B [ hglcjlrrr?igr%n
heat

What happens to the hydrogen and to the metal oxide?

hydrogen | metal oxide
A | oxidised oxidised
B | oxidised reduced
C | reduced oxidised
D | reduced reduced
Q# 17/

18 Zinc reacts with steam to form zinc oxide and hydrogen.
In + H,LO — Zn0O + H,

During the reaction, which substance is oxidised?

A hydrogen
B water

C zinc

D zinc oxide

10.8 Extension Assessed Activity 3 T7.4 P4 13marks

Q#1/
(i) The chemical process taking place on the surface of the objectis
Cu*(aqg) + 2e- — Cu(s)
Explain whether this process is oxidation or reduction.
....................................................................................................................................... [1]
Q#2/

(d) When a sample of steel is added to dilute hydrochloric acid, an aqueous solution of
iron(II) chloride, FeCl,, is formed.

When a sample of rust is added fo dilute hydrochloric acid, an agqueous solution of
iron(IIl) chlonde, FeCl,, is formed.
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Solutions of iron(IT) chloride and iron(III) chloride were added to solutions of potassium iodide
and acidified potassium manganate(VIIL). The results are shown in the table.

iodide solution

iron{II) chloride iron(III) chloride
solution solution
tassium solution turns
po no change from colourless

to brown
acidified potassium solution turns
manganate(VII) from purple no change
solution to colourless

(ii) What types of substance cause potassium iodide solution to turn from colourless to
brown?

(iii) What types of substance cause acidified potassium manganate(VII) solution to turn from
purple to colourless?

Q# 3/
(e) When chlorine gas is bubbled through an agueous solution of potassium iodide, a redox
reaction takes place.

2I- + Cl, — I, + 2CI-

(i) Identify the reducing agent in this reaction. Explain your answer.

Q# 4/

(c) The electrolysis was repeated using copper electrodes in place of carbon electrodes. The ionic
half-equations for the reactions at the two electrodes are shown.

anode Cu(s) — Cu*{aq) + 2e-
cathode Cu*(aq) + 2e- — Cu(s)

(i) Which species is reduced during the electrolysis? Explain your answer.
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Q# 5/
4  Copper(II) sulfate solution was electrolysed using the apparatus shown.

1
|

carbon cathode carbon anode

copper(11) sulfate
solution

(b) Oxygen was formed at the anode and copper was formed at the cathode.
(i) The ionic half-equation for the formation of oxygen is shown.
40H" — 05 + 2H,0 + 4e

Explain why this reaction is oxidation.

....................................................................................................................................... [1]
(i) Write the ionic half-equation for the formation of copper at the cathode.
_______________________________________________________________________________________________________________________________________ [2]
Q# 6/
3 (a) When magnesium is added to aqueous copper(Il) sulfate a reaction occurs.
The ionic equation for the reaction is shown.
Mg + Cu®* —» Mg* + Cu
(i) Give one change you would observe during this reaction.
_______________________________________________________________________________________________________________________________________ [1]
(ii) Explain why this is a redox reaction.
_______________________________________________________________________________________________________________________________________ [1]
(iii) ldentify the oxidising agent in this reaction. Give a reason for your answer.
_______________________________________________________________________________________________________________________________________ [2]
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10.9 Extension Mind Map for Topic 7.4 Redox
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10.10  Essential End of Topic 7.4 Review and Reflection

Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and
more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the
end of topic tests and other assessed activities, but also in how you learn. How could you become a more effective
student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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10.11  Exceptional Additional Activities, Further Reading and Exploring Beyond the
Syllabus

10.12  Topic 7.4 Exceptional Redox Reactions and the Origins of Life
Redox processes are essential for all life that we have ever discovered and can ever imagine, the redox processes provide
the necessary energy to allow the life processes to persist. There are a variety of articles about life discovered
underground (it the soil and rocks of the Earth’s crust may in fact be where the majority, by dry mass, of life on Earth
exists, not on the land, in the air or in the sea). Increasingly biologists understand life on earth started deep under water,
and did not rely on energy from the sun, but instead energy from redox processes where the energy source is volcanic
vents. It is even believed that this kind of life may in fact exist on other planets and moons, not only in our solar systems,
or even in any solar system: perhaps half of all planets that are made in early solar systems are ejected out of the gravity
field of their star or stars, and wander the astronomically empty spaces between solar systems, but if they are young
enough, so just a few billion years old, they may have enough inner heat to support this kind of life beneath their icy
surface.

All of these articles are available here: https://www.smashingsciencecn.org/igcse-chem-additional-resources

(@) Aerobic metal oxidation
4Fe? +0,(aq) + 10 H,0 — 4 Fe(OH), + 8 H*

(@ Aerobic sulfide oxidation
H,S(ag) +2 O,faq) — SOF +2 H*

(3 Aerobic methane oxidation
CH,(aq) +2 O,(aq) — CO,(aq) + 2 H,0

@ Aerobic hydrogen oxidation
2 H,(aq) +0O,(aq) — 2H,0

@ Hydrogenotrophic sulfate reduction
4H(aq) +SOZ + 2 H* — H S(aq) + 4 H,0

o e\ F | (© Methanogenesis
4 H,(aq) + CO,(aq) — CH,(aq) + 2 H,0

CO,(aq) + H,S(aq) + 2 H,0

focused flow

/ seawater heating
loss of O,, Mg?** and SO?
y, release of H,, H,S, Fe?', Mn?*

Abiotic synthesis of organic compounds?
degassing of
CO,H, S0,

From: https://geochemicaltransactions.biomedcentral.com/articles/10.1186/1467-4866-13-2
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11 Topic 5 Electrochemistry

11.1

End of Topic 6 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources

available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and

uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because
they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that
challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!

Aspect What you should have done ‘ Yes/No Level
Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
: Ask your teacher one question about something you do not understand in science
with your Y g &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook
EXTENSION
that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. . EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
Scored 10% higher than your current average EXTENSION
End of Scored 15% or more than your previous end of topic average EXCEPTIONAL
. Scored over 90% EXTESNION
Topic Test
Scored over 95%
SMASHING!!!
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Aspect What you should have done Yes/No Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about ESSENTIAL
anything.
Spend more than 3 hours a k readi book y joy (i I
p ' u week reading a book you enjoy (in any language) EXTENSION
about anything.
Spend more than 5 hours a week reading a book you enjoy (in any language
Reading | P . & you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book y joy in English about
pen . at least one hour a week reading a book you enjoy in English abou EXTENSION
anything.
Spend more than 3 hours a week reading a book you enjoy in English about
P . & you enioy & EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL
You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | section
You have given an answer for every question in the Review and Reflection section
. . EXTENSION
at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
11.2 Topic 5 Syllabus
5 Electricity and chemistry
5.1 Electricity and chemistry
s Define electrolysis as the breakdown of an ionic » Relate the products of electrolysis to the

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 304 of 585

compound, molten or in agueous solution, by the
passage of electricity

Describe the electrode products and the
observations made during the electrolysis of:

- molten lead(II) bromide
— concentrated hydrochloric acid
— concentrated aqueous sodium chloride

in the refining of copper)

electrolyte and electrodes used, exemplified

by the specific examples in the Core together
with aqueous copper(II) sulfate using carbon
electrodes and using copper electrodes (as used

*  Describe electrolysis in terms of the ions present
and reactions at the electrodes in the examples

given
—  dilute sulfuric acid
between inert electrodes (platinum or carbon)
State the general principle that metals or
hydrogen are formed at the negative electrode
(cathode), and that non-metals (other than
hydrogen) are formed at the positive electrode
(anode)
Predict the products of the electrolysis of a *  Predict the products of electrolysis of a specified
specified binary compound in the molten state halide in dilute or concentrated agueous solution
Describe the electroplating of metals »  Construct ionic half-equations for reactions at
Outline the uses of electroplating the cathode

continued
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5.1 Electricity and chemistry continued

* Describe the reasons for the use of copper and .
[steal-cored) aluminium in cables, and why
plastics and ceramics are used as insulators

Describe the transfer of charge during electrolysis
to include:

— the movement of electrons in the metallic

conductor

— the removal or addition of electrons from the
external circuit at the electrodes

— the movement of ions in the electrolyte

# Describe the production of electrical energy from
simple cells, i.e. two electrodes in an electrolyte.
(This should be linked with the reactivity series in
section 10.2 and redox in section 7.4.)

# Describe, in outline, the manufacture of:

—  aluminium from pure aluminium oxide in
molten cryolite (refer to section 10.3)

—  chlorine, hydrogen and sodium hydroxide
from concentrated agueous sodium chloride

(Starting materials and essential conditions
should be given but not technical details or
diagrams.)

11.3

ESSENTIAL Glossary for Keywords for this topic

English Chinese

anion a negative ion which would be attracted to the anode in
electrolysis

BAEFIAET - EEEPSHRIKSIZIFER

anode the electrode in any type of cell at which oxidation (the
loss of electrons) takes place — in electrolysis it is the positive
electrode.

"ERERIE (BFRK ) EMRENEMmD - &
EBRFERIE-TER D - BAIESBR,

brine a concentrated solution of sodium chloride in water

HIKEK PR IR IE R &

cathode the electrode in any type of cell at which reduction (the
gain of electrons) takes place; in electrolysis it is the negative
electrode

BEMRENAERR (BT ) EMPHE
RN ; R T EAR

cation a positive ion which would be attracted to the cathode in
electrolysis. Remember smiling cats: cats are positive!

PHEFESBRPIWKSIZIRMAIEEF - ICEM

KBYHE - TR IRMEAT !

electrochemical cell a system for converting chemical energy to
electrical energy, made by connecting two metals of different
reactivity via an electrolyte;

XM — TP RHEZBE R ENERER RS - BY
PR S N A B RY 2 8 38 1 B AR SUE 12461 Al

electrode the point where the electric current enters or leaves a
battery or electrolytic cell

BRI A BT M S BB ORI U E

electrolysis a process in which a chemical reaction is caused by
the passage of an electric current

BT RYERENSIR(EF RN TE

electrolyte an ionic compound which will conduct electricity
when it is molten or dissolved in water; electrolytes will not
conduct electricity when solid

BRRZE—MNEFEEY  IERMAATKNZS
BB - BRI R ARG

electrolytic cell a cell consisting of an electrolyte and two
electrodes (anode and cathode) connected to an external DC
power source where positive and negative ions in the electrolyte
are separated and discharged

BB AR —FhEREB B TR AN R N SN B R R TR AR TE Y
B4R ( BAMRAIFEAR ) BRNRVEEM - ERERRR P RYIE T
BRI EHME

electroplating a process of electrolysis in which a metal object is
coated (plated) with a layer of another metal

EBIE—TRER R AR -
BE (B

HbERBYBAES—TEEE
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11.4 ESSENTIAL Active Learning Tasks Electrolysis 1

Match the following words with their meanings

Word Meaning
Electrode 1 Breaking up a substance by passing electricity through it A
Electrolyte 2 Adding oxygen to, or removing electrons from, a substance B
Reduction 3 Positive electrode C
. ] ] ] Word | Meaning
Oxidation 4 When one element is pushed out of its compound by a more reactive
element D 1
. . . . 2
Cathode 5 Substance that is broken up when electricity is passed
through it — usually a liquid E 3
4
Anode 6 The percentage of the reactants that end up in the desired
products of a reaction F 5
6
Electrolysis 7 Removing oxygen from, or adding electrons to, a substance G
7
Displacement 8 Negative electrode H 8 D
. . . 9
Atom economy 9 A conductor made of a metal or graphite used in electrolysis I

Essential Now label this diagram showing electrolysis Clactron Flow Nolstion

11— - .-

. T Electron charge moves
- from the negative (surplus)
3 side of the battery to the

¥ 1 pasition (deficiency) side

L — -

- - Conventional Flow Notation

+

1 Electric charge moves

— from the positive (surplus)
= side of the battery to the

. 1 negative (deficiency) side.

Extension activity

Assume that the substance being electrolysed is Lead (Il) Bromide use the information above about Electron Flow
Notation to label the electrodes with the ionic half equation that is happening at each side.

Exceptional activity

Why is the electron flow notation different from the conventional flow notation?
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11.5 Extension Classroom Active Learning Task 2 Voltaic & Electrolytic Cells Venn Diagram

Compare and contrast what these two processes have in common and how are they different to each other

Galvanic or Voltaic Cell (also called Electrolytic Cell for Electrolysis
an Electrochemical Cell)
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11.6 Extension Classroom Active Learning Task 3
1. What 1s the oxidation number of chlorine 1n HC104?

1. -1 2. +1 3. +7 4 +8
2. What 1s the oxidation number of carbon in C2Hs?
1.-6 2-=3 3. :4+3 4 +6
4. Given the reaction: Mg + CuSOs = MgSOs + Cu Which equation represents the oxidation
that takes place?
1. Mg™? +2¢ > Mg 2. Mg > Mg™ +2¢
3. Cu?+2e=>Cu 4. Cu=>Cu™+2¢e

5. Inthe following reaction: Fe+Zn™” = Fe™ +Zn
A Feisreduced and Zn™ is the oxidizing agent
B. Feisreduced and Zn™ is the reducing agent
C. Feis oxidized and Zn™ 1s the oxidizing agent
D. Feis oxidized and Zn™ is the reducing agent

6. In which species does oxygen have an oxidation number of —17
A HO0 2. NaxOx 3. ALOs 4. O
9.  What 1s the purpose of a salt bridge 1n an electrochemucal cell?
1.To act as a reducing agent 2. To act as an oxidizing agent

3. To provide electrons that flow between the two half cells and complete the electrical circust
4. To provide 1ons that flow between the two half cells and complete the electrical circust

11. Gaven the equations A. B, C, and D: which two equations represent redox reactions?
A AgNOs +NaCl 2 AgCl + NaNOs

B. CL+H:0 - HCIO + H(Cl1

C. CuO+CO=>CO:+Cu

D. NaOH +HCI = NaCl + H,O

1. AandB 2. BandC 3. Cand A 4 DandB

12. Given the unbalanced equation:  NOs +4H™ +_ Ag > Ag™+ NO + 2H:0
What 1s the coefficient in front of Ag when the equation 1s cormrectly balanced? (Where
coefficients are given, these are correct and should not be changed)

1. 1 22 3.3 4 4

Use the diagram of the electrochemical cell below to answer the next four questions

Switch

Yoltmetar

Phis

Cu(s)

1.0 M
Cu-ﬂl:aq)

Ph(s) + Cu™(aq) = Pb%(aq) + Cu(s)
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13. When the switch 1s closed which electrode will become heavier?
Pb

Cu

Both Pb and Cu will increase 1n mass

Neither Pb nor Cu will increase i mass

Cnwp

14. Which direction will electrons flow?
From Pb through the voltmeter to Cu
From Cu through the voltmeter to Pb
From Pb through the salt bridge to Cu
From Cu through the salt bridge to Pb

oW R

15. Which metal 1on will increase in concentration as the cell runs
1. Cu™ only 2. Pb* only
3. Both Cu™ and Pb™ 4. Neither Cu™ nor Pb™

18. In the following reaction. how many total electrons are transferred between chlorne and oxygen?
2CI0:; 2 ChL + 20

A | 2.2 3.8 4 4

19. In the following reaction what 1s the reducing agent?
Mg + 2HNO; = Mg(NOs): + Ha

1. Mg 2. H 3. 07 4 N
Answer the next four questions from the reaction below:

Given the unbalanced reaction:
_ Av(aqQ)+_ TI(aQ) > Au(s)+__ D(s)

21. Write the reduction half reaction

22, Write the oxidation half reaction

23,  Wrte the balanced reaction

23. How many total electrons are transferred when the reaction 1s balanced
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The diagram below represents an electrochemical cell for the reaction: Switch

Mg(s) + Zn(NOs)2(aq) 2 Mg(NOs): + Zn(s)

Woltmeter

24 Label the cathode Mg(s) Zn(s)

25, Label the anode
26. Write the half reaction which occurs at the cathode

Mg (aq) Zn"(aq)
27, Write the half reaction which occurs at the anode

28. Show the direction of movement of Mg™ ions on the diagram above
29.  Show the direction of Zn™ ions ion the diagram above
30. Label and show the direction of movement of electrons

31. The diagram at nght shows a cell for silver plating jewelry. adding a thin coat of silver on top of a

cheaper metal such as steel.
e~ ’_‘ == — :-'ﬁ
Silver

A There are two electrodes 1n the diagram. the silver e e

electrode and the copper wire that holds the object
to be plated. Label correctly i the diagram with |
anode or cathode.
B Write the half reaction next to each electrode.
C. In what two ways does thas differ from the other
type of cell vou have studied?

Ohbject to
e plated
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11.6.1  Extension Classroom Active Learning Task 3 Answers

Answers to Electrochemistry: Practice Questions

1. 3 2 2 4 2 . 3 6. 2
9. 4 11. 2 12. 3

13. 2 14. 1 15. 2 8 3

19. 1
Given the unbalanced reaction: Auv''(aq) + I(aq) — Au(s)+  Tx(s)
21. Write the reduction half reaction Au™ +3 e = Au(s) == 2Au™ +6e = 2Au(s)
22 Write the oxidation half reaction: 2I' 2 L (s) + 2¢ == 6[ = 3Lz (s) + 6¢
23. Write the balanced reaction 2Au" + 6 = 312 (s) + 2Au(s)

24. How many total electrons are transferred when the reaction 1s balanced 7 6 electrons
(Mot 12 electrons! The 6 electrons lost by 6@ are the same ones
gained by 2Au™— don’t double count them)

Gs
The diagram below represents an electrochemical cell for the reaction: cathod
Mg(s) + Zn(NOs):(aq) = Mg(NOs): + Zn(s) Mg(s) Zn(s)

anode

€

1.0 M
Mg “(aq)

Mg(s) = Mg™ + 2¢! Zn(aq) + 2e12Zn(s)

o> —

1.0 M
Zn™(aq)

32
D. requires power. requires electrical energy,
the cathode and anode are all in same cell/compartment. does
have a salt bndge

Obiect to
e prlated

anode

-_-_-_--_-_-_-_-_-_-_-_'_"‘—-—-—_

cathode ———ou_ |

Ag(s) 2 Ag'(aq) + ¢ Ag(ag) + e Ap(s)

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 311 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

11.7 ESSENTIAL EXAM QUESTIONS Paper 2 11marks
Q# 1/ iGCSE Chemistry/2016/w/Paper 23/
11 The diagram shows two different metal strips dipped into an electrolyte.

—metal strips

electrolyte

Which pair of metals produces the highest voltage?
A copper and iron

B copper and magnesium

C copper and zinc

D magnesium and iron
Q#t 2/ iGCSE Chemistry/2016/w/Paper 22/

11 A student sets up a number of simple cells by putting strips of two different metals into dilute
sulfuric acid.

Which cell produces the highest voltage?

A copper and magnesium
B copperandzinc
C iron and copper

D magnesium and zinc

Q#t 3/ iGCSE Chemistry/2016/w/Paper 21/
C

10 Which apparatus could be used to electroplate an iron nail with copper?

A B key

+ | - |:| = copper sheet

! '
/. = iron nail

aqueous copper(Il) sulfate
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aqueous iron(Il) sulfate

11 The diagram shows a simple cell.

____—Voltmeter

V) e
¥/

—— metal Y

| ___-electrolyte

Which two metals produce the highest reading on the voltmeter?

X
A magnesium copper
B magnesium iron
C zinc copper
D zinc iron

Q#t 4/ iGCSE Chemistry/2016/s/Paper 23/
10 The diagram shows a method used to copper-plate a pan

-

copper —__|~ S ek

|_—copper(I) sulfate
solution
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Which equation represents the reaction at the cathode?

A

B
c
D

Cu™ + 2¢” — Cu
2H" + 26" - H;
40H — 0O; + 2H,0 + 4e
20" 5 0, + 4o

12 The diagram shows a simple cell.

O

| __—wire

metal P metal Q

dilute
sulfuric acid

Which pair of metals produces the largest voltage?

metal P metal Q
A iron copper
B magnesium copper
Cc magnesium zinc
D zinc copper

Q# 5/ iGCSE Chemistry/2016/s/Paper 22/
10 The diagram shows the electrolysis of molten zinc chloride, ZnCl,.

electrode X electrode Y

molten zinc
chloride

Which statement is correct?

A

Oxidation occurs at electrode X and the equation is: 2CI~ — Cl, + 2e".

Oxidation occurs at electrode Y and the equation is: Zn* + 2e~ — Zn.

Reduction occurs at electrode X and the equation is: Zn** + 2e~ — Zn.

Reduction occurs at electrode Y and the equationis: 2CI~ — Cl; + 2e".
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12 The diagram shows a simple cell.

flow of electrons

( i

| __—wire

metal X metal Y

dilute
sulfuric acid

For which pair of metals would electrons flow from metal X to metal Y?

X X
A copper iron
B copper zinc
C iron zinc
D zinc iron

Q# 6/ iGCSE Chemistry/2016/s/Paper 21/
10 Which reactions could take place at the anode during electrolysis?

1 40H7Yaq) — 2H;0O(l) + O3(g) + 4e”
2 2Cl(aq) — Cli(g) + 2e”

3 Cu*(aq) + 2 — Cu(s)

4 2H'(aq) + 2e” — Ha(g)

A 1and2 B 1and4 C 2and4 D 3and4

12 The diagram shows a simple cell.
r\/mﬂmatar
Vv

p

zinc electrode copper electrode

electrolyte
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Which statement about the process occurring when the cell is in operation is correct?
A Cu” ions are formed in solution.

B Electrons travel through the solution.

C The reaction Zn — Zn** + 2e” occurs.

D The zinc electrode increases in mass.
Q#t 7/ iGCSE Chemistry/2016/m/Paper 22/

10 The electrolysis of concentrated hydrochloric acid is shown.

chlnrineai‘\ r‘;ﬁ;hydrt}gen
\ -

concentrated N i S
hydrochloric acid—__ | - 4|1+ — - 1]

_—— platinum
electrodes

..
I

Which statement describes what happens to the electrons during the electrolysis?
A They are added to chloride ions.

B Theyare added to hydrogen ions.

C Theymove through the circuit from positive to negative.

D

They move through the solution from negative to positive.

11.7.1  ESSENTIAL EXAM QUESTIONS Paper 2 T5 11marks MARK SCHEME

Q# 1/ iGCSE Chemistry/2016/w/Paper 23/ Q# 4/ iGCSE Chemistry/2016/s/Paper 23/
11 B 10 A
Q# 2/ iGCSE Chemistry/2016/w/Paper 22/ 12 B
10 A Q# 5/ iGCSE Chemistry/2016/s/Paper 22/
10 A
11 A 12 D
Q# 3/ iIGCSE Chemistry/2016/w/Paper 21/ Q# 6/ IGCSE Chemistry/2016/s/Paper 21/
10 A 10 A 12 c
Q# 7/ iGCSE Chemistry/2016/m/Paper 22/
11 A 10 B
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11.8 ESSENTIAL EXAM QUESTIONS T5 Paper 3/4 100 marks
Q# 1/ iGCSE Chemistry/2014/w/Paper 31/ Q4

{d) There are two electrochemical methods of rust prevention.

(i) The first method is sacrificial protection.
The second method is to make the steel article the cathode in a circuit for electrolysis.

power
(=) +
steel girder = ® .
_____—inert anode
bubbles of
hydrogen gas sea-water
{ii) Mark on the diagram the direction of the electron flow. [1]

(iii) The steel girder does not rust because it is the cathode. Reduction takes place at the
cathode. Give the equation for the reduction of hydrogen ions.

Q# 2/ iGCSE Chemistry/2012/s/Paper 31/

8 Iron and steel rust when exposed to water and oxygen. Rust is hydrated iron(I1I) oxide.

(a) The following cell can be used to investigate rusting.

A electron flow

oxygen bubbled

-water
on to electrode

iron electrode A T iron electrode B

iron(III) oxide
(rust)

(i) Whatis a cell?

2]
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(ii) Which electrode will be oxidised and become smaller? Explain your choice.

- [3]

(iii) What measurements would you need make to find the rate of rusting of the electrode
you have chosen in {ii)?

- [2]

(iv) Suggest an explanation why the addition of salt to the water increases the rate of
rusting.

-]

Q# 3/ iGCSE Chemistry/2011/w/Paper 31/ Q3
(c) The uses of a metal are determined by its properties.

(i) Explain why overhead electrical power cables are made from aluminium with a steel
core.

aluminium

steel core

3]

Q# 4/ iGCSE Chemistry/2011/s/Paper 31/ Q2 (a)
(ii) Name a device which can change chemical energy into electrical energy.

Q# 5/ iGCSE Chemistry/2010/w/Paper 31/Q3
This equation is needed for the question that follows:
(iif) Br; + 2e — 2Br-

(vi) When a solution of bromine is replaced by a solution of chlorine, the voltage
increases. When a solution of bromine is replaced by a solution of iodine, the voltage
decreases.

Suggest an explanation for this difference.

Q#t 6/ iIGCSE Chemistry/2010/w/Paper 31/ Q5 (b)
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(iii) Describe an industrial method of making chlorine.

______________________________________________________________________________________________________________________________ [2]
Q#t 7/ iGCSE Chemistry/2010/w/Paper 31/ Q2c
(iii) Copper oxide is reduced to copper which is then refined by electrolysis.
Label the diagram of the apparatus which could be used to refine copper.
power
supply
—oe—
[3]

Q# 8/ iGCSE Chemistry/2010/w/Paper 31/

3 The diagram shows a cell. This is a device which produces electrical energy. The reaction in
a cell is a redox reaction and involves electron transfer.

N
inert electrode gl J‘Ef,/ inert electrode

solution of
bromine

B, (aq)

solution of iron(IT) salt
Fe*(aq)

filter papér soaked in
sodium chloride solution
to complete the circuit

(i) Complete the sentence.

Acellwillchange .. energy into electrical energy.  [1]

(ii) Draw an arrow on the diagram to show the direction of the electron flow. [1]
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(iii) In the left hand beaker, the colour changes from brown to colourless.
Complete the equation for the reaction.

[2]
Q# 9/ iGCSE Chemistry/2009/w/Paper 3/ Q3

(c) Zinc electrodes have been used in cells for many years, one of the first was the Daniel
cell in 1831.

voltmeter

)
N

copper electrode __Zinc electrode

.,-»-f

'

| __—-7Zinc sulfate(aq)

copper(Il) sulfate(aq) —_

e |/ " porous pot - stops

solutions from mixing
(i) Give an explanation for the following in terms of atoms and ions.
observation at zinc electrode — the electrode becomes smaller

explanation

observation at copper electrode — the electrode becomes bigger

Ly .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(ii) When a current flows, charged particles move around the circuit.
What type of particle moves through the electrolytes?
Which particle moves through the wires and the voltmeter?
[1]
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Q# 10/ iGCSE Chemistry/2009/s/Paper 31/

2 The results of experiments on electrolysis using inert electrodes are given in the table.

Complete the table; the first line has been completed as an example.

electrolyte change at negative | change at positive change to
electrode electrode electrolyte
molten lead(IT) lead formed bromine formed used up
bromide
potassium formed iodine formed used up

dilute aqueous
sodium chloride

aqueous copper(Il)
sulfate

hydrogen formed bromine formed potassium hydroxide
formed

[Total: 8]
Q# 11/ iGCSE Chemistry/2008/w/Paper 31/

5 The electrolysis of concentrated aqueous sodium chloride produces three commercially
important chemicals hydrogen, chlorine and sodium hydroxide.

(a) The ions present are Na“(aq), H(aq) ,Cl (aq) and OH (aq).
(i) Complete the ionic equation for the reaction at the negative electrode (cathode).
Yoo+ H2 [1]
(ii) Complete the ionic equation for the reaction at the positive electrode (anode).

i o [1]
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Q# 12/ iGCSE Chemistry/2008/s/Paper 31/
3 Copper is purified by electrolysis.

(a) Complete the following.

The positive electrode (anode) is made from

The negative electrode (cathode) is made from

The electrolyte is aqueous [3]

Q# 13/ iGCSE Chemistry/2007/w/Paper 3/ Q4

(c) The remaining zinc oxide reacts with sulphuric acid to give aqueous zinc sulphate. This
is electrolysed with inert electrodes (the electrolysis is the same as that of
copperIl) sulphate with inert electrodes).
ions present: Zn*"(aq) SO, (aq) H'(aq) OH(aq)

(i) Zinc forms at the negative electrode (cathode). Write the equation for this reaction.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(ii) Write the equation for the reaction at the positive electrode (anode).
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [2]
(iii) The electrolyte changes from aqueous zinc sulphate to
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
Q# 14/ iGCSE Chemistry/2007/w/Paper 3/
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6 The alcohols form a homologous series. The first four members are methanol, ethanaol,
propan-1-ol and butan-1-ol.

(a) One characteristic of a homologous series is that the physical properties vary in a
predictable way. The table below gives the heats of combustion of the first three

alcohols.
alcohol formula heat of combustion in kJ/maol
methanol CHs0OH =730
ethanol CHs-CH=-0OH -1370
propan-1-ol CHs-CH=-CH=-0OH -2020
butan-1-ol CH+-CHx-CH2-CH2-0OH

(i) The minus sign indicates that there is less chemical energy in the products than in
the reactants. What form of energy is given out by the reaction?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(ii) Is the reaction exothermic or endothermic?
(ili) Complete the equation for the complete combustion of ethanol.

C:H:OH + 0; — + 2]
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(iv) Determine the heat of combustion of butan-1-ol by plotting the heats of combustion
of the first three alcohols against the number of carbon atoms per molecule.

number of carbon atoms per molecule

1 2 3 4
—700

—800

—900

—1000

—1100

—1200

—1300

—1400

—1500

—1600

heat of —1700
combustion /
kJ/maol —1800

—1900

—2000

—2100

—2200

—2300

—2400

—2500

—2600

—2700

—2800

The heat of combustion of butan-1-ol = kJ/mal [3]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 324 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Q# 15/ iGCSE Chemistry/2006/w/Paper 3/ Q6
(b) Impure copper is extracted from the ore. This copper is refined by electrolysis.

(i) Name;
the material used for the positive electrode (anode),

Q# 16/ iGCSE Chemistry/2006/s/Paper 3/ Q6

(c) Cell reactions are both exothermic and redox. They produce electrical energy as well
as heat energy.

(i) The diagram shows a simple cell.

voltmeter

T Iron
electrode

Zinc —
electrode

becomes —
thinner

dilute —
sulphurc acid

= bubbles of
hydrogen form

Which substance in this cell is the reductant and which ion is the oxidant?

reductant

oxidant [2]
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(d) Cells can be set up with inert electrodes and the electrolytes as oxidant and reductant.

voltmeter
Vr—
& electron flow

carbon carbon
electrode
(inert) | — Ejlectmde

) SN / (inert)

|

| 'I TT———— potassium
| iodide (aq)

potassium _———
manganate(VII) (aq) |
L S N
|

salt bridge
(allows 1ons to move from

one beaker to another)

The potassium manganate(V1I) is the oxidant and the potassium iodide is the reductant.

(i) Describe the colour change that would be observed in the left hand beaker.

(ii) Write an ionic equation for the reaction in the right hand beaker.
[2]

Q# 17/ iGCSE Chemistry/2005/w/Paper 3/ Q5
Strontium is extracted by the

{c) The major ore of strontium is its carbonate, SrCO..
electrolysis of its molten chloride.
(i) The electrolysis of molten strontium chloride produces strontium metal and
chlorine. Write ionic equations for the reactions at the electrodes.

negative electrode (cathode)
[2]

positive electrode (anode)
(iii) One of the products of the electrolysis of concentrated aqueous strontium chloride

is chlorine. Mame the other two.
(2]
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Q# 18/ iGCSE Chemistry/2004/s/Paper 3/ Q5

(b) Agueous copper(ll) sulphate solution can be electrolysed using carbon electrodes. The
ions present in the solution are as follows.

Cu”(ag), SO (ag), H'(aq), OH (aq)
(i) Write an ionic equation for the reaction at the negative electrode (cathode).
[1]

(ii) A colourless gas was given off at the positive electrode (anode) and the solution
changes from blue to colourless.

Explain these observations.

[2]

(c) Aqgueous copper(Il) sulphate can be electrolysed using copper electrodes. The
reaction at the negative electrode is the same but the positive electrode becomes
smaller and the solution remains blue.

(i) Write a word equation for the reaction at the positive electrode.

(ii) Explain why the colour of the solution does not change.

(LR R R N N N R R N N N R R NI RN R N R A L N NN NI NN N NN P NN NN [2]
(iii) What is the large scale use of this electrolysis?
Q# 19/ iGCSE Chemistry/2003/s/Paper 3/
5 The first three elements in Period 6 of the Periodic Table of the Elements are caesium,
barium and lanthanum.

(b) All three metals can be obtained by the electrolysis of a molten halide. The electrolysis
of the aqueous halides does not produce the metal.

(i) Complete the equation for the reduction of lanthanum ions at the negative
electrode (cathode).

La® + o, —

(ii) Name the three products formed by the electrolysis of aqueous caesium bromide.
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Q# 20/ iGCSE Chemistry/2003/s/Paper 3/

1 MNo one knows where iron was first isolated. It appeared in China, the Middle
East and in Africa. It was obtained by reducing iron ore with charcoal.

(e) One of the methods used to prevent iron or steel from rusting is to electroplate it with
another metal, such as tin. Complete the following.

The anode ismade of ...

The cathode is made of ...

The electrolyte is a solution of ...
Q# 21/ iGCSE Chemistry/2002/w/Paper 3/ Q4 =
(b) Copper is refined by the electrolysis of aqueous copper(Il) sulphate using copper

electrodes. Describe the change that occurs at the electrodes.

(1)  cathode (PUME COP PRI e

1]
(1)  Anode (IMPUNE PP ..o
1]
(iii) Write an ionic equation for the reaction at the cathode.
1]

(iv) If carbon electrodes are used, a colourless gas is given off at the anode and the
electrolyte changes from a blue to a colourless solution.

The colourless gasis ...
The solution changesinto ... ... . [2]
(c¢) Electrolysis and cells both involve chemical reactions and electricity.

What is the essential difference between them?

Q#t 22/ iGCSE Chemistry/2002/s/Paper 3/

3 A major food retailer in the UK is going to distribute sandwiches using hydrogen-powered
vehicles.

(c) Outline how hydrogen is manufactured from water.
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Q# 23/ iGCSE Chemistry/2001/w/Paper 3/Q1 (b)

(i) The main impurity in the nickel is copper. What technique is used to purify copper
after it has been separated from the nickel?

Q# 24/ iGCSE Chemistry/2001/w/Paper 3/ Q4
(e) The diagram below represents a simple cell.

O,

zinc electrode —_—— T_i___-imn electrode

= __:___—huhhles of gas

T dilute sulphuric acid
(1) Write an ionic equation for the reaction that occurs at the zinc electrode.

1]

() How could the voltage of the cell be increased?

1]
() A different type of cell is drawn below.

=

L __———Wwater
oxygen bubbled—|

on to electrode ————iron electrodes

iron oxide
rust

(1) The pH of the solution increases. Give the name of the ion formed.

1]

() Complete the equation that represents the formation of this ion.
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11.9 ESSENTIAL EXAM QUESTIONS T5 Paper 3/4 Mark Scheme
Q# 1/ iGCSE Chemistry/2014/w/Paper 31/ Q4 (d)

(ii) Rtol inwire [1]
(i) 2H" + 2&° — H:
species (1) balancing (1) 2]
Q# 2/ iGCSE Chemistry/2012/s/Paper 31/
8 (a) (i) device which changes chemical energy; [1]
into electrical energy; [1]
OR
produces a voltage / potential difference / electricity; [1]
due to difference in reactivity of two metals; [1]
OR
produces a voltage / potential difference / electricity; [1]
by redox reactions; [1]
(ii) negative / electrode B / right electrode; [1]

accept: anode because it is the electrode which supplies electrons to
external circuit

loses ions / iron ions / Fe* or Fe®"; [1]
electrons move from this electrode; [1]
(iii) change of mass of electrode / mass of rust formed; [1]
time / mention of stop watch / regular intervals; [1]
(iv) to make it a better conductor; [1]

Q#t 3/ iGCSE Chemistry/2011/w/Paper 31/ Q3

(ii) aluminium low density / light 1]
aluminium is a good conductor [1]
strength / prevent sagging / allows greater separation of pylons / core made of
steel because it is strong [1]

Q# 4/ iGCSE Chemistry/2011/s/Paper 31/ Q2 (a)
(if) cell [1]
accept battery
not generator

Q#t 5/ iGCSE Chemistry/2010/w/Paper 31/
(vi) any correct discussion of the reactivity of the halogens [1]
e.g. the more reactive the halogen the higher the voltage
not better conductor
Q#t 6/ iGCSE Chemistry/2010/w/Paper 31/ Q5 (b)

(iii) electrolysis 1]
aqueous sodium chloride [1]

Qi 7/ iGCSE Chemistry/2010/w/Paper 31/ Q2
{c) (i) tin{IV)oxide + carbon — tin + carbon dioxide [1]
not carbon monoxide as a reductant
accept carbon monoxide as a product
not tin(IV)
accept correct symbol equation

(ii) water [1]
carbon dioxide [1]
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(ili) comrect labels for

(pure) copper cathode [1]
impure copper anode [1]
electrolyte copper(Il) sulfate / any soluble copper(Il) salt / Cu** [1]

if labels on electrodes reversed [0]

(iv) wires / pipes / jewellery [/ nails / roofing / ammunition / coins / cookware / catalyst [
sculpture (1]

Q# 8/ iGCSE Chemistry/2010/w/Paper 31/
3 (i) chemical [1]

(i) from right to left [1]
not through salt bridge

(iii) Br, + 2e — 2Br- [£]
for Br- as product [1]

Q# 9/ iGCSE Chemistry/2009/w/Paper 3/ Q3

(c) (i) zinc atoms change into ions, (the zinc dissolves) [1]
copper(ll) ions change into atoms, (becomes plated with copper) [1]

(ii) ions [1]
electrons [1]

Q# 10/ iGCSE Chemistry/2009/s/Paper 31/

2 molten potassium iodide NOT aqueous [1]
hydrogen [1]
oxygen [1]
water used up or solution becomes more concentrated or sodium chloride remains
NOT no change [1]
If products are given as hydrogen, chlorine and sodium hydroxide then 2/3
copper [1]
oxygen (and water) [1]
sulfuric acid accept hydrogen sulfate [1]
aqueous or dilute or concentrated potassium bromide [1]

accept correct formulae

[Total: 8]
Q# 11/ iGCSE Chemistry/2008/w/Paper 31/
5 (a) (i) 2H +2e > H. (1]
(ii) 2C1"—2e > CL or 2CI" > CL + 2e [1]
(iii) Na" and OH™ are left [1]
OR CI” removed OH™ left
MNBE ions by name or formula essential
NOT any reaction of Na or Na”
NOT Na® and OH combine
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Q# 12/ iGCSE Chemistry/2008/s/Paper 31/

3 (a) impure copper
(pure) copper
ACCEPT any (soluble) copper salt or Cu*
if both name and formulae given, both have to be correct

(b) Cu-2e - Cu* orCu=>Cu* +2e
for having Cu = Cu®* [1] ONLY

Q# 13/ iGCSE Chemistry/2007/w/Paper 3/ Q4
(c) (i) Zn** +2e=2Zn

(i) 40H —4e =0+ 2H.0
or 40H = O + 2H:0 + 4e
or 2H:0 = 4H" + O; + de
or 2H,0 —de = 4H™ + Oy
oxygen as product [1]

(iii) sulphuric acid
NOTE there are no alternative answers to the above
Q#t 14/ iGCSE Chemistry/2007/w/Paper 3/
6 (a) (i) heat (energy)

(ii) exothemic

(iii) C.HsOH + 30, = 2C0, + 3H,0
For CO; +H,O ONLY [1]

(iv) plotting points correctly
straight line
between —2640 and —2700kJ/maol
NOTE minus sign needed

Q# 15/ iGCSE Chemistry/2006/w/Paper 3/ Q6
(b) (i) impure copper/blister copper/boulder copper etc
(pure) copper
copper sulphate or nitrate or chloride or contains Cu™'ag
(i) Cu*+2e=Cu
Q# 16/ iGCSE Chemistry/2006/s/Paper 3/ Q6

(c) (i) reductantzinc
oxidant hydrogen (ions)

(ii) magnesium instead of zinc or increase concentration of acid
or copper instead of iron

(iii) sacrificial protection or stop iron/steel rusting
or galvanising
(d) (i) pinkor purple
to colourless or decolourised

NOT red NOT clear

(ii) 2r—2e=1
unbalanced ONLY [1]
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Q# 17/ iGCSE Chemistry/2005/w/Paper 3/ Q5(c)
(i) S +2e=5r [1]
2CI —2e =CL [1]
or2CIl =Cl: + 2e

(iii) hydrogen [1] and strontium hydroxide [1] [2]
Q# 18/ iGCSE Chemistry/2004/s/Paper 3/ Q5

(b} (i) Cu" + 2e = Cu [1
(ii) gas is oxygen (11

(copper(ll) sulphate) changes to sulphuric acid [1
or copper ions removed from solution

(c) (i) copper atoms - electrons = copperions [1]
accept comect symbol equation

(ii) concenfration of copper ions does notchange  or [1]
amount or number of copper ions does not change

copper ions are removed and then replaced [1]
or copper is transferred from anode to cathode

(iii) refining copper or plating (core) [1]
or extraction of boulder copper

Q# 19/ iGCSE Chemistry/2003/s/Paper 3/ Q5

(b) (i) La*+3e-=La 1]
(ii) hydrogen 1]
bromine NOT Bromide 1]

caesium hydroxide 1]

ignore any comments about electrodes

Q# 20/ iGCSE Chemistry/2003/s/Paper 3/ QiGCSE Chemistry/201

(e) anode tin NOT impure time [1]
cathode iron or steel [1]
tin salt or tin ions as electrolyte [1]

NOT oxide or hydroxide or carbonate
Q#t 21/ iGCSE Chemistry/2002/w/Paper 3/ Q4

(b) (i} copper deposited or mass increases [1]
(ii) copper goes into solution or mass decreases [1]

(ili) Cu*" + 2¢ ==> Cu [1]

~ (iv) oxygen | [1]
sulphuric acid accept hydrogen sulphate [1]

(c) (i) cells produce electricity or exothermic or change
chemical energy into electrical energy [1]

electrolysis uses it or endothermic or change
electrical energy into chemical energy [1]
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Q# 22/ iGCSE Chemistry/2002/s/Paper 3/ Q3

(c) (steam) and alkane (1] '
heat or catalyst or details of chemistry — forms carbon monoxide/dioxide
and (hydrogen) [1]
OR clectrolysis 1]
brine or acidified water
or hydrogen forms at cathode [1]
OR carbon/coke _ [_11
hezt or details of chemistry — forms carbon monoxide/dioxide and
(hydrogen) 1
Q# 23/ iGCSE Chemistry/2001/w/Paper 3/Q1 (b)
(ii) electrolysis 1]

Q# 24/ iGCSE Chemistry/2001/w/Paper 3/ Q4
(e) (i) Zn-2e= Zn™ 1]

(i) Higher reactivity metal instead of Zn
or lower instead of iron or bigger difference in reactivity or increase concentration of

acid [1]
(f) (i) hydroxide (1]
(ii) Oz+2H,0 +4e = 40H 2]

unbalanced only [1]
0, + 2H,0 + 2Fe = 2Fe(0OH), [2]

11.10 FUNDAMENTAL Assessed Activity 1 Keyword Test

English Meaning

anion

anode

brine

cathode

cation

electrochemical cell

electrode

electrolysis

electrolyte
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electrolytic cell

electroplating

11.11  ESSENTIAL Assessed Activity 2 Multiple Choice T5 16marks

Q#1
10 Electrolysis of copper(Il) sulfate can be done using either carbon electrodes or copper
electrodes.
Which statement describes what happens at the positive electrode?
Copper is deposited if the electrode is made from carbon.

