Teaching Some

m

A




Table of Content

Content
!
# $ $ U
C
) C
+ !
C + ,
#+ + &
"+ / , 0 & $ 1 02
3 #-41(- 563 37 3 3 18(6 - 8968-!

#9
& &
#

3 " -41(C-
5

C <
B &

81 - 63 3 6-46(! 8;

Page

#HH

o’/ o’/ o/ o
' ' .






The delivery of quality and equitable science andhemraatics education has been the focus of
attention for countries like Ethiopia, which areugigling to drag themselves out of poverty and
backwardness. In this regard the Ministry of Ediacahas been doing its level best to improve the
performance of the education sector since the fpastty years. Among the many efforts are the
aggressive measures taken to improve the qualitghef general education through publishing
attractive textbooks, rationalizing content loadi aontent difficulty and implementation of student
centered approaches.

Besides this focus of the government on qualityedfication, there are still many challenges that
contribute to poor quality of lessons of the vasi@ubjects taught in our schools. Some of the major
challenges include the shortage and low qualftyeaching resources. Though the ministry of
education is recently trying to institutionalizeather professional development activities through
school based CPD programs. Lack of sufficient trajnopportunities for teachers to update their
skills in light of the modern methods of teachimgldearning is also the other challenge. It isd¢o b
recalled that teachers equipped with modern andviative teaching methods play a significant role
in the provision of quality education.

Conversely, teachers who are ill prepared and ileassted with are likely to use inappropriate
teaching methods that may result in students’ nmiseption of the taught idea. Therefore, in order to
curb this undesirable possibility, it is importaiot keep teachers up-to-date in their subject and
profession through continuous professional develrendeavors.

Other complementary support to teachers includeectisuggestions of instructional strategies to
improve lessons., The strategies should challgmgeonceptions and school-made misconceptions
through recommending alternatives to the trad#tioapproaches, such as setting up simplified
laboratory experiments, use of structural modets aechnology-based methods.

Chemistry is one of the most important branchesoiénce; it enables learners to understand what
happened around them. Because chemistry topicgeawerally related to or based on the structure of
matter, chemistry proves a difficult subject for npastudents. Chemistry curricula commonly
incorporate many abstract concepts, which are aletatrfurther learning in both chemistry and other
sciences. These abstract concepts are importaatbedurther chemistry/science concepts or theories
cannot be easily understood if these underpinnimgepts are not sufficiently grasped by the student

To this end, it is important to highlight that , thaulti dimensional and deep rooted problems in
provision of quality education in our schools manbe resolved by the efforts of the government
alone It requires the active participation of ttwmmunity , especially professional associations
which hold a substantial stake in education.

This manual is therefore the result of the grantaitive taken by ETA to contribute its part in the
improvement of the teaching and learning processlmols.



ETA took initiative of developing an alternative apaches of a web based science and mathematics
teaching. Thus, the material is expected to plagnaarkable role in giving the grade 9 chemistry
teachers the opportunity to use alternative methods

Provision of interactive science and mathematicsdes in schools plays a significant role in
enhancing the growth of a country’s science andrtelogy in particular and the economic
development in general. Strengthening of theseotessrequire planned interventions in all
dimensions of the teaching and learning processigysommunication technology in education is
one of such efforts since it provides interactivatyd simplicity to concretize the delivery of lesso

The main objectives of this manual are to:

« Provide alternative methods of teaching for gragbémistry teachers;
e Create opportunity of communication among the teesbn the issues of teaching chemistry

The manual is hoped to serve one of the two purpdbeslessons presented in the manual can

directly be used by the teacher in the classroonthey can be used as model to prepare lessons for
the contents. The teacher can therefore downloatefisens before the class, analyzes the design to
internalize the approach and use it directly ohveibme modifications if necessary. What the teacher

supposed to do are

¢ Organize the materials listed in the lesson
*  Write down lesson plan based on the lesson provided

You may use a lesson plan format adapted from SMA&Hrengthening Mathematics and Science
Education in Ethiopia) which is under pilot and nowgrading. A sample plan is prepared and
annexed at the end of the manual for the secorsriesf the unit 2, Structure of the Atom. Please
look at the lesson on page — of this manual antyam&ow it is related to the plan.

It is not possible to suggest teaching methodshiemvhole lessons of grade 9 chemistry courseisn th
limited pages manual. Some ‘difficult’ representatcontents of each unit are selected using expert
judgment basically depending on abstractness @ipi tand misconceptions students may acquire
during a lesson. The unavailability of teaching eniails in schools is the other criterion for the
selection of the topics for treatment in this mdnliasuch topics are treated using some model
teaching approaches, it is believed that the reimgisimilar contents can be taught in the same way.



Selected contents

No

Unit

Lesson Content

Structure of the Atom

» The Dalton’s Atomic Theory

« Discovery of Electron

» Atomic number and mass number and Atomic mass, and
isotope

» The atomic Models

* The Quantum mechanical Model

Periodic Classification of the
Elements

* The modern Periodic Law

| « Classification of the elements

« Periodic Properties in the Periodic Table

» Project work on the periodic table (Individual Task

Chemical Bonding and
Intermolecular Forces

« Introduction to Chemical Bonding
« Formation of lonic Compounds

« Properties of ionic compounds

« Inter molecular forces

Chemical Reaction and
Stoichiometry

* Introduction to chemical reaction
» Balancing Chemical Reactions
» Types of Chemical Reactions

* Limiting and excess reactant

» Oxidation reduction reaction

» Rate of Chemical Reactions

Physical State of Matter

* Properties of Gases and kinetic molecular theoyasks
» Vapour Pressure
« Phase change and Energy Change in Solids

When necessary, some brief notes are given in traual at the beginning of the lessons. Moreover,
the following general pints are advised for teashir note during the planning and delivery of

lessons.

When planning a lesson, the focus should be on $tadents learn not on how the teacher teaches.
This means that the teacher should device in higitear activities which challenge the students in

Table int. 1

their learning. The activities should be motivatemgpugh for the students to participate in thedess

with their minds, hands, tongues and hearts on. ddiwities should engage students in critical




thinking, provide something to be done by theirdgrand assist them to make decisions or bring
about change in attitude. Unlike telling or infongifacts, teachers require creativity in orderetad|
students into an investigation of a concept.

Care should be taken when activity is designed ussxanless there is certain bridge or clue for the
students to go through, they may not be motivadeditit. So, formulation of an activity needs to be
based on the known concept to explore the unknown.

The sample lessons presented in this manual cafsifferent activities to be done by the students
in groups or individually. Most of our schools’ s&es are so large that it is difficult to arrangats
and make groups for discussions. Besides thiserigl, all the possible efforts should be made to
involve students since lessons are successfullieweth when students’ participation is maximized.
For example it is possible to arrange discussion fetudents in a desk or face to face with other
students across desks. .

Tasks that are given to the students should be eedrunderstandable so that students are not
bothered with the procedures and steps of theitietivThis can be done by providing worksheets in
the form of tables or charts in which students directed to write their responses. Provision of
printed worksheets is not possible in most of ahrosls in such cases; the teacher may write the
worksheet on the chalk board in advance or preppane manila papers and post on the wall where
every student can see and copy.

As mentioned above, the lessons presented in taiial are only sample lessons selected as models
for the remaining contents. Therefore the teachesy adapt the methods on the basis of their
circumstances.



» Describe the existence of small particles of suttsta
» Describe Dalton’s atomic theory
* Comment on the postulates of Dalton’s atomic theory

Materials: iron wool, iron filings, Paper clips
#$ %

The aim of the activity is to enable students unders how small the atom is and how scientists
found its existence.

Make groups of students depending on your clagatfin. Let them discuss the following issues one
after the other.

1. Is matter continuous or discrete? Meaning if yartstutting a piece of iron wool, is the process
of cutting continuous or stops at a small partibkt you cannot cut further?

2. Take a single particle of iron filings and try tivide it. Is it possible to do so? How would the

particle of iron filings compared with the smallgsissible iron?

How do you think scientists found the existencéhefsmall particle of a substance?

4. When elements combine, their mass ratio is alwaysrall whole number. Why do you think is
this always true?

w

Let each of the group representatives make repodnenof the issues. The other students should be
given an opportunity to comment on the reporthefdroups.

Since students have some idea regarding an atam their primary school chemistry, they may
come to a conclusion that matter is discrete. Thay remember the ideas of the Greek philosophers,
Aristotle and Democritus. However, you should beefid to avoid misconceptions such as ‘particle
of an iron filings is the smallest particle’ becaudbey cannot divide it further.

