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Facilitator’s Guide

PURPOSE OF THIS WORKSHOP

The purpose of the workshop is twofold:

1 To consider the development of the concepts of elements; atomic structure;

bonding; chemical change and balancing chemical equations. Representations of elements;

atomic structure; bonding; chemical change and chemical equations will be discussed.

2 To review some of the experiments and investigations that are conducted during

Grades Eight and Nine.

WORKSHOP PROGRAMME AND RESOURCES

Session focus and activities Time Resources
Only those in addition to handouts are
noted It is useful; ideally each participant
should have have a copy of the CAPS
document for Grades Eight and Nine
Introduction
* Welcome 30 min Participants’ handouts;

* Introductions

* Purpose of workshop and
* programme overview

* Pre-workshop activity

Resources handouts (includes a
periodic table)

Pre-workshop activty handout
Register etc

SESSION 1: Elements and atomic structure Models of atoms and compounds

CAPS pp 40; 41; 83;

Activity 1: The Periodic Table and 30 min

me CAPS p 63

Activity 2: A model of an atom of an | 10 min Lentils or beads of different

element CAPS pp. 40-41 colours; presstick; 20 paper
plates; cards with the names of
elements Be; B; C; N; O; F; Na; Mg;
Al; S and P placed in a box/packet

Actiivty 3: A different model of an 10 min 4 spheres of different colours and

atom CAPS sizes per group

Activity 4: Another type of model 20 min 30 Styrofoam balls; toothpicks;
periodic table

Activity 5: Electrons are the key 20 min Model from Activity 2

Actiivty 6: lon formation 20 min Pen or pencil, Periodic Table; pages 5
and 6 of the Resources Hand-out;

Activity 7: A further abstraction 20 min Lentils or beads of different colours;
prestik; paper plate; playdough or
plasticine

Activity 8: More than one atom — 10 min Periodic table; play dough or

without gaining or losing electrons plasticine

Activity 9: Putting it all together 20 min Periodic table; writing materials.




Sesion 2: Ways of conducting practical work in Chemistry

Activity 10: Electrolysis of Copper (Il) 20 min | 1 xcomboplate®; 1 x 9V battery; 2 x
Chloride using the micro scale kit strips aluminium foil - 3 cm x 15 cm (or 2
CAPS p. 41 X connecting wires with crocodile clips);
1 x graphite pencil or 2 x graphite rods
(approximately 2 mm x 5 cm); 2 x plastic
coated paper clips (optional); prestik.
Copper (ll) chloride solution [1 M];
Indicator paper; Tap water.
Activity 11: The Preparation and 10 min | 1 x glass container possibly with lid; 1 x
Testing of Oxygen plastic spoon; 1 x syringe; 1 x box of
CAPS p.41 matches; 1 x toothpick splint.
Manganese dioxide powder OR fresh
liver; Fresh hydrogen peroxide solution
[10 %],
Activity 12: Set up you own apparatus 10 min | 10 ml Calcium hydroxide; 1l water; 20 g
for the preparation and testing of magnesium carbonate; 10 ml dilute
carbon dioxide. hydrochloric acid; droppers, syringes,
CAPS p.45 drinking straws
Activity 13: Acids, alkalis and indicators | 10 min cabbage water; beetroot water;
CAPS p. 67 universal indicator; phenolphthalein
indicator; 2 teabags; 100 ml 1M
hydrochloric acid; 100 ml 1M sodium
hydroxide; 20 droppers; 10 small test
tubes; 20 plastic spoons
Conclusion
Post workshop activity 20 min Post workshop activity handout
Reflection on workshop
Suggestions for Term 3
Total time 5 hrs
INTRODUCTION
30 min

Welcome particpants and distribute the Participants” handouts and Resources handoust

Orientate participants to the workshop by referrring them to its purposes and the

programme.

Ask them to do the pre-workshop activity

SESSION ONE: Elements and atomic structure

2hr 40 min

During this session, the periodic table, atoms, elements and compounds will be discussed,

as an introduction to chemical change and equations



Activity 1: The Periodic Table and Me (CAPS p. 63) (30 min)

Facilitator Input before Activity 1
(See Resource 1.1 Periodic Table on page 1 of the Resources Handout and Resource 1.2 Research
Extracts) on page 4 of the Resources Hand-out.

Refer participants to Resource 2 which is a series of extracts from a research paper about the
teaching of the periodic table.

Read the extract out loud while the participants follow, pausing at the italcicised parts.

Activity 1: Encourage discussion by asking questions like:
* What was your first experience of the periodic table?
* Do you find colleagues / teachers / learners fear the periodic table?
* Do you think the periodic table is taught too soon at school?

* Do youthinkitis a good idea to learn the first 20 elements off by heart?