B Copper is deposited if the electrode is made from copper.
C Oxygen gas is produced if the electrode is made from carbon.
D Oxygen gas is produced if the electrode is made from copper.

Q#2/

10 Concentrated aqueous copper(Il) chloride is electrolysed using copper electrodes as shown.

power supply

copper electrodes —

aqueous copper(ll) chloride

What happens to the mass of each electrode during this process?

positive electrode negative electrode
A decreases decreases
B decreases increases
c Increases decreases
D increases increases
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Q# 3/
10 Agueous copper(ll) sulfate is electrolysed using carbon electrodes.

What is the product at each electrode?

product at the product at the
positive electrode negative electrode
A copper oxygen
B hydrogen oxygen
c oxygen copper
D oxygen hydrogen

11 The diagram shows a circuit used to electrolyse agueous copper(Il) sulfate.

power supply
+ —

3N Ad

+
copper electrodes ——_

aqueous
copper(ll) sulfate

Which arrows indicate the movement of the copper ions in the electrolyte and of the electrons in
the external circuit?

copper ions electrons
A 1 3
B 1 4
Cc . 3
D 2 4

Q# 4/
10 Aqueous copper(Il) sulfate is electrolysed using copper electrodes.

Which statement is correct?

A Oxygen gas is produced at the positive electrode.

B The blue colour of the solution gradually fades.

C The concentration of copper ions in the solution stays the same.
D

The mass of the negative electrode decreases.
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Q#5/
10 Aqueous copper(Il) sulfate is electrolysed using copper electrodes.

Which statement about the electrolysis is not correct?

A An oxidation reaction occurs at the positive electrode.
B The current is carried through the electrolyte by ions.
C The negative electrode gains mass.
D

The number of copper(II) ions in the electrolyte decreases.
Q# 6/
10 Aqueous copper(Il) sulfate is electrolysed using copper electrodes.

Which statement is correct?

A A reduction reaction occurs at the positive electrode.

B The blue colour of the solution becomes darker.

C The concentration of copper ions in the solution decreases.
D

The mass of the negative electrode increases.

11 Dilute sulfuric acid is electrolysed using inert electrodes.

What are the ionic half-equations for the reactions that take place at each electrode?

positive electrode negative electrode
A 2H" + 27 - H; 40H" — 2H,0 + O, + 4e”
B 2H" + 2¢” - H; 40H + 4H" — 4H,0
C | 40H — 2H.,.0 + O, + 4e” 2H" + 2" - H;
D 40H + 4H* — 4H,0 2H* + 2 - H;

Q#7/

10 Which substance is not produced during the electrolysis of concentrated aqueous
sodium chloride?

A chlorine
B hydrogen
C sodium

D sodium hydroxide

11 Aqgueous copper(II) sulfate is electrolysed using copper electrodes.

What are the ionic half-equations for the reactions that occur at each electrode?

anode cathode
A Cu — Cu™ + 2¢ Cu* + 2¢” — Cu
B Cu™ + 2¢” — Cu Cu — Cu™ + 2e”
C | 40H — 2H,0 + O, + 4e” Cu™ + 26" — Cu
D 40H" — 2H,0 + O; + 4e” 2H* + 267 - H;
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Q# 8/
9  Which statements about the electrolysis of concentrated copper(II) chloride are correct?

—

Electrons are transferred from the cathode to the copper(ll) ions.

2  Electrons move round the external circuit from the cathode to the anode.
3 Chloride ions are attracted to the anode.
4  Hydroxide ions transfer electrons to the cathode.

A 1land3 B 1and4 C 2Z2and3i3 D Zand4

10 Which metal combination produces the highest voltage reading in the cells shown?

A B

O, O,

Fe-_ -Cu 4 _-Cu

oF
oF

Cu-— _~Cu Mg- _~Cu

—— -

Q#9/
9 Which statement about electrolysis is correct?

A Electrons move through the electrolyte from the cathode to the anode.
B Electrons move towards the cathode in the external circuit.

C Negative ions move towards the anode in the external circuit.
D

Positive ions move through the electrolyte towards the anode during electrolysis.
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Q# 10/

10 The reactivity senes for a number of different metals is shown.

most reactive

-

least reactive

magnesium

Zinc

iron

copper

silver platinum

The diagram shows different metal strips dipped into an electrolyte.

metal strip—_____

Which pair of metals produces the highest voltage?

A
B
c

D
Q# 11/

copper and magnesium

magnesium and platinum

magnesium and zinc

silver and platinum

-metal strip

-electrolyte

10 The diagram shows the electrolysis of agueous copper(II) sulfate.

Which statement is correct?

A

B
Cc
D

Patrick Brannac

carbon
electrodes —___

Copper metal is deposited at the positive electrode.

—— aqueous copper(1l) sulfate

In the external circuit the electrons move from positive to negative.

In the solution the electrons move from negative to positive.

Oxygen gas is produced at the positive electrode.
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11 Four solutions are separately electrolysed.

experiment solution electrodes
1 dilute aqueous sodium chloride carbon
2 aqueous copper(Il) sulfate copper
3 concentrated hydrochloric acid carbon
B dilute sulfuric acid carbon

In which two experiments is a colourless gas evolved at the anode?

A 1and2 B 1and4 C 2and3 D 3and4

11.12  EXTENTION Assessed Activity 3 T5 Longer answer questions 21marks
Q#1/
{b) The ions present in aqueous sodium chloride are Na*(aq), Ci-(aq), H*(aq) and OH-(aq).

The electrolysis of concentrated aqueous sodium chloride forms three products. They are
hydrogen, chlorine and sodium hydroxide.

(i) Explain how these three products are formed. Give ionic equations for the reactions at the
electrodes.

(ii) If the solution of the electrolyte is stirred, chlorine reacts with sodium hydroxide to form
sodium chlorate(I), sodium chioride and water.
Write an equation for this reaction.

[2]
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Q# 2/

7 Aluminium is obtained from purified alumina, AL,O,, by electrolysis.

(b) Describe the extraction of aluminium from alumina. Include the electrolyte, the electrodes and
the reactions at the electrodes.

{e) Aluminium is resistant to comrosion. It is protected by an oxide layer on its surface.
The thickness of this oxide layer can be increased by anodising.

(i) Anodising is an electrolytic process. Dilute sulfuric acid is electrolysed with an aluminium
object as the anode. The thickness of the oxide layer is increased. Complete the equations
for the reactions at the aluminium anode.

o e S — AL, [4]

Q# 3/
{b) Chlorine is made by the electrolysis of concentrated aqueous sodium chloride.
Describe this electrolysis. Write ionic equations for the reactions at the electrodes and name
the sodium compound formed.
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11.13  Extension Mind Map for Topic 5 Electrochemistry
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11.14  Essential End of Topic 5 Review and Reflection

Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but
when you talk with someone else, or write it out, it helps you better understand and allows you think more
completely and more clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Level Number of goals achieved at each level Success rate, %
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score
in the end of topic tests and other assessed activities, but also in how you learn. How could you become a more
effective student to get more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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11.15 Exceptional Additional Activities, Further Reading and Exploring Beyond the
Syllabus

Michael Faraday, for a long while he was on the back of the UK 20 pound note (who was recently replaced by the
artist J. M. W. Turner, click here to find out more about the artist). Einstein famously said that Faraday was the
greatest experimental scientist in history and kept a picture of him in his study ( Gleeson-White, Jane (10 November
2003). "Einstein's Heroes (book review)". The Sydney Morning Herald. Retrieved 24 October 2017.). It's been

suggested that it was Faraday’s work on invisible magnetic fields allowed Einstein to create his ideas on how gravity
is able ot curve space-time which he explores in his theories on special and general relativity.

| l»‘\y‘ Ll Il
AR

I
il

e

Who was Michael Faraday and what did he discover?

To find out more about electricity you can go here:
https://www.chemguide.co.uk/inorganic/electrolysismenu.html#top

And read this Wikipedia article which can be found here:

https://www.smashingsciencecn.org/igcse-chem-additional-resources
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12 Topic 6 Chemical Energetics

12.1 End of Topic 6 Goals Checklist
For each topic you ought to try to do as many of the following things to get the most out of your time, the
resources available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is

difficult and uncomfortable, but you should choose to do these things, and the other things, not because they are

easy, but because they are hard, because that goal will serve to organize and measure the best of our energies and
skills, because that challenge is one that we are willing to accept, one we are unwilling to postpone, and one which
we intend to win!

Aspect What you should have done Yes/No Level
Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
‘ Ask your teacher one question about something you do not understand in
with your | A5 g &Y ESSENTIAL
teacher science once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook
EXTENSION
that you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have
. ) ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. p EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
Scored 10% higher than your current average EXTENSION
End of Scored 15% or more than your previous end of topic average EXCEPTIONAL
Topic Test | Scored over 90% EXTESNION
Scored over 95%
SMASHING!!!
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What you should have done Level
Spend more than 1 hour a week reading a book you enjoy (in any language)

. ESSENTIAL

about anything.
Spend more than 3 hours a week reading a book you enjoy (in any language
P re urs a week reading you enjoy (in any language) EXTENSION
about anything.
Spend than 5 h k readi book y joy (i I

Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book you enjoy in English about
pen'a east one hour a week reading a boo u in English abou EXTENSION
anything.
Spend than3 h k readi book y joy in English about
pen-more an 3 hours a week reading a book you enjoy in English abou EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL

You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL

Reflection | section
You have given an answer for every question in the Review and Reflection

EXTENSION
section at the end of this topic
You have Given good and thoughtful answers for every question in the Review
. . . . EXCEPTIONAL
and Reflection section at the end of this topic
12.2 Topic 6 Syllabus
6 Chemical energetics
6.1 Energetics of a reaction
s Describe the meaning of exothermic and *  Describe bond breaking as an endothermic
endothermic reactions process and bond forming as an exothermic
s nterpret energy level diagrams showing process
exothermic and endothermic reactions *  Draw and label energy level diagrams for
exothermic and endothermic reactions using data
provided
» (alculate the energy of a reaction using bond
energies
6.2 Energy transfer
*  Describe the release of heat energy by burning *  Describe the use of hydrogen as a fuel reacting
fuels with axygen to generate electricity in a fuel cell.
e State the use of hydrogen as a fuel (Details of the construction and operation of a

¢ Describe radioactive isotopes, such as #°U, as a fuel cell are not required.)

source of energy
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12.3 ESSENTIAL Glossary for Keywords for Topic 6
T .
" English Chinese
activation energy (EA) the energy required to start a SEERE (EA) . AFEEFERNFIENGES
chemical reaction — for a reaction to take place the N . "
6 m . P RTRERR - BERRIFLAE D BB
colliding particles must possess at least this amount of
energy BEE
bond energy the energy required to break a particular . =
6 gy By req P RTINS ER BN AT B RER
type of covalent bond
6 burning is a combustion reaction which produces a flame | BRI P4 KGRI IR IR 2 f7
catalyst a substance which increases the rate of a AL R — T B2 g R 2B 1E I R 45 SR i
6 chemical reaction but itself remains unchanged at the R B
end of the reaction AERFAZNYIR
3 SAN VAN s s IAtE , Mg £
collision theory a theory which states that a chemical EEIe— TR - BORitled - SRNYY
6 reaction takes place when particles for the reactants TS EBWEEENELISI AN - lEA
collide with sufficient energy to initiate the reaction HE(E2 G R
6 combustion a chemical reaction in which a substance ME—FEZ RN - EP—fYRSESRA
reacts with oxygen — the reaction is exothermic; RN 2R
endothermic change a process or chemical reaction RS M B BRI B RS b2 R R
6 which takes in heat from the surroundings; AH has a '
positive value AHAIEE
exothermic change a process or chemical reaction in BT (B RS b2 R R - EE PR
6 which heat energy is produced and released to the .
surroundings; AH has a negative value HARMEIEE ; sHARE
6 fuel a substance that can be used as a source of energy, RHBERUETRR (AR ) AEERNY
usually by burning (combustion) &=
fuel cell a device for continuously converting chemical PRELER S - —FhiB I IR IR S NS B RE I R i
energy into electrical energy using a combustion =y
\ == ) 1| |
6 reaction; a hydrogen fuel cell uses the reaction between HARBRERYRE - SMHEAIBENEZE
hydrogen and oxygen Y 2 R
. fuel cells are electrolytic cells capable of providing a PRE R B BE R IE S BB M L R Fs BB EB R ER
continuous supply of electricity without recharging st
heat of combustion the heat change which takes place PR igSEY — B R R E S DS RIS & A
6 when one mole of a substance is completely burnt in -
Oxygen E/J/\\\/x
6 heat of reaction the heat change during the course of a RN NEEFHREE ; TR
reaction; can be either exothermic or endothermic R Y
kinetic (particle) theory a theory which accounts for the s T~ " N
bulk properties of the different states of matter in terms o= (M) 3Bie - RERT (RFRDF
6 of the movement of particles (atoms or molecules) —the | ) HSEENEBEYEABNIASHEAE M ERIEIS
zl::t(;ry explains what happens during changes in physical BRI T MR AL S AR IE R
12.4 ESSENTIAL Classroom Active Learning Tasks 1 Drawing AND Interpreting

Graphs for Paper 6

Q# 4/ iGCSE Chemistry/2017/w/Paper 63/Q2
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2 A student investigated what happened to the temperature when two different solids, W and X,
dissolved in water.

Two experiments were carried out.

Experiment 1

e Using a measuring cylinder, 30 cm? of distilled water were poured into a polystyrene cup. The
initial temperature of the water was measured at time = 0 seconds.
e Solid W was added to the water, a timer was started and the solution was stirred with a
thermometer.
e The temperature of the solution was measured every 10 seconds for 90 seconds.

(a) Use the thermometer diagrams to record the temperatures in the table.

time/s 0 10 20 30 40 50 60 70 80 90
30 20 20 20 20 15 15 15 15 15
ther.mometer 25 15 15 15 15 10 10 10 10 10
diagram
20 10 10 10 10 5 5 5 5 5

temperature of
the solution/°C

Experiment 2

e The polystyrene cup was emptied and rinsed with water.

e Experiment 1 was repeated using solid X.

e The temperature of the solution was measured every 10 seconds for 90 seconds.

(b) Use the thermometer diagrams to record the temperatures in the table.

(2]

time/s 0 10 20 30 40 50 60 70 80 90
30 30 30 35 35 35 40 40 40 40
theltmometer 25 25 25 30 30 30 35 35 35 35
diagram
20 20 20 25 25 25 30 30 30 30

temperature of
the solution/°C

Patrick Brannac
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(c) Plot the results for Experiments 1 and 2 on the grid. Draw two smooth line graphs.
Clearly label your lines.

40

30

temperature of
the solution/°C

20

10

0 20 40 60 80 100
time/s

(4]

(d) (i) Fromyourgraph, deduce the temperature of the solution in Experiment 1 after 15 seconds.
Show clearly on the grid how you worked out your answer.

(ii) Fromyourgraph, deduce the time taken for the temperature of the solution in Experiment 2
to change by 6 °C from the initial temperature.
Show clearly on the grid how you worked out your answer.
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(e) Use the results to identify the type of energy change that occurs when solid X dissolves in
water.

(f) Predict the temperature of the solution in Experiment 2 after 1 hour. Explain your answer.

(g) State two sources of error in these experiments. Give one improvement to reduce each of
these sources of error.

SO GO OF BT O 1 o o s S s S L B I B S S B S S S s
IMPIOVOIMERE T oone oo s s e s o L T S A I S S S S B AT S
SO O BT O B oo s e s B s T D B S T S 0 o A S AT o ST G R MRS

B O O] o s e e e s o v e e et oy 3 o o i o et e R e s

(h) When carrying out the experiments, what would be a disadvantage of taking the temperature
readings only every 30 seconds?
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ESSNETIAL Classroom Active Learning Tasks 2 Endothermic or Exothermic?
Circe or highlight if these processes are either exothermic or endothermic. The first has already been done for you

12.5
Q#
1/
Exothermic or Endothermic?
Q# Boiling water

2/
Exothermic or Endothermic?
Q# Evaporation
3/
| —
Vapor Pressure < Atmospheric Pressure
Bubbles cannot form
Q#
a/

Eraction cocedinats

Exothermic or Endothermic?

a# Surroundings
5/
System
o «
AH >0
o Surroundings get cooler
Exothermic or Endothermic?
Qi Average
6/ A energy
E of reactants
= SEany
? Activation
g
y
reaction progress »
Exothermic or Endothermic?
Q#
7/
Exothermic or Endothermic?
Qi H’O‘H
8/ _
OH 0=0 0=C=0 o
He-en, 070 Y omcmo HOH
,O\
H H

Exothermic or Endothermic?
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Q#

Q#
9/
A
>
2
o
c
w
Exothermic or Endothermic
a# o
10/
Exothermic or Endothermic?
Q#
11/
Products
Energy
absorbed
of reaction
Exothermic or Endothermic?
a# Surroundings
12/
System
<— —
AH< 0
o Surroundings get warmer
Exothermic or Endothermic?
Qi
13/

ection of reaction

Exothermic or Endothermic?

Patrick Brannac

Average
14/ A energy
E
n
e
r
]
y
¥
reaction progress >
Exothermic or Endothermic?
Q#
15/ A
>
o
=
()]
[ o
£ /
Exothermic or Endothermic?
Q#
16/
B
2
Foleniial dnergy
Eractian cocedinate
Exothermic or Endothermic?
Q# | CaCO,(s) —F% 5  CaO(s) + CO,(g)
17/ | Calcium carbonate Calciumoxide (Lime)  Carbondioxide
(Limestone)
Exothermic or Endothermic?
Q# Acid +Alkali = Salt + Water
18/
Exothermic or Endothermic?
Q# Bry(l) = Bry(s)
19/
Exothermic or Endothermic?
Qit Sulfuric acid = Sodium sulfate
20/
+ Sodium hydroxide + Water
Exothermic or Endothermic?
Q# N2(g) = 2N(g)
21/
Exothermic or Endothermic?
a# Hg(l) = Hg(g)
22/
Exothermic or Endothermic?
a# l2(s) = la(g)
23/
Exothermic or Endothermic?
Q# Photosynthesis
24/

Exothermic or Endothermic?
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Extension ACtiVity: Name the reaction that is being shown, if it could be more than one reaction, name a reaction it
could be and try to include the chemical formula

b - N e N - e - - o N - - - e B e T - e
SISl sl sl ISl NI S - | & ¢ n| O N ) | &| 0 LN
::::::;:;’Sﬁﬁﬂgﬁﬁﬁﬁr|8~~~§~
| o3 | 3 | o3 | ;| | o= | x| o= | | o3| ;| o3| | ow| =
g|0|0|0|0|0|0|0 | 0|g|0|0|0o|o|o|o|lo|lo|o|lo|log|log|lag|a|a
o
]
x
i
~N
() o| ol o| o o [e) o| o o o| ol o| o
B o| | | ©| ©| o| ©| o| ol o| ©| o| o| ©| ©| o| ©| ol o| ol ©| ©| ©| ©T| o
-l x| c| c| c| c¢| x| €| x| x| x| €| x| x| €| €| x| €| x| x| x| €| €| €| €| x
(" oy w | w | W ow| W W ow o || W w| W

12.6 ESSENTIAL EXAM QUESTIONS Topic 6 Paper 2 31marks Mark Scheme
Q# 1/ iGCSE Chemistry/2018/m/Paper 22/

12 10g of ammonium nitrate is added to water at 25 °C and the mixture stimed.

The ammonium nitrate dissolves and, after one minute, the temperature of the solution is 10°C.

Which word describes this change?
A endothermic

B exothermic

C neutralisation

D reduction

13 Hydrogen reacts with chlorine according to the following equation.
Ha(g) + Cla(g) — 2HCI(g)
The reaction is exothermic.

Which statement about this reaction is correct?

A Energy absorbed for bond breaking is greater than the energy released in bond making.
B Energy absorbed for bond breaking is less than the energy released in bond making.

C Energy released in bond breaking is greater than the energy absorbed in bond making.
D

Energy released in bond breaking is less than the energy absorbed in bond making.

14 Hydrogen-oxygen fuel cells can be used to power cars. Platinum is used as a catalyst.

The amount of energy produced per gram is shown for three fuels.

fuel energy produced
per g of fuel/kJ
hydrogen 143
methane 55
petrol Ra
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Which statement is correct and is an advantage of a hydrogen-oxygen fuel cell?
A Hydrogen is difficult to store.

B Hydrogen produces less energy per gram than methane or petrol.

C Platinum is rare and expensive.

D The only product is water.

Q#t 2/ iGCSE Chemistry/2017/w/Paper 23/
11 Some bond energies are shown in the table.

bond bond energy
inkJ/mol
H-H +436
0=0 +496
H-O +460

Hydrogen reacts with oxygen. The reaction is exothermic.
2Ha(g) + O2(g) — 2H0(g)

What is the energy change for the reaction?

A -3208kJ/mol

B -908kJ/mol
C -472kJ/mol
D —448kJ/mol

Q# 3/ iGCSE Chemistry/2017/w/Paper 22/
11 The equation for the combustion of methane is shown.

CHy + 20, —» CO; + 2H-0
The energy change for the combustion of methane is —890kJ/mol.

The bond energies are shown in the table.

bond | P ol
C-H +410
0=0 +496
H-O +460

What is the bond energy of the C=0 bond?
A +49kJ/mol B +841kJ/mol C +1301kJ/mol D +1335kJ/mol
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Q# 4/ iGCSE Chemistry/2017/w/Paper 21/
11 The compound hydrazine is used as a rocket fuel. It has the structural formula shown.

H H
N—N
/N

H H

One of the reactions of hydrazine is shown. This reaction is exothermic.
N2H4 —» Ng + 2H1

The bond energies are shown in the table.

bond energy
in kJ/mol
H-H +436
N-H +390
N-N +160
N=N +945

What is the energy change for this reaction?

A -33%kJ/mol B -97kJ/mol C +97kJ/mol D +339kJ/mol

12 Which statement describes an exothermic reaction?

A The energy absorbed for bond breaking is greater than the energy released by bond
formation.

The energy absorbed for bond breaking is less than the energy released by bond formation.

C The energy released by bond breaking is greater than the energy absorbed for bond
formation.

D The energy released by bond breaking is less than the energy absorbed for bond formation.

Q# 5/ iGCSE Chemistry/2017/s/Paper 23/
11 Heat energy is produced when hydrocarbons burn in air.

Which equations represent this statement?

1 CoHsOH + 30, — 2C0:; + 3H.0
2 CoHs + 30: — 2C0; + 2H.0
3 CH, + 20, - CO, + 2H,0

A 1,2and3 B landZ2only € 1and3only D 2and3only
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13 Hydrogen and chlorine react to form hydrogen chloride.

The reaction is exothermic.

Ha(g) + Clx(g) — 2HCI(g)

The overall energy change for this reaction is —184 kJ/mol.

The table gives some of the bond energies involved.

bond energy in
band kJ/mol
H-CI +430
H-H +436

What is the energy of the CI-CIbond?

A
B
c
D

—240kJ/mol
—190kJ/mol
+190kJ/mol
+240kJ/mol

Q# 6/ iGCSE Chemistry/2017/s/Paper 22/
11 Which statement about fuels is correct?

A
B
c
D

Heat energy can only be produced by burning fuels.
Hydrogen is used as a fuel although it is difficult to store.
Methane is a good fuel because it produces only water when burned.

Uranium is burned in air to produce energy.

13 The equation for the reaction between hydrogen and chlorine is shown.

Ha(g) + Cla(g) — 2HCI(g)

The reaction is exothermic.

The bond energies are shown in the table.

s | Pordsrra

Cl-Ci +240)
H-C1 +430
H-H +436
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What is the energy change for the reaction?
A —1536kJ/mol

B -184kJ/mol

C +184kJ/mol

D +246kJ/mol
Q# 7/ iGCSE Chemistry/2017/s/Paper 21/
11 Some properties of four fuels are shown in the table.

Which fuel is a gas at room temperature and makes two products when it burns in a plentiful
supply of air?

ik foriiila melti?c?Cpoint boilir/\gcpoint
A | hydrogen H- -259 -253
B methane CHs -182 —164
C octane CgHiz 57 126
D wax CaiHes 60 400

12 Which statements about exothermic and endothermic reactions are correct?

1 Duning an exothermic reaction, heat is given out.
2  The temperature of an endothermic reaction goes up because heat is taken in.

3 Burning methane in the air is an exothermic reaction.

A 1,2and3 B 1andZ2only € 1and3only D 2and3only

13 Chlorine reacts with ethane to produce chloroethane and hydrogen chlonde.
H H H H
H—C—C—H + CI—Cl] —>» H—E|:—E|:—CI + H—CI
U oo
The reaction is exothermic.

The bond energies are shown in the table.

bond | " e
-0 +340
c-C +350
C-H +410
Cl-CI +240
H-CI +430
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What is the energy change for the reaction?
A —1420kJ/maol

B -120kJ/moal

C +120kJ/mal

D +1420kJ/mol
Q#t 8/ iGCSE Chemistry/2017/m/Paper 22/
12 Ammonia is made by reacting nitrogen with hydrogen in the presence of an iron catalyst.

The reaction is exothermic.
The equation for the reaction is shown.
N, + 3H; — 2NH;

The bond energies are shown in the table.

bond bond energy in kJ/mol

H-H 436
N-H 390
N=N 945

What is the energy given out during this reaction?

A -4593kJ/mol B -1083kJ/mol C -959kJ/mol D -87kJ/mol

13 The energy level diagram for the reaction between P and Q to form R and S is shown.
A
P+Q

energy

-
-

Which row describes the energy changes involved and the type of reaction?

energy changes involved type of reaction

A more energy is given out when the bonds in the products endothermic
are formed than is needed to break the bonds in the reactants

B more energy is given out when the bonds in the products exothermic
are formed than is needed to break the bonds in the reactants

C more energy is needed to break the bonds in the reactants endothermic
than is given out when the bonds in the products are formed

D more energy is needed to break the bonds in the reactants exothermic
than is given out when the bonds in the products are formed
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Q# 9/ iGCSE Chemistry/2016/w/Paper 23/
12 10g of ammonium nitrate are added to water at 25°C and the mixture stirred. The
ammonium nitrate dissolves and, after one minute, the temperature of the solution is 10°C.

Which word describes this change?

A endothermic
B exothermic

C neutralisation
D

reduction

13 The energy level diagram for a reaction is shown.

A

1
hﬂd ucts

i
energy E. AH
reactants
Which row is correct?
sign of AH overall energy change sign of E;
A - exothermic -
B + endothermic +
C + endothermic -
D + exothermic +

Q# 10/ iGCSE Chemistry/2016/w/Paper 22/
12 Which experiment is the most exothermic?

initial final
temperature /°C temperature /°C

A 20 5

B 20 32

Cc 25 12

D 25 34
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13 The energy level diagram for a reaction is shown.

A

reactants
energy

products

Y

Which row is correct?

sign of AH overall energy change sign of E;
A - exothermic -
B + endothermic +
o + endothermic -
D - exothermic +

Q# 11/ iGCSE Chemistry/2016/w/Paper 21/
12 When anhydrous copper(Il) sulfate is added to water a solution is formed and heat is given out.

7y

thermometer —___| /

———anhydrous
copper(Il) sulfate

\

o] — water

Which row shows the temperature change and the type of reaction taking place?

temperature change type of reaction
A decrease endothermic
B decrease exothermic
Cc increase endothermic
D increase exothermic
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Q# 12/ iGCSE Chemistry/2016/s/Paper 23/
13 Hydrazine, N;H,, decomposes as shown.

-

+— N=N + 2H—H

Ir—Z2—XI

H

The energy change for this reaction is -95kJ/ mol.

The table shows some bond energies involved.

bond bond energy in kJ/mol

N=N 945
N-H 391
H-H 436

What is the bond energy of the N-N bond?
A 158kJ/mol B 315kJ/mol C 348kJ/mol D 895kJ/mol

Q# 13/ iGCSE Chemistry/2016/s/Paper 22/
13 The energy level diagram for the combustion of methane is shown.

I
CH,(g) + 20.,(g)

energy energy change

y CO:(g) + 2H,0(g)

Yy

Which row gives the equation and energy change for this reaction?

equation energy change in kJ/mol
A CHs(g) + 202(g) — CO:(g) + 2H:0(g) +891
B CHs(g) + 202(g) — COsl(g) + 2H:0(g) —891
c CH4(g) + 20s(g) — COz(g) + 2H:0O(l) +891
D CH4(g) + 20:(g) — COz(g) + 2H:0O(l) —891
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Q# 14/ iGCSE Chemistry/2016/s/Paper 21/
11 The diagram shows some properties that substances may have.

To which labelled part of the diagram does #°U belong?

radioactive

13 Hydrogen burns exothermically in oxygen.
The equation for the reaction is:
2H: + O — 2H:0

The table shows the bond energies involved.

bond bond energy in kd/mol

H-H 436
0=0 498
O-H 464

What is the energy given out during the reaction?

A -3226 kJ/mol

B -884kJ/mol
C -486kJ/mol
D -442kJ/mol

Q# 15/ iGCSE Chemistry/2016/m/Paper 22/
12 Which substance could not be used as a fuel to heat water in a boiler?

A ethanol
B hydrogen
C methane
D

oxygen
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13 Which row describes an endothermic reaction?

Dreskbonds/k | formng bonde/k) | temperature
A 400 200 decreases
B 400 800 decreases
c 600 200 increases
D 600 800 increases

12.6.1  ESSENTIAL EXAM QUESTIONS Topic 6 Paper 2 31marks Mark Scheme

Q# 1/ iGCSE Chemistry/2018/m/Paper 22/

Q# 2/ iGCSE Chemistry/2017/w/Paper 23/
11 C

12 B

Q# 3/ iGCSE Chemistry/2017/w/Paper 22/
11 B

12 B
Q# 4/ iGCSE Chemistry/2017/w/Paper 21/

11 B

12 B
Q# 5/ iGCSE Chemistry/2017/s/Paper 23/
11 D

13 D
Q# 6/ iIGCSE Chemistry/2017/s/Paper 22/

1" B

12 C
13 B
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Q# 7/ iGCSE Chemistry/2017/s/Paper 21/

12 |A L
13 |B 12 |c
14 D 13 B
Q# 8/ iGCSE Chemistry/2017/m/Paper 22/

12 D

13 B

Q# 9/ iGCSE Chemistry/2016/w/Paper 23/
12 A

13 B

Q# 10/ iGCSE Chemistry/2016/w/Paper 22/
12 B
13 D

Q# 11/ iGCSE Chemistry/2016/w/Paper 21/
12 D

Q# 12/ iGCSE Chemistry/2016/s/Paper 23/
13 A

Q# 13/ iGCSE Chemistry/2016/s/Paper 22/
13 B

Q# 14/ iGCSE Chemistry/2016/s/Paper 21/
11 D

13 C

Q# 15/ iGCSE Chemistry/2016/m/Paper 22/
12 D

13 A
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12.7 ESSENTIAL EXAM QUESTIONS T6 Paper 3/4 29marks
Q# 1/ iGCSE Chemistry/2013/w/Paper 31/ Q7
(b) Bond forming is exothermic, bond breaking is endothermic. Explain the difference
between an exothermic reaction and an endothermic reaction.

{e) Use the bond energies to show that the following reaction is exothermic.
Bond energy is the amount of energy (kJ / mol) which must be supplied to break one mole
of the bond.

H H

H—C—H + CiI—CI - H—C—CI + H—CI

H H

Bond energies in kJ/mol

Ci-Ci +242
C-Cl +338
C-H +412
H-CI +431
bonds broken energy in kJ/mal

total energy =

bonds formed energy in kJ/maol

total energy =

- [4]
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Q# 2/ iGCSE Chemistry/2011/s/Paper 31/ Q5

(d) 20.0 cm® of agueous sodium hydroxide, 2.00 mol / dm?®, was placed in a beaker. The
temperature of the alkali was measured and 1.0 cm? portions of hydrodic acid were
added. After each addition, the temperature of the mixture was measured. Typical results
are shown on the graph.

temperature

-

18.0cm? volume of
acid added

NaOH(ag) + HI(ag) — Nal(ag) + H,O(l)

(i) Explain why the temperature increases rapidly at first then stops increasing.

- [2]

(ii) Suggest why the temperature drops after the addition of 18.0 cm? of acid.
Q# 3/ iGCSE Chemistry/2009/s/Paper 31/
7  Hydrogen reacts with the halogens to form hydrogen halides.

(a) Bond energy is the amount of energy, in kJ, that must be supplied (endothermic) to
break one mole of a bond.

bond bond energy in kJ/mol
H—H +436
CI—CI +242
H—C! +431

Use the above data to show that the following reaction is exothermic.

HH + C-CiI => 2H-C
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Q# 4/ iGCSE Chemistry/2006/s/Paper 3/
6 (a) Exothermic reactions produce heat energy.

An important fuel is methane, natural gas. The equation for its combustion is as follows.
CH4 + 20,— CO; + 2H:0

(i) In chemical reactions bonds are broken and new bonds are formed.
Using this reaction give an example of

a bond that is broken,

a bond that is formed. [2]

(ii) Explain, using the idea of bonds forming and breaking, why this reaction is
exothermic, that is it produces heat energy.

[2]

(b) Some radioactive isotopes are used as nuclear fuels.

(i) Give the symbol and the nucleon number of an isotope that is used as a nuclear
fuel.

Q# 5/ iGCSE Chemistry/2005/w/Paper 3/ Q7

7 In 1809, Haber discovered that nitrogen and hydrogen would react to form ammonia. The
yield of ammoniawas 8%.

N2 (g) + 3Hz(g) = 2NH: (g) the forward reaction is exothermic

catalyst platinum
temperature 600 “C
pressure 200atm

(c) (i) Complete the following table that describes the bond breaking and forming in the
reaction between nitrogen and hydrogen to form ammonia.

bonds Energﬁha”ge exothermic or endothermic

1moleaof N=N

R = T
broken
3 moles of o +1308
broken
G molesof N-H

2328
formed | mteemmiainmaiiasiasie

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(ii) Explain, using the above data, why the forward reaction is exothermic.

Q# 6/ iGCSE Chemistry/2004/s/Paper 3/

1 It was reported from America that a turbine engine, the size of a button, might replace
batteries. The engine would be built from silicon which has suitable properties for this
purpose.

(a) (i) Why are batteries a convenient source of energy?

(ii) The engine will run on a small pack of jet fuel. What other chemical is needed to
burn this fuel?

[1]

Q# 7/ iGCSE Chemistry/2003/s/Paper 3/Q5
(f) The reactions of these metals with oxygen are exothermic.

2Ba(s) + O,(g) — 2BaO(s)

(i) Give an example of bond forming in this reaction.

(ii) Explain using the idea of bond breaking and forming why this reaction is
exothermic.