After they reflected their observation on the secquestion, you may give them the sizes of irort dus
which is 4- 20um (1m = 1,000,000 um of° 10m) and size of an atom of iron to be 156pm (1m =
1000000000000pm or ¥¥pm). So, size of the atom of iron to its dust @detis 156pm/4x 1pm =
3.9x10° or 156pm/ 20x1%m = 7.8x16. This means one dust particle of iron should lmkén into
39million to 7.8 million places to find an iron ato

For the third question, students may suggest ttiahtsts used microscopes to detect the atoms. It
should be clear to the students that any instrumétiit the highest possible magnifying capacity
cannot show the atom.



The fourth point is about the finding of Joseph BtoWhatever idea the students forward, make clear
that whole number ratio results only if the smalitizles of the combining substances unite in whole
number; not in fractional parts. This can be exmdi by analogy. To make a bicycle, one bicycle

body is assembled with two tyres. Half bicycle bahd two tyres or one bicycle body and one and
half tyre etc cannot make a bicycle. Similarly éorample, two atoms of hydrogen and one atom of
oxygen make one water molecule no more any lesswBatever pure sample of water you take, it

always contains 2:1 ratio of atoms of hydrogen exyen which makes 1:8 mass ratio.

With this explanation students understand thatetkistence of the small particle of a substance is
confirmed by experimental processes.

Evaluation

Ask students whether matter is continuous or disaad how is the existence of atoms proved.

& #( %

Introduce the postulates of Dalton’s atomic thedyfter making the ideas in the theory clear, allow
them discuss each statement of the Dalton’s attimiery and determine whether they are still valid
today.

1. Elements are made of small particles called atoms

2. Atoms are indivisible and can neither be createddestroyed

3. All atoms of the same element are identical anctlthg same mass and size

4. Atoms of different elements have different massebsize

5. Atoms combine in small whole numbers to form conmatsu

Let their discussion focus on the following two gsin

1. Are atoms indivisible particles as stated in pagtiR
2. Are all atoms of an element exactly identical inr@spects including mass, postulate 3?

Let some students respond to the activity questimma their previous understanding of the atom.
Much is not expected from them because the idehbeilclear in the next lesson. However, you
should make them curious about these two incopestulates by informing them about the findings
of the experimental results. That atom is subdiviéal electrons, protons and neutrons. Similatly, i
is found that there are different atoms of the satament known as isotopes.

Evaluation

You can ask students to state the postulates dbiDalatomic theory and to identify which of the
postulates are not accepted at the present.

Concluding activity

Procedure



1. Show the students a chain of about 10 or more paipst
2. Ask them what would be the smallest possible darifg/ou separate the chain.
3. If you cut the last paper clip, can it play theerof a paper clip?

Let the students conclude that as the paper clipéssmallest particle of the chain, an atom is the
smallest particle of an element.



 Explain the discovery of electron
 Describe properties of electron

Materials

? Charts with discharge tubes
#* %
Revision of the modern atomic theory

Let the student’'s state postulates of modern atdheory focusing on its basic difference from
Dalton’s atomic theory. Make sure that slow leasneave understood that atoms are divisible. This
can be done by asking them to state and interpegpdstulates. You may write the important point of
the postulates they mention on the black boarddestis should be invited to amend the ideas
forwarded by their friends.

Evaluation:

- Which proposals in the Dalton’s theory are modifiethe modern atomic theory?
- What were the evidences that served as the badiss@mendments of Dalton’s theory?

& #+ %
Ask students t@redict how scientists came to know the presence of pestio an atom. Appreciate
any idea they may forward. This may give you sonmferimation about students’ preconception

regarding atoms and their particles.

Then give a brief summary of the famous experimanmtied out by Thomson using the discharge
tube diagram. This could include the following psint

- The apparatus consisted of two electrodes in aftobewhich most of the air had been removed



The Cathode Ray Tube or Dizcharge Tube

When a high potential difference was applied acthes electrodes a stream of particles passed
between them

« Thomson called these particles cathode rays bethegeame from the cathode

- The cathode rays moved straight to the anode, andgh a hole in it, to a screen coated with zinc
sulphide

« The zinc sulphide glowed when struck by the catlraste

« The cathode rays were deflected by both magnetiekeutrical fields

- The cathode rays were attracted by the +ve elgutaie but repelled by the —ve electric plate

- Thomson obtained the same results when he changerhthand the other materials in the tube

« A cathode ray consists of a stream of electrons

Make students into groups depending on your cliaes ¥ou may give the following group activities.
The activities may be written on a piece of papecadpies to distribute to groups or on a chart and
posted on the wall for all students to see or enctialk board.

Discuss the following and give reasons

1. Observe the experimental setup carefully; tellghes of the apparatus and their functions.

2. When a light paddle was kept on the path of thbazd ray, the paddle was rotated. Tell the
reason. An obstacle of a cross kept on the patheofay casted a shadow on the screen of the
discharge tube. Discuss why.



high voltage
anode

A light paddle obstacle

3. The rays are attracted to the positive terminathef electric plate while repelled from the
negative terminal. Why does this happen?
4. Thomson observed the same result when he usedediffgases and materials.

Generalize as in the following table

No Observation Findings
1 | Rotation of light paddle

2 | Shadow casted on the screen

3 | Attraction of the ray to the positive terminal

4 | Observation of the same result for different gase

Let the group representatives come in front to thalkcboard and write their findings. The class
should comment on the responses of each group.

)

Ask students to state all the observations andagxpheir findings
Give the students opportunity to ask questions.

Let other students respond to the posed questions.

You may comment on the answer if necessary

! , - #. %

Ask some students randomly to give summary of thgsdesson. Make sure that students are able to
explain that:

» Cathode rays move in straight line because theaoleson their path casts a shadow on the screen

e Cathode rays have masses because the paddle at&sinohen it was strike by the ray.

e Cathode rays are negatively charged because they atigacted to the positive terminal of an
electric field



» Cathode rays are contained in all substances beaglisn different materials were used in the
discharge tube, they showed the same result.

Students should discuss how, from this evidencemdon was able to state that:

» An electron carries a negative charge.
* An electron is a fundamental constituent of all terat



« Tell the number of protons and electrons in an dtom the atomic number of the element
« Determine the number of neutrons from given vahfestomic numbers and mass numbers
» Explain the atomic mass and isotope

Material
Work sheet
Note for the teacher

This lesson may take two or more periods. The fiegiod should be used to introduce by giving
starter activity and explaining the procedure @f #ativity. All the groups and the individual statie
should know their tasks during the activity. Yowshl supervise the groups during their discussion
and make clear any misunderstanding they may t&twelents should be free to ask any question at
any time and they should be encouraged to actpatiicipate because they explain the tasks to their
friends later on.

#( %
You may start the lesson by the analogy of thegassent of roll nhumber to the students in a
classroom and its importance. Let them discuss homell number is given to a student and its
importance. Guide them to come to the conclusiat tbll number is assigned on the basis of
alphabetical order of name of the students anchegacuse them as short hands for the name of the

students.

Now you can ask them how we identify different asoofi the same element and atoms of different
elements using similar procedure.

Then introduce the lesson
Evaluation

You may ask them: can two or more students in ssdi@ave the same roll number?



& #- ( %
Procedure

» Group your students into a maximum of 8 studerksgaslow, medium and fast learners into
consideration. This is a base group. Let the studantsich base group elect their chair person
and secretary.

* Give numbers 1 to 4 to the students in a groups Wil be repeated in a group if the number of
the students is more than 4. Meaning there maywbdts and two 2’s etc.

» Let all the 1's make one group, all the 2's the selcgroup, the 3's third group and etc. These
groups are called expert groups. They should ase a chair person.

» Assign each expert group a section of the textlmyo&tomic structure

o Group 1- atomic number, textbook page 15

0 Group 2- mass number, textbook page 15-16
o Group 3- atomic mass, textbook page 17-20
o Group 4- isotopes, textbook page 17-20

» Provide a focus point of discussion on a chart otewt on a chalk board. The focus sheet will
contain questions that help the students select gagts/ideas from the reading. Points of
discussion for each group are:

Atomic number group

What is an atomic number?

How is it related to the numbers of electrons amadqms in an atom?
What is the purpose of an atomic number?

Can two or more different atoms have the same atominbers?
How is an atomic number used in the periodic table?

aprwdhPRE

Mass number group

What is mass number?