Allow participants to add to the discussion.

Facilitator Input after Activity 1

Impress upon participants that if the periodic table seems to be a major problem in Grade 10, we
must ensure that it is well taught in the senior phase. This is why, before we go on to balance
equations, we spend time investigating the periodic table. 2019 is the Year of the Periodic Table!

Useful reference with well designed illustrations:

https.//www.tes.com/teaching-resource/atomic-structure-chase-the-elements-6322121

Note on Methodology:
We are making participants aware that poor understanding of the periodic table is a common
problem.

Activity 2: A model of an atom of an element CAPS pp 40-41 (10 min)

Facilitator Input before Activity 2:

Prepare cards with the names of the elements Be; B; C; N; O; F; Ne; Na; Mg; Al; S; P. Place these
in a box or packet for participants to remove when told to do so.

Ensure that all materials are available (periodic tables, play-dough or plasticine)

Let participants work in groups or 2 or 3

Ensure that participants take a card from the box.

Activity 2: Participants engage with the activity

Facilitator Input after Activity 2: In this this situation, we are concretising an abstract concept. We
are imagining (making an image or a model) of the structure of atoms for a particular purpose. Itis




useful to interrogate our thought processes which took place while we made our model. We are
thinking about thinking (metacognition).

Note on Methodology
We assume that participants are aware of general atomic structure. In this activity participants are
required to apply their knowledge to more specific instances. In addition, by working to identify a

neighbour’s model, they are moving to a further level of Bloom’s taxonomy i.e. analysis.

Activity 3: Modelling the atom in a different way CAPS pp. 40-41 (10 min)

Facilitator Input before Activity 3: Facilitator should make from plastiine or play dough) 4 spheres
of diameter 0.5 cm in one colour; 4 spheres of diameter 1.0 cm in a different colour; 4 of diameter
1.5 cm in a different colour and 4 the largest of diameter 2 in yet a different colour. These represent
the elements Beryllium; Strontium; Calcium and Radium.

The facilitator should have these models prepared before the workshop. If there are many
participants the facilitator may need to construct more spheres or let participants work in larger
groups.

At the start of the activity give each group a set of spheres of different colours
Activity 3: Participants engage with the activity

Facilitator Input after Activity 3: Participants should realise that we are still using our knowledge to
solve problems. By using and not just memorising resources like the periodic table we become more
and more familiar with the elements. Some people may think that playing with models is babyish
and ‘unscientific’ but this is not the case.

Note on Methodology

We have selected elements from the same group to find out whether the participants are aware that
as we move down a group, the atomic radius gets larger.

We are also encouraging use of the periodic table by including elements beyond the first 20.

At this stage we are still using concrete materials to illustrate a concept. The models we make with
our hands are similar to, or the same as, models we make in our heads.

Activity 4 : Yet another type of model — Ball and Stick CAPS pp. 63-64 (20 min)

Facilitator Input before Activity 4: Remind participants that it is useful to be able to use as many
different types of models as possible
Activity 4: Participants engage with the activity

Facilitator Input after Activity 4: Let participants check each other’s models for accuracy. About
here we have completed the Grade Eight concept development of matter. Before embarking on
Grade Nine work, a teacher would revise these fundamental concepts with his / her class.

These Are: All matter is made of atoms; each atom has its own particular structure; the names of
atoms have symbols; all known atoms are listed on the periodic table; atomss are composed of sub-
atomic particles; the number of protons determines tha nature of the atom; a neutral atom has the




same number of protons and electrons; atoms combine to form compounds; electrons are vital in
the formation of compounds.

Note on Methodology

We are asking participants to continue working with concrete materials but we are moving away
from the nucleus and focussing on the electrons. We are slowly developing the concepts of chemical
change and compound formation

Activity 5: Electrons are the Key CAPS pp.40-41 (20 min)

Facilitator Input before Activity 5: Remind participants that although they are very tiny, electrons
play a vital role in combining atoms.

Remind participants that energy is involved in the gaining or losing of electrons.

Get participants to work in groups of 2 or 3

Ensure that participant group has a model of an aton from Activity 2.

Activity 5 : Participants engage with the activity

Facilitator Input after Activity 5: Ensure that participants become skilled at looking at atom
representations and identifying possible gain or loss of electrons. Participants must realise that
familiarity with atomic structure is crucial in understanding how atoms combine and therefore how
to balance equations. Check that participants are confident about losing or gaining electrons

Note on Methodology
At this point, the rule about the filling of electron shells comes into play. For the first 20 elements, it
is safe to say the outer shell (from Boron onwards) should ideally hold 8 electrons.

Activity 6: lon Formation CAPS pp.62-63 (20 min)

Facilitator Input before Activity 6: Get participants to look at the drawings of atoms of elements on
pages 5 and 6 of the Resources Hand-out. Encourage them to visualise electron movement. Remind
participants that atoms which have either positive or negative charges are called ions.