.[3]
12.7.1  ESSENTIAL EXAM QUESTIONS Paper 2 29marks Mark Scheme
Q# 1/ iGCSE Chemistry/2013/w/Paper 31/ Q7
(b) exothermic reaction gives out energy [1]
endothermic reaction absorbs
takes in energy [1]
(c) bonds broken energy
C-H +412
CLCI +242
total energy +654 [1]
bonds formed energy
C-Cl —338
H-CI —431
total energy —769 [1]
energy change -115 [1]
negative sign indicates exothermic [1]

Q# 2/ iGCSE Chemistry/2011/s/Paper 31/ Q5
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(d) (i)

(i)

the reaction is exothermic / reaction produces heat/energy
all the sedium hydroxide used up/neutralised / reaction has stopped

adding colder acid / no more heat produced
if not given in (d)(i) any comments such as “reaction has stopped” can gain mark

Q# 3/ iGCSE Chemistry/2009/s/Paper 31/

7 (a)

(total endothermic change = 436 + 242 = +)678 kJ
(total exothermic change = 2 x 431 = —)862 kJ
accept correct sign/supplied/absorbed for endo etc.
accept correct sign/evolved/produced for exo etc.
change for reaction = —184 kJ

not necessary to calculate —184, just show that exo change = than endo
ecf allowed provided negative
—184 kJ scores all 3 marks

Q# 4/ iGCSE Chemistry/2006/s/Paper 3/

6 (a)

(b)

(i) Anybond that is broken C-H or O=0

Bond that is formed C=0 or O-H
Do not insist on double bonds

(ii) More energy is released forming bonds
than is used breaking bonds
For just - more energy released than used [1]
For - energy is released forming bonds and it is used
breaking bonds [1]

(i) U
235

Q# 5/ iGCSE Chemistry/2005/w/Paper 3/ Q7

(e)(i)

(ii)

H—H
endothermic
endothermic
exothermic

More heat given out than taken in [1]
—2328 + 945 + 1308 = —75(kJ) [1]

OR More heat given out bond forming than taken in bond breaking [2]
Must mention bond breaking and forming

Q# 6/ iGCSE Chemistry/2004/s/Paper 3/
1. (@) (i)  porable [1]

(i) oxygen or air (1]

Q#t 7/ iGCSE Chemistry/2003/s/Paper 3/Q5

(f @)

barium - oxygen or ionic

(ii) bond forming energy released/exothermic

bond breaking energy taken in/endothermic
more enerqgy released

[1]
[1]

[1]

(1
[1

[1]

(1

[1]

(1

[1]
[1]
[1]

[2]
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12.8 ESSENTIAL EXAM QUESTIONS Topic 6 Paper 6 75marks
Most of the exam questions on this topic will be found in Paper 6 and relate to drawing graphs using them to get data from
the trend line and explaining what they are showing.

Q#t 2/ iGCSE Chemistry/2018/s/Paper 63/Q2
2 A student investigated how the temperature changed when aqueous sodium hydroxide reacted
with solutions of two different acids, acid R and acid S.

Two experiments were done.
Expenment 1

¢ A measuring cylinder was used to pour 50 cm?® of aqueous sodium hydroxide into a polystyrene
cup. The temperature of the solution was measured.

e A burette was filled up to the 0.0 cm® mark with acid R.

5 0cm? of acid R was added to the agueous sodium hydroxide in the polystyrene cup and the

solution stirred.

The highest temperature of the solution was measured.

A further 5.0 cm? of acid R was added to the polystyrene cup and the solution was stirred.

The highest temperature of the solution was measured.

Further 5.0cm?® portions of acid R were added to the polystyrene cup until a total volume of

40.0cm? of acid R had been added. The highest temperature of the solution was measured

after each addition.

(a) Use the thermometer diagrams to record the results in the table.

volume of acid R thermometer highest temperature
added/cm?® diagram of the solution/°C

30

0.0 25

“|||I|||||

20
30

25

50

m|I|||||

20
30

10.0 25

20
30

15.0 25

20
30

20.0 25

20

. A
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—40
25.0 135
30
30
30.0 125
120
1430
35.0 125
120
30
40.0 125
120
[2]
(b) Plot the results for Experiment 1 on the grid and draw tweo intersecting straight line graphs.
40
£ 35
| =
=
b=
@
E 30
©
o
=1
e
o 25
E
L
W
@
S
= 20
15
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

volume of acid R added /em?®

[2]
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Expenment 2

& The burette was ninsed with distilled water and then with acid S.
& Expenment 1 was repeated but using acid S instead of acid R.

(e) Use the thermometer diagrams to record the results in the table.

volume of acid S
added/ cm?®

thermometer
diagram

highest temperature
of the solution/“C

0.0

30
25

ﬂ|||I|||||

20

5.0

30

25

20

10.0

40
35

“|||I|||||

30

15.0

40
35

H..l....l

30

20.0

40
35

ﬂ|||I|||||

25.0

30
30

25

20

30.0

25

20

35.0

25
20

40.0

25

20
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(d) Flot the results for Experiment 2 on the grid and draw two intersecting straight line graphs.

40

£ 35

| =

S

5

3

oW

2 30

I=

=

E

o

g 25

£

g

7

o

=)

2 20
16
0.0

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.(

volume of acid 8 added/em?

[2]

(e) (i) Use your graph to estimate the volume of acid $ which must be added to neutralise

(i)

50 cm? of aqueous sodium hydroxide.
Show clearly on the grid how you worked out your answer.

e [2]

Suggest how the volume in (e)(i) would differ if the experiment were repeated using 25cm?
instead of 50cm? of aqueous sodium hydroxide.
Explain your answer.

2

(f) What type of energy change occurs when acid 8 reacts with agueous sodium hydroxide?

Patrick Brannac
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() (i)

In Experiment 2, why was the burette rinsed with distilled water?

....................................................................................................................................... [1]
(ii) Why was the burette then rinsed with acid §7
....................................................................................................................................... [1]
(h) Describe one source of eror in Expenment 2. Suggest an improvement to reduce this source
of error.
SOUNCE OF BT e e
gl o T o= =] | U
[2]
[Total: 17]

Q# 3/ iGCSE Chemistry/2018/s/Paper 62/Q2

2 A student investigated the temperature changes when two different solids, solid C and solid D,
dissolved in water.

Two experiments were done.

Experiment 1

« lsing a measuring cylinder, 40 cm? of distilled water was poured into a polystyrene cup. The
initial temperature of the distilled water was measured.
¢ Jgofsolid C was added to the polystyrene cup and the mixture was stired with a thermometer.
The temperature of the solution was measured after 1 minute.
¢ [he procedure was repeated using 49 of solid C.
# The procedure was repeated using 69 of solid C.
(a) Use the thermometer diagrams to record the results in the table.
Calculate and record the temperature change in each case, including whether the temperature
increased (+) or decreased (-).
e temperature of
mass of thermometer temperature thermometer pETas temperature
lid C/ di f the distilled di ihe Sailon hange/°C
soli g lagram of the disti iagram after 1 min/ °C change
water/°C
—30 —20
3 Jos 115
120 d10
—30 —20
4 525 é15
20 d10
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30
25
20

20
15
10

Expenment 2

# Expenment 1 was repeated but using 3g, 4g, 6g and 8g of solid D .

(b) Use the thermometer diagrams to record the results in the table.

[2]

Calculate and record the temperature change in each case, including whether the temperature
increased (+) or decreased ().

Patrick Brannac
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mass of thermometer temperature thermometer te:[wg EEE:L[,:E“N temperature
solid D/g diagram of the distilled diagram S change/°C
water/°C after 1 min/°C
—30 430
3 J2s 325
120 120
—30 430
4 o5 325
=120 120
—30 430
3] 525 525
20 120
430 140
8 325 335
420 130
[2]
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(c) Plot the results for Experiments 1 and 2 on the grid. The (0,0) point has been plotted for you.
Draw two straight lines of best fit.
Clearly label your graphs.

15

10

5

temperature

change/“C

0%

0 1 2 3 4 5 6 7

-10

[4]

(d) Use your graph to estimate the temperature change after 1 minute if 8 g of solid C were added
to 40cm? of distilled water.

Show clearly on the grid how you worked out your answer.

_°C 2]

(e) What type of energy change occurs when solid D dissolves in water?

]

(f) Suggest the temperature of the solution containing 89 of solid D, if the solution were left for
2 hours.

Explain your answer.
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(g) How would the temperature changes measured after 1 minute differ if the experiments were
repeated using 80 cm® instead of 40 cm? of distilled water in each case?

[2]
(h) Suggest one change you could make to the expenments to obtain more accurate results.
Explain how this change would make the results more accurate.
BN
D AN O e
[2]
(i) Suggest how the reliability of the results could be checked.
[2]
[Total: 19]

12.8.1  ESSENTIAL EXAM QUESTIONS Topic 6 Paper 6 75marks Mark Scheme
Q# 2/ iGCSE Chemistry/2018/s/Paper 63/Q2

2{a} all temperature boxes completed comectly:

21, 23,25, 27,28, 31, 30, 29, 28

2(b} all points plotted correctly (O half a small square)

best-fit intersecting straight-line graphs

2ic) temperature boxes completed comectly:

21, 26,31, 32, 31, 30, 28, 28, 27

all points plotted correctly

2 best-fit intersecting straight-line graphs
2{a)ii) value from graph where lines cross: 12 em®
shown clearly at intersection
2ielii) half volume of acid
less { half as many moles of sodium hydroxide present
2(f) exothermic / heat given cut
2(gii) o remowve traces of acid / clean / remove impurities
2{gii) o remove traces of water
2{h} sources of error
using a measuring cylinder or heat losses
improvement
use a pipette f use a burette / lag / insulation / lid
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Q# 3/ iGCSE Chemistry/2018/s/Paper 62/Q2

2{a) initial temperatures all 21
AND
final temperatures 18, 17, 18

temperature changes -3, —4, -0

2(b) initial temperatures 22, 22, 21, 22
AND
final temperatures 28, 27, 28, 33

temperature changes +4, +5, +8, +11

2{c) all points plotted correctly (T half a small square)

best-fit straight-line graphs

labels D jupper) and C (lower) or (expt.) 2 and 1

2id) value from graph, —8°C

extrapolation

2ie) exothemic

2(f) room temperature /21 °C /22 °C

heat lost to surroundings

2(g) half as much

2{h}) change in apparatus or method e.g. use a pipette / burette or use insulation / lid
explanation e.g. as more accurate / precise, than a measuring cylinder / reduce heat losses

21} repeat expernments

compare | average

Q# 4/ iGCSE Chemistry/2017/w/Paper 63/

2(a) temperature boxes completed: 23, 16, 14, 13, 12, 11, 11, 11,11, 11
all readings correct = [2]
8 or @ readings comrect = [1]
2(b) temperature boxes completed comrectly: 22, 26, 20, 31, 32, 33, 34, 35, 35, 35
all readings correct = [2]
8 or 9 readings correct = [1]
2(c) all points plotted
two smooth line graphs
(one line graph comrect = [1])
both graphs appropriately labelied
2(d)(i) value from graph
shown clearly
2(d)(ii) value from graph
shown clearly
2(e) exothermic
2(f) room temperature / 22°C
AND
reaction has finished / all the solid has dissolved
2(g) source of error improvement
heat losses use a lid / lag the apparatus
use of a measuring cylinder use a pipette/burette
wet cup in the second experiment use new/another cup OR dry the cup
the solid absorbs water from the air store in a sealed container / airtight container / desiccator
only done once repeat and average
different masses of solids used / masses of use same mass of solid / weigh the solids
solids not measured
2(h) fewer data / less detail / fewer readings / graph not as good / not enough readings whilst the solid is reacting

Patrick Brannac
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12.9 FUNDAMENTAL Assessed Activity 1 Keyword Test

Topic

4  English Meaning

998 | exothermic change
5

842 | activation energy (EA)

776 | burning

700 | combustion

664 | fuel cells

642 | kinetic (particle) theory

621 | fuel cell

592 | collision theory

530 | endothermic change

434 | fuel

307 | bond energy

183 | catalyst

724 | heat of combustion

133 | heat of reaction
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12.10  ESSENTIAL Assessed Activity 2 Topic 6 Paper 2 14marks
Q#1/
12 Ethene bumns in oxygen to form carbon dioxide and water vapour.

H H
" S
C=C_ +30=0 - 20=C=0 + 2H-O-H
H H

The bond energies are shown in the table.

bond | 0 et
C=C +610
C-H +410
0=0 +497
c=0 +305
O-H +460

What is the energy change for the reaction?
A —2959kJ/mol

B -2313kJ/mol

C —-1319kJ/mol

D -399kJ/mol

Q# 2/
12 Hydrogen peroxide, H-O-O-H, decomposes to form water and oxygen.

2H,0,(g) — 2H,0(g) + O:(g)

The bond energies are shown in the table. The reaction is exothermic.

bond | *0 Snt”
O-H +460
0-0 +150
0=0 +496

What is the energy change for the reaction?

A -346kJ/mol B -196kJ/mol C +196kJ/mol D +346kJ/mol
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Q# 3/
12 Methane burns in an excess of oxygen. The equation is shown.

CHs(g) + 204(g) — COx(g) + 2H,0O(g)

The bond energies are shown in the table.

bond | PN e
C-H +410
C=0 +805
O-H +460
0=0 +496

What is the energy change for the reaction?

A +818kJ/mol
B +102kJ/mol
C -359kJ/mol
D -818kJ/mol

13 The equation for the formation of ammonia is shown.
M: + 3H: — 2NH;

The energy level diagram for the reaction is shown.

A
activation
energy
= +250kJ/mol total energy
N, + 3H, released
energy =_342kJ/mol
2NH,

Y

progress of reaction

What is the energy change for the reaction?

A —592kJ/mol
B -92kJ/mol
C +92kJ/mol
D +592kJ/mol
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Q# 4/

17 Part of the Penodic Table is shown.

Which element forms an oxide that reacts with dilute acid to form a salt and water?

1l m v v vi vivil

A B

18 Aqueous sodium hydroxide is added to solid Q in a test-tube.

A gas is produced which turns damp red litmus blue.

What is Q7

A aluminium

B ammonia

C ammonium chlonde
D sodium nitrate

19 Potassium hydroxide 1s a base.

Which statement describes a reaction of potassium hydroxide?

A

B
c
D

Chlorine is formed when it is heated with ammonium chloride.
It turmns Universal Indicator green.
It reacts with an acid to produce a salt and water.

It turns methyl orange red.

20 Some general rules for the solubility of salts in water are listed.

¢ (Carbonates are insoluble (except ammonium carbonate, potassium carbonate and
sodium carbonate).

¢ (Chlondes are soluble (except lead(II) chlonde and silver chlonide).
e Nitrates are soluble.

e Sulfates are soluble (except barium sulfate, calcium sulfate and lead(II) sulfate).

Which substances produce an insoluble salt when agueous solutions of them are mixed?

A

B
c
D
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Q#5/
12 Information about two reactions is given.

« The neutralisation reaction between citric acid and sodium hydrogencarbonate is endothermic.
e The displacement reaction between magnesium and carbon dioxide is exothermic.
Which statements about the two reactions are correct?

1 The energy of the products formed in the neutralisation reaction is greater than the
energy of the reactants.

2 The energy of magnesium and carbon dioxide is greater than the energy of
magnesium oxide and carbon.

3 In an exothermic reaction, the energy required to break the bonds is greater than the
energy released when the new bonds are formed.

A 1,2and3 B 1and2only C 1and3only D 2and3only

13 Ethene reacts with hydrogen. The equation is shown.
CH,=CH; + H, — C,Hs

The bond energies are shown in the table. The reaction is exothermic.

bond | P ol
G +350

=C +610
C-H +410
H-H +436

What is the energy change for the reaction?

A -560kdJ/mol B -124kJ/mol C +486kJ/mol D +5496 kJ/mol
Q# 6/
12 Which diagram is a correctly labelled energy level diagram for an endothermic reaction?

A B

overall

energy overall energy energy kS
ey energy change at;tnl\;arhon
change oy
_________________ J_____ reactants ? T _________l_____
progress of reaction progress of reaction
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reactants

|

overall  adivation

overall

energy energy

energy energy energy
change J change
progress of reaction progress of reaction

13 The equation for the complete combustion of methane is shown.

CHalg) + 20:(g) — COo(g) + 2H:0(g)

The bond energies are shown in the table.

bond | 2 e
C-H +410
c=0 +805
O-H +460
0=0 +496

What is the energy change for the reaction?

A 818kJ/mol B -3589kJ/mol C -323kJ/mol D +102kJ/mol
Q#7/

12 Plant cells use energy from sunlight for photosynthesis.

Which row describes and explains the energy change that occurs?

- ergﬁ E&ﬁ; nge explanation
A endothermic less energy is released making bonds than is absorbed to break bonds
B endothermic more energy Is released making bonds than is absorbed to break bonds
C exothermic less energy is released making bonds than is absorbed to break bonds
D exothermic more energy is released making bonds than is absorbed to break bonds
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13 Hydrogen bromide decomposes to form hydrogen and bromine. The equation is shown.

2HBr(g) — Hi(g) + Brx(q)

The bond energies are shown in the table. The reaction is endothermic.

bond | *3 mor”
Br-Br +193
H-Br +366
H-H +436

What is the energy change for the reaction?

A +263kJ/mol B +103kJ/mol C -103kJ/mol D -263kJ/mol

12.11  Essential Assessed Activity 3 Topic 6 Paper 6 19marks

Q#1/
2 A student investigated the temperature changes when two different metals, zinc and magnesium,
reacted with aqueous copper(Il) sulfate.

Three experiments were done.

Experiment 1

& A measunng cylinder was used to pour 25cm?® agueous copper(ll) sulfate into a polystyrene
cup.

& The initial temperature of the solution was measured and the timer was started.

The temperature of the solution was measured at 30 seconds and at 60 seconds.

# At 60 seconds, 5g of zinc powder was added to the agueous copper(Il) sulfate. The mixture
was stirred with a thermometer.

¢ The temperature of the mixture was measured every 30 seconds for 210 seconds. The mixture
was stirred continuously.
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(a) Use the thermometer diagrams to record the temperatures in the table.

time /s 0 30 60 90 120 150 180 210
30 0 0 50 50 50 50 50
therlmnm eler 25 5 5 45 45 45 45 45
diagram
20 0 0 40 40 40 40 40

temperature of

mixture/°C
[2]
Expenment 2
¢ Expenment 1 was repeated using 5g of magnesium powder instead of zinc powder.
(b) Use the thermometer diagrams to record the temperatures in the table.
time /s 0 30 60 90 120 150 180 210
30 0 0 60 80 80 80 80
tharlmom eter 25 5 5 55 75 75 75 75
diagram
20 0 0 50 70 70 70 70
temperature of
mixture/°C
[11
Expenment 3
¢ Expenment 1 was repeated using 5g of zinc granules instead of zinc powder.
(e¢) Use the thermometer diagrams to record the temperatures in the table.
time /s 0 30 60 90 120 150 180 210
30 0 0 30 30 30 30 30
thermometer 25 5 5 25 25 25 25 25
diagram
20 0 0 20 20 20 20 20
temperature of
mixture/°C
[1]
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(d) Plot the results for Experiments 1-3 on the grid and draw three smooth line graphs.
Clearly label your lines.

80

70

60

50

temperature of
mixture/°C

40

30

20

10

0 30 60 90 120 150 180 210
time/s

[3]

(e) From your graph, deduce the temperature of the mixture in Experiment 2 after 75 seconds.
Show clearly on the grid how you worked out your answer.

e *C 2]
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(f) (i) From the results, which Experiment was the most exothermic? Explain your answer.

(ii) Compare the rates of reaction in Experiments 1 and 3. Explain why the rates of reaction
are different.

(h) When doing the experiments, what would be the advantage of taking the temperature readings
every 15 seconds?

(i) Explain why a copper can should not be used in place of the polystyrene cup in these
experiments.

[Total: 19]
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12.12  EXCEPTIONAL Assessed Activity 4 T6 13marks

10. Bond enthalpies and average bond enthalpies at 298 K

Bond AH / kJ mol™’ Bond AH | kJ mol™
H-H 436 C-H 413
e 347 Si-H 318
C=C 612 N-H 391
C=C 838 P-H 321
C=C (benzene) 505 O-H 464
Si-Si 226 S-H 364
N-N 158 F-H 568
N=N 410 Cl-H 432
N=N 945 Br-H 366
P-P 198 I-H 208
0-0 144

0=0 498 C-0 358
S-S 266 C=0 746
F-F 158 C-N 286

11.  One important property of a rocket fuel mixture is the large volume of gaseous products formed which
provide thrust. Hydrazine, NoHy, is often used as a rocket fuel. The combustion of hydrazine is represented

by the equation below.
N2H,(g) + Oa(g) — Na(g) + 2H,0(g) AH® =585 k) mol

Hydrazine:

(@) Hydrazine reacts with fluorine to produce nitrogen and hydrogen fluoride only, all in the gaseous
state. State an equation for the reaction.

O]

(c)  Use the average bond enthalpies given in Table 10 of the Data Booklet to determine the enthalpy
change for the reaction in part (a) above.

®3)

(d) Based on your answers to parts (a) and (c), suggest whether a mixture of hydrazine and fluorine is a
better rocket fuel than a mixture of hydrazine and oxygen.

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

13.  Which equation best represents the bond enthalpy of HCI?
HCI(g) — H'(g) + CI'(g)

HCl(g) — H(g) + Cl(g)

HCI(g) — 5 Ha(g) + 3 Clx(0)

2HCl(g) — Ha(9) + Cl(9)

OO w>»

(Total 1 mark)
14.  Which process represents the C—Cl bond enthalpy in tetrachloromethane?
A.  CCly(g) — C(g) + 4Cl(g)
B.  CCly(g) — CCl5(g) + Cl(9)
C.  CCly() > C(g) + 4Cl(g)
D.  CClyl) — C(s) + 2Cl,(g)
(Total 1 mark)
15. Hydrazine is a valuable rocket fuel.
The equation for the reaction between hydrazine and oxygen is given below.
N2H4(9) + O2(g) — N2(9) + 2H,0(9)
Use the bond enthalpy values from Table 10 to determine the enthalpy change for this reaction.

(Total 3 marks)

16. When some solid barium hydroxide and solid ammonium thiosulfate were reacted together, the temperature

of the surroundings was observed to decrease from 15 °C to — 4 °C. What can be deduced from this

observation?
The reaction is exothermic and AH is negative.
The reaction is exothermic and AH is positive.
The reaction is endothermic and AH is negative.
The reaction is endothermic and AH is positive.

COow>
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12.13  ESSENTIAL End of Topic 6 Review and Reflection

Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and more
clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Number of goals achieved at each
Level Success rate, %
level
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the end
of topic tests and other assessed activities, but also in how you learn. How could you become a more effective student to get
more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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12.14  Exceptional Additional Activities, Further Reading and Exploring Beyond the Syllabus

12.15 EXCEPTIONAL Additional Activities, Further Reading and Exploring Beyond the
Syllabus

Most reactions that happen on Earth give out heat energy, but not all of them. The first law of thermodynamics suggests that
energy can neither be created nor destroyed. But it is not the only law, nor is it the most important law. Pick one law and
create a short presentation about it

LAWS of THERMODINAMICS

(o.ccovo\mg +to the Thermobiras)

ERMODYNAMICS TeVS ARE |
T;“G THED\j oY .' ng%z\uw\ Wit P\ ™ 1RD
M : SYSTEM MEY ARE ™
AN’D \ C’QU\L\E)Q\UVY\ WO (T CAO"
e N STHEXR
/’/ e T il 3 e

aT ENERGY (ANNOT BE
cze'k‘\'Eb aR UEQW-D‘&:':
TONN omuy CHpN
UNN \%p.ms

— — - —
— — - -

— — -
—_ e — o —

WHEN —amalﬂ\m \

REMCHES pRSoLMTE
2ERS (O°K ov ~213:\% d ;
ENTROPY NEheS T=RO

@ b s <N ENTROPY (QRN’DOMNEQS
TRERE'S  ALWAYS.  SiL STERS P AND D\QoROTR) 1N
S 4 3\,,«:;,—(»3(\(\ AN %’ﬂ\‘f-

Temperptuee S
MERSULE OF WOW
(Y\qu-\ mo«_et-\-\\-‘i'i

TF NOTWING mwGS
THERE 1S NO DISORDER

/
Xk k xx kkCWD -

— e o — = —

You could investigate Entropy. What is it, and what isn’t it?

EXCEPTIONALLY SMASHING Ideas: Why has Entropy created problems for the existence of Black Holes? Have these problems
been solved? If so how?
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12.16  EXCEPTIONAL EXAM QUESTIONS T6 From IB SL 31marks

These questions are taken from an AS Level style syllabus called IB Standard Level. In theory a top level an iGCSE student has
covered everything needed answer these questions, but most A* level students probably wouldn’t be able to answer them

all.

10. Bond enthalpies and average bond enthalpies at 298 K

Bond AH I kJ mol~ Bond AH I kJ mol™’
H-H 436 C-H 413
c-C 347 Si—H 318
C=C 612 N-H 391
Cc=C 838 P-H 321
C=C (benzene) 505 O-H 464
Si—Si 226 S—H 364
N-N 158 F-H 568
N=N 410 Cl-H 432
N=N 945 Br-H 366
PP 198 I-H 208
0-0 144
0=0 498 C-0 358
S-S 266 C=0 746
F-F 158 C-N 286
Cl-Cl 243 C=N 615
Br-Br 193 C=N 887
-1 151 C-F 467
Cc-Cl 346
C-Br 290
C-I 228
Si—0 466

1. Which statement about bonding is correct?

A.  Bond breaking is endothermic and requires energy.
B.  Bond breaking is endothermic and releases energy.
C.  Bond making is exothermic and requires energy.
D.  Bond making is endothermic and releases energy.

2. Propane can be formed by the hydrogenation of propene.

CH3CH=CH,(g) + Hx(g) — CH3CH,CH3(g)

(Total 1 mark)

(i)  Enthalpy changes can be determined using average bond enthalpies. Define the term average bond

enthalpy.

(iv) Explain why the enthalpy of hydrogenation of propene is an exothermic process.
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1)
3. Which types of reaction are always exothermic?
l. Neutralization
Il.  Decomposition
I1l.  Combustion
I and Il only
I and 111 only
I1and 111 only
I, Il and 111
(Total 1 mark)
hich equation represents the bond enthalpy for the H-Br bond in hydrogen bromide?
HBr(g) — H(g) + Br(g)
HBr(g) — H(g) + Br(l)

I
O >z COW>»

HBr(g) — H(g) + %Bl’z(l)

D.  HBi(g) — H(g)+ %sz(g)

(Total 1 mark)
5. Which is correct about energy changes during bond breaking and bond formation?

Bond breaking Bond formation
A. | exothermic and AH positive endothermic and AH negative
B. | exothermic and AH negative endothermic and AH positive
C. | endothermic and AH positive exothermic and AH negative
D. | endothermic and AH negative exothermic and AH positive

(Total 1 mark)
6. Which processes are exothermic?
l. Ice melting
Il.  Neutralization
1. Combustion
I and Il only
I and I11 only
Il and 111 only
I, Il and Il

COow>

(Total 1 mark)
7. Which is true for a chemical reaction in which the products have a higher enthalpy than the reactants?

Reaction AH
A endothermic positive
B. endothermic negative
C. exothermic positive
D. exothermic negative

(Total 1 mark)
8. Which statement is correct given the enthalpy level diagram below?
H

Course of the reaction
A.  The reaction is endothermic and the products are more thermodynamically stable than the reactants
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10.
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The reaction is exothermic and the products are more thermodynamically stable than the reactants.
The reaction is endothermic and the reactants are more thermodynamically stable than the products.
The reaction is exothermic and the reactants are more thermodynamically stable than the products.

ODOw

(Total 1 mark)

(b)  Use the information from Table 10 above to calculate the enthalpy change for the complete
combustion of but-1-ene, according to the following equation.
C4Hsg(9) + 602(g) — 4CO,(9) + 4H,0(9)

Two students were asked to use information from the Data Booklet to calculate a value for the enthalpy of
hydrogenation of ethene to form ethane.
C2H4(9) + Ha(g) — C2He(9)
John used the average bond enthalpies from Table 10. Marit used the values of enthalpies of combustion
from Table 12.
(@) Calculate the value for the enthalpy of hydrogenation of ethene obtained using the average bond
enthalpies given in Table 10.

(d) John then decided to determine the enthalpy of hydrogenation of cyclohexene to produce
cyclohexane.
CeH1o(l) + Ha(g) — CeH12(l)
(i)  Use the average bond enthalpies to deduce a value for the enthalpy of hydrogenation of
cyclohexene.

®)

O]

M)

(Total 1 mark)
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10.

(ii)

(iii)

(iv)

ww > O O » W

(@)

(d)

12.16.1 EXCEPTIONAL EXAM QUESTIONS T6 From IB SL 31marks Mark Scheme

the enthalpy change when (one mole of) the gaseous bond is

broken (or formed) / X-Y(g) — X(g) + Y(g) / X(g) + Y(g) — X-Y(9);

averaged for the same bond in a number of similar compounds / OWTTE; 2
energy in: C=C + H-H and energy out: C-C + 2C—H;

Accept energy in C-C + 6C-H + C=C + H-H and energy

out 2C-C + 8C—H.

AH = (612 + 436) — (347 + 826) = 1048 — 1173 / —125 (kJ mol2); 2
Award [2] for correct final answer.

Award [1] for +125.

If old Data Booklet values then allow: AH = 1048 — 1172

=124 (kJ mol ™)

due to the relative strength of the C—C and 2C—H bonds

compared to the C=C and H-H bonds / bonds in products

stronger than bonds in reactants; 1

Bonds broken

(612) + (2x348) + (8x412) + (6x496)/7580 (kJ mol™2);

Bonds made

(8x743) + (8x463) / 9648 (kJ mol);

AH =-2068 (kJ mol™Y); 3
Award [3] for the correct answer.
Allow full ECF.
Allow kJ but no other incorrect units.
Even if the first two marks are lost, the candidate can score [1] for a clear
correct subtraction for AH.

energy required = C=C + H-H/612 + 436 and

energy released = C-C + 2(C-H)/347 + 2(413) /

energy required = C=C + H-H + 4(C-H)/612 + 436 + 4(413) and

energy released = C-C + 6(C—H)/347 + 6(413);

AH = (1048 — 1173)/(2700 — 2825) = —125 kJ mol* 2
(i) -125kImol™; 1
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13 Topic 7.1 &7.2 Chemical and Physical Reactions and Rate of

13.1

Reactions

End of Topic 7.1 &7.2 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources

available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and

uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because they
are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is

one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!
‘ Yes/No  Level

Aspect ‘ What you should have done

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
: Ask your teacher one question about something you do not understand in science
with your y a &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook that
EXTENSION
you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have
. . ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. . EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
ndo
Toic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
i
P Scored over 90% EXTESNION
Scored over 95%
SMASHING!!!
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Aspect = What you should have done Yes/No Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about ESSENTIAL
anything.

Spend more than 3 hours a week reading a book you enjoy (in any language)
about anything.

Spend than5h k readi book y joy (i |
Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.

Spend at least one hour a week reading a book you enjoy in English about

EXTENSION

. EXTENSION
anything.
Spend than3 h k readi book y joy in English about
pen‘more an 3 hours a week reading a book you enjoy in English abou EXCEPTIONAL
anything.
You completed this goal setting table FUNDAMENTAL

You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL
Reflection | Section

You have given an answer for every question in the Review and Reflection section
at the end of this topic

EXTENSION

You have Given good and thoughtful answers for every question in the Review and

EXCEPTIONAL
Reflection section at the end of this topic

13.2 Topic 7.1 and 7.2 Syllabus

7 Chemical reactions

7.1 Physical and chemical changes

e Identify physical and chemical changes, and
understand the differences between them

7.2 Rate (speed) of reaction

e Describe and explain the effect of concentration, e Devise and evaluate a suitable method for
particle size, catalysts (including enzymes) and investigating the effect of a given variable on the
temperature on the rate of reactions rate of a reaction

e Describe the application of the above factors to
the danger of explosive combustion with fine
powders (e.g. flour mills) and gases (e.g. methane

in mines)

¢ Demonstrate knowledge and understanding of a e Describe and explain the effects of temperature
practical method for investigating the rate of a and concentration in terms of collisions between
reaction involving gas evolution reacting particles. (An increase in temperature

e Interpret data obtained from experiments causes an increase in collision rate and more of
concerned with rate of reaction the colliding molecules have sufficient energy

(activation energy) to react whereas an increase
in concentration only causes an increase in
collision rate.)

Note: Candidates should be encouraged to use the
term rate rather than speed.

¢ Describe and explain the role of light in
photochemical reactions and the effect of light
on the rate of these reactions. (This should be
linked to section 14.4.)

e Describe the use of silver salts in photography as
a process of reduction of silver ions to silver; and
photosynthesis as the reaction between carbon
dioxide and water in the presence of chlorophyll
and sunlight (energy) to produce glucose and
oxygen
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13.3 ESSENTIAL Glossary for Keywords for Topic 7.1 & 7.2

T .
+" English Chinese

7 enzymes protein molecules that act as biological catalysts | E§ 7 L4 WEILFINEQR D F
photoc.hemical reaction a chemical reaction that occurs Sk R R 2 B S R K R YL BB 51 F

7 when light, usually of a particular wavelength, falls on the . 9
photosynthesis the chemical process by which plants KEERZEYMAXS b= SemRF0K
synthesise glucose from atmospheric carbon dioxide and | & & E¥EHIILF TR | XTI BFAERRE

7 water: the energy required for the process is captured =

= S5 GHFES St

from sunlight by chlorophyll molecules in the green leaves REEMRYERIT PRI R0 £ ME
of the plants h KA
Denature If an enzyme is placed in an extreme I RISESE FARIE IS Blhn A&
environment, e.g. too acidic or alkali, too hot or is ‘
physically damaged by motion | (like shaking) will no A, ﬁ,‘\\:ﬁ?ﬁgﬂlwﬁhﬂ (4%
longer be able to function. Usually this change is %) BTAEEERA, BE, HEHREBXKA
permanent. TR,

7 ::Ie:;:ion rate a measure of how fast a reaction takes 2 T 5 1 B i A R

7 speed of reaction a less accurate name for reaction rate | & NIERE K& N R E R ZIRA L ER

13.4 EXTENSION Keywords

You do not need to understand these words to score a good A, or even a low A* but if you are aiming for a good or high A*
then understanding words like these here will be helpful.

13.5 ESSENTIAL Classroom Active Learning Tasks Drawing Graphs

Based on the Rate of a Reaction from Paper 6 36marks
Q# 1/ iGCSE Chemistry/2018/w/Paper 63/Q2

2  Astudentinvestigated the rate of reaction between solution $ and solution T at different temperatures.
When these chemicals react they form iodine. Sodium thiosulfate solution and starch solution were
used to show how fast the reaction proceeded.

Four experiments were done.
Expenment 1

¢ A measunng cylinder was used to add 10cm?® of solution $ and 10cm? of sodium thiosulfate
solution to a conical flask.

¢ Ateat pipette was then used to add 1 cm® of starch solution to the mixture.

¢ [he temperature of the mixture was measured and recorded in the table.

& [he reaction was started by using a measuring cylinder to add 10cm?® of solution T to the
conical flask. A timer was started immediately and the mixture was swirled.

¢ The time taken for the mixture to turn blue-black was measured.

& [he final temperature of the mixture was measured and recorded.

¢ T[he conical flask was emptied and rinsed with distilled water.
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Experiment 2

& A measunng cylinder was used to add 10cm? of solution $ and 10cm? of sodium thiosulfate
solution to the conical flask.

A teat pipette was then used to add 1 cm? of starch solution to the mixture.

The mixture was then heated to about 30°C.

The temperature of the mixture was measured and recorded in the table.

The reaction was started by using a measuring cylinder to add 10cm?® of solution T fo the
conical flask. The timer was started immediately and the mixture was swirled.

The time taken for the mixture to turn blue-black was measured.

The final temperature of the mixture was measured and recorded.

e The conical flask was emptied and rinsed with distilled water.

Expenment 3

¢ Expenment 2 was repeated but the mixture of solution S, sodium thiosulfate solution and
starch solution in the conical flask was heated to about 40°C before adding solution T.

Expenment 4

¢ Expenment 2 was repeated but the mixture of solution S, sodium thiosulfate solution and
starch solution in the conical flask was heated to about 50°C before adding solution T.
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(a) Calculate the average temperatures in the table.
Use the stop-clock diagrams to record the time taken for each experiment in the table.

expanmen initial final average time taken for
P b temperature | temperature | temperature stop-clock diagram the mixture to
el I°C /°C I=C turn blue-black/s
{ seconds
1 22 22 45 15
m minutes
30
0
2 31 29 45 15
30
0
3 41 37 45 .15
30
0
4 51 45 45 .15
30
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(b) Plot the results for Experiments 1-4 on the gnd. Draw a smooth line graph.

120

100

80

time taken for
the mixture to
turn blue-black /s

60

40

20

0 10 20 30 40 50 60

average temperature/°C

[4]

(c¢) From your graph, deduce the average temperature needed for the mixture to turmn blue-black
in 60s.

Show clearly on the grid how you worked out your answer.

- [3
(d) (i) Inwhich experiment, 1, 2, 3 or 4, was the rate of reaction greatest?
- [
(i) Explain, in terms of particles, why the rate of reaction was greatest in this experiment.
- [4]
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(e) Pipettes or burettes could be used to measure the volumes of solution § and the
sodium thiosulfate solution more accurately.

State and explain one other way to improve the accuracy of the resulis of these experiments.
way to Improve the acCUracy

D AN A O

(f) A student predicted that using a burette to add solution T would improve the accuracy of the
results of these expenments.

Suggest why the student's prediction would not improve the accuracy of the results of these
experiments.

[Total: 18]
Q#2/ iGCSE Chemistry/2018/w/Paper 61/Q2
2 A student investigated the rate of reaction between dilute nitric acid and lumps of
magnesium carbonate. The apparatus shown was used.

cotton woal

dilute nitric acid

Lumps of magnesium carbonate were added to a conical flask. 40cm?® of dilute nitnc acid was
then poured into the conical flask using a measurnng cylinder. The magnesium carbonate was in
excess.

The conical flask was placed on a balance. Cotton wool was placed in the top of the conical flask.

The mass of the conical flask and its contents was measured and a timer was started. The mass of
the conical flask and its contents was measured every minute for 7 minutes.
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(a) Use the balance diagrams to record the mass of the conical flask and its contents in the table.
Complete the table to work out the total loss of mass of the conical flask and its contents since
the start of the experiment.

time/minutes

balance diagram

mass of conical flask
and its contents /g

total loss
of mass /g

[3]
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(b) Plot the results on the gnd. Draw a smoaoth line graph.

2.5
20
1.5
lotal loss
of mass /g
1.0
0.5
0
0 1 2 3 4 5 6 7
time /minutes
[3]
(e) The average rate of reaction can be calculated using the equation shown.
te of reaction = total loss of mass/g
average rate of reaction = time taken/s
Calculate the average rate of reaction for the first 30 seconds of the reaction.
Deduce the unit.
rate = o
[3]

(d) The expernment is repeated using an excess of powdered magnesium carbonate. All other
conditions are kept the same.

Sketch on the gnid the graph you would expect. [€]
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(e) (i) Why does the mass of the conical flask and its contents decrease?

- [1]
(ii) Suggest the purpose of the cotton wool.
- [2
(iii) Why does the graph level off? Explain your answer.
- [2

(f) Give one advantage and one disadvantage of using a burette instead of a measuring cylinder
to add the dilute nitric acid to the conical flask.

AAVAN B0
disadvantage
[2]
[Total: 18]
Makr Scheme For Drawing Graphs Active Learning Excercise
Q# 1/ iGCSE Chemistry/2018/w/Paper 63/Q2
2{a) Table of results for experiments 1—4 1
average temperature boxes completed comectly
22,30, 30, 48
Time boxes completed comectly 2
98, 42, 26, 22
Times completed in seconds 1
2(b) All points plotied comectly 3
Smaooth line graph (curve) 1
2(c) indication on graph 1
Value from graph 1
"C 1
2(d)(i} Experiment 4 1
2{d )i} M1 particles (of solution L) have more / most (kinetic) energy [ move faster 1
M2 more frequent collisions / particles collide more often 1
2ie) M1 Imsulation fuse a lid 1
M2 To reduce heat losses 1
2(f) M1 Too slow / slower addition of solution 1
M2 Measuring time-taken / results less accurate 1

Q#2/ iGCSE Chemistry/2018/w/Paper 61/Q2
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2ia) mass boxes comectly completed to 1 dp 2
868.0, 85.0, 84 .4, B4.1,84.0, 83.0, 83.9, B30
Loss in mass boxes correctly completed 1
00,10 1.6, 18,20, 2.1, 21,21
2(b) points correcily plotted: 2
smooth line graph; 1
2{e) M1 mass loss from graph at 30 seconds (0.5) 1
M2 mass in M1/ 30 calculated (= 0.017) 1
M3 gls; 1
2id) Sketch steeper than original graph 1
To same level 1
2(e)i) gas i carbon dioxide given off 1
2(e )il Allow gas to escape 1
Prevent loss of acid; 1
2{elii) Reaction finished 1
All nitric acid has reacted 1
2(f) Advantage: more accurate; 1
Disadvantage: slow 1
13.6 Extension Classroom Active Learning Tasks Dealing with Multi-mark Questions

Based on Rate of reaction 43 Marks

Q# 1/ IGCSE Chemistry/2018/w/Paper 43/Q5
5 A student investigates the rate of reaction between lumps of calcium carbonate and dilute

hydrochloric acid using the apparatus shown.
CaCO,(s) + 2HCI(ag) — CaCl,(ag) + CO,g) + H,O(l)

The calcium carbonate was in excess.