How do you determine it from the number of nuclearticles?

Is mass number the same for all atoms of the séenseat? why?

What is the relationship between the number ofpiteeons, the number of neutrons and the
mass number?

5. How do we use mass number to identify a particalam of an element?

rpowdhpE

Isotope group

What is an isotope?

What is the difference between isotopes of the selamaent?

Give examples of elements with isotopes.

Represent isotopes of the same element using sianbptesentation

rpowdhpE



Atomic mass group

)

1. How do you compare the actual mass of an atometonidiss of objects in your environment?

Is it possible to measure mass of an atom usiniganyscale?

3. What did the scientists do to avoid the difficutiff using the extremely small mass of the
atoms?

4. What is relative atomic mass?

What is the standard element in the establishmierglative atomic mass? Which element is

used for this purpose?

What is the unit of relative atomic mass? How @edtermined?

What is the average atomic mass?

How is the average atomic mass determined?

Calculate the average atomic mass of element Kast two isotopes X-40 and X-41 with

relative abundance of 60% and 40% respectively.

o N
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Instruct each group to read their section of theébtmok and answer the questions on the focus
sheet.

Students in the expert groups will discuss theirgpdnd come to an agreement on the key points
of the text. Students will revise the answershmairtfocus sheets, if necessary.

Instruct students to return to their base groupbtake turns to share the key points from their

section of the text. Students will answer the tjoas on the focus sheet as their group members
discuss the key points.

Let the base group representatives report the keyspof their discussion to the whole class. You
may ask them the main key points of each topic.

Let the students perform the following activities.

1.

w

Given numbers of protons, neutrons and electraishkem write symbolic representation of the

element a8, X.

Give number of protons, number of neutrons or massber, let them calculate the other.
Let them define relative atomic mass and averagmiatmass.

Given relative abundance and isotopic massesdet ttalculate average atomic masses.



« Explain what a model is

* Name the five atomic models

e Explain the procedures of researching works Dalfdrgmson, Rutherford and Bohr did in
attempting to describe atomic structure.

Materials

Worksheet

The lesson may be started by initiating discussiom anodel. Ask students what they know about a
model. The questions can be

e What is a model?

*  Why do we use models?

e Tell anything you know that is represented by a rhode
« Why did scientists use models to describe atoms?

Give some time for the students to think over. Theinstudents give their opinions. You may
facilitate discussion on the different views forded by the students.

Students may forward ideas like:

e Models are ways of representing some thing
e Their model examination of grade 8, models they uis¢leir biology classes,
» Scientists want to teach the others etc.

Whatever idea they mentioned, do not forget togeréthem and paraphrase their points in the correct
direction.

After the discussion make sure that they arriithatollowing conclusions:

» A Model is the mind’s picture of what a real thiwguld look like. From idea and experiences the
mind constructs picture of models about things Witannot be easily seen directly.

* We use models if we cannot access the actual othjesdtly due to different reasons. These may
be

» Objects that are too big, too small or positionedt $s difficult for them to be seen easily.
E.g. cell, heart, atom

» Processes that cannot easily be seen directlydiggstion

e Abstract ideas. E.g. particle nature of substarexes,gy transfer etc



* In biology internal organs taught by models. Thislude: the skeletal system, digestive system,
the heart etc. In chemistry also abstract conchligésatoms and molecules are described by
models.

+ Atoms are extremely small invisible particles. &tigs study their behaviour using experimental
investigations. To explain the behaviour of the a&pthey use models.

Remind the students the works of Dalton, Thomsanth&ford and Bohr and ask them how their
contribution can be depicted.

)

Ask them to explain what models are and why wethiem.

Students will explore the development of atomic giledThey will learn about the atom, how

the concept of the atom has changed over time andthis illustrates several aspects of the
nature of science. This means they understand rexglapment of the knowledge of the

atomic structure increases the fields of studyciarse.

They will research and answer questions in relatotine development of the atomic models
by each of the following scientists. Students Ww#él expected to present biography of one of
the scientists to their classmates.

&

Procedure

1. Let your student’s call numbers 1-4 one after ttheeio

2. Give Dalton’s theory for those who called the numbeThomson’s theory for those who called
the number 2, and Rutherford’s theory for those whlted the number 3 and Bohr's models for
those who called the number 4.

3. Write the following assignment guiding points o tthalk board so that all students copy and
use them in their investigations.

Dalton’s group

When Dalton did propose his theory?

What was his nationality?

What was his work?

Did he conduct experiments to develop his model?

What was the basis of his theory?

How did his model of the atom change the understgnaf matter people had by that time?
Draw and describe his model of the atom?

@ "oao0op

Rutherford’s group



When did Rutherford formulate his model of the atom

What was his nationality?

What was the name of his experimental apparatus?

Give the summary of his experiments that lead himpropose his model
What was his contribution to the development ofatmmic theory?
How did he amend Thomson’s atomic model?

Draw and describe his model of the atom

A N

Bohr’s Group

When did Bohr formulate his model of the atom?

What was his nationality?

What was the name of his experimental apparatus?

Give the summary of his experiments that lead loipropose his model
What was his contribution to the development ofatenic theory?
Write down his statements about the electron iatam.

How did he amend Rutherford’s atomic model?

Draw and describe his model of the atom

S@ e o0 oTe

Members of each group should come up with a resoluto the posed questions. Then after
completion of the task tell them to go to theirpestive base groups to share their findings torthei
friends.

Evaluation

Let representatives of each base group presentdirepuints of their discussion.

You may ask them the key points of each atomic hode

Concluding activity

Let students summarize the development of atomiceinstdrting from Dalton’s theory to the Bohr's
model.
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» Describe the quantum mechanical model
« Describe the main energy levels and sub-energysieve

Material :

1. chart showing main energy level, sub-energy leaed, maximum electron capacity ( table 1.5
on page 27 of student textbook)
2. chart for sub-shell, number of orbital and maximummber of electrons

#+ %

You can start the lesson by revising Bohr's electomnfiguration of main energy levels. Ask
students:

« How are electrons arranged in an atom?

* What do we call the stable orbits in which electrexist?

* What are the names of different energy levels?

* What are the maximum electron capacities of theggnkevels? How do you determine the
maximum number of electrons that can be accomtadday a given energy level?

« Give them some time after each question so thgtghare idea with their partners. Let them
raise hands and respond. Write the core idea oftindents’ answers on the chalk board.
Allow the other students to comment the answerscanabct if necessary. . This will give you
the opportunity to assess students understandigws the most recent lessons. Don't forget
encouraging slow learners to involve during sualisien discussions.

Obviously students can answer most of the quesbecause they learned it in their grade 7 as well
as in the previous lesson.

However, make sure that all students come to theartsus that according to Bohr:

« Electrons in an atom are arranged in restricted munob stable orbits or energy levels in
which they neither absorb nor emit energy.

e The orbits are called energy levels or shell

e The energy levels are denoted by K, L, M, N....shetlby principal quantum number 1, 2, 3,
4....energy levels

e The energy levels can accommodate maximum of 28832 electrons respectively. The
maximum electron capacity of an energy level iculated by 2h where n is principal
guantum number.



)

Give them elements with atomic numbers of 11, 16 48 and ask them to write Bohr's
diagrammatic representation of the atoms.

&

You can use the following analogy to explain thamfum mechanical model. As you have residence
address electrons in an atom also have systematitions. As you can locate your address starting
from Kebele to the bed on which you sleep, it isgiole to determine position of an electron stgrtin
from atom to the volume of space it occupies.

Your address Analogous location of an electron
Kebele Atom

Home Main energy level

Room in a home Sub- energy level in a main enezggl|
Bed in a room Orbital in sub-energy level

Direction of sleeping in a bed Spin of an electiroan orbital

Now you can make students discuss with their pesthg raising some questions.

Are all the kebeles equal in land size or in numddeesidents? How about the atoms?

How many houses are there in a kebele? Differetihe@same? Can you tell number of shells in
an atom?

Do all houses have the same number of rooms? Wioatt $he number of sub-energy level in the
energy levels?

You may explain what a sub-shell is at this poiifitose main energy levels are sub divided in to
sub energy levels. There are four types of subggrierels called the s, p, d and f.

How about the number of beds in a room? Is it ay@is to the number of orbitals in a sub-shell?
Orbital should also be introduced here. It is aunw of space occupied by maximum of 2
electrons.