Activity 6: Participants engage with the activity

Facilitator Input after Activity 6:

Check that participants have answered the questions which are reproduced with the answers below.

* What charge are the ions formed from metals? Positive

* What charge are the ions formed from non-metals? Negative

* What do you notice about the outer shell of all of the ions formed? They are full

* Isthere a relationship between the number of electrons in the outer shell of an atom and the
group of the periodic table it is found in? Yes. Thereisa
correspondence. Group 1 elements can lose 1 electron; Group 2 elements can lose 2 electrons;
group 3 elements can lose 3 electrons Group 4 can gain or lose. Group 5 can gain 3; Group 6 can
gain 2; Group 7 can gain 1. Group 8 does not gain or lose. They are the rare / noble / unreactive
gases because their outer shells are full.




Participants should be aware of nomenclature. Chlorine atom and chloride ion; oxygen atom and

oxide ion group;

Note on Methodology

This is quite a lengthy activity so the facilitator should decide how many examples to use.
Remember, however, to ask questions about Carbon and elements from Group 8.
Examples of Questions

Can the element gain or lose electrons?

Why can the element not gain or lose electrons?

Activity 7: A Further Abstraction (20 min)

Facilitator Input before Activity 7:
Remind participants that we are moving further into the concept of compounds and are now using

drawings or diagrams to represent atoms and molecules..
Activity 7: Participants engage with the activity

Facilitator Input after Activity 7:

Remind participants that all the modelling has taken place so that we understand just how reactions
occur and the how important electrons are. A positive ion will attract a negative ion. Encourage
participants to DRAW. Explain that we use a dot and cross diagram to distinguish between the

electrons of the ions involved. Show them that we represent ions in the following way:

€}

sodium ion, chlaride ion,
Figure 1: Sodium and chloride ions
As a point of interest for participants, the facilitator can
mention the Lewis structure or Lewis dot diagram. They provide a simple way to represent atoms and
molecules. An oxygen atom has two valence electrons. carbon atom has four valence electrons. The Lewis
structures for these atoms are shown below.
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Figure 2: Lewis dot structure for oxygen Figure 3: Lewis dot structure for carbon



We can also draw Lewis dot structures for molecules. The Lewis structure for carbon dfioxide is

shown below.

.. ..
0:C: O;
N ) ° L
.. ..
Figure 4: Lewis dot structure for carbon dioxide

Please stress that The CAPS document recommends that Lewis dot diagrams are taught after Grade 9.

Note on Methodology

Remind participants that in moving from the concrete to the abstract, we are following a learning
process outlined by Piaget. Piaget theorised that learners’ thinking is initially concrete and later
moves to abstract ideas. That is why we spend time modelling with very concrete materials like play
dough. If we teach in abstract terms before learners’ mental models have moved to abstract ideas,
they will find it difficult, if not impossible, to understand the concept.

Activity 8: More than one Atom (10 min)
Facilitator Input before Activity 8: Briefly return to Activity 6 which dealt with ionic bonding. Activity 8
deals with covalent bonding. Explain to participants that they are given an atom of a specific element to
construct for a specific purpose.

Activity 8: Participants engage with the activity

Facilitator Input after Activity 8: Check that participants have drawn the molecules correctly as follows:

O
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The missing labels refer to N, and F, respectively




Activity 9: Putting it all together! (20 min)

Facilitator Input before Activity 9:

Check that participants can provide the symbols and formulae of atoms and compounds when asked
to do so. Remind them over and over that we cannot change the number of atoms in a formula but
we can change the number of molecules!

Note on Methodology
Participants are asked to go through the processes encapsulated in the previous activities. Before
drawing the atoms involved in the equations, they can model them with play dough.

Activity 9: Participants engage with the activity

Facilitator Input after Activity 9:
Discuss the steps which should be taken to balance the equations. Remember to concretise.

Sodium and chlorine react to form sodium chloride
* Na + €t > NaCl
What is written above is a good start because:

We know the symbols for sodium and chlorine gas. We know that chlorine gas is a diatomic
molecule. We know the formula for sodium chloride.
Now we can look at the equation in a concrete way.

0 00— O

LHS (Left hand side) RHS (Right hand side)
Left hand side must equal right hand side
But we can see that the left hand side does NOT equal the right hand side. Therefore the equation is

not balanced.

Ask: What can we do?

(To get the chlorines balanced, we can add another sodium chloride to the Right Hand Side of
the equation)

o O O—a o
Now the sodiums are not balanced

Ask: What can we do?
(We can add another sodium to the left hand side)

oo OO—aD " (O

Ask: Is it balanced?