\

gas syringe

lumps of calcium carbonate dilute hydrochloric acid

(a) Which measurements should the student make during the reaction to determine the rate of
reaction?
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(b) What happens to the rate of reaction as the reaction proceeds? Explain your answer.

(¢) The student repeated the experiment at a higher temperature. All other conditions were kept
the same. The student found that the rate of reaction increased.

Explain, in terms of collisions, why the rate of reaction increased.

Q# 2/ IGCSE Chemistry/2018/w/Paper 42/Q4

(c) The original experiment was repeated at a higher temperature. All other conditions were kept
the same.

Describe and explain, in terms of collisions between particles, the effect of using a higher
temperature on the time taken for the reaction to finish.

Q# 3/ IGCSE Chemistry/2018/s/Paper 43/Q3

(d) Cobalt reacts with dilute hydrochloric acid o make the salt cobalt(II) chloride. Bubbles of
hydrogen gas are produced.
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(iii) Use collision theory to explain how heating the dilute hydrochloric acid makes the rate of
reaction faster.

A SR S L S SR LI SR SN T IR IR [3]
Q# 4/ IGCSE Chemistry/2017/w/Paper 41/

7 Copper(Il) oxide reacts with dilute hydrochloric acid.
CuO(s) + 2HCI(aq) — CuClaq) + H,O(l)

6.00g of copper(II) oxide were added to 50.0 cm? of 1.00mol/dm? hydrochloric acid. This was an
excess of copper(Il) oxide.

(a) Therate ofthe reaction can be increased by increasing the concentration of the hydrochloric acid
or by heating it.

(i) In terms of collisions, explain why increasing the concentration of the hydrochloric acid
increases the rate of the reaction.

_______________________________________________________________________________________________________________________________________ 2]
(i) In terms of collisions, explain why heating the hydrochlonc acid increases the rate of the

reaction.

_______________________________________________________________________________________________________________________________________ 2]
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Q# 5/ IGCSE Chemistry/2017/s/Paper 41/
(e} The original graph has been drawn again.

On the gnd, draw the graph expected if the concentration of dilute hydrochloric acid is changed
from 0.1 mol/dm?*to 0.2 mol/dm?. All other conditions are the same as in the original experiment.

Explain, in terms of particles, why your graph is different from the original graph.

400

300
volume
ofgas 200
fem? -

i
100 d
i
0

0 30 60 90 120 150 180 210 240

time/s

Q# 6/ IGCSE Chemistry/2016/w/Paper 41/
8 Magnesium carbonate reacts with dilute hydrochloric acid.

MgCO,(s) + 2ZHCI{aq) — MgCl(aq) + H,O{) + CO.q)
An excess of magnesium carbonate pieces was added to dilute hydrochloric acid. The apparatus in

the diagram was used to measure the volume of gas produced. The total volume of gas collected
was recorded every 20 seconds.

inverted
measuring cylinder

_?water
—| trough
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(a) The results obtained are shown on the graph.

120

100

&0

total volume of
gas collected 60 f
{em?® i

40

-

20—

0
0 100 200 300 400 500

time/s

(i) Describe how the rate of this reaction changed during the reaction. Explain why the rate
changed in this way.

(i) The experiment was repeated using the same mass of powdered magnesium carbonate
with the same volume and concentration of dilute hydrochloric acid.

Explain how the initial rate of reaction and total volume of gas collected would compare to
the first experiment.

INIIA] Tl O TR O O e e
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(b) A piece of magnesium ribbon was cleaned. The experiment was repeated using this clean
magnesium ribbon instead of magnesium carbonate.

Mgis) + 2ZHCI{aq) — MgClaq) + H.(g)

This reaction is exothermic.
The rate of the reaction gradually increased over the first 2 minutes.

Explain why the rate of the reaction increased.

Q# 7/ IGCSE Chemistry/2016/s/Paper 41/

3 When aqueous sodium thiosulfate and dilute hydrochloric acid are mixed, a precipitate of insoluble
sulfur is produced. This makes the mixture difficult to see through.

Na,S.0s(aq) + 2HCI(aq) — S(s) + 2NaCl(aq) + H,O(l) + SO4(g)

The time taken for the cross to disappear from view is measured.

A
!

e~

A student adds the following volumes of aqueous sodium thiosulfate, dilute hydrochloric acid and
distilled water to the conical flask.
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The time taken for the formation of the precipitate of sulfur to make the cross disappear from view

IS recorded.
experiment volume of volume of volume of time taken for
number sodium thiosulfate | hydrochloric acid distilled water cross to disappear
/em? fem® fem? from view/s
1 10 10 40 56
2 20 10 30 28
3

(ii) Use collision theory to explain why increasing the concentration of sodium thiosulfate
would change the rate of reaction.

- [2]

(¢) The student repeated experiment 1 at a higher temperature.

Use collision theory to explain why the rate of reaction would increase.

- [3]

Mark Scheme Extension Classroom Active Learning Tasks Dealing With Multi-mark Questions Based on

Rate of reaction 43 Marks

Q# 1/ IGCSE Chemistry/2018/w/Paper 43/

Sia) M1 volume of gas
M2 time
(b} M1 rate decreases | reaction gets slower 3

M2 concentration of acid decreases

M3 fewer collisions per unit time
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5{c)

M1 particles hawve more kinetic energy
M2 particles move faster

M3 more collisions per unit time

M4 more of the particles have energy greater than or equal to activation energy / more of the collisions have energy
greater than or equal to activation energy

OR
more of the particles have sufficient energy to react/ more of the collisions have sufficient energy to react

OR
A greater percentage or greater proportion or greater fraction of collisions are successful

Q# 2/ IGCSE Chemistry/2018/w/Paper 42/

4{c)

M1 Time taken is less

M2 (particles) hawe more energy

M3 (particles) move faster

M4 More collisions (of particles) occur per second / per unit time

M5 More (of the ) particles ! collisions have energy greater than activation energy

oF
More (of the) particles ! collisions have sufficient energy o react

ar
A greater percentage / proportion [ fraction of collisions (of particles) are successful

Q#t 3/ IGCSE Chemistry/2018/s/Paper 43/

3t}

(particles) have more energy [ (particles) move faster

more collisions per second / greater caollision rate

more of the colliding molecules have sufficient energy (activation energy) to react

Q# 4/ IGCSE Chemistry/2017/w/Paper 41/

Tia)i) | more particles (of acid) in a given volume / dm® ! en®
more collisions per second / unit time OR: greater collision rate
T{aii) particles have more energy / particles move faster f more collisions per second / more collisions per unit time / greater

collision rate

mare {of the) particles / collizions have energy greater than the activation energy / more particles have suificient energy to
react / maore collisions have sufficient energy to react f a greater percentage of collisions are successiul

Q# 5/ IGCSE Chemistry/2017/s/Paper 41/

Sid) curve starts from {0,0) and has a lower gradient than the original curve
because lumps have a lower surface area

Sid) curve starts from {0,0) and has a lower gradient than the onginal curve
because lumps have a lower surface area
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Q# 6/ IGCSE Chemistry/2016/w/Paper 41/

S(a))

any 4 from:

slowed down

acid became less concentrated OR fewer particles per unit volume
fewer collisions per second OR lower collision rate

{then the reaction) stopped

all the hydrochloric acid reacted

B{a)i)

any 4 from:

faster (reaction)

(powder has) larger surface area

mare collisions per second OR higher collizion rate
same volume of gas

amount/ males hydrochloric acid is not changed

B{b)

any 5 from:

temperature increased

particles have more energy

(particles) move faster

more collisicns per second OR higher collision rate

more particles have sufficient energy to react/ activation energy
more of the collisions are successful

Q# 7/ IGCSE Chemistry/2016/s/Paper 41/

3{b) i)

M1 mone particles per unit volume/particles ame closar togather,
M2 increases the rate of collisions /there are more collisions per unit time;

3(c)

M1 paricles gain mome enengy and move faster;

M2 increasing rate of collisions/more collisions per unit time,

M3 higher proporion of particles have sufficient enengy to react/colisions have sufficient energy to react/ans
above the activation enengy;

13.7

ESSENTIAL EXAM QUESTIONS Paper 2 Topic 7.1 & 7.2 12marks

Q# 1/ iGCSE Chemistry/2018/w/Paper 23/
14 Dilute hydrochloric acid reacts with 1g of limestone.

Which conditions produce the fastest rate of reaction?

A
B
C
D

2 mol/dm?® hydrochloric acid and a single lump of limestone
4 mol/dm?® hydrochloric acid and a single lump of limestone
4 mol/dm? hydrochloric acid and small pieces of limestone

4mol/dm® hydrochloric acid and powdered limestone

Q#t 2/ iGCSE Chemistry/2018/w/Paper 22/

14 The rate of reaction between magnesium ribbon and 2mol/dm® hydrochloric acid at 25°C to
produce hydrogen gas is measured.

In another experiment, either the concentration of the hydrochloric acid or the temperature is
changed. All other conditions are kept the same.

Which conditions increase the rate of reaction?

A 1mol/dm?® hydrochloric acid at 25°C
B 2mol/dm® hydrochloric acid at 10°C
C 2mol/dm® hydrochloric acid at 20°C
D 3mol/dm?® hydrochloric acid at 25°C
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Q# 3/ iGCSE Chemistry/2018/w/Paper 21/
14 The effects of a change in conditions on a chemical reaction are listed.

1  The total number of collisions per minute increased.
2 The number of effective collisions per minute increased.
3 The average energy of the particles increased.
Which change in conditions caused all of these effects?
A addition of a catalyst
B increasing the concentration of a solution of a reactant
C increasing the surface area of a solid reactant
D

increasing the temperature

Q# 4/ iGCSE Chemistry/2018/s/Paper 21/

14 Which row describes the effects of increasing both concentration and temperature on the
collisions between reacting particles?

increasing concentration increasing temperature
A more collisions per second only more collisions per second only
B more collisions per second and more more collisions per second only

collisions with sufficient energy to react

(o more collisions per second only more collisions per second and more
collisions with sufficient energy to react

D more collisions per second and more more collisions per second and more
collisions with sufficient energy to react collisions with sufficient energy to react

Q#t 5/ iGCSE Chemistry/2018/m/Paper 22/

15 A student adds dilute hydrochloric acid at two different temperatures to two different lumps of
limestone. The lumps of limestone have the same mass.

The carbon dioxide gas produced is collected in a gas syringe.

The volume of carbon dioxide collected in 1 minute at each temperature is shown.

temperature/°C volume of carbon dioxide
P produced in 1 minute /cm?

25 10

50 40

Which row describes and explains the results obtained at 50 °C compared with 25°C7

reaction rate energy of collisions
A higher lower
B higher higher
c lower lower
D lower higher
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Q# 6/ iGCSE Chemistry/2017/w/Paper 23/

15 Which statement about the effect of concentration and temperature on the rate of a reaction is
not correct?

A If the concentration of a reactant is increased, the rate of reaction increases because more
particles have sufficient energy to react.

B If the concentration of a reactant is increased, the rate of reaction increases because there
are more collisions between particles per second.

C If the temperature is increased, the rate of reaction increases because there are more
collisions between particles per second.

D If the temperature is increased, the rate of reaction increases because more particles have
sufficient energy to react.

Q# 7/ iGCSE Chemistry/2017/w/Paper 22/
15 Four statements about the effect of increasing temperature on a reaction are shown.

1 The activation energy becomes lower.

2 The particles move faster.

3 There are more collisions between reacting particles.
4

There are more collisions which have energy greater than the activation energy.

Which statements are correct?

A 1,2and3 B 1,3and4 C 2,3and4 D 2and3only
Q#t 8/ iGCSE Chemistry/2017/w/Paper 21/
13 The mass of a beaker and its contents is plotted against time.

Which graph represents what happens when sodium carbonate reacts with an excess of dilute
hydrochloric acid in an open beaker?

A B C D
'\ A A A
mass /, mass \ mass mass
0 - 0 - 0 - 0 -
0 time 0 time 0 time 0 time

Q# 9/ iGCSE Chemistry/2017/s/Paper 23/
14 Which changes are physical changes?

1 melting ice to form water
2 buming hydrogen to form water
3 adding sodium to water

4  boiling water to form steam

A 1and2 B 1and4 C 2and3 D 3and4
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Q# 10/ iGCSE Chemistry/2017/s/Paper 22/
14 A gas is produced when calcium carbonate is heated.

Which type of change is this?

A chemical

B exothermic

C physical

D separation
Q# 11/ iGCSE Chemistry/2017/s/Paper 21/
14 When sulfur is heated it undergoes a ...... ; (- change as it melts.

Further heating causes the sulfur to undergo a ...... Y SO change and form sulfur dioxide.

Which words complete gaps 1 and 2?

1 2
A chemical chemical
B chemical physical
Cc physical chemical
D physical physical

15 A student was investigating the reaction between marble chips and dilute hydrochloric acid.

gas syringe
LY [ o | T T T ::I
bung
marble
chips _—25cm® of dilute
hydrochloric acid
Which changes slow down the rate of reaction?
temperature concentration surface area
of acid of acid of marble chips
A decrease decrease decrease
B decrease decrease increase
c increase decrease decrease
D increase increase increase
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13.8 ESSENTIAL EXAM QUESITONS Paper 3/4T7.1 & 7.2 139marks
Q# 1/ iGCSE Chemistry/2015/w/Paper 31/Q7

7 The rate of a photochemical reaction is affected by light.

(b) A piece of white paper was coated with silver bromide and exposed to the light. Sections of the
paper were covered as shown in the diagram.

paper coated with
silver bromide
not covered ~__|
-‘-‘-"""--.‘_‘_‘
covered with

thin paper |

covered with
thick card T

Predict the appearance of the different sections of the paper after exposure to the light and the
removal of the card. Explain your predictions.

(c) Photosynthesis is another example of a photochemical reaction. Green plants can make simple
carbohydrates, such as glucose. These can polymerise to make more complex carbohydrates,
such as starch.

(i) write a word equation for photosynthesis.

(ii) Mame the substance which is responsible for the colour in green plants and is essential for
photosynthesis.

Q#t 2/ iGCSE Chemistry/2015/s/Paper 31/

3 (a) The reactions between metals and acids are redox reactions.

Zn + 2H* - Zn* + H,
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(b) The rate of reaction between a metal and an acid can be investigated using the apparatus

shown below.
o Zq 40 60 80 100 Hl
= \

gas syringe

hydrochloric acid

zinc foil

A piece of zinc foil was added to 50 cm?® of hydrochloric acid, of concentration 2.0mol/dm?. The
acid was in excess. The hydrogen evolved was collected in the gas syringe and its volume
measured every minute. The results were plotted and labelled as graph 1.

graph 2 (with copper)

graph 1
volume

0 time
The experiment was repeated to show that the reaction between zinc metal and hydrochloric
acid is catalysed by copper. A small volume of aqueous copper(Il) chloride was added to the
acid before the zinc was added. The results of this experiment were plotted on the same grid
and labelled as graph 2.

(i) Explain why the reaction mixture in the second experiment contains copper metal. Include
an equation in your explanation.
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Q# 3/ iGCSE Chemistry/2014/s/Paper 31/
6 Hydrogen peroxide decomposes to form water and oxygen. This reaction i1s catalysed by

manganese(IV) oxide.
2H,0,(aq) — 2H,0(l) + O4(q)

The rate of this reaction can be investigated using the following apparatus.

NN

oxygen gas

aqueous hydrogen peroxide
and manganese(IV) oxide

40 cm? of agueous hydrogen peroxide was put in the flask and 0.1 g of small lumps of manganese(IV')
oxide was added. The volume of oxygen collected was measured every 30 seconds. The results
were plotted to give the graph shown below.

&

volume of
oxygen

DL'} tl

Y

1 ty ty
time

(a) (i) How do the rates at times t,, t, and t, differ?

2

(i) Explain the trend in reaction rate that you described in {(a)(i).
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(b) The experiment was repeated using 0.1g of finely powdered manganese(IV) oxide. All the
other variables were kept the same.

{i) On the axes opposite, sketch the graph that would be expected. [2]

{ii) Explainthe shape of this graph.

- [

() Describe how you could show that the catalyst, manganese(IV') oxide, was not used up in the
reaction. Manganese(IV) oxide is insoluble in water.

Q# 4/ iGCSE Chemistry/2013/w/Paper 31/

4 20.0g of small lumps of calcium carbonate and 40 cm? of hydrochloric acid, concentration
2.0mol/dm?3, were placed in a flask on a top pan balance. The mass of the flask and contents
was recorded every minute.

cotton wool to prevent
drops of acid spray escaping

flask
40 cm?® of hydrochloric acid, 2.0mol/dm?

20.0 g of small lumps of
calcium carbonate

balance

The mass of carbon dioxide given off was plotted against time.

A

mass of
carbon dioxide

0 time
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CaCO,(s) + 2HCI(aq) — CaCl,(aq) + H,O(l) + CO,(g)
In all the experiments mentioned in this question, the calcium carbonate was in excess.

(a) (i) Explain how you could determine the mass of carbon dioxide given off in the first five
minutes.

(ii) Label the graph F where the reaction rate is the fastest, S where it is slowing down
and 0 where the rate is zero. [2]

(iii) Explain how the shape of the graph shows where the rate is fastest, where it is
slowing down and where the rate is zero.

(b) Sketch on the same graph, the line which would have been obtained if 20.0g of small
lumps of calcium carbonate and 80 cm? of hydrochloric acid, concentration 1.0 mol/dm?,
had been used. [2]

{e) Explain in terms of collisions between reacting particles each of the following.

(i) The reaction rate would be slower if 20.0 g of larger lumps of calcium carbonate and
40 cm? of hydrochloric acid, concentration 2.0 mol/dm?, were used.

2]

{(ii) The reaction rate would be faster if the experiment was carmed out at a higher
temperature.
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Q# 5/ iGCSE Chemistry/2013/s/Paper 31/

3 A small piece of marble, CaCO,, was added to 5.0cm® of hydrochloric acid, concentration
1.0mol/dm?, at 25°C. The time taken for the reaction to stop was measured. The expenment

was repeated using 5.0 cm? of different solutions of acids. The acid was in excess in all of the
expenments.

Typical results are given in the table.

experiment temperature/°C acid solution time/min
1 25 hydrochloric acid 1.0 mol/dm? 3
2 25 hydrochloric acid 0.5 mol/dm? 7
3 25 ethanoic acid 1.0 mol/dm? 10
4 15 hydrochlornc acid 1.0 mol/dm? 8

(a) (i) Explainwhy itis important that the pieces of marble are the same size and the same
shape.

(ii) How would you know when the reaction had stopped?

- [1]

{e} (i) Explain why the reaction in experiment 1 is faster than the reaction in experiment 2.

(iii) Explain in terms of collisions between reacting particles why experiment 4 is slower
than experiment 1.

- [3]
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Q# 6/ iGCSE Chemistry/2012/w/Paper 31/

5 Carbonyl chloride, COCI,, is widely used in industry to make polymers, dyes and
pharmaceuticals.

(a) Carbonyl chloride was first made in 1812 by exposing a mixture of carbon monoxide and
chlorine to bright sunlight. This is a photochemical reaction.

CO(g) + Cl,(g) — COCl,a)

(i) Explain the phrase photochemical reaction.

(ii) Give another example of a photochemical reaction and explain why it is important
either to the environment or in industry.

Q# 7/ iGCSE Chemistry/2012/w/Paper 31/

5 Carbonyl chloride, COCI,, is widely used in industry to make polymers, dyes and
pharmaceuticals.

(iii) Explain why a catalyst is used.

Q#t 8/ iGCSE Chemistry/2012/w/Paper 31/

3 The speed (rate) of a chemical reaction depends on a number of factors which include
temperature and the presence of a catalyst.

(a) Reaction speed increases as the temperature increases.

(i) Explain why reaction speed increases with temperature.

(i) Reactions involving enzymes do not follow the above pattern.
The following graph shows how the speed of such a reaction varies with temperature.

3

speed

temperature
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Suggest an explanation why initially the reaction speed increases then above a
certain temperature the speed decreases.

(b) An organic compound decomposes to give off nitrogen.
CeHsN,Cl(aq) — C.H,CI(l) + Nj(q)

The speed of this reaction can be determined by measuring the volume of nitrogen
formed at regular intervals. Typical results are shown in the graph below.

F

volume of
nitrogen

0 fime

(i) The reaction is catalysed by copper.
Sketch the graph for the catalysed reaction on the diagram above. [2]

(ii) How does the speed of this reaction vary with time?

(iii) Why does the speed of reaction vary with time?

Q# 9/ iGCSE Chemistry/2011/w/Paper 31/

5 The rate of the reaction between iron and aqueous bromine can be investigated using the
apparatus shown below.

____—attached to stirrer

piece of metal rotates

| piece of metal (iron)

| solution of bromine
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(a) A piece of iron was weighed and placed in the apparatus. It was removed at regular
intervals and the clock was paused. The piece of iron was washed, dried, weighed and
replaced. The clock was restarted.

This was continued until the solution was colourless.
The mass of iron was plotted against time. The graph shows the results obtained.

L

mass of
iron

=
)

0 time {iron was in
solution of bromine)

(i) Suggest an explanation for the shape of the graph.

K

(i) Predict the shape of the graph if a similar piece of iron with a much rougher surface
had been used.
Explain your answer.

2]

(1ii)) Describe how you could find out if the rate of this reaction depended on the speed
of stirring.

Q# 10/ iGCSE Chemistry/2010/s/Paper 31/ Q4
(b) The only difference in the two experiments was the method used to hold down the
magnesium. The results are shown below.

magnesium held
4 down by copper

volume
of H,/cm? magnesium held
down by plastic
0 &=
0 time/s
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(i) Inwhich experiment did the magnesium react faster?
- 1]
{ii) Suggest a reason why the experiment chosen in (i) had the faster rate.

1]

(d) Give two factors which would alter the rate of this reaction.
For each factor explain why it alters the rate.

| 7= (ot (o] (S SUSERERSURRRRROUR

oy ] T g Lo o

TR O

oy o] T g Lo

- 4]

Q# 11/ iGCSE Chemistry/2008/s/Paper 31/
6 Three of the factors that can influence the rate of a chemical reaction are:

+« physical state of the reactants
* light
« the presence of a catalyst

(a) The first recorded dust explosion was in a flour mill in ltaly in 1785. Flour contains
carbohydrates. Explosions are very fast exothermic reactions.

(i) Use the collision theory to explain why the reaction between the particles of flour
and the oxygen in the air is very fast.

The decomposition of silver(I) bromide is the basis of film photography. The equation for
this decomposition is:

2AgBr —= 2Ag + Br;
white black
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This reaction is photochemical.
A piece of white paper was coated with silver(l) bromide and the following experiment was
carried out.
some time later with the
initially card and paper removed

not covered black
T
"\\_\_\_‘_\_\_\_\-
covered with _| - grey
thin paper | E:{E’Eﬁge T
—_————
covered with — — white
thick card T ]

paper coated with
silver(I) bromide

(b) Explain the results.

Q#t 12/ iGCSE Chemistry/2007/w/Paper 3/

7 (a) A small piece of marble, calcium carbonate, was added to 5'3r‘|‘|3 of hydrochloric acid at
25°C. The time taken for the reaction to stop was measured.

CaCOs(s) + 2HCI(ag) — CaClL{aqg) + COg) + H:O(l)

Similar experiments were performed always using 5 cm® of hydrochloric acid.

numberof | . centration of acid
experiment pieces of : 3 temperature/°C time / min
in mol /dm
marble
1 1 1.00 25 3
2 1 0.50 25 T
1 piece
3 crushed 1.00 25 1
| 1 1.00 35 2
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Explain each of the following in terms of collisions between reacting particles.

(i) Why is the rate in expenment 2 slower than in experiment 17

(ii) Why is the rate in expenment 3 faster than in experiment 17
(iii) Why is the rate in experment 4 faster than in experiment 17
[2]

(b) An alternative method of measuring the rate of this reaction would be to measure the
volume of carbon dioxide produced at regular intervals.

(i) Sketch this graph

A

volume

Y

time

[2]
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Q# 13/ iGCSE Chemistry/2006/w/Paper 3/

7 The rate of a reaction depends on concentration of reactants, temperature and possibly a
catalyst or light.

(a) A piece of magnesium ribbon was added to 100 cm® of 1.0 mol/dm* hydrochloric acid.
The hydrogen evolved was collected in a gas syringe and its volume measured every

30 seconds.
TTTT T TT I IT [T TTT[TTITT]
— 20| 40 ©0 B0 100 ::|

——— hydrochloric acid

— magnesium ribbon

In all the experiments mentioned in this question, the acid was in excess.
The results were plotted to give a graph.

volume of
hydrogen
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(i) The experiment was repeated. Two pieces of magnesium ribbon were added to

100 em® of 1.0 mol/dm® hydrochloric acid. Sketch this graph on the same grid and
label it X.

[2]
(i) The experiment was repeated using one piece of magnesium ribbon and 100 em?®

of 1.0 mol/dm® ethanoic acid. Describe how the shape of this graph would differ
from the one given on the grid.

[2]

(b) Reaction rate increases when concentration or temperature is increased.
Using the idea of reacting particles, explain why;

increasing concentration increases reaction rate,

increasing temperature increases reaction rate.

(c) The rate of a photochemical reaction is affected by light. A reaction, in plants, between
carbon dioxide and water is photochemical.

(i) Mame the two products of this reaction.

(ii) This reaction will only occur in the presence of light and another chemical. Name
this chemical.
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Q# 14/ iGCSE Chemistry/2005/s/Paper 3/

2 The following apparatus was used to measure the rate of the reaction between zinc and
iodine.

to balance ———
3 f
—+— 100cm® of aqueous iodine,
3
thin plate of zinc 0.1mol/dm* at 25 °C
| mixture stirred by
T S magnetic stirrer

The mass of the zinc plate was measured every minute until the reaction was complete.
(c) From the results of this experiment two graphs were plotted.

graph 1 graph 2

mass of loss of
plate mass

1!

Y

time time

(i) Which reagent iodine or zinc was in excess? Give a reason for your choice.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(ii) Describe how the shape of graph 1 would change if 100cm® of 0.05 mol/dm® iodine
had been used.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [2]
(iii) On graph 2, sketch the shape if the reaction had been carried out using 100 cm® of
0.1 mol/dm? iodine at 35 °C instead of at 25°C. [2]
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Q# 15/ iGCSE Chemistry/2004/w/Paper 3/ QiGCSE Chemistry/201
(d) The rate of photosynthesis of pond weed can be measured using the following

experiment.
'
- _ | ————— gas collects
graduated —— |
tube :_ = bubbles
5]
a :'G_E_' #
P2 —
.. ‘-'_—ﬂ—- A
- _:—%_'_ -4 pond weed
— water containing

dissolved
carbon dioxide

(i) Describe how you could show that the gas collected in this experiment is oxygen.

[1]

(ii)) What measurements are needed to calculate the rate of this reaction?

[2]

(iii) What would be the effect, and why, of moving the apparatus further away from the
light?

[2]

Q# 16/ iGCSE Chemistry/2004/s/Paper 3/ Q3

(c) The rate of this reaction can be measured using the following apparatus.

I 20 40 60 80 100cm
|

nitrogen gas

solution of
organic compound
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The results of this experiment are shown on the graph below.

A

volume of
nitrogen

time

(i) How does the rate of this reaction vary with time?

[1]

(ii) Why does the rate vary?
LA LA RN R A N NI N R NN N R N N R NI NN LI R RN NN R R AR N NN NI R R NN ] [2]
(iii) The reaction is catalysed by copper powder. Sketch the graph for the catalysed
reaction on the same grid. [2]

(iv) Why is copper powder more effective as a catalyst than a single piece of copper?

[1]

Q# 17/ iGCSE Chemistry/2003/w/Paper 3/

2 Some of the factors that can determine the rate of a reaction are concentration, temperature
and light intensity.

(a) A small piece of calcium carbonate was added to an excess of hydrochloric acid. The
time taken for the carbonate to react completely was measured.

CaCO,(s) + 2HCI(aq) —> CaCly(aq) + CO,(g) + H,O()

The experiment was repeated at the same temperature, using pieces of calcium carbonate
of the same size but with acid of a different concentration. In all the experiments an
excess of acid was used.

concentration of
acid/mol dm—2 4 2 2|

number of pieces
of carbonate 1 1 2 1

time/s | 80 | . 160
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(i)

(ii)

(iii)

(iv)

Complete the table (assume the rate is proportional to both the acid concentration
and the number of pieces of calcium carbonate). [3]

Explain why the reaction rate would increase if the temperature was increased.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Explain why the rate of this reaction increases if the piece of carbonate is crushed
to a powder.

Fine powders mixed with air can explode violently. Name an indusirial process
where there is a risk of this type of explosion.

(b) Sodium chlorate(I) decomposes to form oxygen and sodium chloride. This is an example
of a photochemical reaction. The rate of reaction depends on the intensity of the light.

(i)

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

aaaaaaaaaaaa

13.8.1

2NaClO(aq) — 2NaCl(ag) + O,(g)
Describe how the rate of this reaction could be measured.

Q# 1/ iGCSE Chemistry/2015/w/Paper 31/

ESSENTIAL EXAM QUESITONS Paper 3/4 T7.1 & 7.2 139marks Mark Scheme

Tib) predichion:

tha ‘nof coverad” saction will ba black;

tha ‘covared in thick card saction will ba whita/ cream;
tha ‘covared in thin card” saction will ba gray;

expignation;
tha mara light, the mora silvar jons am rmducad;

TleMi carbon dioxida + water — glucosa + oxygen
reactants cormact,
products comact;

T} | chloraphyl:
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Q# 2/ iGCSE Chemistry/2015/s/Paper 31/

3(b) zinc displaces coppar or Znc mone reactive than copper; A copper less reactive than zinc

| zinc reacts with copper jons or with Cu™
ar with copper chloride

| zinc reacts with copper

| Cuions are mducad

Zn + CuClh — ZnChk + Cu A muliples
OR Zn +Cu™ = Cu+Zn™: 2 | I stals symbols
3(b) (i) siapar (lina) or higher gradiant;
[means an) increasad rate; A less time b complate the reaction/sama

amount of gasin less tima/fasterreacion/
marma gas in the sama fima peanod

but the samea (final) valumea; A samea voluma of hydrogen produced
A "amount’ for volumea

3 | A no axtra gas is made

Q# 3/ iGCSE Chemistry/2014/s/Paper 31/
6 (a) (i) rate att less than att, or the rate decreases (1)

rate at t; zero/reaction stopped (1) [2]

(ii) rate att: less than at t; because concentration of hydrogen peroxide is less
att: or concentration of hydrogen peroxide is decreasing. (1)

(rate at t; zero/reaction stopped because) hydrogen peroxide is used up (1) [2]
(b) (i) steeperand mustcome from the origin (1)
final volumes the same (1) [2]
(ii) Any two from: [2]
steeper curve because of a faster rate
faster rate because of increased surface area

same amount/volume /mass/no of mol of hydrogen peroxide
ecf for M1 for a shallower curve because of slower rate.

(c) filter (and rinse/wash) (1)
dry manganese (V) oxide (1)

weigh /measure mass manganese(lV) oxide after reaction (1)

the mass should be 0.1g or unchanged. (1) [4]
Q# 4/ iGCSE Chemistry/2013/w/Paper 31/
4 (a) (i) (massatt=0)-(massatt=75) [1]

NOTE: must have mass at t = 5 not final mass

(if) fastest at origin
slowing down between origin and flat section gradient =0
where gradrient= 0
three of above in approximately the correct positions [2]

(iii) 3 correct comments about gradient = [2]
2 correct comments about gradient = [1]

1 correct comment about gradient = [0] 2]
(b) start at origin and smaller gradient [1]
same final mass just approximate rather than exact [1]
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(c) (i) smaller suface area [1]

lower collision rate [1]
(if) molecules have more energy [1]
collide more frequently / more molecules have enough energy to react [1]

Q# 5/ iGCSE Chemistry/2013/s/Paper 31/

3 (a) (i) pieces have (same) surface area [1]
same amount / mass / quantity / volume / number of moles of carbonate [1]
(i) no more bubbles / carbon dioxide or piece disappears / dissolves [1]
(b) experiment 1 Ca®" + CO; + H,0O (1]
{c) (i) more concentrated or higher concentration (of acid) (in experiment 1) [1]
accept: arguments based on collision theory
(iii) lower temperature (particles) have less energy [1]
moving maore slowly (1]
fewer collisions / lower collision rate [1]
or
lower temperature (particles) have less energy [1]
fewer particles collide [1]
with the necessary energy to react [1]

note: less energy fewer successful collisions gains all 3 marks
Q# 6/ iGCSE Chemistry/2012/w/Paper 31/

5 (a) (i) rate of reaction; [1]
influenced by light / only happens in light; [1]
or.

tums light into chemical energy = [2]
accept: light is catalyst = [1]

(ii) reduction of silver halides; [1]
they are reduced to silver / 2AgCI — 2Ag + CL; [1]
appropriate importance given; [1]
or:
photosynthesis;

comect comment about chemistry carbon dioxide to carbohydrates / carbon
dioxide to oxygen;
anything sensible e.q. its role in the food chain or decrease greenhouse
effect or oxygen for respiration;
or:
chlorination;
making chloroalkanes;
appropriate importance given;

Qi 7/ iGCSE Chemistry/2012/w/Paper 31/ Q5

(iii) keeps rate high / increase rate at lower temperatures; [1]
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Q# 8/ iGCSE Chemistry/2012/w/Paper 31/
3 (a) (i) any three from:

particles have more energy;
move faster:
collide more frequently;
more successful collisions: [3]
accept: atoms or molecules for particles
not: electrons
not: vibrate more

(ii) reaction faster with temperature increase; [1]
enzymes denatured / destroyed;

not: killed [1]

(b) (i) biggerinitial gradient; [1]

same final volume of nitrogen; [1]

(ii) decrease / slows down; [1]

(ili) concentration of organic compound decreases; [2]

compound used up = [1]
or: fewer particles;
collision rate decreases;

Q# 9/ iGCSE Chemistry/2011/w/Paper 31/

5 (a) (i) rate of reaction decreases / gradient decreases [1]
because concentration of bromine decreases [1]
reaction stops because all bromine is used up [1]
(ii) initial rate greater / gradient greater [1]
because bigger surface area / more particles of iron exposed [1]

or:
final mass the same [1]
because mass of bromine is the same so the same mass of iron is used [1]
(iii) increase / decrease / change rate of stiring / not stirred [1]
measure new rate / compare results [1]

Q# 10/ iGCSE Chemistry/2010/s/Paper 31/ Q4

(b) (i) with copper / first experiment [1]
(ii) copper acts as a catalyst [1]
(d) temperature [ heat [1]

increase temperature — reaction faster particles have more energy / particles move

faster / particles collide more frequently / more particles have enough energy to react

not more excited

accept arguments for a decrease in temperature [1]

powdered

greater surface area

greater collision rate / more particles exposed (to acid)

any two [2]
not concentration / light / catalyst / pressure
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Q# 11/ iGCSE Chemistry/2008/s/Paper 31/

6 (a) (i) (fine powder) large surface area [1]
high/faster/collision rate/more collisions/fast collisions
(between solid and oxygen in air) [1]
(ii) carbohydrate + oxygen = carbon dioxide + water [1]
ACCEPT flour

(b) rate depends on light
more light more silver or blacker
thicker card less light [3]

Q# 12/ iGCSE Chemistry/2007/w/Paper 3/

7 (a) (i) lower concentration [1]
ACCEPT without reference to experiment 2
but higher concentration must be referred to expt 1

COND fewer collisions or lower rate of collision [1]
(ii) powdered so larger suface area [1]
COND so more collisions or higher rate of collisions [1]

(iii) higher temperature particles move faster
or more particles have enough energy to react or have more energy
or more particles have Ea [1]
COND collide more frequently
or more particles have energy to react
or more collisions result in a reaction [1]
NOTE for conformity faster collisions = rate of collisions

(b) (i) from origin [1]
gradient decreases until = 0 [1]
therefore has to be a curve

Q# 13/ iGCSE Chemistry/2006/w/Paper 3/

T (a) (i) greater initial slope or levels off later [1]
Twice final volume (1]
(i) smaller slope (1]
same final volume (1]
(b} more particles in same volume/particles closer together [1]
greater collision rate (1]
molecules move faster (1]
greater collision rate (1]
OR molecules have more energy (1]
so more will have sufficient energy to react [1]
(¢) (i) glucose (1]
oxygen (1]
(i)  chlorophyll (1]
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Q# 14/ iGCSE Chemistry/2005/s/Paper 3/ Q2

(c) (i) =zincand a reason
Do not mark conseq to iodine in excess

(ii) final mass of zinc bigger or the level section higher or less zinc used up
gradient less steep or longer time or falls more slowly

(iii) steeper gradient
same loss of mass of zinc

Q# 15/ iGCSE Chemistry/2004/w/Paper 3/ QiGCSE Chemistry/201

(d) (i) glowing splint burst into flame or rekindled
Must have glowing or equivalent idea
OR any similar description that includes the two points glowing and relights.

(ii) measure volume or count bubbles
time
NOT units

(iii) rate slows down
Because the reaction is photochemical or rate depends on intensity of light
or light less bright or less light falling on plant or light provides energy for

photosynthesis etc.
Qi 16/ iGCSE Chemistry/2004/s/Paper 3/ Q3
(c) (i) decreases or reaction stops or rate becomes zero [1]
(i) concenfration  or number of effective collisions [1
decreases [1]
used up or less chemical or less collisions etc [1] only
(iii) greater initial slope [1]
same final point [1]

as long as new curve touches the orginal curve near
the top allocate the mark

(iv) greater surface area [1]

Q# 17/ iGCSE Chemistry/2003/w/Paper 3/

2 (a) (i) 40 [1]
80 or 40 [1]
1 [1]
(ii) particles have more energy or moving faster [1]
collide more frequently
or collide with more energy (1]
(iii) greater surface area [1]
(iv) flour mills or coal mines or metal powders [1]

or fireworks or gunpowder

(b) (1) collect and measure volume of oxygen [1]
or mgss or count bubbles

time 1]

(ii) measure rate in different light levels and comment (1]

accept if dark no reaction

13.9 ESSENTIAL EXAM QUESTIONS Paper 6 Topic 7.1 and 7.2 151marks

(1]

[1]
[1]

[1]

[1]

[1
[1]
[1]

[1]
[1]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 440 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Q# 1/ iGCSE Chemistry/2018/w/Paper 62/Q2

2  Astudent investigated the rate of reaction between solution L, solution M and hydrochloric acid.
When these chemicals react they form iodine. Sodium thiosulfate solution and starch solution were
used to show how fast the reaction proceeded.

Five experiments were done.
Experiment 1

¢ A measuring cylinder was used to add 10cm? of solution L to a conical flask.

¢ 10cm® of dilute hydrochloric acid, 10cm® of sodium thiosulfate solution and 1cm® of
starch solution were then added to the conical flask.