The maximum number of people sleeping on a bedrumolenal condition? Maximum electron
capacity of an orbital?

Students should be informed that the two electhom@s orbital spin in opposite direction.

Then use the chart to harmonize the discussion.ehslks have different size so do the atoms. Small
atoms have lower number of shells as small ketbeles lower number of houses.

Similarly, as houses of many family members, shdwade normally many rooms or sleeping places,
shells or main energy levels of many electrons many sub-shells or sub-energy levels as well.

Indeed as large rooms accommodate many beds angl pwuple, larger sub-shells have many
orbitals and hold many electrons.

Usually two persons (male and female) sleep in @& b@®rbitals are also safe heavens for two
electrons but can never hold more than two elestr¥iou may tell them humorously that when two



persons sleep in a narrow bed, they sleep in ofgpalsiection so that they can fit to the bed.
Similarly, electrons always orient in opposite sipimn orbital.

Use the second chart to explain the sub-shell, murmborbitals and their maximum capacity.

Sub-shell/sub-energy level Number of orbitals Maximam number of electrons
S 1 2
p 3 6
d 5 10
f 7 14
)

You may give them the following individual work.

1. Write down the first four main energy levels andithiespective sub- energy levels

2. Write down the sub-energy levels and their respecatumber of orbitals.

3. What is the maximum number of electrons in eactheffour sub energy levels?

You may observe the works of each student andtdalksise who have difficulties.

Give opportunity for the students to ask questites$.other students answer the forwarded questions.
1 y - #+ %

Explain how the quantum mechanical model modifiedBlohr model?

Make sure that the slow learners are included énldlsson. Let them respond to this question as
follows:

« The main energy levels have sub-energy levels.

* The sub-energy levels consist of a number of obithht increases as quantum number
increases

« The orbital can accommodate a maximum of two elastro

e The two electrons in an orbital are oriented in gigospin.



« State the modern periodic law

« Describe periods

« Describe group

« Describe the relationship between the electrominfiguration and the structure of the
modern periodic table

Materials:

« Bohr model of the atoms of atomic number 1-18 drawra hard paper and carefully cut out.
The number of models must be equal to the numbgrafps of students. Name and symbol
of the elements should not be written on the model.

e Manila paper for each group, Gum

You can print and carefully cut the figures of thedels given at the back of the manual.
#. %

Imagine that students of grades 1-8 in a primahpgkare lined up straight by a sport teacher durin
a flag ceremony. Supposing that each grade hasomel\section, ask students to discuss the following
in their groups

1. How are the students in the vertical and studentise horizontal rows related?
2. Does it resemble the MendeleeVv’s periodic table?
3. Explain the drawback in the periodicity of the stots’ arrangement?

Let them discuss the relationship between the ardied the horizontal lines.
Gear students’ discussion to make the followingctasion:

» All the shortest students of the classes are irfiteeraw and the second most short students are
in the second raw etc.

* The grade of the students in a raw consecutivelyeases by one from 1 to 8

* The height of the students in a vertical columal$® increasing gradually.

» The students in a vertical raw are in the samegyrad



Although there are certain similarities in the romswell as in the columns, the weight of students
along the horizontal rows may not show some regulaknalogously, this may be compared with the
Mendeleev’s classification which was based on atomasses.

)

With respect to periodicity, ask the students twl fout the anomalies of the Mendeleev’s periodic
table and that of the arrangement of studentdiimeaduring the flag ceremony.

Students should mention there is irregularity im wWeight of students along the horizontal rowssThi

is the same as the irregularity in Mendeleev'sealthich was based on atomic masses. There is
irregularity in properties because an element ofjdamass has been arranged in a row before an
element of a small mass

& #T . %
Procedure

» Arrange students into groups equal to the numbeyets of models you prepared

* Provide each group with the models

e Order the students to sort and arrange the mod#iscertain types of similarities into horizontal
row and vertical column.

* Remind them that their table should come up wittopkcity

» If you observe them facing difficulty during youupervision, give them clue to remember
electron configuration of the elements.

» Let them paste the models on the manila with tha gu

* In their discussion, they should give reason feirtarrangement

* What criteria they used to arrange elements irebatal rows?

* What criteria they used to arrange elements iricartolumns?

* What generalization can be drawn regarding thesifleation of the elements?

» The group representative should come in front &s@nt the groups work

» Let the rest of the class comment and discusgatiies presented

Dear teacher, students might have good back grenodledge of the periodic classification from
their grade 7 chemistry and they might come up hwvaibrrect conclusion. Make sure that they
managed the following points

» All elements in a horizontal row have the same nemmiif shells and the horizontal rows are
called periods

* Number of shells of atoms of the elements equap#riod number of the element in the periodic
table

» All elements in the vertical columns have the sameber of valence electrons and vertical
columns are called groups

* Number of valence electrons of atoms of the elemeqtals the group number of the element in
the periodic table



Periodic properties of the elements are the funatictheir atomic numbers.

Their table should look like the following but in Bits model.

H He
Li Be B C N F Ne
Na Mg Al Si P Cl Ar
K Ca

)

Ask the students the following questions

* What do elements in the same horizontal rows hawemmon?

* What do elements in the same vertical columns lragemmon?

» Are they arranged according to the increasing ooddheir masses as in Mendeleev’s table or
according to the variation of another importantda®e

« State a periodic law based on your observation.

You can use the long form of the periodic tabledoclude the lesson. Display the periodic table so
that all students can see it.

Let them closely look at the table to compare thweirks of arranging the elements.
You may give them the following individual activas so that they can come up with generalization.
Complete the following tables.

1. Find the valence numbers by writing electron camfégion of at least one element from each
group.

Group number 1 2 3 4 5 6 7 8

Number of valence electrons

2. Find the numbers of shells by writing electron égmfation of at least one element from each
period.

Period number 1 2 3 4 5 6 7

Number of shells or energy levels

Check the performance of student and help the lamers to come to the conclusion



Students may do the activities as follows:
1. Finding valence number
They may write electron configuration of any ondlaf group 1A elements. For example:

11Na — electron configuration for the sub- energyelsvs: 18 22p°3s". The last energy level, the L-
shell contains only 1 electron. Therefore, the nendd valence electron for group IA is 1.

Group llA: ,sCa can be taken as an example, which has eleatrdigaration of

1 2¢ 2p° 3¢ 3p° 4<. The last energy level of calcium, the fourth gyelevel, contains 2 electrons.
Therefore the number of valence electrons of grdédpelements is 2. The number of valence
electrons of the other groups can also be fourtdersame way.

2. Finding Numbers of shells or energy levels

The number of shells of an element is also deteminime writing its electron configuration. The
number of shells or energy level of an elemenhésnumber of shells its electrons occupy. Any one
element of a period can be taken as an exanyflecan be taken from period 3, which has electron
configuration of 15 252p°3s3p%. Since electrons of phosphorus occupy 3 energgldevt has 3
shells. Similarlys;;Ga can be taken from period 4. Gallium has an mlectonfiguration of s
252p°35°3p°4<3d'4p", as the result, its number of shells is 4. In thig students can complete the
tables and make conclusions that the number ofigalelectrons is equal to the group number of the
element in the periodic table. Similarly the numbéshells of an element is equal to the number of
period of the periodic table in which it is found.

)

What is the difference between Mendeleev’s peritalicand the modern periodic law?

Give examples from the periodic table to show tlahdeleev’s classification, which was based on
atomic mass, has short comings.

What do we call the horizontal rows? What is thengwn characteristic of the elements in rows?
What do we call the vertical columns? How are tleenents in the columns related?

Make sure that the slow learners correctly resgoritle above questions. These are:

Mendeleev’s periodic law is based on atomic massevthe modern periodic law is based on the
atomic number. One of the students should coméeeriodic table to show the mass order of K
and Ar. The others may tell that many elements hsw®pes with different masses. Atoms of the

same elements cannot have different positionsearp#riodic table.

The horizontal rows are called periods and theyainrglements with the same number of electron
shells. The vertical columns are called groups @lechents in a group are related because they have



the same number of valence electrons. Encouragdatielearner students to work out electron
configurations of the heavy elements and find tpeiiod and group numbers in the periodic table.



» Describe the three classes of the elements in tdem Periodic Table

e Describe the four blocks of the elements in theoplec table in relation to their electronic
configuration

e Tell the block of an element from its electronic figuration

Materials
° + $
« - & &

tx b

This lesson can be started by revising the relatiprisetween electron configuration and the periodic
classification of the elements.