(It is balanced because we have equal numbers of sodium and chlorine atoms on both sides of
the equation)

Thus:

2Na + Cl, > 2NaCl

Encourage participants to go through the remaining equations following the same procedure as set
out above.

* Sodium and oxygen react to form sodium oxide

©©©©+oo—><9@ &

4 sodium atoms + 2 oxygen atoms 4 sodium atoms + 2 oxygen atoms

Thus:
4Na + 0, > 2Na,0

* Magnesium and oxygen react to form magnesium oxide
2Mg +0; >  2MgO

* Magnesium and chlorine react to form magnesium chloride
Mg + Cl, > M8C|z

e Lithium and fluorine react to form lithium fluoride
Li+F > LiF

¢ Aluminium and oxygen react to form aluminium oxide

OOO0O+3CO— 2 P

Thus:
4Al + 30, > 2Al,03

* Carbon and oxygen react to form carbon dioxide
C+ 02 ) COZ

* Hydrogen and sulphur react to form hydrogen sulphide
2H,+S; > 2 H,S




SESSION TWO: Chemical equations are linked to chemical change

40 min

Balancing equations is often used as an intellectual exercise to test one’s understanding of chemical
concepts. We balance equations on paper but chemical change happens in real life! Chemical
equations symbolise chemical change during chemical reactions. In the following sessions, we will
examine ways of conducting investigations about chemical reactions in a classroom or laboratory.

Educators are sometimes reluctant to engage with practical work because they do not have the
necessary materials. The investigations in this session illustrate the point that alternative equipment
can often be used. It is not always necessary to use test tubes, beakers; measuring cylinders and so
on.

The facilitator should ensure that chemicals and equipment as listed are available and that bins and
cloths are provided for clean-up purposes

Activity 10: Electrolysis of Copper (1) Chloride using the micro scale kit CAPS p 41

Facilitator Input before Activity 10:
DO NOT allow participants to inhale the gas directly.

Activity 10: Participants engage with the activity

Facilitator Input after Activity 10:

Point out that the advantage of the micro scale kit is that it uses very little material (less pollution)
and only small amounts of chlorine gas are produced.

Activity 11: The Preparation and Testing of Oxygen CAPS p. 41

Facilitator Input before Activity 11:

For participants who do not have access to a range of chemicals in their classes or districts, fresh
liver (or other meat or plant material) will catalyse the decomposition of hydrogen peroxide. DO
NOT allow participants to play with the hydrogen peroxide because it will burn them!

Activity 11: Participants engage with the activity while facilitator watches them and assists where
necessary
The glowing splint must be just glowing — not a large flame.

Facilitator Input after Activity 11:
Ensure that participants clean up after themselves and that they throw rubbish in the bin provided.

Q1. Write a balanced chemical equation to represent the reaction occurring in the well or the bottle.
2H,0, > 2H,0 + O,

Q2. What is the role of the manganese dioxide or the liver in this experiment?
It provides the catalyst for the reaction

10




Q3. Oxygen is often stored in large tanks for use in places like laboratories and hospitals. Why do you
think these tanks have warnings for people not to smoke near them?This is a safety
precaution. If a spark from a cigarette came into contact with oxygen, a fire could result.

Encourage discussion of different methods

Activity 12: Use the micro scale kit for the preparation and testing of carbon dioxide.
CAPS p. 45

Facilitator Input before Activity 12:

Ensure that calcium hydroxide; water; calcium carbonate; dilute hydrochloric acid; droppers are all
available.

Let participants work in groups

Activity 12: Participants engage with the activity while facilitator watches them and assists where
necessary
Facilitator Input after Activity 12: Show participants that one can test for carbon dioxide as follows:

carbonate + acid
lime water

—

Get participants to ‘showcase’ their experimental set-ups

Facilitator Input before Activity 13:

Remind participants that cabbage, turmeric, tea and beetroot are all good household indicators.
Ensure that all apparatus previously used as well as cabbage water, beetroot water; tea, tyrmeric
and universal indicator are available.

Activity 13: CAPS pp.67 and 70 (10 min)
Facilitator Input after Activity 13: Participants must clean up after conducting the investigation.

CONCLUSION:

20 min

Post-workshop Activity

Key Concepts
*  Practical investigations of the type conducted above are examples of chemical change.
* Practical investigations can be conducted using different types of apparatus.

* Chemical equations are representations of chemical change

11




* |f we understand the periodic table, we understand chemical change and chemical

equations.

Reflection on Workshop
Discussion of various methodologies is useful and interesting.

Suggestions for workshop for Term 3

Term 3 involves ‘Energy and Change’. Not many suggestions were made regarding content but it
was agreed that methodology input would be valuable.

Example:

Ways of teaching the difference between series and parallel circuits.

12