¢ The reaction was started by using a measuning cylinder to add 10cm® of solution M to the
conical flask. A timer was started immediately and the mixture was swirled.

¢ The time taken for the mixture to turn blue-black was measured.

e The conical flask was emptied and rinsed with distilled water.

Experiment 2

& A measuring cylinder was used to add 8cm? of solution L and 2cm? of distilled water to the
conical flask.

¢ 10cm® of dilute hydrochloric acid, 10cm® of sodium thiosulfate solution and 1cm® of
starch solution were then added to the conical flask.

¢ The reaction was started by using a measuring cylinder to add 10cm® of solution M to the
conical flask. The timer was started immediately and the mixture was swirled.

¢ The time taken for the mixture to turn blue-black was measured.

e The conical flask was emptied and rinsed with distilled water.

Experiment 3

¢ Expenment 2 was repeated but 6 cm® of solution L and 4 cm? of distilled water were added to
the conical flask before adding the other reagents.

Experiment 4

e Experniment 2 was repeated but 5cm?® of solution L and 5cm? of distilled water were added to
the conical flask before adding the other reagents.

Experiment 5

¢ Expenment 2 was repeated but 3cm?® of solution L and 7 cm? of distilled water were added to
the conical flask before adding the other reagents.
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(a) Use the stop-clock diagrams to record the time taken for each expenment in the table.

experiment volume of vs:;trlrl]lzdm stop-clock I;:gemt?;ﬁp;%
number solution L/cm? sellarior diagram turn blue-black/s
g saconds
1 10 0 B ®
"‘ minutes
a0
i
2 8 2 4515
30
0
3 6 | 4515
30
0
0
30
0
5 3 T 4515
30

Patrick Brannac

www.SmashingScience.org & for China www.SmashingScienceCN.org

[4]

Page 442 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(b) Plot the results for Expenments 1-5 on the gnd. Draw a smooth line graph.

140

120

100

80

time taken for
the mixture to
turn blue-black/s

60

40

20

0 2 4 6 8 10

volume of solution L/cm?
[4]

(¢) From your graph, deduce the time taken for the mixture to tumn blue-black if Experiment 2
were repeated using 4 cm? of solution L and 6cm? of distilled water.

Show clearly on the grid how you worked out your answer.

3]
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(d) (i) Inwhichexpenment, 1,2 3, 4 or 5, was the rate of reaction greatest?

(ii) Explain, in terms of particles, why the rate of reaction was greatest in this experiment.

(e) (i) Suggest an advaniage of using a graduated pipette instead of a measuring cylinder tc
measure solution L.

(ii) Suggest and explain a disadvantage of using a graduated pipette instead of a measuring
cylinder to measure solution M.

Q# 2/ iGCSE Chemistry/2018/s/Paper 61/Q2

2 A student investigated the rate of reaction between dilute hydrochloric acid and aqueous
sodium thiosulfate. When these chemicals react they form a precipitate which makes the solution
go cloudy. The formation of this precipitate can be used to show how fast the reaction proceeds.

Five expernments were done using the apparatus shown.

LA

10 cm? of dilute hydrochloric acid

250cm?® conical flask

aqueous sodium thiosulfate

printed sheet of paper
printed words
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Experiment 1

¢ A large measuring cylinder was used to pour 50cm?® of agueous sodium thiosulfate into a
250cm? conical flask. The conical flask was placed on a printed sheet of paper.

¢ 10cm? of dilute hydrochlornc acid was added to the solution in the conical flask. A timer was
started immediately and the mixture was swirled.

# The time taken for the printed words to disappear from view was measured.

Experiment 2

¢ The large measuring cylinder was used to pour 40cm?® of agueous sodium thiosulfate into a
conical flask, followed by 10cm? of distilled water. The conical flask was placed on the printed
sheet of paper.

¢ 10cm? of dilute hydrochlonc acid was added to the solution in the conical flask. The timer was
started immediately and the mixture was swirled.

¢ The time taken for the printed words to disappear from view was measured.

Experiment 3

s Expenment 2 was repeated but using 35cm?® of aqueous sodium thiosulfate and 15cm?® of
distilled water.

Experiment 4

¢ Expenment 2 was repeated but using 30cm® of aqueous sodium thiosulfate and 20cm?® of
distilled water.

Experiment 5

* Expenment 2 was repeated but using 10cm?® of aqueous sodium thiosulfate and 40cm?® of
distilled water.
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(a) Record the volumes of distilled water used in the table. Use the stop-clock diagrams to record

the results in the table.

volume of volume of SATIE I, [0
) : Mg . the printed words
experiment | aqueous sodium | distilled water stop-clock diagram to di
thiosulfate/cm? fem? e L
from view/s
. seconds
1 50 45 15
* minutes
30
0
2 40 45 .15
30
0
3 35 45 15
30
0
Y/
4 30 45 15
30
0
5 10 45 15
30
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(b) Plot the results from Experiments 1-5 on the gnd. Draw a smooth line graph.

240

210

180

150

time taken for

the printed words

to disappear

from view /s 120

90

60

30

0 10 20 30 40 50

volume of aqueous sodium thiosulfate/cm?®

[3]

(¢) (i) From your graph, deduce the time taken for the pnnted words to disappear from view
if Experniment 2 were repeated using 20cm?® of agueous sodium thiosulfate and 30cm?® of
distilled water.

Show clearly on the grid how you worked out your answer.
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(ii) The rate of reaction can be calculated using the equation shown.

1

rate of reaction = fime taken

Calculate the rate of reaction using your answer from (c)(i).

_______________________________________________________________________________________________________________________________________ 1
(d) (i) Inwhich expenment, 1, 2, 3, 4 or 5, was the rate of reaction greatest?
_______________________________________________________________________________________________________________________________________ 1
(i) Explain, in terms of particles, why the rate of reaction was greatest in this expenment.
_______________________________________________________________________________________________________________________________________ 2]

(e) Give the name of a more accurate piece of apparatus for measuring volumes than a measuring
cylinder.

(f) Suggest the effect on the results of using a 100 cm? conical flask instead of a 250 cm?® conical
flask. Explain your answer.

______________________________________________________________________________________________________________________________________________ 2]

(g) Sketch on the grid the graph you would expect if all of the experiments were repeated at a
lower temperature. Clearly label your graph. 1]
[Total: 16]
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Q# 3/ iGCSE Chemistry/2017/w/Paper 61/Q2

2 A student investigated the rate of reaction between dilute hydrochloric acid and aqueous
sodium thiosulfate. When these chemicals react they form a precipitate which makes the solution
go cloudy. The formation of this precipitate can be used to show how fast the reaction proceeds.

Five experiments were carried out using the apparatus shown.

: eye

10cm? of dilute hydrochloric acid

250cm? conical flask

aqueous sodium thiosulfate

sheet of paper with
words printed on it

Experiment 1

Using a measuring cylinder, 50 cm® of aqueous sodium thiosulfate were poured into a conical
flask. The initial temperature of the solution was measured. The conical flask was placed on a
sheet of paper with words printed on it.

Using a measuring cylinder, 10 cm® of dilute hydrochloric acid were added to the solution in the
conical flask and a stopclock was started.

The time taken for the printed words to disappear from view was measured.

The final temperature of the mixture was measured.

Experiment 2

Using a measuring cylinder, 50 cm® of aqueous sodium thiosulfate were poured into a conical
flask. The solution was heated to about 30°C and the temperature was measured. The conical
flask was placed on a sheet of paper with words printed on it.

Using a measuring cylinder, 10 cm? of dilute hydrochloric acid were added to the solution in the
conical flask and a stopclock was started.

The time taken for the printed words to disappear from view was measured.

The final temperature of the mixture was measured.

Experiment 3

Experiment 2 was repeated but the 50 cm?® of aqueous sodium thiosulfate were heated to about
40°C before adding the dilute hydrochloric acid.

Experiment 4

Experiment 2 was repeated but the 50 cm? of aqueous sodium thiosulfate were heated to about
50 °C before adding the dilute hydrochloric acid.

Experiment 5
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(a) Calculate the average temperatures and record them in the table.
Use the stopclock diagrams to record the times in the table.

initial final —— time taken for the
experiment | temperature | temperature i ag:e stopclock printed words to
number of the of the em;ﬁgﬂ o diagram disappear from
solution/°C | mixture/°C view/s
- seconds
1 19 17 45 15
" minutes
30
0
2 32 30 45 |15
30
0
3 42 40 45 .15
30
0
4 54 52 45 ‘15
30
0
5 65 61 45 ‘15
30

(3]
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(b) Plot the results of Experiments 1-5 on the grid. Draw a smooth line graph.

240
210
180
150
time taken
for the
printed
wordsto 120
disappear
from view/s
90
60
30
0

0 10 20 30 40 50 60 70 80

average temperature/°C

(4]

(c) From your graph, deduce the time taken for the printed words to disappear from view when
Experiment 2 was repeated at an initial temperature of 73°C. The final temperature of the
mixture was 71°C.

Show clearly on the grid how you worked out your answer.

(d) Sketch on the grid the graph you would expect if all of the experiments were repeated using
a more dilute solution of aqueous sodium thiosulfate. [1]
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(e) (i) Inwhich experiment, 1,2, 3, 4 or 5, was the rate of reaction greatest?

....................................................................................................................................... [2]
(f) Suggest and explain the effect on the results of using
(i) a burette to measure the volumes,
....................................................................................................................................... 2]
(ii) a 100cm?® conical flask instead of a 250 cm?® conical flask.
....................................................................................................................................... 2]

Q#t 4/ iGCSE Chemistry/2017/s/Paper 63/Q2

2 Astudent investigated the rate of reaction between magnesium ribbon and two different solutions
of dilute sulfuric acid, solution G and solution H. The acid was in excess in both experiments.

Two experiments were carried out.
Experiment 1
e The apparatus was set up as shown in the diagram.

rubber connector
clamp

inverted 100 cm?
measuring cylinder

bung
trough
conical flask
water

e Using a measuring cylinder, 50 cm? of solution G were poured into the conical flask. A piece of
magnesium ribbon was added to the conical flask and the bung replaced.

e The timer was started immediately and the total volume of gas collected in the measuring
cylinder was measured every 20 seconds for 180 seconds (3 minutes).
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Experiment 2

e Experiment 1 was repeated using 50 cm?® of solution H instead of solution G.

(a) Use the measuring cylinder diagrams to record the volumes of gas collected in Experiment 1.

Experiment 1 Experiment 2
time/s measgp g Cymier volume of gas/cm?® volume of gas/cm?
iagram
0 S 0
(1]
(]}
20 g1 8
0z
0z
40 14
0
§e—=
60 0p—= 21
sv3
o
80 Sv 27
0s
0S
100 GS 33
<9
120 39
7
SL
140 45
g8
S8
160 06 50
6
g8
180 06 55

Patrick Brannac
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(b) Plot the results for Experiments 1 and 2 on the grid and draw two smooth line graphs.
Clearly label your graphs.

100

70

3

volume of gas/cm?®

§ N
o

20

10

0 20 40 60 80 100 120 140 160 180 200
time/s

[4]

(c) Which expenment had the faster rate of reaction? Suggest a reason why the rate was faster in
this experiment.
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(d) The average rate of this reaction can be calculated using the equation shown.

volume of gas/cm?
time taken/s

average rate =

For Experiment 1, calculate the average rate of reaction for the first 30 seconds of the reaction.
Include the units.

(e) Why, eventually, will no more gas be produced?

(f) Suggest the effect on the rate of reaction of using the same mass of magnesium powder
instead of magnesium ribbon. Explain your answer.

(g) Give one advantage and one disadvantage of using a measuring cylinder to measure the
volumes of solution G and solution H.

ORI - oo s SO B 50 S S e R B
O S OV R T O O i s B S S B G L B S S S el S B s
[2
(h) Suggest one improvement to these experiments.
.............................................................................................................................................. [1
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Q# 5/ iGCSE Chemistry/2017/s/Paper 62/Q2

2 Astudent investigated the reaction between aqueous potassium manganate(VII), solution A, and
two solutions of iron(II) sulfate, solution B and solution C, of different concentrations.

Two experiments were carried out.

Experiment 1

e Aburette was filled with solution A to the 0.0cm?® mark.

e A measuring cylinder was used to pour 25cm?® of solution B into a conical flask.

e Solution A was added to the flask, while the flask was swirled, until the mixture just turned
permanently pink. The burette reading was recorded.

(a) Use the burette diagram to record the reading in the table and complete the table.

-
N

-
4N

IIII|IIII|IIII IIII|IIII|IIII

-
F =S

fi

=
o
b
@
o
=3
=
(=]

final burette reading/cm?

initial burette reading/cm?

difference/cm?

[2]
Experiment 2

e Experiment 1 was repeated using 25cm?® of solution C instead of solution B. In Experiment 2
the burette was not filled to the 0.0 cm?® mark.

(b) Use the burette diagrams to record the readings in the table and complete the table.

=2 =40
§—4 E.——d»z
initial reading final reading

final burette reading/cm?®

initial burette reading/cm?®

difference/cm?®
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(c) Why is an indicator not added to the conical flask?

(d) (i) Which solution of iron(II) sulfate, solution B or solution C, is the more concentrated?
Explain your answer.

(i) How many times more concentrated is this solution of iron(II) sulfate?

(e) (i) If Experiment 2 were repeated using 50 cm? of solution C, what volume of solution A would
be needed? Explain your answer.

(ii) Suggest a practical problem that using 50cm?® of solution C in this investigation would
cause. Suggest a practical solution to the problem.

(f) Give one advantage and one disadvantage of using a measuring cylinder instead of a
25cm? pipette for solution B.

OV R I O o o T T S N B B S B G S A D S
AISAAVANAGE ... e
[2

(g) How would the results be improved by taking repeated measurements?
.............................................................................................................................................. 1
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Q# 6/ iGCSE Chemistry/2017/s/Paper 61/Q2

2 Astudent investigated the reaction between aqueous sodium thiosulfate and two different aqueous
solutions of potassium iodate labelled solution C and solution D.

Two experiments were carried out.
Experiment 1

e A burette was filled with agqueous sodium thiosulfate. The initial burette reading was recorded.

e Using a measuring cylinder, 20cm?® of solution C were poured into a conical flask. 10cm? of
dilute sulfuric acid and 1g of potassium iodide were added to the flask to form a solution of
iodine. The flask was swirled to mix the contents.

e Aqueous sodium thiosulfate was slowly added from the burette to the flask and swirled to mix
thoroughly.

e When the contents of the flask turned pale yellow, starch solution was added and the solution
turned blue-black.

e More aqueous sodium thiosulfate was then added slowly to the flask until the solution just
turned colourless. The final burette reading was recorded.

(a) Use the burette diagrams to record the readings in the table and complete the table.

E=4_. 2—37

E_—S 5_—38

2_—6 E_—-SQ
initial reading final reading

final burette reading/cm?®

initial burette reading/cm?

difference/cm?

[2]

Experiment 2

e The conical flask was emptied and rinsed with distilled water.
e Experiment 1 was repeated using solution D instead of solution C.

(b) Use the burette diagrams to record the readings in the table and complete the table.

E—s 2—20
= 1
initial reading final reading

final burette reading/cm?®

initial burette reading/cm?®

difference/cm?

[2]
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(c¢) (i) Which solution of potassium iodate, solution C or solution D, is the more concentrated?
Explain your answer.

(d) Predict the volume of aqueous sodium thiosulfate which would be needed to react completely
with 30 cm?® of solution D.

.............................................................................................................................................. 2]
(e) (i) State two sources of error in the experiments.

R
S B D T B O S T L S RS B

(2]

(ii) Suggest two improvements to reduce the sources of error in (e)(i).

B s ot e o e e S S S
R R B B L R R P e AT S g

[2]

Q# 7/ iGCSE Chemistry/2016/w/Paper 62/Q2

2 Astudent investigated the rate of reaction between dilute hydrochloric acid and excess magnesium
at room temperature.
The apparatus was set up as shown in the diagram.

dilute
hydrochloric 3 o
acid

— measuring
—/cylind er

INNAN
I

magnesium
ribbon = —~|

water

30cm? of dilute hydrochloric acid were added to the conical flask containing magnesium ribbon. The
timer was then started and the volume of gas collected in the measuring cylinder was measured
every 20 seconds for 180 seconds (3 minutes).

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 459 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(a) Use the measuring cylinder diagrams to record the total volume of gas collected in the table.

measuring cylinder

total volume of

bme/s diagram gas collected/cm?®
0 ge 30

or
or

20
0s
0s
40 [
09
SS
60 09
S9
0L
80 SL
08
08

100
06
58
120 06
G6
S8

140
S6
S8

160
S6
S8

180
S6

Patrick Brannac
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(b) Plot the results on the grid and draw a smooth line graph.

100
90
80
70
total volume
of gas collected
/em?®
60
50
40
30
0 40 80 120 160 200
time/s
3]
(c) (i) Which result is anomalous?
....................................................................................................................................... [1
(ii) Suggest a possible reason for this anomalous result.
....................................................................................................................................... 1

(iii) Use your graph to deduce the total volume of gas that you would have expected to
collect instead of this anomalous volume.
Show clearly on the grid how you worked out your answer.
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(d) Explain why the total volume of gas collected does not increase after 160 seconds.

.............................................................................................................................................. 2]
(e) The average rate of the reaction can be calculated using the equation shown.
s volume of gas collected/cm?®
average rate of reaction = :
time/s

(i) Calculate the volume of gas collected between 20 seconds and 40 seconds.
....................................................................................................................................... 1

(ii) Calculate the average rate of reaction between 20 seconds and 40 seconds.

Include the unit.

average rate ofreaction = ... [2]

(f) Room temperature was 20°C.

Sketch on the grid the graph you would expect if the experiment were repeated at 30°C. [2]

(g) Suggest why the reading on the measuring cylinder was 30 cm?® after the acid had been added
and before the timer had been started.
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Q# 8/ iGCSE Chemistry/2016/s/Paper 62/Q2

2 A student investigated the rate of reaction between hydrogen peroxide and aqueous
potassium iodide. When these chemicals react they form iodine. Sodium thiosulfate solution reacts
with iodine and can be used to show how fast the reaction proceeds.

(a) A burette was filled up to the 0.0 cm?® mark with sodium thiosulfate solution.
Using a large measuring cylinder, 100 cm® of distilled water were poured into a conical flask.
Using a small measuring cylinder, 6 cm? of sulfuric acid, 1cm? of starch solution and 4 cm?® of
aqueous potassium iodide were added to the flask.
0.5cm?® of sodium thiosulfate solution was added from the burette to the mixture in the flask
and swirled to mix.
The reaction was then started by adding 3cm?® of hydrogen peroxide solution to the mixture,
and the timer started.
The time taken for a blue colour to appear was noted.
A further 0.5cm? of sodium thiosulfate solution was added to the mixture in the conical flask,
swirled and the blue colour disappeared. The time when the blue colour reappeared was noted.
The experiment continued by adding further 0.5cm? portions of sodium thiosulfate solution
until a total of 3.0 cm?® of sodium thiosulfate solution had been added, noting the times at which
the blue colour reappeared.

Use the timer diagrams on page 4 to record the times in seconds in the table.
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total volume of PP time at which
sodium thiosulfate : blue colour
solution added/cm?® diagram appeared/s
0 seconds
0.5 15
S
30 Mminutes
0
1.0 15
30
0
1.5 ‘15
30
0
2.0 ‘15
30
0
2.5 15
30
0
3.0 .15
30
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(b) Plot the results you have obtained on the grid and draw a best-fit straight-line graph.

time/s

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

volume of sodium thiosulfate solution/cm?®

(5]

(c) (i) From your graph deduce the time at which the blue colour would appear if a total of
4 0cm? of sodium thiosulfate solution were added to the mixture in the conical flask.

Show clearly on the grid how you worked out your answer.

....................................................................................................................................... [3]
(ii) Sketch on the grid the graph you would expect if the experiment was repeated at a higher
temperature. [1]
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(d) Suggest the purpose of the starch solution.

....................................................................................................................................... [1
(ii) Suggest and explain one disadvantage of using a pipette to measure the volume of the
hydrogen peroxide.
....................................................................................................................................... 2]
(f) Explain one disadvantage of using a beaker instead of a conical flask.
.............................................................................................................................................. [1]

Q#t 9/ iGCSE Chemistry/2016/m/Paper 62/Q2

2 A teacher investigated the rate of a reaction between two solutions, J and K, and sulfuric acid at
different temperatures.

Four expenments were camed out.
(a) Experiment 1

A large measuring cylinder was used to pour 50 cm? of distilled water and 40 cm?® of sulfuric acid
into a 250 cm? conical flask.

A small measuring cylinder was used to add 2cm?® of methyl orange and 5cm? of solution J to
the mixture in the conical flask. The temperature of the mixture was measured.

The reaction was started by adding 5cm? of solution K to the conical flask, immediately starting
the timer and swirling the mixture.

The time taken for the mixture o turn pale yellow was measured. The final temperature of the
mixture was measured.

Experiment 2

Expernment 1 was repeated but the mixture in the conical flask was heated to about 30°C
before adding the solution K. The temperature of the mixture was measured.

5cm?® of solution K was added to the conical flask. The timer was started and the mixture
swirled.

The time taken for the mixture fo turn pale yellow was measured. The final temperature of the
mixture was measured.

Experiment 3

Experiment 1 was repeated but the mixture in the conical flask was heated to about 40°C
before adding the solution K to the flask. The same measurements were taken.
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Experiment 4

Experiment 1 was repeated but the mixture in the conical flask was heated to about 50°C
before adding the solution K to the flask. The same measurements were taken.

Stop-clock diagrams for these experiments are on page 4.

Use the stop-clock diagrams to record the times in the table.

Work out the average temperatures to complete the table.

Patrick Brannac
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, stop-clock tmn}::zlkrzr;;ur initial final average
experiment di temperature | temperature | temperature
agram turn pale yellow [oC 1oC j°C
/s
o seco nds
1 17 15
2 28 26
3 42 40
0
4 45 1 5 51 49
30
[4]
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(b) PFlot the results on the grid and draw a smooth line graph.

160

140

120

100

time/s

80

60

40

20

0 10 20 30 40 50 60

average temperature /°C
[4]

(c) From your graph deduce the time taken for the mixture to turn pale yellow if Expenment 1 was
repeated at an average temperature of 60°C.
Show clearly on the grid how you worked out your answer.
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(d) (i) Inwhich experiment was the rate of reaction greatest?
[1]

(i) Explain why the rate of reaction was greatest in this experiment.

[2]

(e) (i) Suggestand explain the effect on the results of using a burette to measure the volume of
solution J.

(ii) Suggest and explain one other improvement to these expenments.

[2]

13.9.1  ESSENTIAL EXAM QUESTIONS Paper 6 Topic 7.1 and 7.2 151marks Mark Scheme
Q# 1/ iGCSE Chemistry/2018/w/Paper 62/Q2

2ia) Table of results for experiments 1-5 3
Times completed
29, 39, 56, 65, 111
in seconds 1
2(b) All points plotied comectly 3
Smaooth line graph 1
2{c}) Value from graph 1
indication on graph 1
unit 1
2(d)ii) Experment 1 1
2(d )i} More particles (of selution L present per unit volume) 1
mare frequent collisions / particles collide more often ! higher collision rate 1
2(e)(i) Mare accurate 1
2{e)ii) Too slow / slower addition of solution / takes longer to add 1
Measuring time taken less accurate / results less accurate 1
2(f) Repeat and average / compare results 1
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Q# 2/ iGCSE Chemistry/2018/s/Paper 61/Q2

2{a} volume boxes completed comectly in seconds 1
0, 10, 15, 20, 40
time boxes completed cormectly 2
27,33, 45, 648, 201
2(b) all points plotted correctly (0 half a small square) 2
smooth line graph 1
2(cHi) value from graph 1
with clear indication 1
2{e)ii) 1 Owalue from [c){i) 1
2(d)i) experiment 1 1
2{dii) maore particles of thiosulfate (in a given volume) 1
mere chance of collision 1
2e) use a pipette [ buretta 1
2(f) times would be shorter 1
idea of depth of solution is greater 1
2ig) sketch curve roughly same shape and abowve orginal 1
Q# 3/ iGCSE Chemistry/2017/w/Paper 61/
2(a) average temperatures completed for all five experiments: 18, 31, 41, 53, 63 1
times completed for all five experiments: 210, 111, 84, 66, 54 1
all imes in seconds 1
2(b) all five points plotted 3
smooth line graph 1
2(c) value from graph for average temperature 72 °C 1
unit (s) 1
shown clearly 1
2(d) line above experimental line 1
2(eXi) Experiment 5 1
2(e)ii) particles move faster / particles have more energy 1
more (frequent) collisions / greater chance of collisions 1
2(H)(i) more accurate 1
comparison to measuring cylinder 1
2(f)(i) time shorter/ cross disappears faster 1
depth greater 1
Q#t 4/ iGCSE Chemistry/2017/s/Paper 63/
2(a) all volume boxes completed correctly: 0, 13, 25, 38, 48, 59, 70, 79, 88, 96 3
2(b) origin plotted 1
other points correctly plotted 1
two smooth lines 1
labelled 1
2(c) Experiment 1 1
more concentrated /stronger acid /the acid has a lower pH 1
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2(d) volume of gas at 30s 1
correct calculation of rate 1
unit cm>/s OR cm>s™ 1

2(e) all the magnesium will have reacted 1

2(f) faster reaction/increased rate 1
magnesium powder has a higher surface area 1

2(g) advantage: easy to use/quick 1
disadvantage: not accurate 1

2(h) use of burette / pipette / gas syringe/weighed amount of magnesium /repeat experiment (and average)/clean the 1
magnesium/remove oxide layer

Q# 5/ iGCSE Chemistry/2017/s/Paper 62/

2(a) initial volume completed correctly: 0.0 1
final volume completed correctly: 13.0

difference: 13.0 1

2(b) final volume, initial volume and difference completed correctly: 41.1, 2.1 and 39.0 1

all readings in (a) and (b) to 1 d.p. 1

2(c) there is a colour change at the end-point already 1

2(d)(i) solution C 1

a greater volume of potassium manganate(VII)/solution A was needed 1

2(d)(in) 3 x as concentrated 1

2(e)(i) double the volume of solution C was used/double the volume of sclution A was needed 1

78 cm? 1

2(e)(i) problem: volume of potassium manganate(VII) solution added would be greater than 50 em® 1

solution: use more than one burette / refill burette 1

2(f) advantage: easy (to use)/quick 1

disadvantage: not accurate 1

2(g) can take average or mean/can spot anomalies/more reliable 1

Q# 6/ iGCSE Chemistry/2017/s/Paper 61/

2(a) initial and final readings completed correctly: 4.1, 38.3 1
difference completed correctly: 34.2 1

2(b) initial and final readings completed correctly: 3.7, 20.8 1
difference completed correctly: 17.1 1

2(cKi) solution C is more concentrated 1
a greater volume of thiosulfate was needed 1

2(e)(ii) | 2 = as concentrated 1
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Q# 7/ iGCSE Chemistry/2016/w/Paper 62/

2(a) table of resuits
volume boxes completed correctly
(30). 44, 57,62, 78, 85, 88, 89, 80, 20

2(b) all points correctly plotted
smooth line graph

2{c)(i) point at 60 s/82 em’Ifourth point/measurement 4

2(c)(ii) misread measuring cylinder/read too early

2(c)(iii) value from graph (88-70)
shown clearly

2(d) the Reaction has finished
all the acid has reacted/HClis the limiting factor

2(e)i) value from graph or table (57—44=13 cmB)

2(e)ii) 13/20=0.85
emils

2(f) steeper curve
to same level

2(g) air is displaced (when the acid is added)
2(h) improvement
explanation

use & burette /graduated pipette /gas syringe

improves accuracy

OR

use cofton thread to hold a test-tube (containing the acid) in the flask
no air is collected

OR

repeat the experiment

take average/more frequent readings

Q#t 8/ iGCSE Chemistry/2016/s/Paper 62/

2(a) 3
all 6 times completed correctly (2 marks) (22, 43, 64, 86, 105, 126) 2
5 times completed correctly (1 mark),
in saconds; 1
2(b) S
appropriate scale for y-axis/increasing at 20s per large square, 1
y-axis is a linear scale, 1
all 6 points plotted comrectly = half a small square (2 marks), 2
5 points plotted correctly = half a small square (1 marks);
best-fit straight-line graph; 1
2(c)i) 3
value from graph = half a small square (typically 167-170); 1
units/ s, 1
extrapolation; 1
2(c)i) sketch line below original line and diverging; 1
2(d) as an indicator; 1
2(e)i) (more) accurate; 1
2(e)i) 2
solution slow to run out of pipette; 1
difficult to know when to start timer/reaction does not start at once/ inaccurate time measurement owtle; 1
2(f) difficulty in swirling/ mixing/ shaking; 1
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Q# 9/ iGCSE Chemistry/2016/m/Paper 62/

2(a) In each column: 4
4 correct = [2)
3 correct = [1]

average temperature baxes completed correctly: 16, 27, 41, 50,
times completed in seconds correctly: 128, 58, 27, 18,

2(b) all points plotted correctly = [3] 4
smooth line graph;

2(c) value from graph: 12-13s; 2
axtrapolation;

2(d)(1) Experiment 4, 1

2(d)(ii) any 2 from: 2

highest temperature;
more energy,
more (chance of) collisions;

2(e)(i) more accurate; 2
than a measuring cylinder,

2(e)(u) insulation/use alid; b reduce heat losses, 2
OR
rapeats, average results,
OR
measure water or sulphuric acid or methyl orange using a buretie /use a 2 dp. stopwaltch/ digital hemmometer, reference to
accuracy,

13.10 FUNDAMENTAL Assessed Activity 1 Keyword Test

Topic . o
# English Meaning
7 enzymes
photochemical reaction
7
denature
photosynthesis
7
7 reaction rate
7 speed of reaction
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13.11  ESSENTIAL Assessed Activity 2 Topic 7.1 & 7.2 Paper 2 15marks
Q#1/

14

15

Copper(Il) carbonate reacts with dilute sulfuric acid.

CuCOs(s) + HzSO4(aq) — CuSOsaq) + COx(g) + HO(l)
The rate of the reaction can be changed by varying the conditions.
Which changes always increase the rate of this chemical reaction?

1 increasing the concentration of sulfuric acid

2 increasing the size of the pieces of copper(Il) carbonate
3 increasing the temperature
4

increasing the volume of sulfuric acid

A 1,3and4 B 1and3only C 2and3 D 3and4only

Which reaction is not affected by the presence of light?

A acandle burning
B methane reacting with chlorine
C photosynthesis

D silver bromide decomposing to form silver

Q#2/
14 An experiment X is carried out between a solid and a solution using the apparatus shown.
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gas syringe

The volume of gas given off is measured at different times and the results plotted on a graph.

In a second experiment Y, the surface area of the solid is increased but all other factors remain
the same.

Which graph shows the results of experiments X and Y?

A B

volume volume
of gas of gas

0

0
0 time 0 time

Y
Y
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C D
A A
volume volume
of gas X of gas X
Y Y
0 - 0 .
0 time 0 time

15 Which change in conditions increases the energy of the particles in a reaction?

A
B
C
D

Q# 3/

addition of a catalyst
increase in concentration
increase in surface area

increase in temperature

14 Zinc granules are reacted with excess dilute hydrochloric acid.

The volume of hydrogen given off is measured at different times.

The results are shown on the graph, labelled experiment 1.

The results for a second experiment are also shown on the graph, labelled experiment 2.

['}

experiment 1

volume of e
hydrogen L
f,f*' experiment 2
]
0 time

Which change to the conditions was made in experiment 27

A

B
Cc
D

The concentration of the hydrochloric acid was decreased.
The size of the zinc granules was decreased.
The surface area of the zinc granules was increased.

The temperature was increased.
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15 In an experiment nitric acid is added to excess marble chips and the volume of carbon dioxide
formed is measured.

The experiment is repeated using smaller marble chips. All other conditions remain the same.

Which statement about the second experiment is correct?

C

D
Q# 4/

The collisions are more frequent and higher energy.

The collisions are more frequent and the same energy.

The collisions are the same frequency and the same energy.

The collisions are the same frequency and higher energy.

13 The energy level diagram for a reaction is shown.

Which statement is not correct for this energy level diagram?

A

B
c
D

[

energy

reactants

products

Y

It could be the energy level diagram for the reaction when petrol is burnt.

Less energy is released in bond forming than is needed for bond breaking.

The activation energy, E;, has a positive value.

The energy change, AH, for the reaction is positive.

14 The rate of reaction between magnesium and excess dilute hydrochloric acid was followed by

measuring the mass of magnesium present at regular time intervals.

Two experiments were performed.

Both experiments used 0.1g of magnesium ribbon. The acid in experiment1 was less
concentrated than in experiment 2.

Which graph shows the results of the experiments?

Patrick Brannac

A
A

mass of
magnesium 1
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0 time

mass of
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0
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mass of
magnesium

Y

time

mass of
magnesium

-

Y

time

15 Which statement explains why coal dust forms an explosive mixture with air?

A Coal dust catalyses the explosion.

B Coal dust has a large surface area.

C Crushing coal increases the concentration of the coal.

D Crushing coal increases the temperature of the coal.

Q#5/
15 Which row explains why increasing temperature increases the rate of reaction?
particles collide particles collide
more often with more energy
A v v
B v X
Cc X v
D X X

Q# 6/

15 Which row describes how the energy of collision between particles changes when concentration
and temperature are increased?

concentration temperature
A increases increases
B increases no change
Cc no change increases
D no change no change
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Q#7/
14 Aliquid X reacts with solid Y to form a gas.

Which two diagrams show suitable methods for investigating the rate (speed) of the reaction?

1 2
g cotton wool g cotton wool
EE Y EE Y

——————

balance

stopper ' stopper
% e %

balance

A 1and3 B 1and4 C 2and3 D 2and4

15 Which statements explain why increasing temperature increases the rate of a chemical reaction?

1 Heat makes the molecules move faster and collide more often.
2 Heat makes the molecules collide with more energy so they are more likely to react.

3 Increasing temperature lowers the activation energy for the reaction.

A 1and2 B 1and3 C 1only D 2only
Q# 8/
15 Which statement about catalysts in chemical reactions is not correct?
A Catalysts are not used up in the reaction.
B Catalysts increase the energy of the reacting particles.
C Catalysts increase the rate of the reaction.
D

Catalysts lower the activation energy.
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17 The diagram shows an energy level diagram for a reaction.

f 1

energy

Y

The diagram shows that the reactionis ......1...... .
Increasing the temperature increases the rate of reaction. A reason for this is thatthe .....2....... .

Which words correctly complete gaps 1 and 27

1 2
A endothermic activation energy decreases
B endothermic collision rate increases
Cc exothermic activation energy decreases
D exothermic collision rate increases

13.12  Extension Assessed Activity 3 Paper 3/4 17marks
Q# 18/

(¢) Aqueous hydrogen peroxide decomposes to form water and oxygen.
2H,05(aq) — 2H,0() + 0O, (q)
This reaction is catalysed by manganese(IV) oxide
The following experiments were carried out to investigate the rate of this reaction.
A 0.1g sample of manganese(IV) oxide was added to 20cm® of 0.2M hydrogen

peroxide solution. The volume of oxygen produced was measured every minute. The
results of this experiment are shown on the graph.
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volume of
oxygen/cm?

time / min

(i) How does the rate of reaction vary with time? Explain why the rate varies.

3]
(ii) The following experiment was carried out at the same temperature.

0.1 g of manganese(IV) oxide and 20 cm® of 0.4 M hydrogen peroxide

sketch the curve for this experiment on the same grid. 2]

(iif) How would the shape of the graph differ if only half the mass of catalyst had been
used in these experiments?
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Q# 19/
(d) The graph shows how the rate of the exothermic reaction between aluminium and
hydrochloric acid varies with time.

/N

rate of
reaction

0

N

0 time

(i) Suggest a reason why the reaction goes slowly at first.
(1]

(ii) Suggest two reasons for the increase in rate.

.[2]
Q# 20/

2 Fermentation of sugars is one method of making ethanol. Vines produce glucose by
photosynthesis. The glucose collects in the grapes which grow in clusters on the vine.

(b) Explain how the vine produces glucose by photosynthesis.

...[4]

Q# 21/

(v) Give another example of a reaction that is influenced by light. Describe one
important application of this reaction.

reaction ...ooooeevveeeiieiis

APPUHCATION oo ettt a s e aaaaaaaaaaaaaaaaaaaeeneeseeesesesans [ D]
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13.13  ESSENTIAL End of Topic Review and Reflection

Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when
you talk with someone else, or write it out, it helps you better understand and allows you think more completely and more
clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Number of goals achieved at each
Level Success rate, %
level
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the end
of topic tests and other assessed activities, but also in how you learn. How could you become a more effective student to get
more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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13.14  EXTENSION Mind Map For Topic 7.1 & 7.2

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 483 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

13.15 EXCEPTIONAL Additional Activities, Further Reading and Exploring Beyond the
Syllabus
Possible ideas for a presentation

For extremely unreactive elements check out this information:

e https://13c35962-6df0-4843-9028-
€26407054a5a.filesusr.com/ugd/d26cc6 09d1ac89ec85489bbc6d57fb6a437c9d.docx?dn=iG%20Chem%207.2%20IN
FO%20Wikipedia%20Noble%20metal%209

e https://13c35962-6df0-4843-9028-
c26407054a5a.filesusr.com/ugd/d26cc6 a807fc32486a4f7a80ee6d250fc9392b.docx?dn=iG%20Chem%207.2%20INF
0%20Wikipedia%20Helium%20Least%20

Some rates are extremely fast, like those involved in the middle of a reaction, these involve things like transition states and
intermediates. Try to find out about these very short lived compounds (usually called species) from this website: Chemguide:

https://www.chemguide.co.uk/physical/basicrates/energyprofiles.html

For a much more complicated introduction to a process known as “Flash Photolysis”, be aware though that you might not
understand much of this, or anything at all, but it is good to find out where your academic career might take you one day!

https://13c35962-6df0-4843-9028-
c26407054a5a.filesusr.com/ugd/d26cc6 302ada967ced4f779fb62f8443008894.pdf?index=true

13.16  Exceptional Extra Credit Science in Context Topic 7.1 and 7.2
Some rates of reaction are very slow, life uses enzymes to carefully control the rates of certain reactions within a cell. A
growing field of investigation is creating artificial enzymes, use the links below to find out more about these catalysts which
some people think will revolutionise the way we make all of the materials, from our clothes to our buildings in the decades
to come:

ENZYME STRUCTURE

Substrate = Hy0,
\
Active site

Substrate
N\ Active site

Molecular model Schematic model
of catalase of an enzyme

Enzymes in general: https://13¢35962-6df0-4843-9028-
c26407054a5a.filesusr.com/ugd/d26cc6 e152e10a08314c70b4eaeceef061c9e5d.docx?dn=iG%20Chem%207.2%20INFO0%20
Wikipedia%20Enzyme%2028Pgs.