Provide students an activity to find the group getiod numbers of the elements with atomic
numbers: 6, 15 and 19.

Let a few students come forward to write the electronfiguration of one element on a chalk board
and assign the group and period numbers. The réamgastudents should give comments on the
works.

At this level students should write the electromfigurations both in main energy levels and sub-
energy levels

Atomic number 6: - 2, 4 or 185 2pf because this element has two main energy leveéssidcated in
period 2. Similarly, it has 4 electrons in the out®st shell, L-shell ( 2s and 2p), it is locatedyroup
4 of the periodic table.

)

Students can be asked how one can find out thecparid group numbers of an element.
& #*( %

Procedure

1. Arrange students in groups depending on the class s
2. Let each group elect chair man and secretary

The following activity may be printed and given feach group or can be written on the chalk
board before hand.



3. Give them the following four groups of hypothetiedéments with atomic numbexgA,

a)
b)
<)
d)

3881 4C1 19D

8E1 13F1 3561 5H
24'1 40‘]130K1 21|—
58M1 90Q1 64 R1 66T

4. Write the electron configuration of each memband answer the following questions in group.

a.
b.
c.

What is the similarity in electron configuration ang members of each group?

Write valence electrons configuration of each grofifhe elements.

In which of the group(s) do all members (elemehts)e valence electrons in the same energy
level?

In which of the group(s) do members have valeneeteins in different energy levels?

Write the relative position of the elements eaabugrin the periodic table. This can be done
by observing the periodic table.

e Group a.
e  Group b.
 Groupc.
e Group d.

Give your own reason why these groups of elememtgyaven the positions in the periodic
table.

Write down a summary or generalization about thesdgification of the elements in the
periodic table.

Let the representative of each group present thsiervations to the class.

The whole class may discuss on the presentatioestiqns answers among students should
be encouraged.

On the basis of students’ discussion, you can igdollowing explanations

Those elements whose valence electrons fall is-thibital are called s-block elements. Ask
them in which group they are?

Elements with valence electrons in the p-orbitalcaiéed p-block elements. Ask them which
group elements they are?

The s andp block elements are collectively called represérdgatlements or main group
elements. The groups are represented by roman nanibléowed by letterA. These are
groups IA to VIIA

Elements whose valence electrons enter the d- bdmacalled d-block and those with the
last electron in f-orbital are f-block.

The d-blocks are called transition elements becaheg are located between the two
representative groups of elements.

The f-block elements are called the rare earth mé@tause they are found rarely in nature.
You may give further explanation on each blockhef élements the next period.



)

Students can be asked the following oral questiommswer individually.

PowbdpE

How many blocks does the modern periodic table Pave
What is the basis to classify elements in the jgitable into blocks?
Identify the relative positions of each block ir theriodic table.

What are the especial names of each group?

Encourage the slow learners to answer the aboveigues

You can give the following concept map for the stutd as a concluding activity.

Fill the blank spaces in the concept map with {hrapriate terms.

Made up 2 e

A/g;oups

Member

nf

Periodic Table

Classified into

Feisit's
1 member

Consists of  Found at the

\ ;

nonmetals  hottom

/

P-block

Commonly called

5

4
Member of l

!




Make sure that students copied and completed thespd map successfully as follows.

Block

s-block

d-block

f- block

Transition elements
Representative elements
Rare earth metals

Main group elements
Middle

CoNOOR~WNDE



Additional exercise

The following is part of a periodic table. Carefullpserve the table and answer the questions below.

Group 1A A [lIA B IVB VA VA VIA  VI[IA VIIA
Period

1 A

2 B E
3

4 F D

©oNoOO~wWNPRE

and ‘c’?

10. Identify the element(s) which has the last electrod-orbital

Answer
1. A
2. C
3. E
4
5 3
6. 8
7. A
8. 3

9. They have the same shells.

10.Dand F

Group IVA and period 3

Identify the letter (s) which represents the s-klelements.

Identify the letter (s) which represents a noblgs. ga

Identify the letter(s) which represent a halogen.

Where would you place an element ‘g’ with electoocnfiguration of 2,8,4 in the given table?
How many valence electrons has the element demyteé@

What is the valence number of the element repreddny c?

Identify the element with the highest metallic cwer
How many shells has the element represented by ‘d’?

What is the similarity between the electronic cgufations of the elements represented by ‘b’, ‘e



e Explain the general trends in properties of elemédatgn a group of the Periodic Table

« Explain the general trends in properties of elemaatess a period of the Periodic Table
« Deduce the properties of an element from its pmsiin the Periodic Table

« Make a charts to show the trends in propertieseshents in the Periodic Table

Materials

Periodic table, charts to show trends of propenfabe elements in the periodic table, worksheet a
concept map.

Note for the teacher

This sub-topic is covered in six periods. So, yoy mse the first period to group students, explae t
procedures of the activities, sharing the tasks @dmatking whether students understood the process
clearly.

You may assign two groups to present two propemiesperiod. Each group may be given 10minutes
to present its work. The two groups together ne@mifutes. 10 minutes can be used for questions
and answers. The remaining 10 minutes may be useelvfduation. The last day may be used for

summary, questions and answers.

#( I
Revising period and group of the periodic table

The following points may be raised for discussionpairs with their bench mates and respond
afterwards.

* What are the relationships between elements imiagie

¢ How are elements in a group of the periodic tablated?

¢ Do all elements in the same period have the sapm@epies?

e Do all elements in the same group have the sanpegies?

* Tell the properties in the period or group you kreovd their trends.

Pose for some time so that students discuss atiuelet give their response. Encourage the resteof th
class to supplement, amend, object or approverth@exs given by a group representative.

Some students may think that all elements in ap@ne identical in all respects. But you should
explain that although elements in a group have dhime valence electrons, they have different
properties. At this stage introduce properties:likeclear charge, atomic size, electron affinity,
electro negativity, ionization energy and metgtlioperties.

#H



Students may know some of these properties and tteids in a period and group. After they
adequately discussed, check that all of them camthe following summary points:

» All elements in a period have the same number efisland those in the same group have the
same number of valence electrons.

» However, their physical and chemical properties/vara period and a group with certain trends
that they can explain after they study this lesson.

e The periodic properties are: nuclear charge, atoside, electron affinity, electro negativity,
ionization energy and metallic character.

)

Give them the following evaluation questions: Whappens to properties of the elements as you
move in a period and a group? List properties ofdlenents which show some changes across a
period and a group of the periodic table.

& #e . %
Procedure

1. Arrange your students into base groups of 6 memimrdomly. Give numbers 1 to 6 to the
students in each base group. Giving number shaulkhbefully done so that if number 1 in group
1 is fast learner, number 2 in group 2 should k= fearner etc. so that in the expert group
distribution of students include all kinds of lears.

2. Let all the number 1's come together to make ormumgyr all the number 2's make the second
group and all the number 3’s the third group ettese groups are called expert groups.

3. Arrange the expert groups according to the follmporrespondence :

nuclear charge
atomic size
ionization energy
.. electro negativity
electro negativity
metallic properties

4. Provide worksheet to each group that contains d&on points. If facilities are not available to
supply written worksheet, it is possible to write fpoints on the chalk board before hand.

Discussion points

a. Nuclear charge

What is nuclear charge?

How the trend does vary along a period? Why?

How the trend does vary in a group? Why?
Give examples by taking one period and one groupeperiodic table.

PowbdpE



Draw a graph of nuclear charge against group nurabdra graph of nuclear charge
against period number. Compare the two graphs aitel down your observation.

What is effective nuclear charge?

Explain trends of the nuclear charge in a periodiaradgroup of the periodic table. Give
reasons.

b. Atomic size/ atomic radius

oukrwbdE

What is atomic size?

How the trend does vary along a period? Why?

What are the factors affecting it along a period?

How the trend does vary in a group? Why?

What factors influence atomic size when descendown a group?

Give example by taking one period and one grouphefperiodic table. Draw Bohr's
model to explain how atomic size changes along#r®d and down the group.

Where in the periodic table is the largest atonated? What about the smallest atom?

c. lonization energy

PownNhpP

o

8.

What is ionization energy?

Give three examples of the ionization of atoms

How is its trend along the period? Why?

What factors influence its trend in the periodtod periodic table? Explain the effects of
each factor.

How is its trend in the group? Why?

What factors influence its trend in the group d&f theriodic table? Explain the effects of
each factor.

Where in the periodic table is the atom with thegdst ionization energy located? What
about the atom with the smallest ionization energy?

Do the metals or the non-metals have the highe&ation energy? Why?

d. Electron affinity

PownNhpP

o

8.

What is electron affinity?

Give three examples of reactions to show electffmity.

How is its trend along the period? Why?

What factors influence its trend in the periodtod periodic table? Explain the effects of
each factor.

How is its trend in the group? Why?

What factors influence its trend in the group d&f theriodic table? Explain the effects of
each factor.

Where in the periodic table is the atom with thegyést electron affinity located? What
about the atom with the smallest electron affinity?

Do the metals or the non-metals have the highestreh affinity? Why?

e. Electro negativity

#)



7.

What is electro negativity?

How is its trend along the period? Why?

What factors influence its trend in the periodtw periodic table? Explain the effects of
each factor.

How is its trend in the group? Why?

What factors influence its trend in the group af gieriodic table? Explain the effects of
each factor.

Where in the periodic table is the atom with thgédst electro negativity located? What
about the atom with the smallest electro negativity

Do the metals or the non-metals have the highestrel negativity? Why?

f. Metallic character

N

6.
7.

What is Metallic character?

How is its trend along the period? Why?

What factors influence its trend in the periodtod periodic table? Explain the effects of
each factor.

How is its trend in the group? Why?

What factors influence its trend in the group d&f theriodic table? Explain the effects of
each factor.

Where in the periodic table are the metals locatéal? about the non-metals?

Where do we find the most metallic element? Whauékhe least metallic element?

5. Let the students take note of the group’s discassind go back to their base group.
6. Inthe base group each expert presents and expiitier topics points to the groups.
7. The members listen to the explanations, ask andermguestions.

You should supervise discussions of the studerdsaanid any misconceptions they that may result.
Some slow learners may encounter difficulty to akpltheir topics successfully. In such cases it is
advisable to assist and encourage by giving souescl

)

You can give the following kinds of class work exises after the lesson so that students can do
individually. This gives you the opportunity to kmdndividual student’s performance. Check the

works of the students by giving more emphasis éodlbw learners. The fast learners should also be
challenged by giving additional works dependingloslesson topics.

Here are some sample questions. The first one iagest effective nuclear charge, atomic size and
ionization energy while the second one summarizesmhole lessons on periodic properties. You can
construct similar questions and other alternatsgeasment to evaluate your students. It is believed
that such tabular forms of assessment somewhavabesi students by creating some interest. So, the
teacher should be creative enough to formulate quektions. However, students may face difficulty
in understanding it. To avoid misunderstandingeafhers, give them clear and adequate directions.

1. The following table shows part of a periodic tableet students answer the following
guestions related to the table.

#



Period | Group

1A A B 1B A IVA VA VIA A VIIA
2 Li Be B C N (0] F Ne
3 Na Mg Al Si P S Cl Ar
4 K Ca Sc Ti Ga Ge As Se Br Kr

Fill in the blank space with the correct term orgs#e based on the above table.

1. The element with the list nuclear charge is (1) and the one with the highest nuclear
charge (2) Nuclear charge of S is (3) than nuclear charge of Se.

As you go from Na to Cl along the period nucleaarge (4)

Effective nuclear charge (5) from B to Galevit (6) from Na to Ar.

Shielding or screening effect (7) down treup but (8) along the period from
left to right.

Atomic size of Liis (9) than that of K.

Element with the least atomic size is (10)
Element with highest atomic size is (11)

Atomic size of Ca is (12) than atomic sifebe because number of (13)
increases down the group.

Atomic size (14) from K to Kr because elats$ are filled on the same shell, the (15)
continuously increase and attraction forceeases.

2. Complete the following concept map using: ionizatienergy, atomic size, electron affinity,
electro negativity and metallic character.

#<



Periodic
proonerties

/

Those which decrease along the group
top to bottom

Those which decrease along the period

Increase both left to right

in the period
and aroun
Electron attracting ) O Measure of electron Influenced by the
DropertI Electron removing giving tendency number of shells
Property with in a Property of an isolated
mtfecule atom
Answer 1:

1. Li 6. Increases 11.K

2. Kr 7. Increases 12. Larger

3. Less 8. Remains the same 13. Energy levels

4. Remains the same 9. Smaller 14. Decrease

5. Increases 10. Ne 15. Nuclear charge

Answer 2:

1. lonization energy, electron affinity, electro negiay

2. Nuclear charge

3. Atomic size, metallic character

4. Electro negativity, electron affinity

5. lonization energy

6. Metallic Character

7. Atomic size

8. Electron negativity

9. Electron affinity

Let students come to the chalk board and explaintrigreds of the periodic properties by using
diagrams arrows and other descriptions possiblethi; way 12 students can gat opportunity to
explain one property each either across a peria@omg a group. The rest of the class should also be
involved by giving corrections if there are mistake give approvals for the correct works.

#.
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To enable the students to:

» Describe the advantages of the periodic classificaif the elements in the study of chemistry.
» Appreciate the classification of elements done iffgr@nt scientists.

e Describe the most important features of each dlaason.

» Discuss the changes in methods of classificatidh tirne.

Materials

Periodic table chart
# ( %

Let the students revise the previous lessons omdgiertable by raising all the contents from early
attempts of classification to the trends in propsriof the elements. This can be done by asking
leading questions like:

* What were the historical attempts of classificatioh the elements? What are their
similarities?

« How does the Mendeleev’s classification differ frdme other earlier classifications?

« What are the differences between the Mendeleevsta modern periodic laws?

« How many blocks does the modern periodic table PdVbat is the basis for these blocks?

« How many groups and periods are there in the mopleriodic table? What are the specific
features of each period and group?

« How do you determine the period and the group nusibkan element if its atomic number
is given?

* How is the electronic configuration of atom of alengent related to its location in the
periodic table?

« Which properties of the elements change in theodesf the periodic table? How and why?

«  Which properties of the elements change in theuafuhe periodic table? How and why?

Make sure that all students have participatedemrévision discussion and have grasped the concepts

)

Give atomic numbers of some elements and ask them t

- Determine period and group numbers.
- Number of shells and valence electrons



- Decide whether they are metals or non-metals
- Predict their properties like ionization energyatfon affinity etc.

Now you can provide the following project work.
3 ,

1. You may write the procedure on the chalk board.thetstudents understand it clearly and submit
their work in a week time.

2. You may provide lists of reference books availablthe library

3. The Students may be asked to collect the informadind prepare a written report of the project
using the format given below.

Objectives of the Project- why they are doing thejqzt.

Introduction — some information about their works.

Material required (if any) — this may be any matktiey used during their project work.
Procedure — stapes they followed in their work.

Presentation of the Information / Data Collected.

Conclusion.

Reference used

Collect the students work, check and categorizi ithree: the best, medium and poor performance
(you may do it based on your convenience). You alkw one student from each category to present
the group work for five minutes.

When you analyze the project and the presentatmnmay encounter the following conditions.

A few students may have not been able to collefarimation from different sources or may have
written the whole content from the text book; ardeints may have been motivated to search material
from different sources.

A Few students may have not been able to analyzedla collected and understand the merits and
demerits of different classification of elements, You may help the students understand the
significance of classifying the element in periaasl groups.

After the completion of the project, you may giveetdetailed information about the periodic
classification of elements, involving them in tiesdon, using question and answer techniques.
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« Define chemical bonding
« Explain why atoms form chemical bonds

Note for the teacher

Chemical bonding is one of the basic topics in as&mn Since it is an abstract concept which cannot
be applied to everyday life directly, many studearen’t able to comprehend this concept. They may
have difficulty to relate a microscopic world to enascopic world.

In addition, understanding chemical bonding requgeme concepts from physics such as energy and
force in which students already have difficultiesunderstanding. As a result, they hold many
misconceptions related to chemical bonding. Undedihg chemical bonding is important in
chemistry in order to comprehend the nature ofctiemical reactions and some physical properties
such as boiling point. Students usually have diffies in understanding why and how bonding
occurs.

Materials:

Chart for Lewis structures of the elements, peritalide chart
#* %

Observing our environment

Let students observe their surroundings and idestifystances they see. Ask them to tell whether
most of the substances are compounds, mixturdemeeats. The materials they listed may be:

Chalk board, chalk, the wall, the floor, air, p@encil, book, exercise book, desk, and wood, iron
materials covered with paints, cloths and pupils.

Are most of the materials elements, compounds gtumgs?

How many of these materials are elements?