How much faster enzymes speed up a reaction: https://13c35962-6df0-4843-9028-
€26407054a5a.filesusr.com/ugd/d26cc6 1ef6e8fO0b7f64dcc8197e710137e2443.pdf?index=true

Artificial enzymes: https://13c35962-6df0-4843-9028-
c26407054a5a.filesusr.com/ugd/d26cc6 b3e22e817cb74bf9b78ab3a53a4037a4.pdf

This website provides free academic articles about the biosciences, check it out!

https://www.webmedcentral.com/#
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https://13c35962-6df0-4843-9028-c26407054a5a.filesusr.com/ugd/d26cc6_1ef6e8f0b7f64dcc8197e710137e2443.pdf?index=true
https://13c35962-6df0-4843-9028-c26407054a5a.filesusr.com/ugd/d26cc6_b3e22e817cb74bf9b78ab3a53a4037a4.pdf
https://13c35962-6df0-4843-9028-c26407054a5a.filesusr.com/ugd/d26cc6_b3e22e817cb74bf9b78ab3a53a4037a4.pdf
https://www.webmedcentral.com/

14 Topics 7.3 Reversible Reactions, 11.3 Nitrogen & Fertilisers & 12
Sulfur (Equilibria)

14.1

End of Topic 7.3, 11.3 and 12 Goals Checklist

For each topic you ought to try to do as many of the following things to get the most out of your time, the resources

available to you and to help you grow as a student. Tick each goal off as you complete it. Growth is difficult and

uncomfortable, but you should choose to do these things, and the other things, not because they are easy, but because they
are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is

one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win!
‘ Yes/No  Level

Aspect ‘ What you should have done

Ask your teacher 1 question, about anything, once a week FUNDAMENTAL
Interacted Try to answer one question asked by your teacher at least once a week ESSENTIAL
: Ask your teacher one question about something you do not understand in science
with your y a &y ESSENTIAL
teacher once a week
Ask your teacher one question about something to do with science every lesson EXTENSION
Complete set of class note FUNDAMENTAL
Cornell Notetaking Attempted ESSENTIAL
Notes and -
foll Cornell Notetaking Completed EXTENSION
ollow u
notes P Cornell Notetaking Completed to an exemplary standard EXCEPTIONAL
Attempted the Mind Map for this topic ESSENTIAL
Completed the Mind Map for this topic EXTENSION
Read ahead before the topic has been started EXTESNION
Highlighted key ideas and translate new words FUNDAMENTAL
Textbook | Completed the questions at the end of each 2 page spread in your exercise book EXTENSION
Added to your class notes ideas and important information from the textbook that
EXTENSION
you learnt
Worked on at least 25% of the exam questions in this workbook FUNDAMENTAL
Attempted more than 25% of the questions and those questions you have
. . ESSENTIAL
completed you have marked in a different colour pen
Completed and marked all questions here EXTENSION
Past Exam | Completed, marked and additional key ideas where you have located the most
. . EXCEPTIONAL
Questions | difficult marks added to your notebook
Used the resources available online to answer additional questions not found in
. . EXCEPTIONAL
this workbook on the current topic.
. EXCEPTIONALLY
Ask your teacher about an exam question that they cannot answer
SMASHING!!!
Complete the word list activity using the word list at the front of each topic as
. . FUNDAMENTAL
little as possible
Assessed | Complete 2 assessed activities, either in class or as homework ESSENTIAL
Activities | Complete 2 assessed activities and scored over 70% on average ESSENTIAL
Complete 2 assessed activities and scored over 80% on average EXTENSION
Complete 2 assessed activities and scored over 90% on average EXCEPTIONAL
Revised sufficiently well to improve upon your score from the previous test ESSENTIAL
(except if you are scoring over 90%, then just write Y for this goal)
End of Scored 10% higher than your current average EXTENSION
ndo
Toic Test Scored 15% or more than your previous end of topic average EXCEPTIONAL
i
P Scored over 90% EXTESNION
Scored over 95%
SMASHING!!!
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Aspect ‘ What you should have done Yes/No Level

Spend more than 1 hour a week reading a book you enjoy (in any language) about

. ESSENTIAL
anything.
Spend than3h k readi book y joy (i |
pen more. an 3 hours a week reading a book you enjoy (in any language) EXTENSION
about anything.
Spend than5h k readi book y joy (i |
Reading pen more. an 5 hours a week reading a book you enjoy (in any language) EXCEPTIONAL
about anything.
Spend at least h k readi book you enjoy in English about
pend at least one hour a week reading a book you in English abou EXTENSION

anything.

Spend more than 3 hours a week reading a book you enjoy in English about
anything.

EXCEPTIONAL

You completed this goal setting table FUNDAMENTAL

You have looked at the goals you have achieved and the ones you have not and
added them up and entered them into the table in the Review and Reflection ESSENTIAL

Reflection | section
You have given an answer for every question in the Review and Reflection section

EXTENSION
at the end of this topic 510
You have Given good and thoughtful answers for every question in the Review and EXCEPTIONAL
Reflection section at the end of this topic
14.2 Topics 7.3, 11.3 & 12 Equilibria Syllabus
Topic 7 Chemical Reactions
7.3 Reversible reactions
* Understand that some chemical reactions can * Predict the effect of changing the conditions
be reversed by changing the reaction conditions. (concentration, temperature and pressure) on
(Limited to the effects of heat and water on other reversible reactions
hydrated and anhydrous copper(I) sulfate and * Demonstrate knowledge and understanding of
cobalt(II) chloride.) (Concept of equilibrium is the concept of equilibrium
not required.)
7.4 Redox
* Define oxidation and reduction in terms of oxygen + Define redox in terms of electron transfer
loss/gain. [Dxidatign state limited to its use * |dentify redox reactions by changes in oxidation
to name ions, e.g. iron(II), iron(II), copper(II), state and by the colour changes involved when
manganate(VII).) using acidified potassium manganate(VII), and

potassium iodide. (Recall of equations involving
KMnQ, is not required.)

+ Define oxidising agent as a substance which
oxidises another substance during a redox
reaction. Define reducing agent as a substance
which reduces another substance during a redox
reaction.

» |dentify oxidising agents and reducing agents
from simple equations

Top 11 Air and Water
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11.3 Nitrogen and fertilisers

e Describe the need for nitrogen-, phosphorus- and
potassium-containing fertilisers

e Describe the displacement of ammonia from its
salts
12 Sulfur

12.1 Sulfur

* Mame some sources of sulfur

s Mame the use of sulfur in the manufacture of
sulfuric acid

s State the uses of sulfur dioxide as a bleach in the

manufacture of wood pulp for paperand as a
food preservative (by killing bacteria)

¢ Describe and explain the essential conditions
for the manufacture of ammonia by the Haber
process including the sources of the hydrogen
and nitrogen, i.e. hydrocarbons or steam and air

*  Describe the manufacture of sulfuric acid by the
Contact process, including essential conditions
and reactions

* Describe the properties and uses of dilute and
concentrated sulfuric acid

14.3 ESSENTIAL Glossary for Keywords for this topic
English Hig

reactions, one the reverse of the other, taking place
at the same time, where the concentrations of the
reactants and products remain constant because
the rate at which the forward reaction occurs is the
same as that of the back reaction

dynamic (chemical) equilibrium two chemical

S (B2 ) FERMEZERE - —MENAE - XEERN
RER - RNIMFIRORERTERE - BAKEIERKRAN
AR RS [ 6] & A R R ZR AR [B) S M

equilibrium a less precise name for dynamic
equilibrium

FH ST E R A BB B IR

reversible reaction a chemical reaction which can
go either forwards or backwards, depending on the
conditions

ALE AL - BURTSRM - allEarskeE Gt iT B R AL

acid rain this has been made more acidic than
normal by the presence of dissolved pollutants such
as sulfur dioxide (SO2) and nitrogen oxides (NOx)

BT AMBI S (AW S (s02) MRAILY
(NOx) ) HFF7E, EEAMLLIEETER T EMEEA

artificial fertiliser a substance added to soil to
increase the amount of elements such as nitrogen,
potassium and phosphorus (NPK fertilisers): this
enables crops to grow more healthily and produce
higher yields

ATREM—MFME| LEPLUEME, HFNHRSTRZEN
BT (NPKRER) - XOERFYERBEMERATEES
Mg

carbon cycle the system by which carbon and its
compounds in the air, oceans and rocks are
interchanged

GBI AR ULURMES - 8FNE A PR

Haber process the industrial manufacture of
ammonia by the reaction of nitrogen with hydrogen
in the presence of an iron catalyst

Haber@ X XK ELFINFE MERSRUSRMN R TIWAIEE
s

nitrogen cycle the system by which nitrogen and its
compounds, both in the air and in the soil, are
interchanged

KENZRS B ZAG O IR ZE
=LY

SHTEFNRAEL

Contact process the industrial manufacture of
sulfuric acid using the raw materials sulfur and air

E ARABRFIZE ST AR T A AR AR A~
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14.4 ESSENTIAL Classroom Active Learning Tasks 1 The Haber Process

Write a number next to each of these statement to indicate the order that is needed to make ammonia | the Haber Process

Steam is reacted with methane to make hydrogen.

The gases are passed over an iron catalyst.
The gases are heated to 450°C.

Hydrogen is mixed with nitrogen, obtained from air.

The gases are compressed to 200 atmospheres.

Ammonia gas is produced, then cooled to a liquid.

Liquid ammonia is pumped off to be sold.

Unreacted nitrogen and hydrogen are recycled.

Q6. The flow chart below shows the main stages in the production of ammonium nitrate.
raw material A raw material B
_..— —‘—

nitrogen * + hydrogen
COMPEEZSOR a—

!

REACTOR
high temperature,
high pressure,
iron

& unreacted nitrogen
and hydrogen

arntnonia and
unreacted nitrogen
and hydrogen

ad C
* COOLER —w—

atnim oma *
. |

!

armmotium fmtrate
(@ () Name the two raw materials shown in the flow chart as A and B.
Raw material A ...

Raw material B .....ooovveiieeeeeee e
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(i)  What is the purpose of the iron in the reactor?

1)

(i)  The table shows how temperature and pressure affect the amount of ammonia produced in
this reaction.

TEMPERATURE PRESSURE (ATM) PERCENTAGE OF NITROGEN AND
(°C) HYDROGEN CONVERTED TO AMMONIA
(%)

250 200 75

250 1000 96

1000 1 0.01

1000 1000 1

Explain, as fully as you can, why a temperature of about 450°C and a pressure of about 100
atmospheres are normally used in the industrial process.

(6)

14.5 ESSENTIAL Classroom Active Learning Tasks 2 The Contact Process
Complete this table

Reagent Formula | Main Source (and Chemical equation (if appropriate) Reaction conditions,

other sources) including catalysts, if any

Sulfur

Sulfur Dioxide

Sulfur Trioxide

Oleum

Sulfuric Acid Q
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In the space below create a flow diagram, like one used to explain the Haber process in the activity before to show how
sulfuric acid is made from sulfur. Include as many chemical equations, with state symbols, as you can
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14.6 Extension Classroom Active Learning Task 2 Concentrated and dilute sulfuric acid Venn Diagram

Compare and contrast what these two concentrations of the same acid and show what they have in common and how are they different to
each other

Concentrated Sulfuric Acid Dilute Sulfuric Acid

C.HzSO4(|) dil. HzSO4(aQ)
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14.7 Extension Classroom Active Learning Tasks 3 Dealing with Multi-mark Questions

about Equilibria 84marks
Q# 1/ IGCSE Chemistry/2018/w/Paper 43/Q5
5 A student investigates the rate of reaction between lumps of calcium carbonate and dilute

hydrochloric acid using the apparatus shown.
CaCO,(s) + 2HCI(aq) — CaCly(ag) + CO,g) + H,O(l)

The calcium carbonate was in excess.

\

gas syringe

lumps of calcium carbonate dilute hydrochloric acid

(a) Which measurements should the student make dunng the reaction to determine the rate of
reaction?

(¢) The student repeated the experiment at a higher temperature. All other conditions were kept
the same. The student found that the rate of reaction increased.

Explain, in terms of collisions, why the rate of reaction increased.
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Q# 2/ IGCSE Chemistry/2018/w/Paper 42/Q4

(¢) The original experiment was repeated at a higher temperature. All other conditions were kept
the same.

Describe and explain, in terms of collisions between particles, the effect of using a higher
temperature on the time taken for the reaction to finish.

Q# 3/ IGCSE Chemistry/2018/w/Paper 41/Q5
(d) A mixture of hydrogen gas and iodine gas is allowed to reach equilibriunm.

(i) Increasing the pressure of a gas increases its concentration.

State and explain the effect of increasing the pressure on the rate of the forward reaction.

(ii) State and explain the effect of increasing the temperature on the rate of the reverse
reaction.

Q# 4/ IGCSE Chemistry/2018/s/Paper 43/Q3

(d) Cobalt reacts with dilute hydrochloric acid to make the salt cobalt(II) chlonde. Bubbles of
hydrogen gas are produced.
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(iii) Use collision theory to explain how heating the dilute hydrochloric acid makes the rate of
reaction faster.

B A SR T U LSS SO T T ST I T [3]
Q# 5/ IGCSE Chemistry/2017/w/Paper 43/
(b) The chemical equation shows the equilibrium between dinitrogen tetroxide (N,O,, a colourless
gas) and nitrogen dioxide (NO,, a brown gas).

N,O4(g) = 2NO,(q)

colourless brown

A mixture of dinitrogen tetroxide and nitrogen dioxide is allowed to reach equilibrium In a
closed gas syringe.

(i} In chemistry, what is meant by the term equilibrium’?

(i} If the equilibrium mixture is heated at constant pressure, a darker brown colour is seen
inside the gas syringe.

What does this information indicate about the decomposition of dinitrogen tetroxide?
Explain your answer in terms of the position of the equilibrium.

(iii) Suggest what you would see if the pressure on the equilibrium mixture were increased at
constant temperature.
Explain your answer in terms of the position of the equilibrium.
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Q# 6/ IGCSE Chemistry/2017/w/Paper 42/

5 Some chemical reactions are reversible.
(a) Aqueous potassium chromate(VI), K,CrO,, is a yellow solution.
Aqueous potassium dichromate(VI), K,Cr,O., is an orange solution.
The two compounds interconvert when the pH of the solution changes.

2K,CrO, + H,50, = K,Cr,O; + K,50,+ H,O
yellow orange

Solution ¥ is a mixture of aqueous potassium chromate(VI) and aqueous
potassium dichromate(VI) at equilibrium.

o Explain, in terms of the position of the equilibrium, what you would see if sulfuric acid were
added to solution Y.

¢ Explain, in terms of the position of the equilibrium, what you would see if sodium hydroxide
were added to solution Y.

Q# 7/ IGCSE Chemistry/2017/w/Paper 41/Q5

(c) Nitrogen dioxide, NO,, exists in equilibrium with dinitrogen tetroxide, N,O,.
Mitrogen dioxide is brown and dinitrogen tetroxide is colourless.

2NOy(g) = N,O4la)
brown colourless

(i) A sample of nitrogen dioxide and dinitrogen tetroxide at equilibrium was placed in a closed
gas syringe.
The syringe plunger was pushed in. This increased the pressure in the gas syringe. The
temperature was kept constant.

nitrogen dioxide and

dinitrogen tetroxide
at equilibrium

Ty

gas syringe

end blocked

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 495 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

State how the colour of the gas in the syringe changed. Explain your answer in terms of
the position of the equilibrium.

(i) A sealed tube containing nitrogen dioxide and dinitrogen tetroxide at equilibrium was
cooled in an ice bath at constant pressure. The contents of the tube became paler.

Suggest an explanation for this observation in terms of the position of the equilibrium.

Q# 8/ IGCSE Chemistry/2017/w/Paper 41/
7 Copper(Il) oxide reacts with dilute hydrochloric acid.

CuO(s) + 2HCl{aq) — CuClaq) + H,O(l)

6.00g of copper(II) oxide were added to 50.0 cm? of 1.00mol/dm? hydrochloric acid. This was an
excess of copper(Il) oxide.

(a) Therate ofthe reaction can be increased by increasing the concentration of the hydrochloric acid
or by heating it.

(i) In terms of collisions, explain why increasing the concentration of the hydrochloric acid
increases the rate of the reaction.

_______________________________________________________________________________________________________________________________________ [2]
(i) In terms of collisions, explain why heating the hydrochloric acid increases the rate of the

reaction.

_______________________________________________________________________________________________________________________________________ 2]
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Q# 9/ IGCSE Chemistry/2017/s/Paper 41/
(e} The original graph has been drawn again.

On the gnd, draw the graph expected if the concentration of dilute hydrochloric acid is changed
from 0.1 mol/dm?*to 0.2 mol/dm?. All other conditions are the same as in the original experiment.

Explain, in terms of particles, why your graph is different from the original graph.

400

300
volume
ofgas 200
fem? -

i
100 d
i
0

0 30 60 90 120 150 180 210 240

time/s

- [4]
Q# 10/ IGCSE Chemistry/2016/w/Paper 41/
8 Magnesium carbonate reacts with dilute hydrochloric acid.

MgCO,(s) + 2HCI{aq) — MgCl.{aqg) + H,O{l) + CO.{g)

An excess of magnesium carbonate pieces was added to dilute hydrochloric acid. The apparatus in
the diagram was used to measure the volume of gas produced. The total volume of gas collected
was recorded every 20 seconds.

inverted
measuring cylinder

_?water
-I trough
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(a) The results obtained are shown on the graph.

120

100

a0
total volume of

i
gas collected 60 2
/em? /
40
I
20—
T
I
W]

0 100 200 300 400 500
time/s

(i) Describe how the rate of this reaction changed during the reaction. Explain why the rate
changed in this way.

(i) The experiment was repeated using the same mass of powdered magnesium carbonate
with the same volume and concentration of dilute hydrochloric acid.

Explain how the initial rate of reaction and total volume of gas collected would compare to
the first experiment.

INItIA] T O TR O O oo e
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(b) A piece of magnesium ribbon was cleaned. The experiment was repeated using this clean
magnesium ribbon instead of magnesium carbonate.

Mg(s) + 2HCI{aq) — MgCiaq) + Hig)

This reaction is exothermic.
The rate of the reaction gradually increased over the first 2 minutes.

Explain why the rate of the reaction increased.

Q# 11/ IGCSE Chemistry/2016/s/Paper 41/

3  When aqueous sodium thiosulfate and dilute hydrochloric acid are mixed, a precipitate of insoluble
sulfur is produced. This makes the mixture difficult to see through.

Na,S,0.(aq) + 2HCl(aq) — S(s) + 2NaCl(aq) + H,O(l) + SO4(g)

The time taken for the cross to disappear from view is measured.

A
!

_ ~

A student adds the following volumes of aqueous sodium thiosulfate, dilute hydrochloric acid and
distilled water to the conical flask.

The time taken for the formation of the precipitate of sulfur to make the cross disappear from view
is recorded.
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experiment volume of volume of volume of time taken for
number sodium thiosulfate | hydrochloric acid distilled water cross to disappear
fem? fem? fem? from view/s
1 10 10 40 56
2 20 10 30 28
3

(ii) Use collision theory to explain why increasing the concentration of sodium thiosulfate
would change the rate of reaction.

(¢) The student repeated experiment 1 at a higher temperature.

Use collision theory to explain why the rate of reaction would increase.

Q#t 12/ IGCSE Chemistry/2016/w/Paper 41/
(b) Ammeoenia is also made when ammonium carbonate decomposes.

(NH,),CO4(s) == 2NH,(g) + H,O(g) + CO(q)
The reaction is reversible and can reach a position of equilibrium.

The graph shows how the yield of ammonia at equilibrium changes with temperature and
pressure.

yield of

ammoania 300°C

100°C

Y

pressure

(i) What is meant by the term equilibrium for a reversible reaction?
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(iii) State and explain the effect of increasing the pressure on the yield of ammonia in this
reaction.

Q# 13/ IGCSE Chemistry/2016/m/Paper 42/
5 This question i1s about compounds of nitrogen.

(a) (i) Describe the Haber Process giving reaction conditions and a chemical equation.
Reference to rate and yield is not required.

Qi 14/ IGCSE Chemistry/2018/w/Paper 41/Q4
4 (a) Sulfuric acid is made industrially by a four-step process.

step 1 Sulfur is burned in air to produce sulfur dioxide.
step 2 Sulfur dioxide is converted into sulfur trioxide.
step 3 Sulfur trioxide is reacted with concentrated sulfuric acid to produce oleum.
step 4 Oleum is reacted with water to produce concentrated sulfuric acid.
(iii) Describe the conversion of sulfur dioxide into sulfur trioxide in step 2.
In your answer, include:

e achemical equation for the reaction
e the essential reaction conditions.
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Q# 15/ IGCSE Chemistry/2016/s/Paper 41/
5 Sulfuric acid is produced by the Contact process. The steps of the Contact process are shown.

stating St®P 1  syifur SteP2 gy, Step3 oleum step4 5 furic

material dioxide trioxide acid
(b) Describe step 2, giving reaction conditions and a chemical equation. Reference to reaction
rate and yield is not required.

Extension Classroom Active Learning Tasks Dealing with Multi-mark Questions about Equilibria
84marks Mark Scheme

Q# 1/ IGCSE Chemistry/2018/w/Paper 43/

Sia) M1 volume of gas

M2 time

Sib) M1 rate decreases / reaction gets slower

M2 concentration of acid decreases

M3 fewer collisions per unit time

A(c) M1 particles have more kinetic energy
M2 particles move faster
M3 more collisions per unit time

M4 more of the particles have energy greater than or egual to activation energy / more of the collisions have energy
greater than or equal to activation energy

OR
more of the particles have sufficient energy to react/ more of the collisions have sufficient energy to react

OR
A greater percentage or greater proportion or greater fraction of collisions are successful

Q# 2/ IGCSE Chemistry/2018/w/Paper 42/

4(c) M1 Time taken is less

M2 (particles) hawe more energy

M3 (particles) move faster

M4 More collisions (of particles) occur per second / per unit time

M5 More (of the ) particles ! collisions have energy greater than activation energy

or
More (of the) particles ! collisions have sufficient energy to react

aor
A greater percentage / proportion [ fraction of collisions (of particles) are successful
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Q# 3/ IGCSE Chemistry/2018/w/Paper 41/

B(d)i) M1 Faster 2
and }

Mare particles per unit volume [ dm®/ om®

M2 Maore collisions per second / unit time or greater collision rate

B d Wi} Reaction faster and (particles) have more energy or (particles) move faster 1
maore collisions per second or greater collision rate 1
mare (of the) particles / collisions have energy greater than the activation energy or more particles / collisions have 1

sufficient energy to react or a greater percentage / proportion ! fraction of collisions are successful

Q# 4/ IGCSE Chemistry/2018/s/Paper 43/

3(d)iiiy (particles) have more emergy [/ (particles) move faster 1
more collisions per second / greater collision rate 1
more of the colliding molecules have sufficient energy (activation energy) to react 1

Q# 5/ IGCSE Chemistry/2017/w/Paper 43/

Sk reversible reaction in which the rate of the forward reaction equals the rate of the backward reacticn 1
concentration of all reactants and products becomes constant/ does not change 1

S{b)) forward reaction iz endothermic 1
{increased temperature) causes equilibrium to shift to the right/to shift in the endothemic direction /to form more 1
nitrogen dioxide to form more product(s)

b)) | less brown/lighter f paler/ colour fades 1
rggre molecules fmoles Mvolume on the right ORA 1

equilibrium shifts in the direction of fewer molecules/moles /lower volume

Q# 6/ IGCSE Chemistry/2017/w/Paper 42/

5{a) both colours referred to comectly as observations in both parts of the answer 1
(if sulfuric acid is added to solution Y,) eguilibrium moves to the right-hand side 1
because the concentration of acid has increased 1
{if sodium hydroxide is added to solution Y, ) equilibrium moves to the left-hand side 1
because sodium hydroxide reacts with / neutralises sulfuric acid 1
HbXii) fewer moles / molecules ! particles (of gas) on the left-hand side 1
S{b)iiy | endothermic 1
a(bi(iv) | increases rate (of reaction) 1
Q#t 7/ IGCSE Chemistry/2017/w/Paper 41/Q5
S(cHin becomes paler 1
equilibrium moves right 1
(because) fewer moles (of gas) on right 1
S{e)iiy equilibrium moved right / more M20,/ less NO, 1
{forward) reaction exothermic 1
Q# 8/ IGCSE Chemistry/2017/w/Paper 41/
Tia)i) | more particles (of acid) in 2 given volume / dm®/ e 1
miore collisions per second ! unit time OR greater collision rate 1
T{a)ii) particles hawve mare energy / particles move faster f more collisions per second { more collisions per unit time f greater 1
collision rate
more {of the) particles ! collizions have energy greater than the activation energy ! more particles have sufficient ensrgy to 1
react ! more collisions have sufficient energy to react / a greater percentage of collisions are successful
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Q# 9/ IGCSE Chemistry/2017/s/Paper 41/

Sid) curve starts from (0,0) and has a lower gradient than the original curve
because lumps have a lower surface area

Sid) curve starts from {0,0) and has a lower gradient than the orginal curve
because lumps have a lower surface area

Q# 10/ IGCSE Chemistry/2016/w/Paper 41/

Gla))

any 4 from:

slowed down

acid became less concentrated OR fewer particles per unit volume
fewer collisions per second OR lower collision rate

{then the reaction) stopped

all the hydrochloric acid reacted

B{a)ii)

any 4 from:

faster (reaction)

(powder has) larger surface area

mare collisions per second OR higher collizion rate
same volume of gas

amount/ males hydrochloric acid is not changed

8{b)

any 5 from:

temperature increased

particles have more energy

{particles) move faster

more collisicns per second OR higher collision rate

more particles have sufficient energy to react/ activation energy
more of the collisions are successful

Q#t 11/ IGCSE Chemistry/2016/s/Paper 41/

(b))
M1 mone particles per unit volume/particles ame closar togather, 1
M2 increases the rate of collisions /there are more collisions per unit time; 1
3c)
M1 paricles gain mome enengy and move faster; 1
M2 increasing rate of collisions/more collisions per unit time, 1
M3 higher proporion of particles have sufficient enengy to react/colisions have sufficient energy to react/ans 1
above the activation enengy;

Q# 12/ IGCSE Chemistry/2016/w/Paper 41/

A4(B)(1) M1 forward and reverse reactions (occur)
M2 amounts fmoles/ concentrations (of reagents and products) constant
ag rate of forward and reverse reactions equal

4By endothermic AND yield increases as temperature increases

A{b)iiiy M1 vyield decreases (as pressure increases)

M2 because more moles/molecules (of gas) on the right
M3 =0 position of equilibrium moves left

Q# 13/ IGCSE Chemistry/2016/m/Paper 42/

5(a)fi)

pressura in range 150=300 atmosphearas/ atm;
temiperature in range 370470 °C;

iron [catalyst);

balanced aquation: N; + 3H; — 2NH3
aequilibrium/ reversible;

Q# 14/ IGCSE Chemistry/2018/w/Paper 41/

d(a)iiii)

M1 vanadium pentoxide or vanadium({\V) oxide or WV20x (catalyst);

M2 1-5 atmospheres; (Units required)

M3 450°C; units required

M4 2302 + Op 3 2503,

M5 equilibrium / reversible reaction in equation or text
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Q# 15/ IGCSE Chemistry/2016/s/Paper 41/

5(b) 5
M1 vanadium pantoxide /vanadium(V) oxide/V:0s (catalyst):
M2 1-5 atmosphenes (units required);

M3 £50*C (units reqguined);

M4 2530; + O — 280

M5 aquilibium/ reversible reaction;

[ S N

14.8 ESSENTIAL EXAM QUESTIONS Paper 2 Topic 7.3
Topic Chem 7 Q# 1/ iGCSE Chemistry/2016/s/Paper 23/

16 Methanol is manufactured by reacting carbon monoxide and hydrogen together in the presence
of an aluminium oxide catalyst.

The equation for the reaction is shown.
CO(g) + 2Hy(g) == CH:OH(g)
The reaction is a reversible reaction.
The forward reaction is exothermic.
Which change in conditions increases the yield of methanol?

A decreasing the concentration of the carbon monoxide
B increasing the pressure
C increasing the rate of the reaction

D increasing the temperature

Topic Chem 7 Q# 2/ iGCSE Chemistry/2016/s/Paper 22/
16 Methanol is made by reacting carbon monoxide with hydrogen.

The reaction is exothermic and is a chemical equilibrium.
The equation for the reaction is shown.
CO(g) + 2Hz(g) == CH:OH(g)

Which changes in temperature and pressure increase the yield of methanol?

temperature pressure
A decrease decrease
B decrease increase
C increase decrease
D increase increase
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Topic Chem 7 Q# 3/ iGCSE Chemistry/2016/s/Paper 21/
16 Steam reacts with carbon in an endothermic reaction.

Which conditions of temperature and pressure would give the largest yield of hydrogen?

C(s) + H0(g) = CO(g) + Hz(g)

temperature pressure
A high high
B high low
Cc low high
D low low

Topic Chem 7 Q# 4/ iGCSE Chemistry/2016/m/Paper 22/

14 A

Which statement about an equilibrium mixture of NO, and N2O;, is correct?

A
B
o
D

reversible reaction is shown.

2NO:(g) = NyO4(g) AH = -58kJ /mol

If the pressure is decreased the amount of N,O, increases.

If the temperature is increased the amount of N,O, increases.

The rates of formation and decomposition of N,O, are not the same.

The decomposition of N,O, is an endothermic reaction.

Topic Chem 11 Q# 5/ iGCSE Chemistry/2018/w/Paper 23/

28 Ammonia is manufactured by the Haber process from nitrogen and hydrogen.

Which row gives the main sources of these two gases?

hydrogen nitrogen
A air air
B air natural gas
c natural gas air
D natural gas natural gas

Topic Chem 11 Q# 6/ iGCSE Chemistry/2018/w/Paper 22/
28 Which statement about the Haber process is comect?

A

B
c
D

The hydrogen used is obtained from the air.
The nitrogen used is obtained from nitrates in the soil.
Nitrogen reacts with hydrogen to make ammonia.

The reaction takes place at room temperature and pressure.
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Topic Chem 11 Q# 7/ iGCSE Chemistry/2018/w/Paper 21/
28 Which statement describes the role of iron in the Haber process?

A
B
c
D

It is used as a catalyst.
It is used as a reducing agent.
It is used to condense the ammonia gas into a liquid.

It is used to increase the yield of ammonia.

Topic Chem 11 Q# 8/ iGCSE Chemistry/2018/s/Paper 21/

31 Ammonia is manufactured by reacting hydrogen with nitrogen in the Haber process.

Which row describes the sources of hydrogen and nitrogen and the conditions used in the
manufacture of ammonia in the Haber process?

source of source of temperature of pressure of
hydrogen nitrogen reaction/°C reaction/atm
A air natural gas 250 2
B air natural gas 250 200
c natural gas air 450 2
D natural gas air 450 200

Topic Chem 11 Q# 9/ iGCSE Chemistry/2018/m/Paper 22/
33 The raw materials for the Haber process are hydrogen and nitrogen.

What are the sources of the hydrogen and nitrogen?

A
B
Cc
D

hydrogen from ethanol and nitrogen from NPK fertilisers
hydrogen from methane and nitrogen from air
hydrogen from sulfuric acid and nitrogen from air

hydrogen from water and nitrogen from ammonium nitrate

Topic Chem 11 Q# 10/ iGCSE Chemistry/2017/w/Paper 23/

31 The Haber process for making ammonia is carried out at a temperature of 450°C and a pressure
of 200 atmospheres in the presence of a catalyst.

Which statement is not correct?

A

B
o
D

Patrick Brannac

Lowering the pressure increases the rate at which ammonia is produced.
Lowering the temperature slows down the rate at which ammonia is produced.
Maintaining a very high pressure is very difficult and needs expensive equipment.

The reaction is a reversible reaction which can proceed forwards and backwards.
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Topic Chem 11 Q# 11/ iGCSE Chemistry/2017/w/Paper 21/
31 Ammonia is made by the Haber process.

N> + 3H, = 2NH:

What are the sources of the nitrogen and hydrogen used in the Haber process?

nitrogen hydrogen
A fertilisers reacting methane with steam
B fertilisers the air
C the air reacting methane with steam
D the air the air

Topic Chem 11 Q# 12/ iGCSE Chemistry/2017/s/Paper 23/
31 Which row gives the catalyst for the Haber process and the sources of the raw materials?

catalyst source of source of

hydrogen nitrogen

A iron electrolysis fertiliser
B iron methane air
C | vanadium pentoxide methane air

D | vanadium pentoxide methane fertiliser

Topic Chem 11 Q# 13/ iGCSE Chemistry/2017/s/Paper 22/

31 Which statement about the conditions used in the Haber process is not correct?
A A high temperature is used because the forward reaction is exothermic.

B A high pressure is used because there are fewer moles of gas in the products than in the
reactants.

An iron catalyst is used to increase the rate of the forward reaction.

The unreacted hydrogen and nitrogen are recycled to increase the amount of ammonia
produced.

Topic Chem 11 Q# 14/ iGCSE Chemistry/2017/s/Paper 21/
32 Which row gives the conditions for the Haber process?

temperature/°C pr?:tsmu e catalyst
A 200 2 V205
B 200 450 Fe
C 450 200 Fe
D 500 250 V205
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Topic Chem 11 Q# 15/ iGCSE Chemistry/2016/w/Paper 23/

32 The Haber process for the manufacture of ammonia occurs at 450°C and 250 atmospheres. The
nitrogen and hydrogen are supplied in a 1:3 ratio by volume. The reaction is exothermic.

Nig) + 3Hag) = 2NHs(g)  AH=-92kJ/mol

Which change causes an increase in the yield of ammonia?
A decreasing the concentration of nitrogen

B decreasing the pressure

C decreasing the temperature

D using equal amounts of the two reactants
Topic Chem 11 Q# 16/ iGCSE Chemistry/2016/w/Paper 22/
32 Ammonia is manufactured by the Haber process, using an iron catalyst.

N, + 3H; = 2NH;
It is not possible to obtain 100% yield.

What is the reason for this?

A A high pressure is used.

B Ammonia decomposes at high temperature.
C Some of the ammonia is recycled.

D The ammonia reacts with the catalyst.
Topic Chem 11 Q# 17/ iGCSE Chemistry/2016/w/Paper 21/
32 Ammonia is manufactured by the Haber process. The reaction is exothermic.

Nx(g) + 3Hzx(g) = 2NHs(g) AH = -92kJ/mol
Which statement about the Haber process is correct?
A The reaction is irreversible and produces only one product.
B The reaction is reversible and produces less ammonia at high pressure.

C The reaction is reversible and produces less ammonia at high temperature.

D The reaction is slow because a catalyst is not used in the Haber process.
Topic Chem 11 Q# 18/ iGCSE Chemistry/2016/s/Paper 23/

32 Ammonia is produced by the Haber process.

N2(g) + 3Hz(g) — 2NHs(g).

Which statement about the Haber process is not correct?

A An iron catalyst is used to increase the rate of reaction.

B The reaction is carried out at high temperature to increase the rate of reaction.
C The reaction is carried out at low pressure to increase the yield of ammonia.
D

The reaction is reversible.
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Topic Chem 11 Q# 19/ iGCSE Chemistry/2016/s/Paper 22/

32 Ammonia is manufactured by a reversible reaction.

Nz(g) + 3Hz(g) = 2NHs(g)

The forward reaction is exothermic.

What is the effect of increasing the pressure on the percentage yield and rate of formation of

ammonia?
percentage yield e 9f
formation
A decreases decreases
B decreases increases
C increases decreases
D increases increases

Topic Chem 11 Q# 20/ iGCSE Chemistry/2016/s/Paper 21/
32 Ammonia is formed by a reversible reaction.

Nz(g) + 3Hz(g) == 2NHs(g)
The forward reaction is exothermic.

Which changes in conditions would increase the yield of ammonia?

increase in increase in
pressure temperature
A v v
B v X
Cc X v
D X X

Topic Chem 11 Q# 21/ iGCSE Chemistry/2016/s/Paper 21/
34 Afarmer's soil is very low in both nitrogen (N) and phosphorus (P).

Which fertiliser would improve the quality of this soil most effectively?

percentage
nitrogen (N) phosphorus (P} | potassium (K)
A 11 11 27
B 12 37 10
Cc 28 10 10
D 31 29 9
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Topic Chem 11 Q# 22/ iGCSE Chemistry/2016/m/Paper 22/

32 Fertilisers are used to provide three elements needed to increase the yield of crops.

Which two compounds would provide all three of these elements?

A ammonium nitrate and calcium phosphate
B ammonium nitrate and potassium sulfate
C potassium nitrate and calcium phosphate

D potassium nitrate and potassium sulfate
Topic Chem 12 Q# 23/ iGCSE Chemistry/2018/w/Paper 21/

33 Which statement about sulfur or one of its compounds is correct?
A  Sulfur occurs naturally as the element sulfur.
B Sulfur dioxide is used to kill bacteria in dnnking water.
C Sulfuric acid is a weak acid.

D Dilute sulfuric acid is a dehydrating agent.
Topic Chem 12 Q# 24/ iGCSE Chemistry/2018/s/Paper 23/

15 In the Contact process, sulfur dioxide is converted into sulfur trioxide in a reversible reaction.

2S0,(g) + O2Ag) == 2504(9)

The forward reaction is exothermic.

Which conditions give the highest yield of sulfur trioxide at equilibrium?

/ at%gzzttjm:es CHpETaiE
A 05 high
B 0.5 low
c 1.5 high
D 15 low

Topic Chem 12 Q# 25/ iGCSE Chemistry/2018/s/Paper 23/
33 Element Z forms an oxide, ZO,. Three uses of ZO, are listed.

e Dbleaching agent
e killing bacteria

e manufacturing an important acid

What is Z7?
carbon

B lead

C nitrogen

D sulfur
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Topic Chem 12 Q# 26/ iGCSE Chemistry/2018/s/Paper 22/
15 Sulfur dioxide reacts with oxygen at 2 atmospheres pressure. The forward reaction is exothermic.

The equation for the reaction is shown.
250,(g) + O2(g) = 23504(g)
The reaction reaches equilibrium. The pressure is then doubled.

How and why does the amount of sulfur trioxide formed change?

amount of sulfur trioxide reason
A decreases the forward reaction is exothermic
B decreases there are fewer molecules on the right
c increases the forward reaction is exothermic
D increases there are fewer molecules on the right

Topic Chem 12 Q# 27/ iGCSE Chemistry/2018/s/Paper 22/
33 Which row describes the uses of sulfur and sulfur dioxide?

sulfur sulfur dioxide
A extraction of aluminium food preservative
B extraction of aluminium water treatment
c manufacture of sulfuric acid food preservative
D manufacture of sulfuric acid water treatment

Topic Chem 12 Q# 28/ iGCSE Chemistry/2018/s/Paper 21/
33 Which statement about sulfur and its compounds is not cormrect?

A Sulfur dioxide is used as a food preservative.
B Sulfur dioxide turns acidified agueous potassium manganate(VII) from purple to colourless.
C Sulfur forms a basic oxide.

D Sulfuris used in the manufacture of sulfunc acid.
Topic Chem 12 Q# 29/ iGCSE Chemistry/2018/m/Paper 22/

35 The Contact process is used to make sulfuric acid.
The steps in the process are listed.

1 Dissolve sulfur trioxide in 98% concentrated sulfuric acid.
2  Heat sulfur strongly in air.

3 Add oleum to water.

4  Pass sulfur dioxide over a vanadium(\') oxide catalyst.

Which sequence of steps is correct?

A 4515253
B 452-53->51
C 2515453

D 2545153
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Topic Chem 12 Q# 30/ iGCSE Chemistry/2017/w/Paper 21/
33 Which row shows the conditions used in the manufacture of sulfuric acid by the Contact process?

e mpfe;gatu = P r?astsmu e catalyst
A 40 200 Fe
B 40 200 V205
c 400 2 Fe
D 400 2 V205

Topic Chem 12 Q# 31/ iGCSE Chemistry/2017/s/Paper 21/
33 Which statement about sulfuric acid is correct?

A Itis made by the Haber process.
B It is made in the atmosphere by the action of lightning.
C It reacts with ammonia to produce a fertiliser.

D It reacts with copper metal to produce hydrogen gas.
Topic Chem 12 Q# 32/ iGCSE Chemistry/2017/m/Paper 22/

33 The ions present in ammonium sulfate are formed from the products of the Contact and Haber
processes.

Both of these processes involve the use of a catalyst.