Why do we find many elements in our surroundinga @éombined form?
Why some elements are found un combined in nature?

powbdpE



Let students give any idea they have. You may jetrdthe different ideas forwarded by the students.
At this stage no correct information is expectamhfrthe students. The different guesses forwarded
will help you to know students’ perception ofteemical bond.

Now lead students to come to the conclusion, tinabray the listed substances, the elements are
oxygen, nitrogen, and some noble gases like argwh heelium, in the mixture of air, and iron
materials covered by certain enamel (galvanizedaimted). The elements oxygen and nitrogen are
found as combined forming oxygen and nitrogen mdkscrespectively. As the result they are found
as free molecules. However, iron is covered nataimbine with other elements (remind them about
rusting of iron). So, the only elements found &g fatoms are the noble gases.

)

Ask the students about all the elements in theofaritable. Let them identify which ones are found
as free atoms in nature?

Main activity (28 minutes)
1. Why is the noble gas elements not combined?

Let the students make a research on the structutbesk elements in comparison to the other
elements. The following activity can help to make itvestigation.

Give the following atomic numbers of the elemett2, 11, 13, 6, 10, 15, 17, 18, 7 and 36
Write down electron configuration in the main eneleyels

Identify those elements with similar electron cgofiation. What makes them similar?
Where do you find the elements with similar confajion in the periodic table?

Why do not these elements combine?

What influences the reactivity of elements?

ok whPE

Check the students’ work and assist those withicdiffy. They may identify elements with only 8
electrons in the outer shells are similar elese®ut they may fail to categorize He as one membe
of the group. Explain that He is the member of n@ases because it has a complete first shell.



After some 10 minutes, ask the students to expedin findings.

Students should distinguish between noble and mihergases as follows

Elements with incomplete outer shell Elements witikomplete outer shell
H:1 He: 2

C:24 Ne: 2,8

N:2,5 Ar. 2,8,8

Na: 2,8,1 Kr: 2,8,18,8

Al: 2,8,3

P:28,5

Cl: 2,8,7

The difference between the two categories of elemisnthat those in the first category have 1 to 7
outer most electrons or incomplete shells wherelements in the second category have complete
outer shells.

They should refer to the periodic table to find that the elements with complete outer shells are
found at the end of each period of the perioditetatr the right most group VIIIA.

They should also come to the conclusion that thésments do not combine because they have
complete electron configuration. They can explamt #lectronic structure influences the combining
capacity of the elements.

Help students to know that not only have noble gasenplete outer shells but also lower energies.

Now students can be asked to suggest how the elweents can have similar electron configuration
with the noble gases and achieve lower energy?

Let them discuss with their bench mates. Then waittlfior some time, so that they can come up
with some kind of solutions.

Some students may tell that the elements shoutdagdbse electrons in the outer most shells taehav
similar electron configuration as the noble gas#snot, help them to come to this generalization.
Explain that if elements have 8 electrons in theiteo shell, they are said to have attained thet octe
rule. .

)

Students may be asked to write the different edaatrstructure of noble gases and how it contrithute
to their stability.

Now students should conclude why we don't find madetments free in nature. All elements have the
tendency of having the noble gas configuration. af@min this, the elements gain, lose or share

“#



electrons. In their last shell as the result, défé types of bonds:, ionic covalent or metalliad® are
formed. That is why we don't find elements in afferm.
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Define ionic bonding
Describe the formation of an ionic bond

Give examples of simple ionic compounds
Materials

Charts of models of different ions and ionic conmpabs!
Two types of Styrofoam balls one of tennis balesind the other about half of tennis ball size as
many as possible

Note for the teacher;

This lesson is a lesson that should be delivered toea lesson on ion formation in the sub-topic
“formation of ionic compounds”; i.e the second @ssf the three lessons on ionic bond formation.

Start this lesson, by explaining that metal atome glectrons and form cations, whereas non-metals
lose electrons and form anions. These two attrach edher by the electrostatic attraction force
between oppositely charged ions to form ionic bdrtterefore, ionic compounds are made up of non
directional bond in which all the oppositely chatgens attract each other in all directions ane lik
charged ions repel each other. However, the commieoonception here is that students believe that
ionic compounds like NaCl are diatomic moleculeeyfiail to understand that ionic compounds are
aggregates of ions. So, this lesson is designddrter clarify ionic bonding by using Styrofoam
ionic models. The use of the model is not to tethehthree dimensional crystal structure which is
beyond the scope of the lesson but to describeaabnic bond is non directional and the ionic
compounds do not have molecular particles.

#( %

The lesson may be started by revising the formatioions. You may write the symbols of some
metals like Na, K, Mg and Al and that of the nontate like CI, F, O, and N; ask some students to
write ionization reaction (i.e. lose of electrom fbe metal atoms to form cation and gain of etect
for the non-metals to form anion) , some of therwtibe electron configuration of the atoms and tthei
ions, the rest to write Bohr's models for the atommsl ions and finally Lewis/dot formula of the
atoms and the ions. In this way you can involve yretandents in the revision activities.

It is also important to remind students about titeractions between opposite and like charges from
their physics lessons.

Make sure that students successfully accomplishblose tasks as follows:
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Students may be asked the following questions

How do metals form ions? What type of ions do tfeyn? What are the ions called?
How do non-metals form ions? What type ions do tleesn? What are the ions called?
How big or small is the relative size of the cataancompared to its atom?

How big or small is the relative size of the anamncompared to its atom?

What do we call the electron configurations of ¢taéons and anions?

With which elements’ configuration do they have itanity?

What are the interactions between opposite chaMe® about between like charges?

&

Students may be asked to predict what happens sdg@inm and chlorine atoms are brought together.
Let them discuss around their table, write downrtimepression and report to the class.



Some students may come up with correct answers tiein previous knowledge of octet number and
electron gain and lose. The others may be unaliiedge the last and the present concepts.

Using the more able students’ ideas you can absistlass to associate the concepts of formation of
cations and anions and electrostatic attractiowdx oppositely charged particles.

Let students exercise writing formation of cationgl @nions and their attraction to form ionic bond
using Bohr models, Lewis symbols and chemical feastas shown in the starter activity table of this

lesson.

Now ask students which structure they would chdosesodium chloride formed when atoms of
sodium and chlorine combine.

Consider the smaller red sphere as sodium catidnhengreen larger one as chloride ion.

Which of the following is the most likely structui@ sodium chloride?




Students may tend to choose “A” as a model forstinecture of sodium chloride because probably
they think that it is made up of separate molecutémwvever, it should be clear that each positive
sphere or cation, attracts the opposite chargezharin all direction and the anions also attraet th
cations in all directions. As a result the numbéranion surrounding the cation depends on the
relative size of the ions. As there are forces tofaetions between opposite charges and forces of
repulsion between like charges, oppositely chaigad are placed as close as possible and the like
charged ions as far apart as possible. In theaasgdium chloride each sodium ion is surrounded by
six chloride ions and each chloride ion in ternsigsrounded by six sodium ions Such repetitive
arrangement of the ions form a giant structure.

Now instruct the students to construct a three dsimmal structure for sodium chloride using the
atomic models or Styrofoam balls and a glue or gum.

3 ’

1. Colour the larger and smaller balls with differeatours.

2. Take the small ball as a representing sodium iorkaeg it on the table.

3. Paste the larger balls of chloride ion on the tiwles the top side at the bottom, the front and
back sides of the sodium ball.

4. Do the same thing for each of the anions also bysnding them by the cations.

5. Continue the construction with many balls as youeha

)
1. What is the ratio of the number of sodium ion te thumber of chloride ions in sodium chloride?
2. How many sodium ions are there around each chldvit2
3. How many chlorides are there around the sodiunfions
4. The following chart shows part of a periodic table.
Group Period IA A A IVA VA VIA VIIA

1

2 A G D




3 B C E

4 H F

Answer the following questions based on the table.

a. Which elements lose electrons to attain an octetaaftrons in their outermost shells?
b. Which ones gain electron to attain octet number?
c. Element loses three electrons to foratiarc
d. Element gains three electrons to formndon.
e. Write down the formulas of ionic compounds madeiifhe following pairs of elements.
i. AandE iv. CandG
ii. Hand D v. FandD
iii. B and E vii CandE

f.  Write down Lewis formula for the ionic compoundstttwould result from the combinations
given in question (e) above

Answers to the questions
1. 111 2.6 3.6 4. a ABCHBGDE ¢C dG

g. i. AE ii. H,D iii.BE, iv.CG Vv.FD vi.CE

Students may be asked to complete the followinggraph using the appropriate terms.

lonic bond is made by the electrostatic attracfanee between (1) and (2) ions
that are formed from (3) elements and_(4) elements by losing and gaining
electrons respectively. lonic bond is also cal&d ( bond. In ionic compounds all the anions
are surrounded by (6) and cations arewuled by (7) ; but the cations and
anions depends up on the number of (8) nedaand lost. lonic compounds can be
represented by (9) formula in which thtesl@re used instead of (10) of the
atoms.