Which row is correct?

ion formed from process catalyst
A ammonium ammonia Contact iron
B ammonium ammonia Haber vanadium(V) oxide
C sulfate sulfuric acid Contact vanadium(V) oxide
D sulfate sulfuric acid Haber iron

Topic Chem 12 Q# 33/ iGCSE Chemistry/2016/w/Paper 23/
33 The following scheme shows four stages in the conversion of sulfur to sulfuric acid.

In which stage is a catalyst used?

sulfur stage A sulfur stage B sulfur
Sar dioxide air trioxide
concentrated
stage C | sulfuric
acid
Y
concentrated stage D aleum
sulfuric acid water
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Topic Chem 12 Q# 34/ iGCSE Chemistry/2016/w/Paper 22/

33 Sulfuric acid is manufactured by a series of chemical reactions, one of which is catalysed by

vanadium(V) oxide.

What is the equation for the reaction catalysed by vanadium(V) oxide?
A S +0; » SO;

B 2S + 30, —» 2S0;

C 28S0; + O; —» 2S0;

D SO; + HO — H,S0O,
Topic Chem 12 Q# 35/ iGCSE Chemistry/2016/w/Paper 21/
33 Sulfuric acid is manufactured by the Contact process.

The most important reaction takes place in the presence of a catalyst.

What are the reactants and the catalyst for this reaction?

reactants catalyst
A sulfur and oxygen vanadium(V) oxide
B sulfur dioxide and oxygen vanadium(V) oxide
Cc sulfur dioxide and steam iron
D sulfur trioxide and water platinum

Topic Chem 12 Q# 36/ iGCSE Chemistry/2016/s/Paper 23/

33 One step in the manufacture of sulfuric acid is the oxidation of sulfur dioxide to sulfur trioxide.

Which conditions are used for this step?

A 450 15 iron
B 450 1.5 vanadium(V) oxide
Cc 450 200 iron
D 450 200 vanadium(V) oxide

Topic Chem 12 Q# 37/ iGCSE Chemistry/2016/s/Paper 22/
33 The Contact process is used for the manufacture of sulfuric acid.

Which statement about this process is not correct?

A A catalyst of iron is used.
B Oxygen from the air is used to react with sulfur dioxide.
C Sulfur trioxide dissolves in sulfuric acid to form oleum.

D The temperature used is around 450 °C.
Topic Chem 12 Q# 38/ iGCSE Chemistry/2016/s/Paper 21/
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33 The equation for an exothermic reaction in the Contact process is shown.

280;(g) + O2(g) — 2S04(g)

Which effects do increasing the temperature and using a catalyst have on the rate of formation of
sulfur trioxide, SO;?

increasing the using a
temperature catalyst
A rate decreases rate decreases
B rate decreases rate increases
C rate increases rate decreases
D rate increases rate increases

Topic Chem 12 Q# 39/ iGCSE Chemistry/2016/m/Paper 22/
33 What is a property of concentrated sulfuric acid but not of dilute sulfuric acid?

A ltis a dehydrating agent.
B It neutralises alkalis.
C It produces a white precipitate with barium nitrate.

D It reacts with metals to give a salt and hydrogen.
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14.8.1  ESSENTIAL EXAM QUESTIONS Paper 2 Topic 7.3 Mark Scheme

Q# 1/ iGCSE Chemistry/2016/s/Paper 23/
16 B

Q# 2/ iGCSE Chemistry/2016/s/Paper 22/
16 B
Q# 3/ iGCSE Chemistry/2016/s/Paper 21/
16 B

Q# 4/ iGCSE Chemistry/2016/m/Paper 22/
14 D

Q# 5/ iGCSE Chemistry/2018/w/Paper 23/
28 C

Q# 6/ iGCSE Chemistry/2018/w/Paper 22/
28 C

Q# 7/ iGCSE Chemistry/2018/w/Paper 21/
28 A

Q# 8/ iGCSE Chemistry/2018/s/Paper 21/

| 31 | D

Q#t 9/ iGCSE Chemistry/2018/m/Paper 22/

33 ‘ B

Q# 10/ iGCSE Chemistry/2017/w/Paper 23/
31 | A

Q# 11/ iGCSE Chemistry/2017/w/Paper 21/
1 e

Q# 12/ iGCSE Chemistry/2017/s/Paper 23/
31 | B

Q# 13/ iGCSE Chemistry/2017/s/Paper 22/
31 | A

Q# 14/ iGCSE Chemistry/2017/s/Paper 21/
a2 | C

Q# 15/ iGCSE Chemistry/2016/w/Paper 23/
32 C

Q# 16/ iGCSE Chemistry/2016/w/Paper 22/
32 B

Q# 17/ iGCSE Chemistry/2016/w/Paper 21/
32 c

Q#t 18/ iGCSE Chemistry/2016/s/Paper 23/
32 C

Q# 19/ iGCSE Chemistry/2016/s/Paper 22/
3z D

Q# 20/ iGCSE Chemistry/2016/s/Paper 21/
32 B
Q#t 21/ iGCSE Chemistry/2016/s/Paper 21/
3 D

Q# 22/ iGCSE Chemistry/2016/m/Paper 22/
32 C
Q#t 23/ iGCSE Chemistry/2018/w/Paper 21/

| 29 |J‘-’t

Q# 24/ iGCSE Chemistry/2018/s/Paper 23/

15 D
Q# 25/ iGCSE Chemistry/2018/s/Paper 23/
33 D
Q# 26/ iGCSE Chemistry/2018/s/Paper 22/
15 D
Q#t 27/ iGCSE Chemistry/2018/s/Paper 22/
B |c

Q# 28/ iGCSE Chemistry/2018/s/Paper 21/
29 C

Q# 29/ iGCSE Chemistry/2018/m/Paper 22/
35 ‘ D

Q# 30/ iGCSE Chemistry/2017/w/Paper 21/
33 | D

Q# 31/ iGCSE Chemistry/2017/s/Paper 21/
33 ‘ C

Q# 32/ iGCSE Chemistry/2017/m/Paper 22/
33 ‘ c

Q# 33/ iGCSE Chemistry/2016/w/Paper 23/

33 B

Q# 34/ iGCSE Chemistry/2016/w/Paper 22/
33 c

Q# 35/ iGCSE Chemistry/2016/w/Paper 21/
33 B

Q# 36/ iGCSE Chemistry/2016/s/Paper 23/
33 B

Q# 37/ iGCSE Chemistry/2016/s/Paper 22/
33 A

Q# 38/ iGCSE Chemistry/2016/s/Paper 21/
33 D

Q# 39/ iGCSE Chemistry/2016/m/Paper 22/
33 A

34 c
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14.9 ESSENTIAL EXAM QUESTIONS Paper 3/4 Topic 7.3 56 marks
Topic Chem 7.3 Q# 1/ iGCSE Chemistry/2011/w/Paper 31/
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4 Reversible reactions can come to equilibrium. The following are three examples of types of
gaseous equilibria.
A.(g) + B,(g) = 2AB(g) reaction 1
A,(g) + 3B,(g) = 2AB,(g) reaction 2
EAE'z{g} - 2AB(g) + Ezig} reaction 3

(a) Explain the term equilibrium.

- [2

(b) The following graphs show how the percentage of products of a reversible reaction at
equilibrium could vary with pressure.

For each graph, decide whether the percentage of products decreases, increases or
stays the same when the pressure is increased, then match each graph to one of the
above reactions and give a reason for your choice.

(1)
A
% product at
equilibrium
0 -
0 pressure
effect on percentage of products
== T 0]
= Lo
- [3]
(i)
A
% product at
equilibrium
0 -

0  pressure

effect on percentage of products e
reaction
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(iii)

% product at
equilibrium

o

pressure

effect on percentage of products ...
== Lo

Topic Chem 7.3 Q# 2/ iGCSE Chemistry/2010/s/Paper 31/
6 lodine reacts with chlorine to form dark brown iodine monochloride.

I + Cl — 2ICI

This reacts with more chlorine to give yellow iodine trichloride.
There is an equilibrium between these iodine chlorides.

ICI(I) + CL(g) = ICl,(s)
dark brown yellow

{a) Explain what is meant by equilibricim.

(b) When the equilibrium mixture is heated it becomes a darker brown colour.
Is the reverse reaction endothermic or exothermic? Give a reason for your choice.
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{¢) The pressure on the equilibrium mixture is decreased.
(i) How would this affect the position of equilibrium and why?
It would MOVe 10 TN e M

L= | D

(ii) Describe what you would observe.

Topic Chem 7.3 Q# 3/ iGCSE Chemistry/2009/w/Paper 3/ Q6

(b) Sulfuric acid was first made in the Middle East by heating the mineral, green vitriol,
FeS0,.7H.0. The gases formed were cooled.

FeS0,7H,0(s) — FeSO4s) + 7H,0(qg)
green crystals yellow powder

2FeS0s(s) — Fez04(s) + SOz(g) + SOa(g)
On cooling

S0; + H:0 — H:S50, sulfuric acid
S0, + H,O — H,50,; sulfurous acid

(i) How could you show that the first reaction is reversible?

Topic Chem 7.3 Q# 4/ iGCSE Chemistry/2008/s/Paper 31/

5 Carbonyl chloride, COCL, is a colourless gas. It is made by the following reaction.
cool
CO(g) + Ck(g) == COCL(g)
heat

(a) When the pressure on the equilibrium mixture is decreased, the position of equilibrium
moves to left.

(i) How does the concentration of each of the three chemicals change?

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 521 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(ii) Explain why the position of equilibrium moves to lefi.

[2]

(b) Using the information given with the equation, is the forward reaction exothermic or
endothermic? Give a reason for your choice.

[2]

Topic Chem 7.3 Q# 5/ iGCSE Chemistry/2007/w/Paper 3/ Q6

(c) Methanol is made from carbon monoxide.

CO(g) + 2H(g) == CH:OH(g) the forward reaction is exothermic

(iii) Which condition, high or low pressure, would give the maximum yield of methanol?
Give a reason for your choice.

pressure

reason [2]

Topic Chem 7.3 Q# 6/ iGCSE Chemistry/2005/w/Paper 3/ Q3

(b) Both of the following reactions are reversible.

reaction1  Nz(g) + Oxlgg = 2NO(g)
reaction2 2NO(g) + O,y = 2NO.(g)

(i) Suggest a reason why an increase in pressure does not affect the position of
equilibrium for reaction 1.

[1]

(ii) What effect would an increase in pressure have on the position of equilibrium for
reaction 27 Give a reason for your answer.

[2]
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Topic Chem 7.3 Q# 7/ iGCSE Chemistry/2005/w/Paper 3/

3 Reversible reactions can come to equilibium. They have both a forward and a backward
reaction.

{a) When water is added to an acidic solution of bismuth(Ill) chloride, a white precipitate
forms and the mixture slowly goes cloudy.

forward
BiCL(ag) + H,Ofl == BIiOCKs) + 2HClaq)
colourless backward white

(i) Explain why the rate of the forward reaction decreases with time.

[2]

(i) Why does the rate of the backward reaction increase with time?

(iii) After some time why does the appearance of the mixture remain unchanged?

(iv) When a few drops of concentrated hydrochloric acid are added to the cloudy
mixture, it changes to a colourless solution. Suggest an explanation.

Topic Chem 7.3 Q# 8/ iGCSE Chemistry/2004/w/Paper 3/
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3 The simplest alcohol is methanaol.

I:a:l It is manufactured b"-,f the I‘UIIUWir‘lQ reversible reaction.
CO (g) + 2Hz (g) = CHsOH (g)
Jnoec
30atm

[i] Reversible reactions can come to equilibrium. Explain the term equilibricm.

[1]

(ii) At 400°C, the percentage of methanol in the equilibrium mixture is lower than at
300°C. Suggest an explanation.

[2]

(iii) Suggest two advantages of using high pressure for this reaction.
Give a reason for each advantage.

|l$lgl||ll|:]lllﬁalelll O T T e e e e R R TN RN P AP A T |

reason

|l$lgl||llr:llr:%alelll O T T e e e e R R TN RN P AP A T |

reason

[]

Topic Chem 7.3 Q# 9/ iGCSE Chemistry/2001/w/Paper 3/ QiGCSE Chemistry/201
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(b) Carbon monoxide is used to purify nickel. Nickel reacts with carbon monoxide to form a
gaseous compound.

Ni(s) + 4CO(g) = NI{CO)4(g) forward reaction is exothermic

() What reaction condition will favour the back reaction and reform nickel metal?
Explain your choice.

~I2]
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14.10  ESSENTIAL EXAM QUESTIONS Paper 3/4 Haber process and nitrogen chemistry (Topic

11.1) 63 Marks
Topic Chem 11.3 Q# 1/ iGCSE Chemistry/2013/w/Paper 31/

3 Ammonia is manufactured by the Haber process.
NJ(g) + 3Hy(g) == 2NH,(g)
The forward reaction is exothermic.
{a) Describe how the reactants are obtained.

(i) Nitrogen

(ii) Hydrogen

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 526 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

(b) The percentage of ammonia in the equilibrium mixture varies with temperature and
pressure.

(i) Which pair of graphs, A, B or C, shows correctly how the percentage of ammonia at

pair A

pair B

pair C

percentage
NH, at
equilibrium

percentage
NH, at
equilibrium

percentage
NH, at
equilibrium

temperature

\j

temperature

\J

temperature

The pair with both graphs correct is

equilibrium varies with temperature and pressure?

percentage
NH, at
equilibrium

percentage
NH, at
equilibrium

percentage
NH, at
equilibrium

pressure

Y

pressure

\J

pressure

(i) Give a full explanation of why the pair of graphs you have chosen in (i) is correct.
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(iii) Catalysts do not alter the position of equilibrium. Explain why a catalyst is used in
this process.

- [2]
Topic Chem 11.3 Q# 2/ iGCSE Chemistry/2013/s/Paper 31/ Q6

(b} Ammonia is manufactured by the Haber Process. The economics of this process require
that as much ammonia as possible is made as quickly as possible.
Explain how this can be done using the following information.

The conditions for the following reversible reaction are:

e 450°C
o 200 atmospheres pressure
e jron catalyst

N,(g) + 3H,(g) = 2NH,(g) the reaction is exothermic
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Topic Chem 11.3 Q# 3/ iGCSE Chemistry/2010/w/Paper 31/ Q4
(b) Ammonia is made by the Haber Process.

N,(g) +3H,(g) == 2NH,(g) forward reaction is exothermic

The percentage of ammonia in the equilibrium mixture varies with conditions.

pressure /atmospheres 100 200 300 400
% ammonia at 300°C 45 65 12 78
% ammonia at 500°C 9 18 25 31

The conditions actually used are 200 atmospheres, 450°C and an iron catalyst.

(i) The original catalyst was platinum. Suggest a reason why it was changed to iron.

(ii) Explain why the highest pressure gives the highest percentage of ammonia in the
equilibrium mixture.

______________________________________________________________________________________________________________________________ 2]
(iiif) What happens to the unreacted nitrogen and hydrogen?
______________________________________________________________________________________________________________________________ [1]
(iv) State one advantage and one disadvantage of using a lower temperature.

AOVAN B
______________________________________________________________________________________________________________________________ [1]
Aisadvantale
______________________________________________________________________________________________________________________________ [1]
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Topic Chem 11.3 Q# 4/ iGCSE Chemistry/2009/s/Paper 31/

6 Ammonia is manufactured by the Haber process.
Nz(g) + 3Hzlg) = 2NHj(g) the forward reaction is exothermic
(a) (i) Name the raw materials from which nitrogen and hydrogen are obtained.

nitrogen from M

hydrogen from [1]

(ii) Name the catalyst used in this process.

(b) The following graph shows how the percentage of ammonia in the equilibrium mixture
changes with temperature.

% ammonia
at equilibrium

temperature
(i) Explain the term equilibrium.

(ii) How does the percentage of ammonia vary with temperature?
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(c) (i) Sketch a graph which shows how the percentage of ammonia in the equilibrium
mixture varies with pressure.

A

% ammonia
at equilibrium

pressure

[1]
(ii) Explain why the graph has the shape shown.

[2]

Topic Chem 11.3 Q# 5/ iGCSE Chemistry/2008/w/Paper 31/ Q5b
(ii) Name an important chemical that is made from hydrogen.

[1]

Topic Chem 11.3 Q# 6/ iGCSE Chemistry/2008/s/Paper 31/

8 Large areas of the Amazon rain forest are cleared each year to grow soya beans. The trees
are cut down and burnt.

(a) Why do these activities increase the percentage of carbon dioxide in the atmosphere?

Topic Chem 11.3 Q# 7/ iGCSE Chemistry/2006/w/Paper 3/

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 531 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

5 Ammonia is manufactured by the Haber Process.

Nz(g) + 3Hz(g) = 2NH;(g)
200 alr‘nospheres
450°C

The forward reaction is exothermic.

(a) (i) What is the catalyst for this reaction?

[1]

(ii) MNewer catalysts have been discovered for this process. Using these catalysts, the
operating temperature is lowered from 450°C to 400°C. What is the advantage of
using a lower temperature?

Explain your answer.

advantage

explanation

[2]

(b) After passing over the catalyst, the mixture contains 15% of ammonia. It is cooled and
the ammonia liquefies and is separated from the unreacted nitrogen and hydrogen.
They are recycled.

(i) How are the gases recycled?

[1]

(i) Only ammonia gas liquefies. Suggest an explanation for this.

[1]

(c) Urea, CO(NH:)s, is one of the fertilisers manufactured from ammonia.
Ammonia is heated with carbon dioxide.

(i) Write an equation for the manufacture of urea.

[2]

(ii) Explain why urea on its own might not be very effective in promoting crop growth.

[1]

Topic Chem 11.3 Q# 8/ iGCSE Chemistry/2005/w/Paper 3/
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7 In 1909, Haber discoverad that nitrogen and hydrogen would react to form ammonia. The
vield of ammonia was 8%.

Nz (g) + 3H: (g)=— 2NH: (g) the forward reaction is exothermic
catalyst platinum
temperature 600 °C
pressure 200atm

(a) Describe how hydrogen is obtained for the modern process.

(b) (i) What is the catalyst in the modern process?

[1]

(i) Explain why the modern process, which uses a lower temperature, has a higher
yield of 15%.

[]

Topic Chem 11.3 Q# 9/ iGCSE Chemistry/2004/s/Paper 3/ Q2
(b) About one third of this production of acid is used to make nitrogen and phosphorus-
containing fertilisers.

(i) Name the third element that is essential for plant growth and is present in most
fertilisers.

(ii) Name a nitrogen-containing fertiliser that is manufactured from sulphuric acid.
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Topic Chem 11.3 Q# 10/ iGCSE Chemistry/2003/w/Paper 3/
1 Ammonia contains the elements nitrogen and hydrogen. It is manufactured from these elements
in the Haber process.

N5(g) + 3H,(g) = 2NH,(g)

The forward reaction is exothermic.

(ii) Name two raw materials from which hydrogen is manufactured.

(2]
(b) The table shows how the percentage of ammonia in the equilibrium mixture varies with
pressure at 600 °C.
percentage ammonia 8 12 15 20
pressure/atm 200 | 300 | 400 | 500
(i) Explain why the percentage of ammonia increases as the pressure increases.
............................................................................................................................... 2]

(ii) How would the percentage of ammonia change if the measurements had been made
at a lower temperature?
Explain your answer.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(iii) State two of the reaction conditions used in the Haber Process.

Topic Chem 11.3 Q# 11/ iGCSE Chemistry/2002/s/Paper 3/

3 A major food retailer in the UK is going to distribute sandwiches using hydrogen-powered
vehicles.
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(¢) Outline how hydrogen is manufactured from water.

..[2]
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14.10.1 ESSENTIAL EXAM QUESTIONS Paper 3/4 Contact Process and Sulfur Chemistry
(Topic 12) 79 Marks

Topic Chem 12 Q# 1/ iGCSE Chemistry/2014/w/Paper 31/
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3  The main use of sulfur dioxide is the manufacture of sulfuric acid.

(a) State two other uses of sulfur dioxide.

2

(b) One source of sulfur dioxide is burning sulfur in air.
Describe how sulfur dioxide can be made from the ore zinc sulfide.

(¢) The Contact process changes sulfur dioxide into sulfur trioxide.

250,(g) + O,(g) = 230s(g)
the forward reaction is exothermic
temperature 400 to 450°C

low pressure 1 to 10 atmospheres
catalyst vanadium(V') oxide

(i) What is the formula of vanadium(V') oxide?
-1
(ii) Vanadium(V) oxide is an efficient catalyst at any temperature in the range 400 to 450°C.

Scientists are looking for an altemative catalyst which is efficient at 300°C.
What would be the advantage of using a lower temperature?

(iii) The process does not use a high pressure because of the extra expense.
Suggest two advantages of using a high pressure?
Explain your suggestions.
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(d) Sulfuric acid is made by dissolving sulfur tnoxide in concentrated sulfuric acid to form oleum.
Water is reacted with oleum to form more sulfuric acid.
Why is sulfur tnoxide not reacted directly with water?

]

Topic Chem 12 Q# 2/ iGCSE Chemistry/2013/w/Paper 31/ Q6

(b) Basic lead(Il) carbonate is heated in the apparatus shown below. Water and carbon
dioxide are produced.

basic lead
carbonate

4
heat ==‘:
H
o5
o
.. ]
U-tube filled

soda lime,
carbon dioxide
reacts here

0

with silica gel
to absorb water

(i) Silica gel absorbs water. Silica gel often contains anhydrous cobalt(Il) chlonde.
When this absorbs water it changes from blue to pink.
Suggest a reason.

-]

{ii) Soda lime is a mixture of sodium hydroxide and calcium oxide. Why do these two
substances react with carbon dioxide?

(iii) Name two substances formed when soda lime reacts with carbon dioxide.
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Topic Chem 12 Q# 3/ iGCSE Chemistry/2011/s/Paper 31/ Q4
(b} Sulfur dioxide is used to make sulfur trioxide in the Contact Process.
250,(g) + O,(g) = 2S0,(g)
The forward reaction is exothermic. The conditions used are:

temperature: 450°C
pressure: 2 atmospheres
catalyst: vanadium(V) oxide

Explain, mentioning both position of equilibrium and rate, why these conditions give the
most economic yield.

- [4]

Topic Chem 12 Q# 4/ iGCSE Chemistry/2009/w/Paper 3/ Q6

(b) Sulfuric acid was first made in the Middle East by heating the mineral, green vitriol,
FeS04.7H;0. The gases formed were cooled.

FeS0,7H,O(s) — FeS04s) + 7H,O(g)
green crystals yellow powder

2FeSQO4(s) — Fex0s(s) + SOz(g) + SOs(g)
On cooling

S0; + H.O —» H;S04 sulfuric acid
S0, + H,O — H,S0; sulfurous acid

(ii) Sulfurous acid is a reductant. What would you see when acidified potassium
manganate(VIl) is added to a solution containing this acid?

acid.
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Topic Chem 12 Q# 5/ iGCSE Chemistry/2009/w/Paper 3/
6 (a) Sulfuric acid is made by the Contact process.

250; + O, = 280,
This is carried out in the presence of a catalyst at 450 °C and 2 atmospheres pressure.

(i) How is the sulfur dioxide made?

[1]

(ii) Give another use of sulfur dioxide.

(iii) Name the catalyst used.

(iv) Ifthe temperature is decreased to 300°C, the yield of sulfur trioxide increases.
Explain why this lower temperature is not used.

RN R RN R AU N R AR N R RR R R R R N RN R AR R R RN R R R R N R R R R R R N R R AR R RR RN R RN R RN SRR RN R R RR R NN RR RN AR RU RURR NN R R UE ) [1]
(v) Sulfur trioxide is dissolved in concentrated sulfuric acid. This is added to water to
make more sulfuric acid. Why is sulfur trioxide not added directly to water?

[1]

Topic Chem 12 Q# 6/ iGCSE Chemistry/2008/s/Paper 31/

1 For each of the following select an element from Period 4, potassium to krypton, that
matches the description.

(g) One of its oxides is the catalyst in the Contact Process. .

[iGCSE
Chemistry/201]

Topic Chem 12 Q# 7/ iGCSE Chemistry/2007/w/Paper 3/
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4 Zincis extracted from zinc blende, ZnS.

(a) Zinc blende is heated in air to give zinc oxide and sulphur dioxide. Most of the sulphur
dioxide is used to make sulphur trioxide. This is used to manufacture sulphunc acid.
Some of the acid is used in the plant, but most of it is used to make fertilisers.

(i) Give another use of sulphur dioxide.

(ii) Describe how sulphur dioxide is converted into sulphur tnoxide.

(iii) Mame a fertiliser made from sulphuric acid.

Topic Chem 12 Q# 8/ iGCSE Chemistry/2006/s/Paper 3/ Q5 (b)

(iii) Explain, mentioning both rate and percentage yield, why the temperature used in
the Contact process is 450°C.

(iv) Describe how the sulphur trioxide is changed into concentrated sulphuric acid.

Topic Chem 12 Q# 9/ iGCSE Chemistry/2006/s/Paper 3/
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5 Sulphuric acid is made by the Contact process in the following sequence of reactions.

sulphur — sulphur dioxide — sulphur trioxide — sulphuric acid

(a) (i) How is sulphur dioxide made from sulphur?

[1]

(ii) Sulphur dioxide has other uses.
Why is it used in the manufacture of paper?

[1]

(iii)) How does it preserve food?

(b) The equation for a stage of the Contact process is

280, + Oz = 280,

The percentage of sulphur trioxide in the equilibrium mixture varies with temperature.

percentage of 4,
sulphur trioxide

S
Fd

temperature

(i) How does the percentage of sulphur trioxide in the equilibrium mixture vary as the
temperature increases? Circle the correct answer.

increases stays the same decreases (1]

(ii) Is the forward reaction in the equilibrium 2S0; + O = 250; exothermic or
endothermic? Give a reason for your choice.

Topic Chem 12 Q# 10/ iGCSE Chemistry/2005/s/Paper 3/Q4
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(c) Sulphuric acid is manufactured by the Contact Process. Sulphur dioxide is oxidised to
sulphur trioxide by oxygen.

ESDE + Oz — 2503

(i) Name the catalyst used in this reaction.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(ii)) What temperature is used for this reaction?
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
(iii) Describe how sulphur trioxide is changed into sulphuric acid
[2]
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Topic Chem 12 Q# 11/ iGCSE Chemistry/2005/s/Paper 3/ Q4

4 The Carlsbad caverns in New Mexico are very large underground caves. Although the walls
of these caves are coated with gypsum (hydrated calcium sulphate), the caves have been
formed in limestone.

(a) Itis believed that the caves were formed by sulphuric acid reacting with the limestone.

(i)

(i)

(i)

Complete the word equation.

calcium + sulphuric —= calcium + +

carbonate acid sulphate (1]

Describe how you could test the water entering the cave to show that it contained
sulphate ions.

result [

How could you show that the water entering the cave has a high concentration of
hydrogen ions?

(b) Hydrogen sulphide gas which was escaping from nearby petroleum deposits was being
oxidised to sulphuric acid.

(i)

(ii)

Patrick Brannac

Complete the equation for this reaction forming sulphuric acid.
HS + O; —» [2]

Explain why all the hydrogen sulphide should be removed from the petroleum
before it is used as a fuel.

www.SmashingScience.org & for China www.SmashingScienceCN.org Page 544 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Topic Chem 12 Q# 12/ iGCSE Chemistry/2004/s/Paper 3/
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2 Sulphur is used to make sulphuric acid. In the UK, the annual production of the acid is
about 2.5 million tonnes.

(a) The reactions in the manufacture of sulphuric acid by the Contact Process are shown

below.
Sulphur - . Sulphur dioxide
S reaction 1 S0,
Sulphur dioxide + oxygen —_— Sulphur trioxide
2S50; +0O; reaction 2 250,
Sulphur trioxide - Oleum
SOs reaction 3 H2S:07
Oleum + water . Sulphuric acid
H.S,0; reaction 4 H,S0,
(i) Give alarge scale source of the element sulphur.
[1]
(ii) State another use of sulphur dioxide.
[1]
(iii) How is sulphur changed into sulphur dioxide?
[1]
(iv) Name the catalyst used in reaction 2.
(v) Reaction 2 is exothermic. Why is a catalyst, rather than a higher temperature, used
to increase the rate of this reversible reaction?
(vi) Write a word equation for reaction 3.
[1]
(vii) Write a symbol equation for reaction 4.
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Topic Chem 12 Q# 13/ iGCSE Chemistry/2003/w/Paper 3/
5  Sulphur dioxide, SO,, and sulphur trioxide, SO, are the two oxides of sulphur.

(a) Sulphur dioxide can kill bacteria and has bleaching properties. Give a use of sulphur
dioxide that depends on each of these properties.

(i) ability 10 Kill DACIEIIA ...ttt aaaaaaaaaaaan [1]
(ii) Dbleaching PropPartiBs ... ... e e et aaaaaaaaaaaaaaaannn [1]
(b) Sulphur trioxide can be made from sulphur dioxide.

(i) Why is this reaction important industrially?

............................................................................................................................... [1]
(ii) Complete the word equation.
sulphur dioxide + ... — sulphur trioxide  [1]
(iii) What are the conditions for this reaction?
............................................................................................................................... [2]
Topic Chem 12 Q# 14/ iGCSE Chemistry/2002/w/Paper 3/
1 (a) Sulphuric acid is made by the Contact Process.
2S0,(g) + O,(g) = 2S0,(g) forward reaction is exothermic
(i) What are the reaction conditions for the Contact Process?
3]

(ii) WWould the yield of sulphur trioxide increase, decrease or stay the same when the
temperature is increased? Explain your answer.

(1ii) Describe how sulphur trioxide is changed into concentrated sulphuric acid.

121
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Topic Chem 12 Q# 15/ iGCSE Chemistry/2001/w/Paper 3/

5 (a) Inthe USA, sulphur is obtained from underground deposits. It burns to form sulphur
dioxide. This is used in paper making, to preserve food and in the manufacture of
sulphuric acid.

(i) Why is sulphur dioxide needed in paper making?

(i) How does sulphur dioxide preserve food?
1

14.10.2 ESSENTIAL EXAM QUESTIONS Paper 3/4 Topic 7.3 56 marks Mark Scheme
Topic Chem 7.3 Q# 1/ iGCSE Chemistry/2011/w/Paper 31/

4 (a) rate of forward reaction equals rate of back reaction [1]
concentrations do not change / macroscopic properties remain constant (with time) [1]
accept: amounts

(b) (i) increase [1]
reaction 2 [1]
Vr=\Vp [1]

(ii) same (1]
reaction 1 [1]
Vr=Vp [1]

(iii) decrease [1]
reaction 3 [1]
Vp=Vr [1]

accept: moles of gas / molecules of gas as an alternative to volume

Topic Chem 7.3 Q# 2/ iGCSE Chemistry/2010/s/Paper 31/

6 (a) rates equal [1]
concentrations do not change / macroscopic properties remain constant [1]
accept amounts do not change

(b) endothermic [1]
cond favoured by high temperatures [1]

(c) (i) move to left [1]
cond bigger volume / more moles etc [1]

do not insist on “gas”

(ii) less yellow solid / more brown liquid [1]
accept yellow to brown / less solid more liquid / goes brown

Topic Chem 7.3 Q# 3/ iGCSE Chemistry/2009/w/Paper 3/ Q6
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(b) (i) addwater to yellow powder or to anhydrous salt [1]
it would go green [1]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 549 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Topic Chem 7.3 Q# 4/ iGCSE Chemistry/2008/s/Paper 31/

5 (a) (i) (concentration) of reactants/CO and CL increases [1]
{concentration) of product decreases/COCL) [1]

(ii) (decrease in pressure favours side)

with more molecules or moles or side with bigger volume (of gas) [2]
NB [2] or [0]

(b) forward reaction is exothermic [1]
COND because it is favoured by low temperatures or cool [1]
ACCEPT argument re back reaction

Topic Chem 7.3 Q# 5/ iGCSE Chemistry/2007/w/Paper 3/ 6 (c)
(iii) high pressure [1]
COND forward reaction volume decrease
or volume of reactants greater than that of products
or fewer moles of gas on the right
or fewer gas molecules on right (1]
NOTE accept correct arguments about either reactants or products

Topic Chem 7.3 Q# 6/ iGCSE Chemistry/2005/w/Paper 3/ Q3

(b)(i) Mo change in volume or same number of moles on [1]
both sides
{ii) move to right [1]

Increase in pressure favour side with smaller volume or
smaller number of moles (of gas) or moves to side that

tends to reduce pressure [1]
Topic Chem 7.3 Q# 7/ iGCSE Chemistry/2005/w/Paper 3/
(a)(i) because concentration of BiCL decreases [2]

bismuth chloride used up ONLY [1]

(i) products are being formed or concentration of products 1
increases. Concentration mark given either (i) or (ii)

(iii) reaction has come to equilibrium [1]
rates equal or no change in concentration 1

(iv) equilibium to left or favours backward reaction or

equilibrium moves to use up hydrochloric acid 1]
BiOCI used up or BiCL formed [1]
Topic Chem 7.3 Q# 8/ iGCSE Chemistry/2004/w/Paper 3/
3 [E:I [I:I no t:hange in concentration of FEEQE'I'IiS. or rates E-QUEJ [1]

Accept no change in amounts or it is as if the reaction has Stopped

(ii) back reaction is endothermic or the forward reaction is exothermic [1]
Increase in temperature favours the endothemnic reaction which is the back
reaction or vice versa. 1]
NB look for correct conclusion re thermicity and comment re position of

equilibrium.
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(iii) increased rate [1]
because molecules collide more frequently or concentration of molecules is
increased or molecules are closer [1]
NOT they have more KE
increased yield 11
high pressure favours side with few molecules or smaller volume or moves
to reduce the pressure [1]
this is product side this can be implied [1]

Topic Chem 7.3 Q# 9/ iGCSE Chemistry/2001/w/Paper 3/ QiGCSE Chemistry/201

{b) (i) high temperature or heat [1]
back reaction endothermic or moves to left M

OR low pressure
left side has higher volume of gases or more moles of gas

OR remove carbon monoxide
reaction try to replace it

OR energy needed
bonds breaking or to decompose Ni{CO),

14.10.2.1 ESSENTIAL EXAM QUESTIONS Haber process and nitrogen chemistry 63 Marks

Mark Scheme
Topic Chem 11.3 Q# 1/ iGCSE Chemistry/2013/w/Paper 31/
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3 (a) (i) fractional distillation [1]

(liquid) air [1]
(ii) cracking / heat in presence of catalyst [1]
of alkane / petroleum [1]
to give an alkene and hydrogen [1]

OR: electrolysis (1)
named electrolyte (1)
hydrogen at cathode (1)

OR: from methane (1)

react water / steam (1)

heat catalyst (1)

only ACCEPT: water with methane or electrolysis

(b) (i) the pairwith both graphs correct is C [1]
NOTE: mark (b)(ii) independent of (b)(i)

(ii) high pressure favours side with lower volume / fewer moles [1]

this is RHS / product / ammonia [1]

%NHz3 / yield increases as pressure increases [1]

the forward reaction is exothemic [1]

exothemic reactions favoured by low temperatures [1]

%NHs / yield decreases as temperature increases [1]

ACCEPT: reverse arguments

(iii) increases reaction rate [1]
ACCEPT: reduces activation energy [1]
OR: decreases the amount of energy particles need to react
OR: economic rate at lower temperature so higher yield
[Total: 14]
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Topic Chem 11.3 Q# 2/ iGCSE Chemistry/2013/s/Paper 31/ Q6
(b) any five from:

« high pressure favours lower volume side / movement to right / ammonia side, or high
pressure increases the yield

« high pressure increases rate

* |ow temperature favours exothermic reaction / increases yield / favours the forward
reaction

 low temperature gives low rate or vice versa
» catalyst increases rate or lowers activation energy

« 450°C low enough to give an economic yield but with catalyst gives a fast enough rate
note need whole concept to get this compromise temperature point [5]

Topic Chem 11.3 Q# 3/ iGCSE Chemistry/2010/w/Paper 31/ Q4

(b) (i) expensive metal /iron cheaper / better catalyst

(ii) high pressure favours side with smaller volume / fewer moles
this is right hand side / product / ammonia side

(iii) recycled / sent over catalyst again
accept used again

(iv) advantage high yield
disadvantage slow reaction rate etc

Topic Chem 11.3 Q# 4/ iGCSE Chemistry/2009/s/Paper 31/
6 (a) (i) air(liquid)

[1]

petroleum or crude oil or alkanes or methane or water or steam or steam reforming or

suitable aqueous solution e.g. brine or sea water
MOTE: cannot crack methane

(ii) iron
(iii) (as a) fertiliser or to make fertilisers or to make nitric acid
(b} (i) concentrations/macroscopic properties do not change
accept amounts stay the same
NOT no change

rate of forward and back reactions equal

(ii) it decreases with increase temperature
or it increases with decrease temperature

[1]

[1]
[1]

[1]

[1]
[1]
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(c) (i) shows an increase either a line or curve
(any decrease = 0)

(ii) increase pressure favours the side with lower volume or molecules or moles
that is RHS or products side
ignore any mention of rates
Topic Chem 11.3 Q# 5/ iGCSE Chemistry/2008/w/Paper 31/ Q5

(ii) ammonia or methanol or hydrogen chloride or margarine
NOT nylon

Topic Chem 11.3 Q# 6/ iGCSE Chemistry/2008/s/Paper 31/

8 (a) burning wood produces carbon dioxide
less photosynthesis or frees take up carbon dioxide

Topic Chem 11.3 Q# 7/ iGCSE Chemistry/2006/w/Paper 3/
5 (a) (i) iron
(iify advantage higher yield

explanation lower temperature favours the exothermic reaction
(that is the forward reaction)

(b) (i) Sent over the catalyst again or used to make more ammonia
NOT just reused

(i) Ithas the highest boiling point

(€) (i) COz+2NH;=CO(NH;) + H0
Not balanced [1]

(ii)) Any comment based on deficiency of PK/or ONLY provides Mitrogen as a
nutrient
NOT soil pH

Topic Chem 11.3 Q# 8/ iGCSE Chemistry/2005/w/Paper 3/
Question 7

(a) from methane [1]
and water [1]

OR electrolysis [1]
suitable electrolyte [1]

OR alkane [1]
cracking [1]

(b)(i) iron

(ii) lowertemperature moves equilibrium to right
because forward reaction is exothemnic

Topic Chem 11.3 Q# 9/ iGCSE Chemistry/2004/s/Paper 3/ Q2
(b) (i) potassium [1]

(ii) ammonium sulphate [1]

Topic Chem 11.3 Q# 10/ iGCSE Chemistry/2003/w/Paper 3/

[1]

[1]
[1]

(1]
(1]
(1]
(1]

(1]

(1]

[2]
[1]

[1]
[1]
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1 (&) (i) differem boiling points [1]
(i) methane or water or petroleum or named petroleum

fraction or alkane
Any TWO [2]
(b} (i) wvolume decrease for forward reaction or fewer moles

of gas on products side [1]

favoured by increase in pressure [1]

or increase in pressure moves position of equilibrium to right
(if) increase [1]

exothermic reaction favoured by lower temperature [1]

(iii) 30010 €00°C
1:3 volume ratio
iron (caralyst)
130 to 300 atm

Any TWO [2]
Topic Chem 11.3 Q# 11/ iGCSE Chemistry/2002/s/Paper 3/ Q3
{c) (steam) and alkane 1] .
heat or catalyst or details of chemistry - forms carbon monoxide/dioxde
and (hydrogen) (1]
OR clectrolysis i
brine or acidified water
or hydrogen forms at cathode [m
OR carbon/coke i
heat or details of chemistry — forms carbon monoxide/dioxide and
{hydrogen) 3|
14.10.2.1 ESSENTIAL EXAM QUESTIONS Contact Process and Sulfur Chemistry 79 Marks Mark
Scheme

Topic Chem 12 Q# 1/ iGCSE Chemistry/2014/w/Paper 31/
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3 (a) Anytwo from:
bleach/making wood pulp/making paper
food/fruit juice/wine preservative
fumigant/sterilising/insecticide

(b) heating/roasting/burning (zinc sulfides)
in air/oxygen COND on M1

(c) (i) V20

(ii) position of equilibrium shifts right/yield increases
to save energy

(iii) faster reaction/rate
more collisions per second/higher collision frequency
fewer moles/molecules (of gas) on right

(so) position of equilibrium shifts right/vield increases

(d) (the reaction is) too violent/too exothermic or produces mist/fumes (of acid)
Topic Chem 12 Q# 2/ iGCSE Chemistry/2013/w/Paper 31/ Q6

(b) (i) anhydrous cobalt chloride becomes hydrated
ACCEPT: hydrous

(ii) carbon dioxide is acidic
sodium hydroxide and calcium oxide are bases / alkalis

(ili) Any two of:
water, calcium carbonate and sodium carbonate
ACCEPT: sodium bicarbonate

Topic Chem 12 Q# 3/ iGCSE Chemistry/2011/s/Paper 31/ Q4

(b) for a high yield need low temperature
then rate would be too slow or uneconomic
a discussion of optimum temperature could score mark 1 and 2

presence of catalyst would increase rate (at same temperature)
does not alter the yield (at that temperature)
{ economic rate at lower temperature, therefore higher yield

higher pressure which would increase yield / rate
yield high enough / high pressure expensive

accept reverse arguments
note increase yield = position of equilibrium to right

Topic Chem 12 Q# 4/ iGCSE Chemistry/2009/w/Paper 3/ Q6
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(i) change from purple or pink
to colourless NOT clear

(ili) reacts with oxygen in air
Topic Chem 12 Q# 5/ iGCSE Chemistry/2009/w/Paper 3/

6 (a) (i)

(i)

(iii)

(iv)
(v)

bum sulfur in air or oxygen
or heat a metal sulfide in air

bleach for wood pulp/cloth/straw or preserve food or sterilising
or making wine or fumigant or refrigerant

Accept making paper

vanadium(V) oxide accept vanadium oxide or V;0Os

or vanadium pentoxide

oxidation state not essential but if given it has to be (V)

rate too slow or rate not economic

reaction too violent or forms a mist

Topic Chem 12 Q# 6/ iGCSE Chemistry/2008/s/Paper 31/ QiGCSE Chemistry/201
(g) vanadium

ACCEPT name or symbol
Topic Chem 12 Q# 7/ iGCSE Chemistry/2007/w/Paper 3/

4 (a) ()

(i)

(iii)

bleach for wood pulp or preserving food or sterlising

or in wine making or as a refrigerant or in metallurgy or
(liquid) sulphur dioxide is used in the petroleum industry
or kill microbes(etc) or insecticide

(react with) oxygen or air

MNOT burnt/burn in airfoxygen

450°C

vanadium oxide catalyst (if oxidation state given has to be comect) or platinum
If four conditions are given which include high pressure then MAX [2]

High pressure is incomrect MAX 10 atm.

ammonium sulphate or superphosphate
or potassium sulphate or magnesium sulphate

(1]

[1]

[1]
[1]

[1]

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 557 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Topic Chem 12 Q# 8/ iGCSE Chemistry/2006/s/Paper 3/Q5 (b)

(iii) Low enough for good yield [1]
High enough for (economic) rate [1]
Any similar explanation will be awarded the mark
MNOT just that it is the optimum temperature

(iv) bubble into (conc) sulphuric acid [1]
add water [1]
NOT consequential

Topic Chem 12 Q# 9/ iGCSE Chemistry/2006/s/Paper 3/
5 (a) (i) Burnsulphurin air (or oxygen) [1]

(ii) asa bleach (1]

(iii) kill bacteria/micro-organisms [1]
NOT prevents food going bad or rotten or decaying

(b) (i) decrease [1]

(ii) exothermic [1]
COND increase temperature favours back reaction so it is

endothermic, so forward reaction must be exothermic [11

OR any similar explanation will be awarded the mark, for example
The forward reaction is not favoured by an increase in temperature
so it is exothermic (rather than endothermic)

(iii) Low enough for good yield [1]
High enough for (economic) rate [1]
Any similar explanation will be awarded the mark
NOT just that it is the optimum temperature

Topic Chem 12 Q# 10/ iGCSE Chemistry/2005/s/Paper 3/

(¢) (i) wanadium oxide or vanadium(V) oxide or vanadium pentoxide or VzOs

Must be correct oxidation state if one given [1]
(ii) 400 to 500°C [1]
(iii) add to (concentrated) sulphuric acid NOT dilute [1]
COND (upon sulphuric acid) above then add water [1]

Topic Chem 12 Q# 11/ iGCSE Chemistry/2005/s/Paper 3/
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4 (a) (i) correctword equation (carbon dioxide and water) [1]
Accept correct symbol equation

(ii) Must have a correct reagent otherwise wc =0

add (acidified) barium chloride(aq) or nitrate or add barium ions [1]
COND white precipitate [1]
NOT lead(II) compounds
(iii) low pH or universal indicator turns red{aq) [1]
pH 3 or less
(b) (i) H.S + 20, = H.S0O, [2]

unbalanced [1]

(ii) unpleasant smell or it is poisonous or when burnt forms acid rain or forms sulphur
dioxide or forms sulphuric acid [1]
NOT it is a pollutant

(iii) 2Hto 1S
COND 8e around sulphur atom
2e per hydrogen atom
THREE correct [2]
TWO from above [1]
lonic structure = [0]

Topic Chem 12 Q# 12/ iGCSE Chemistry/2004/s/Paper 3/

2. (a) (i) USA or Texas or Poland or Mexico or Japan or Ethiopia
Australia or Sicily [1
accept other sources of sulphur eg petroleum
or natural gas or metal sulphides or volcanoes
NOT coal. NOT underground

(ii) Preserving food or bleaching or sterilising or
disinfecting or making paper or bleaching wood pulp
or wine or jam or fumigation or making paper [1]
NOT making wood pulp

(iii) bumtfroast in oxygen or air [1

(iv) vanadium (V) oxide or vanadium oxide or platinum [1]
ignore oxidation state of vanadium

(v) Increase temperature (increases rate) but reduces yield [1]
catalyst only increases rate or a cafalyst does not
influence position of equilibrium [1]

NOT a definition of a catalyst

(wi) sulphur trioxide + sulphuric acid = oleum [1
correct symbol equation acceptable

(wvii)  H:5.0; +H.O0 = 2H.S0, [1]

Topic Chem 12 Q# 13/ iGCSE Chemistry/2003/w/Paper 3/
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5 (a) (i) preserve food or sterilising [1
(ii) making paper [1

e

{b) (i) making sulphuric acid or Contact Process [1]
(i} oxygen [1]
(ii1) vanadium oxide as catalyst (ignore oxidation state)
400 to 500°C
pressure less than 10 atm
Any TWO [2]
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Topic Chem 12 Q# 14/ iGCSE Chemistry/2002/w/Paper 3/

1 (a) (i) wvanadium(V) oxide as catalyst - ignore oxidation state
and accept no oxidation state
temperature 300 to 600 °C
pressure up to 10 atmos, accept atmospheric pressure
volume ratio of gases either 2:1 or slight excess of oxygen

ANY three [3]

(i) decrease [1]
COND back reaction is endothermic or same argument based on
forward reaction is exothermic [1

or increase in temp favours back reaction

(iii) dissolve in (conc) sulphuric acid NOT dilute [1]
add water or dilute [1]
Topic Chem 12 Q# 15/ iGCSE Chemistry/2001/w/Paper 3/Q4
5 (a) (i} bleach [1]
(i) kills bacteria or germs or micro organisms [1]

14.11 FUNDAMENTAL Assessed Activity 1 Keyword Test
English Meaning \

reversible reaction

carbon cycle

acid rain this

dynamic (chemical) equilibrium

equilibrium

artificial fertiliser

Contact process

nitrogen cycle

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 561 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Haber process
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14.12  ESSENTIAL Assessed Activity 2 Topic 7.4, 11.3 and 12 Paper 2 15 marks
Topic Chem 7 Q# 1/
15 The reversible reaction between methane and steam is shown.

CHs(g) + H,O(g) = CO(g) + 3H:(9)
The forward reaction is endothermic.

Which changes in pressure and temperature move the equilibrium to the right?

pressure temperature
A decrease decrease
B decrease increase
C increase decrease
D increase increase
Topic Chem 7 Q# 2/

15 Methanol is prepared by the reversible reaction shown.
CO(g) + 2Hz(g) == CH,OH(g)
The forward reaction is exothermic.

Which conditions produce the highest equilibrium yield of methanol?

temperature pressure
A high high
B high low
Cc low high
D low low
Topic Chem 7 Q# 3/

15 When BiCI; reacts with water, a white precipitate of BiOCI is formed. The equation for the
reaction is shown.

BiCls(aq) + H,O(l) = BIOCI(s) + 2HCI(aq)
Which statements are correct?

1 The reaction is reversible.

2 When dilute hydrochloric acid is added to the reaction mixture, more of the white
precipitate forms.

3 When aqueous sodium hydroxide is added to the reaction mixture, more of the white
precipitate forms.

A 1,2and3 B 1and2only C 1and3only D 2and3only
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Topic Chem 7 Q# 4/
15 The formation of sulfur trioxide is a reversible reaction.

The equation is shown.
2S50,(g) + Ox(g) = 2S0s(g)
The forward reaction is exothermic.

Which conditions produce the highest equilibrium yield of sulfur trioxide?

pressure temperature
A high high
B high low
c low high
D low low
Topic Chem 7 Q# 5/

17 Some nitrogen dioxide gas was put in a gas syringe. The end of the gas syringe is sealed.
A reversible reaction occurs. The reaction reaches equilibnum.

2NOx(g) = N204(9)
dark brown light yellow

The forward reaction is exothermic.

Which statement about the reaction is correct?

A If the gas syringe is placed in a cold water bath, the colour becomes darker.
B If the gas syringe is placed in a hot water bath, the colour becomes lighter.
C If the volume in the gas syringe is increased, the colour becomes lighter.

D If the volume in the gas syringe is decreased, the colour becomes lighter.
Topic Chem 7 Q# 6/
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16 The following reaction has reached equilibrium in a closed system.
2504(g) + O2(g) == 2S0s(g)
The forward reaction is exothermic.

Which row shows the effect of increasing the pressure on the equilibrium mixture?

reaction rate | amount of SO, | amount of SO;
A increases decreases increases
B increases increases decreases
Cc unchanged decreases increases
D unchanged increases decreases
Topic Chem 7 Q# 7/

16 The formation of sulfur trioxide from sulfur dioxide is a reversible reaction.
2505(g) + O2(g) = 2S0s(g)
The forward reaction is exothermic.
Which changes would increase the equilibrium yield of SO;7?

1 increasing the pressure
2 lowering the temperature

3 decreasing the concentration of oxygen

A 1,2and3 B 1and2only C 1only D 2and3only

Topic Chem 7 Q# 8/
16 Methane reacts with steam to produce hydrogen and carbon monoxide.

The equation for the reaction is shown.
CHa(g) + H20(g) == 3Hx(g) + CO(g)
The reaction is reversible. The forward reaction is endothermic.

Which changes in temperature and pressure increase the equilibrium yield of carbon monoxide?

temperature pressure
A decrease decrease
B decrease increase
C increase decrease
D increase increase
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Topic Chem 7 Q# 9/

16 Hydrogen is produced when methane reacts with steam.

The equation for the reaction is shown.

CHs(g) + H20(g) == CO(g) + 3Hx(g)

The forward reaction is endothermic.

Which conditions produce the highest yield of hydrogen?

pressure temperature
A high high
B high low
c low high
D low low
Topic Chem 7 Q# 10/

16 The reaction used to manufacture ammonia from nitrogen and hydrogen is reversible.

An equilibrium can be established between ammonia, nitrogen and hydrogen.

Which statement describes the equilibrium?

A
B
c
D

Both the forward reaction and the backward reaction have the same rate.
The rate of the backward reaction is greater than the rate of the forward reaction.
The rate of the forward reaction is greater than the rate of the backward reaction.

The forward and backward reactions have both stopped.

Topic Chem 7 Q# 11/

16 Nitrogen, hydrogen and ammonia gases are placed inside a container. The container is then
sealed. After some time, an equilibrium forms.

Na(g) + 3H2(g) == 2NHa(g)

Which statement describes the equilibrium in this container?

A The amount of ammonia remains constant from the moment the container is sealed.

B The amounts of ammonia, nitrogen and hydrogen in the container are always equal.

C The rate of formation of ammonia is equal to the rate of decomposition of ammonia.

D The rate of formation of ammonia is faster than the rate of decomposition of ammonia.
Topic Chem 7 Q# 12/
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16 The equation for the reversible reaction between hydrogen and iodine to form hydrogen iodide is
shown.

The colours of the reactants and products are shown.

Hz(g) + Ix(g) = 2HI(g)

colourless purple colourless
The forward reaction is exothermic.

Which statement is correct?

An increase in pressure has no effect on the equilibrium position.

B The purple colour fades when the reaction mixture is heated.
C When equilibrium is reached, both forward and reverse reactions stop.
D When more hydrogen gas is added, the purple colour increases.

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 568 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

Topic Chem 7 Q# 13/
16 Chlorine can be manufactured by the following reaction. The reaction is exothermic.

4HCI(g) + O2(g) = 2H0(g) + 2CIz(g)

Which change increases the yield of chlorine at equilibrium?

A adding more HCI(g)
B adding more H,O(g)
C decreasing the pressure
D increasing the temperature
Topic Chem 7 Q# 14/
16 At 400°C the reaction between hydrogen and iodine reaches an equilibrium. The reaction is
exothermic.

Ha(g) + L(g) = 2HI(g) AH = =13 kJ/mol

Which change in conditions would increase the percentage of hydrogen iodide in the equilibrium
mixture?

A a decrease in pressure

B a decrease in temperature

C anincrease in pressure

D anincrease in temperature
Topic Chem 7 Q# 15/
16 The following reversible reaction takes place in a closed vessel at constant temperature.

P(g) + Q(g) + R(g) = S(g) + T(g)

When the system has reached equilibrium, more T is added.

After the addition of T, which substances increase in concentration?

A P,QRandS

B
C
D
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14.13  ESSENTIAL Assessed Activity 3 Topic 7.3 15 marks
Chem 7.3 Q#1/
(c) lodine reacts with chlorine to form a dark brown liquid, iodine monochloride.

chlorine

a supplied

crystals
gzl —ofiodine

L(s) + CL(g) — 2ICI(l)

dark brown

When more chlorine is added and the tube is sealed, a reversible reaction occurs and the
reaction comes to equilibrium.

ICI(l) + ClL{g) == ICI(s)

dark brown yellow
[I] Give another Example of a reversible reaction.
- M

(ii) Explain the term equilibrium.

- [2

(d) Chiorine is removed from the tube and a new equilibrium is formed.

Explain why there is less of the yellow solid and more dark brown liquid in the new equilibrium
mixture.

2
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(e) Asealed tube containing the equilibrium mixture is placed in ice-cold water. There is an increase
in the amount of yellow solid in the equilibrium mixture.

What can you deduce about the forward reaction in this equilibrium?
ICI(l) + Cl,(g) = ICL,(s)

Explain your deduction.

Chem 7.3 Q# 2/
5 Carbonyl chloride, COCI,, is widely used in industry to make polymers, dyes and
pharmaceuticals.

(b) Carbonyl chlonde is now made by the reversible reaction given below.
CO(g) + Cly(g) == COCl,(g)

The forward reaction is exothermic.
The reaction is catalysed by carbon within a temperature range of 50 to 150°C.

(i) Predict the effect on the yield of carbonyl chloride of increasing the pressure.
Explain your answer.

(ii) If the temperature is allowed to increase to above 200°C, very little carbonyl chloride
Is formed. Explain why.

(iii) Explain why a catalyst is used.

Chem 7.3 Q#3/

4 Vanadium is a transition element. It has more than one oxidation state.
The element and its compounds are often used as catalysts.
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(e) Vanadium(V) oxide is used to catalyse the exothermic reaction between sulfur dioxide
and oxygen in the Contact Process.

280, + O, == 250,

The rate of this reaction can be increased either by using a catalyst or by increasing the
temperature. Explain why a catalyst is used and not a higher temperature.

2]

14.14  EXTENSION Mind Map For Topics 7.3 Reversible Reactions, 11.3 Nitrogen & Fertilisers
& 12 Sulfur (Equilibria)
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14.15  ESSENTIAL End of Topic Review and Reflection

Looking at the goals you could have achieved and the goals you actually achieved try to reflect on your progress.

Try to be as honest and as detailed as possible. Sometimes you may think you have thought about an idea well, but when you
talk with someone else, or write it out, it helps you better understand and allows you think more completely and more
clearly.

Did you achieve more goals this topic than last topic?

Fill in this table
Number of goals achieved at each
Level Success rate, %
level
FUNDAMENTAL /5
ESSENTIAL /10
EXTENSION /13
EXCEPTIONAL /10

Do you feel you tired harder? If yes, what helped you to do so? If not, why not?

What could you do differently next time, in addition to what you are already doing to improve, not only your score in the end
of topic tests and other assessed activities, but also in how you learn. How could you become a more effective student to get
more learning out of the time you are investing in your studies?

What did you enjoy most about this topic?

What did you find most difficult?

What did you find easiest?

On a scale of 1 being hardest and 5 being most difficult, circle how challenging you found this topic

1 2 3 4 5

What could be done to make this topic easier to understand?

Do you have any questions about this topic?
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14.16  Exceptional Additional Activities, Further Reading and Exploring Beyond the Syllabus

O @ O O
| | | | | | | |
P + HO—S—OH > HO—S—0O0—S—OH
O~ g | | | | | |
@) @) O
sulfur trioxide sulfuric acid pyrosulfuric acid (disulfuric acid)

14.16.1 EXCEPTIONAL Active Learning Activity Can you think of why these molecules look
wrong?
What rules do they break that you have learnt at iGCSE?
Try to find as many reasons these molecules should not exist as possible and explain why in the space below.

Now go online to try to find out why they exist, and if there are any additional problems that these chemical structures ignore
or get wrong

Patrick Brannac  www.SmashingScience.org & for China www.SmashingScienceCN.org Page 574 of 585



http://www.smashingscience.org/
http://www.smashingsciencecn.org/

14.17  Exceptional Extra Credit Science in Context
May have saved more lives than any other person in human history, but his contribution to society did not only save lives, he
also helped develop and introduce a variety of weapons that many feel have made the world a less safe place. Using the
internet, and the resources that are available in this section of my website (under Topic 11):

https://www.smashingsciencecn.org/igcse-chem-additional-resources

Find out about the man and create a short presentation about one aspect of his life or his contribution to society.
You can find out more about how to make a lasting impression with your presentation here:

https://13c35962-6df0-4843-9028-
c26407054a5a.filesusr.com/ugd/d26cc6 c85f76e6275141b1b2b98fc6530a5753.pptx?dn=Basics%20t0%20a%20g00d%20pres

entation.pptx

And what kinds of things that matter in the best presentations here:
https://13c35962-6df0-4843-9028-c26407054a5a.filesusr.com/ugd/d26cc6 9a753109001c4ad5ab6b630adb8eb4ccc.pdf?index=true

Why do you think it is included in the syllabus? About 30 years ago it used to be
suggested that the more sulfuric acid a country uses the more developed it is. Is this still true? If not, why not? Why is this
chemical so important to society?

¥
Dﬁs;lar‘mer: Argus depicts geo-political borders as defined by the United Nations Geospatial Information Section.
For more information visit http://www.un.org/Depts/Cartographic/map/profile/world.pdf
https://13c35962-6df0-4843-9028-c26407054a5a.filesusr.com/ugd/d26cc6 9038cccb606643¢c889dc09c257e5dbb4.pdf?index=true
To find out more, you could buy this book, which is just $5,000 US (or about 36,000RMB); maybe writing these kinds of books
might make for an interesting career?: https://www.researchandmarkets.com/reports/4793190/global-sulfuric-acid-market-
by-raw-material-by
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15 APPENDIX

15.1 EXTENSION Keywords

You do not need to understand these words to score a good A, or even a low A* but if you are aiming for a good or high A*

then understanding words like these here will be helpful.

Topic . .
4 | English Chinese
absolute temperature a temperature measured with
B fF N — SENNTEES N=Re=3
1 respect to absolute zero on the Kelvin scale — absolute EXHRERN T HEER EHNENENEFEE-
zero is the lowest possible temperature that can be s ELE2T PRI REERE
achieved
atmospheric pressure the pressure exerted by the KSEEHBRTASRHWES  ASEEMKEERR
x1 atmosphere on the surface of the Earth due to the
weight of the atmosphere JIENIER
centrifugation the separation of an insoluble solid froma | il @ T RFEFRENFERTOBELERAZEER - &
liquid by rapid spinning during which the solid collects at N O X NI
X1 quic By rapiel spinning Furng =2 IEERE B A IR REEER - AR TTLUN D
the bottom of the sample tubes — the liquid can then be
decanted off carefully AT R AR
x1 distillate the liquid distilling over during distillation RIBY R PEBEARAE
vl immiscible if two liquids form two layers when they are MEFAHBREESE—ENEAREZ - WRET]ZE
mixed together, they are said to be immiscible AR
1 miscible if two liquids form a completely uniform mixture MEFARAENE—ERRSEEHINESH,
when added together, they are said to be this. nabLEA,
v solubility curve a graph showing how the solubility of a BREMAR T RER TN PRARENCUERE
substance in a solvent changes with temperature MR B
3 ceramics materials such as pottery made from inorganic MEME, flnBkLFINEEHRELSEMN
chemicals, like clay, by high-temperature processing T &I B e 58
3 ductile a word used to describe the property that metals XM AR EB O URA LA UR S B
can be drawn out and stretched into wires B
3 half-life the time taken for half of the radioactive atoms F MR RF RSP —F N HRFRER
in a sample of a radio isotope to decay =R E]
mass spectrometer an instrument in which atoms or Y —FS EF D FEF LA GRS
x3 molecules are ionised and then accelerated; the ions are - o e '
then separated according to their mass REREEINNRENBEF
volatile term that describes a liquid that which
7 > > S e el = N
3 evaporates easily; it is a liquid with a low boiling point EREARNE - BISTERARNE  EE—TEH
having only weak intermolecular forces between the SRR - RIEBRDF ZENS FEHES
molecules in the liquid
volatility the property of how easily a liquid can become o L L S 4 R
B | s o yand R MRIEE ST RS AR
x4 Avogadro constant another name for a mole AvogadroE HEM R — 14 F
mass concentration the measure of the concentration of FEERE  WETHNEARDARNAERES (
x4 a solution in terms of the mass of the solute, in grams, e s _
dissolved per cubic decimetre of solution (g/dm3) 52 ) NBMAMNERRENEE (g/dm3)
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Toplc

English Chinese
relative atomic mass (Ar) the average mass of an atom of _
A an element, taking account of the isotopes of the HXRFERE (A) TRAUFRFFHRE - ZEF
element, on a scale where a carbon-12 atom has a mass TEMENZ  BRREFHESBE R
of exactly 12
non-electrolytes liquids or solutions that do not take part - - S kot SRE . o s B
N2 \ URIAE A A =
X5 in electrolysis: they do not contain ions TS GSRBFFRRIRRUAR : Bilf28F
heat of neutralisation the heat change which takes place
X6 when one mole of hydrogen ions is completely R —EREE FTEM PN AERNFATE
neutralised
spontaneous (reaction) a reaction that can take place
X7 simply by mixing the reactants BIDR S R NYIBN 0] A ERY B A& SR
antacid compound used medically to treat indigestion b = “ P
x8 P Y & V| AT R RN R R

neutralising excess stomach acid
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15.2 APPENDIX EXCEPTIONAL Statistics Relating to the Course

PAPERS 1, 3 and 6 (2016 onwards renamed Papers 2,4 &6)
Percentage of all WEIGHTED marks awarded for each topic from w2001 to w2015
(green triangles) and % of Paper 4 marks (red crosses)

(%]
s 25.0
S
S
3 20.0 A X
8
°
S 15.0
©
: / \ / \ / /
©
) 10.0 2
(1]
©
5.0
4
0.0
1 3 4 5 6 7 8 9 10 11 12 13 14
~#A=P1,3,62001-15| 7.7 | 83 | 44 | 47 | 57 | 128 | 211 | 35 | 93 | 74 | 1.7 | 1.0 | 124
=>=P4 2016-18 54 | 187 | 79 | 42 | 22 | 80 | 106 | 3.1 | 101 | 7.1 | 24 | 00 | 202
ALL PAPERS Topic Number
Paper2 Paper4 Paper6 Totals Average
Relative value % 30 50 20 100
Number of marks 40 80 40 160
Value of each mark/%
. 0.75 0.63 0.50 0.63
of iGCSE
180 60

Time per mark/sec 68 56 60 61

Portion of syllabus
examined

C&S C&S Core

S = Supplement

15.3 Topics in Rank Order
Topic
Rank ALL Papers

Rank P3: A* Focus

All Syllabus Word Count
RANK

Greener = Better; “Words per %...” refers to the words in the syllabus versus weighted marks awarded since w2001
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15.4 Key Points about these graphs and data

e To do well, you must learn T8 (40 and 10.5% of P6 & P3) but to get an A* T14 is essential (20.2% of P3).

e Paper 3 (after 2016renamed Paper 4) is easily the most important paper, it has gotten more challenging over the last
5 years with the same questions being asked, but with less help with the answer that is required (so more 5 or 6
marks questions), also the same questions are being asked but have fewer marks attached meaning that you not only
need to know the answer, but you need to better understand the priority (e.g. many sources of sulfur, but the main
source, from petroleum, is the only acceptable answer).

e However, these changes only make it harder for the less well prepared student, if you have not only answered
these questions before, and checked your answers, but also looked at how some questions change with time
(ANALYSIED the trends) then it is in fact easier than ever before. There are fewer new questions than ever before!

e These are just averages, so for instance T13 is not often examined, so appears less relevant, but when it is in a paper
(P3) it will be on average 5 marks, and because it is all supplement material, these will be a lot of the higher marks.
This data should hopefully allow you to prioritise topics in your revision.

e T4 is the most efficient topic to learn (least to learn per mark awarded), provided you are good at maths (predicted to
get at least a B grade), otherwise it is by far the least worthwhile topic (which these numbers don’t show but has
been my experience in teaching) if you struggle with maths. You can still get an A* withoutthis topic, but you’ll not be
able to drop many marks in any other topic.

e |[fthere was a fire and you had to leave one topic behind, T5 would be the one taking a hit for the team.

e Most important topics to your grades are 14, 8, 3, 10, 7 and 11, in that order.

Multiple Choice Paper (B4 2016=P1, after=P2)

Percentage of all marks awarded for each topic from s2002-w12 and marks per topic for
the new P2 (green triangle) s16 to s19

16.0

SN \
RPPA /“‘/ \ /
\ A4 \
\ S \\ /

0.0

% of Marks awarded for each topic

1 3 4 5 6 7 8 9 10 11 12 13 14
P2 2016-17w| 5.3 9.8 6.2 4.0 6.2 10.1 9.6 7.6 11.2 10.2 2.7 2.1 15.0

=>=P12002-12 8.6 12.0 4.1 6.0 4.3 6.2 10.2 9.7 121 | 121 0.0 21 12.7
Topic Number
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0620 PAPER 4 (pre2016 called Paper 3)

Percentage of all marks awarded for each topic from s2013 to w2015 (red cross) and for 2016m
to 2018w (green triangle)

S 25.0
S
<
&
® 20.0
L
e
(]
< 15.0 A
2
©
© 10.0
L
o
x®
0.0
1 3 4 5 6 7 8 9 10 11 12 13 14
~#A—P42016m-18w| 33 | 163 | 90 | 58 | 23 | 87 | 111 | 41 | 93 | 62 | 30 | 04 | 205
=>=P3 2001-15 32 | 134 | 66 | 35 | 11 | 110 | 105 | 36 | 127 | 99 | 33 | 10 | 203

Topic Number

PAPER 6

Percentage of all marks awarded for each topic from w2001 to w2015 (red crosses) and
from m2016 to s2019 (green triangles)

45.0

40.0
35.0
30.0
25.0 /

20.0 /

15.0 /

10.0 A

o !/ \ \

0.0 - =\
1 2 3 4 5 6 7 8 9 10 11 12 13 14

==P6 2016-19s| 0.0 124 | 0.0 1.8 2.5 15.1 | 26.3 | 34.8 0.0 5.1 1.2 0.1 0.0 0.6
=>&=P6 2001-15 | 0.0 12.9 0.0 1.9 5.5 12.1 | 18.7 | 40.1 0.0 3.6 1.7 0.6 0.4 2.5

% of Marks awarded for each topic

Paper 6 Topic Number
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PAPER 6

Percentage of all marks awarded for each question number from m2016 to w2019

50.0

(green triangles)

40.0

30.0

20.0

/

S~

10.0

o

% of Marks awarded for each Q#

0.0

2 3 4

=e=P6 2016-19s

19.5

43.6 21.8 15.0

Paper 6 Question Number

PAPER 6 - Question types

Percentage of all marks awarded for each question type from w2001 to w2015 (red
crosses) and from m2016 to w2017 (green triangles)

50.0
g
> 450
g A\
s 40.0
: / \
3
_g 35.0 / \
(%)
? 30.0 A
: [/ N\
g 25.0
5 //
E 20.0
°
/ J
/J \ J
> L/ \/\\\ y4
5.0 /
0.0 X Labelli
Misc Graph @ .e ing Essay Gas test lons test
Equipment
==2016-17 6.5 32.6 11.7 14.2 11 23.1
=>¢=2001-15 0.0 44.4 6.2 12.4 0.0 20.9

Paper 6 Question type

Above are the main experiments and the main question types in Paper 6. Word files broken down by these categories are
available on my website (e.g.

S
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Name

15.4.1  Raw Data Info Used to Make the Graphs

Topic
Averages
1 3 4 5 6 7 8 9 10 11 12 13 14
P1 % of Marks 8.6 | 12.0 6.0 6.2 10.2 | 9.7 7.7
P1 # of Questions 32.0 36.0 | 41.0 | 39.0 16.0 | 39.0 30.7
P1 Average marks per Q 2.4 1.9 1.7 2.0 23 2.6 2.7 1.1 1.9
P3 % of Marks 10.8 105 | 3.6 | 11.2 | 9.6
P3 # of Questions 46.0 53.0 | 19.0 | 54.0 | 46.0

4.3 5.5 4.6 4.5 4.8 4.9

P3 Average marks per Q

P6 % of Marks
P6 # of Questions
P6 Average marks per Q

ALL | % of Marks (Weighted) | 6.8 9.9
ALL # of Questions 87.0 | 102.0 | 68.0
ALL Average marks per Q 2.1 2.7 2.0
Rank Order 7 4 9
15.4.2
Comments

Yellow indicates the paper range for P1 is not the same as for the other papers, this is because P1 is changing, and taking apart that paper is particularly soul destroying, | can’t justify
the hours of mind-numbing tedium if the information is going to be increasingly irrelevant.

Blue indicates the substantial difference in the total number of marks | should be able to account for (Total Marks All Papers) and the ones that have gone into the topic calculations.
This is hopefully the result of a RANDOM error where some questions have had parts duplicated and | have not filtered these duplications out. Realistically, though it isn’t. When |
started to break this paper down by topic | was not systematic in my process; my intentions were disorganised and | wasn’t thinking about being able to account for every mark, just
for every question. So some topics were duplicated
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15.5 Words per topic statistics from the syllabus

Core Syllabus Word Count 218 | 344 | 131 | 130 | 58| 183 | 273 | 209 | 241 | 287 | 44 | 56 | 363 2537
Suppliment Syllabus Word
Count 82| 141|122 | 191 | 73| 245 68 | 41| 134 | 124 | 29 2| 352 1604

All Syllbus Word Count 300 | 485|253 | 321|131 | 428 | 341|250 | 375|411 | 73| 58 | 715 4141

Core Syllabus Word Count% | 53| 83| 3.2 | 3.1 14| 44| 66| 50| 58| 69|11 |14 | 8.8
Suppliment Syllabus Word

Count % 20| 34| 29| 46| 18| 59| 16| 10| 32| 3.0|0.7 | 00| 8.5
All Syllbus Word Count % 72117 | 61| 78| 3.2 (103 | 82| 60| 91| 99|18 (1.4 |173
All Syllabus Word Count

RANK 8 2 9 71 11 3 6| 10 5 4| 12| 13 1
% Total ALL Papers 68| 99| 49| 57| 44115172 | 42| 96| 84|19 |11 | 144
% Total P3: A* Focus 33|13.2| 66| 56| 1.1|10.8|105| 3.6 |11.2| 9.6 |3.3| 1.0 20.2
Words per % ALL Papers 44 49| 51| 57| 30 37 20 | 59 39| 49| 39| 51 |49.8
Words per % P3 25 11| 18| 34| 66 23| 6.5 | 11 12 | 13 9 2 | 174

Although this is only one course so there is very little data at present to go on, a possible generalisation which might be of value when studying for other CIE subjects is that the more
words there are in the syllabus, the more important that topic is to the exam. So to get an idea, count the words (can be done electronically: 1. Mark for redaction all of the section of
the syllabus for supplement 2. Redact 3. Copy and past all of it to word 4. Do the same for supplement 5. Highlight the topic and word will give you the number of words). The actual
results of this will not probably be too surprising, but outcome of this exercise and why it will help is it will force you to think objectively about the syllabus. Instead of thinking about
the things that you didn’t like or you didn’t think you were good at, you will have the opportunity to get a different perspective on the subject. And hopefully, instead of thinking of
the subject as a whole, you will start to break it down into more manageable chunks and begin the process of prioritisation, which when done well, is perhaps the most important
principle in thought.

[Looking back on this project to count the words in the syllabus, which | did about 5 years ago, | cannot say it produced anything really interesting or useful. But it was super boring to
do! Would not recommend doing it]
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15.6

Papers Used to create the revision resources | use

Method for checking: Open all 3 timezone papers, display dise by side, compare first question, last page and scan through all, two or|

Green is Done Gray is when TZ2 and 3 are identical three pages at a time, and look for keywords and the same diagram, as well as how each question starts.
Session m m m S s S S 5 S s S S (W W w w w w w w w
Paper 1 3 6 1 1 1 3 3 6 6 6 kg 1 1 3 3 3 6 6 6
Timezone 2 2 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Year

2001 1 2001s P3.1 2001w P3.1 2001w P6.1

2002 2(2002s P1.1 2002s P3.1 20025 P6.1 2002w P1.1 2002w P3.1 2002w P6.1

2003 3|2003s P1.1 2003s P3.1 2003s P6.1 2003w P1.1 2003w P3.1 2003w P6.1

2004 4/2004s P1.1 2004s P3.1 2004s P6.1 2004w P1.1 2004w P3.1 2004w P6.1

2005 5[2005s P1.1 2005s P3.1 2005s P6.1 2005w P1.1 2005w P3.1 2005w P6.1

2006 6/2006s P1.1 2006s P3.1 20065 P6.1 2006w P1.1 2006w P3.1 2006w P6.1

2007 7|2007s P1.1 2007s P3.1 2007s P6.1 2007w P1.1 2007w P3.1 2007w P6.1

2008 8(2008s P1.1 2008s P3.1 2008s P6.1 2008w P1.1 2008w P3.1 2008w P6.1

2009 9(2009s P1.1 2009s P3.1 2009s P6.1 2009w P1.1 2009w P3.1 2009w P6.1

2010 10|2010s P1.1 |2010s P1.2 |2010s P1.3 |2010s P3.1 2010s P3.3 |2010s P6.1 |2010s P6.2 (2010s P6.3 2010w P1.1 2010w P3.1 2010w P6.1

2011 11|20115P1.1 20115 P3.1 2011s P3.3 | 20115 P6.1 |2011s P6.2 (20115 P6.3 2011w P1.1 2011w P3.1 2011w P6.1

2012 12|20125P1.1 |20125 P1.2 | 20125 P1.3 |2012s P3.1 2012s P3.3 |2012s P6.1 2012w P1.1 2012w P3.1 2012w P6.1

13

2013 14|2013sP1.1 2013s P3.1 2013s P6.1 2013w P1.1 2013w P3.1 2013w P6.1

2014 15(2014sP1.1 2014s P3.1 [2014s P3.2 [2014s P3.3 |20145 P6.1 2014w P1.1 2014w P3.1 |2014w P3.2 |2014w P3.3 |2014w P6.1

2015[2015m P1.2 16[20155 P1.1 20155 P3.1 [2015s P3.2 [20155 P3.3 [20155 P6.1 2015w P1.1 2015w P3.1 [2015w P3.2 [2015w P3.3 [2015w P6.1
New Syllabus Paper 1 was replaced with paper Paper 2 (including Supplement material in the syllabus, so harder). Paper 3 was renamed Paper 4, not other structurual changes. Paper 6 went from 60marks to 40marks, no other structural change:

m m m s s S S 5 S S s 5 (W w w w w w w w w
a8 3 6 2 2 2 4 4 4 6 6 6 2 2 2 4 4 4 6 6 6
2 2 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

2016|2016m P1.2 |2016m P3.2 [2016m P6.2 17]|2016s P2.1 |2016s P2.2 20165 P2.3 |2016s P4.1 (20165 P4.2 (20165 P4.3 |2016s P6.1 |2016s P6.2 |2016s P6.3 2016w P2.1 (2016w P2.2 [2016w P2.3 |2016w P4.1 [2016w P4.2 |2016w P4.3 (2016w P6.1 [2016w P6.2 |2016w P6.3

2017|2017m P1.2 [2017m P3.2 [2017m P6.2 18|2017s P2.1 |2017s P2.2 |2017s P2.3 |2017s P4.1 [2017s P4.2 |2017s P4.3 |20175 P6.1 |2017s P6.2 |2017s P6.3 2017w P2.1 |2017w P2.2 |2017w P2.3 |2017w P4.1 [2017w P4.2 |2017w P4.3 2017w P6.1 [2017w P6.2 (2017w P6.3

2018|2018m P1.2 |2018m P3.2 [2018m P6.2 19|2018s P2.1 |2018s P2.2 |2018s P2.3 |2018s P4.1 [2018s P4.2 [2018s P4.3 |2018s P6.1 |2018s P6.2 |2018s P6.3 2018w P2.1 (2018w P2.2 (2018w P2.3 (2018w P4.1 |2018w P4.2 |2018w P4.3 |2018w P6.1 |2018w P6.2 |2018w P6.3

2019 20

2020

2021

2022

2023
Total papers 5 5 5 19 4 4 20 9 7 19 8 8 19 4 4 20 9 2 20 9 g 216
Papers done 4 4 4 18 3 3 19 3 ) 3 Al 3 18 24 3 19 5 5 3 = 3 136
P done 0ldP6 15 o] 0] 16 o 0| 31
Mark per Paper 40 80| 40| 40| 40 40 80 80 80 20| 40 40, 40| 40| 40| 80 80 80 40 40| 40 1120
MarksPerP Old P6 60 60 60 60 60 60 60 360
Total marks 200 400 200 760 160 160 1600 720 560 760 320 320 760 160 160 1600 720! 720 800 360 360 11800
Total marks | have 160 320 160 720 120 120 1520 400 400 120 120 120 720 120 120 1520 400 400 120 120 120 7920

Proportion of marks represented in my revision resources 67|%

167

1260

This is an example of an Open Source resource, indicating exactly which exam papers | have used. Students are unlikely to learn anything about chemistry from it, but hopefully it is an
introduction to the Open Source community (to find out more look here: https://opensource.org/history) It could be of use for teachers and also, if printed in colour or seen through
the electronic version of this book, looks super sciency, very colourful and splendidly pretty
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Name

FUNDAMENTAL Periodic Table of elements
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