1. catios 6. Cations

2. Anions 7. Anions

3. Metals 8. Electrons

4. Non-metals 9. Lewis

5. Electrovalent 10. Valence electrons



« Investigate the properties of given samples ofd@empounds

e Test hardness and brittleness of NaCl, Ga@td CuSQ

« Test solubility of NaCl, CuGland CuSQ@in water, ethanol, acetone and toluene
« Apply scientific methods

Materials

5Test tubes, 3 beakers, stirrer, mortar and pesté&h glass, spatula, water, NaCl, CuCusQ |
paper clips, tongs, copper foil; table sugar, ptasubstances available in the lab or in the
surrounding, table salt and other salts availabléhé laboratory, sulphur, charcoal liquid substsnc
like water, alcohol, oil,

Note for the teacher

Students may memorize the general properties of iand covalent compounds listed in their text
books. However, they may generalize that all comgdsusoluble in water are ionic. But some
compounds like table sugar are polar covalent. il&ily they may think that all substances which
conduct electricity in solution form are ionic, udlar covalent compounds such as acids can do so.
We know that ionic compounds have high melting Aoding points, but there are other covalent
substances like diamond silicon carbide which haxteemely high melting points. Even regarding
brittleness, if you hammer a crystal of table sugdireaks into pieces like ionic compounds. Sb, a
this exceptions should not mislead students whentifying compounds. We understand from these
facts that a single shot test only cannot be usédientify a compound, but series of tests.

These experiments are qualitative, as a result tilomes of tests are relative and we usually say
high or low. This can be clearly understood if we other non ionic substances for comparison.

Therefore, in the next series of experiments stwdshbuld predict the results of the experiments
before they conduct and make observations.

Consider two experiments on hardness or brittlea@sk solubility considering that these activities
can be completed in a period. The rest of the éxmaits on properties of ionic compounds melting
point and conductivity can be conducted in the sag If materials are limited to deliver for graup
of students to conduct the activity, you can dertratss it in such a way that all students can see.
Students should write predictions about the resflthe activity before they are conducted, observe
all the activities, and write their observationsl @onclusions on their notebooks. The format faada
collection can be written on the chalk board.

#* %

Keep a collection of different materials and compuuasi on a table. These can be different metal
substances like paper clips, tongs, copper ette walpar, plastic substances available in the tah o

)



the surrounding, table salt and other salts availab the laboratory, sulphur, charcoal liquid
substances like water, alcohol, oil, etc.

Tell students to come to the table one after theroth identify ionic substances from the rest of
substances. Let them give reasons for their ideatibn.

If the students were introduced to properties aid@ompounds, they will easily skip discard liquid
substances, since they also know metals like copmoermetals like sulphur, they will exclude them.

They may comfortably identify table salt as an iccoenpound because they are familiar to it.

Generally students may fail to make further idécdifions.

)

Students may be asked whether or not it is easigtentify ionic compounds by simple observation.
What can we do to identify them?

Obviously students suggest that it is difficult know whether a compound is ionic or not by
observation and they may recommend laboratory iie8v

& #"+ %
1. Hardness and brittleness of ionic compounds.
Prediction
A. Write your opinion about the following
a. What do you feel if you press a grain of ionic campd between your fingers strongly?
Is it strong or soft?
b. What will happen if you hammer a grain of an ion@mpound? Will it be shattered or
flattened, or doesn’t make any change?
B. Activity and observation
a. Hold a grain of sodium chloride between your firggand press it.
b. Keep a crystal of sodium chloride on a mortar am$pit with a pestle
c. Repeat the same procedure for copper (ll) chlaitdcopper sulphate

Write down your observations. Are they the samé widur predictions?

C. What do you generalize from your observations?
D. Analysis of the experimental findings

Why did ionic compounds show those properties dyttre activities?

2. Solubility of ionic compounds



A. Prediction

a. If you add some solid ionic compound in water dfeaker and stir, will it dissolve?
b. How about in solvents like ethanol, toluene or ace?

B. Activity and observation

a. Add a spatula of sodium chloride into a beaker filddfd with water and stir.

Write your observation. Is it in agreement with ypuediction?

Repeat the procedure (a) using ethanol, toluemee&tone as a solvent.
Add a spatula full of sodium chloride in a testedubalf filled with ethanol. Stir and

observe what happens.

d. Repeat procedure (c) in ethanol and acetone cerielas a solvent
e. Now repeat procedures (a) to (d) using copper ¢Hldride and copper (ll) sulphate and

write your observations

f. Complete the following table based on your obsémmaby putting a mark for soluble

and x mark for insoluble

lonic substance Solubility in various solvents

Water Ethanol

Acetone

Toluene

Hexan

1%

Sodium chloride

Copper (ll) chloride

Copper (I)sulphate

C. What do you generalize from your observations?
D. Analysis of the experimental findings

Why do ionic compounds show the properties you mMeskin the activities?

Based on their previous lessons and on resultshef dactivities, students can write down the
observations and generalizations. However, they beywnable to analyze the findings. You can

assist them to relate their observations to tlesisdns on formation and nature bonding.

In this case they should come to the conclusion tha

lonic compounds are hard because they are formetkrtiyg electrostatic forces of attractions

between oppositely charged ions

They are brittle because when external force isieghpipon them, it brings like charges close
together. As a result, the crystal shatters dueh&o repulsive force operating between

oppositely charged ions

lonic compounds dissolve in polar solvents likeavdiased on the principle of like dissolves
like. Since ionic compounds are made up of ionsy tiissolve in solvents which are polar or

having dipoles.

Substances like alcohol and toluene or hexane hawipole and hence they are called non-
polar compounds; as a result, they cannot disquler substances like ionic compounds.

)
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Students can be asked what property of ionic comg®uhey investigated, what result they found
and why these results are obtained.

! . - #* %

Let the students summarize the lesson in the foligwable. Write the table on the chalk board and
ask students to complete the table.

Properties of ionic compounds Observation Reasons explanations

Hardness

Brittleness

Solubility in polar solvents

Solubility in non polar solvent

bl



/5

Explain polarity in covalent molecules
Distinguish between polar and non polar covaleriecwdes

Material
Charts with diagrams of different types of molesubgth different inter molecular forces
Note for the teacher

Students may have difficulties in understandingnmiolecular forces. For example they may think
that the whole system of solid or liquid covalentmpounds is formed by covalent bonding. More
likely that is the reason why they believevalent bonds are broken when a substance changes
state. They may think that when water boils, thpovacontains hydrogen and oxygen atoms.
Indeed, they may attribute decreased melting anéth§goints of covalent substances to weak
covalent bonds.

#( 0

This lesson may be started by asking students bagkg knowledge on their preconception
about inter molecular forces from their daily légperiences.
Let them discuss across their tables the following:

How do you explain the changes of state in waten?s@@ler the angular shape as water molecule;
the larger sphere as oxygen and the smaller aoggdr Choose the correct graphic description
of the changes of state among the alternativesahd23.

If students assume presence of covalent bond byeadtaring a change of state they prefer graphic
description 1. On the other hand if they have imedithat there is no change at particle level durin
change of state, they choose description 2.

However, students should come to the conclusion there are attractive forces between the
molecules of substances. This forces breaks umglarichange of state from solid to liquid and then
to gas. They already know from their lower gradest thhysical changes do not involve change of
composition. However, most students fail to rebwe link concepts.

You can now explain intermolecular forces are ativa forces which hold the molecules together.
On the other hand intra-molecular forces are chaifionds like ionic and covalent bonds that hold
the atoms together to form a molecule or a compound



Substance

water

water vapor

Physical state

Liquid

Gas

Description 1
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You may ask the students the following questions

1. What is intermolecular force?
2. What is the difference between intra-molecular éoad intermolecular force?

)
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Let the students perform the following activity. @ivthe molecules: HCI, JHO,, HBr, H,O, NHs,
Ne, HI and He; let them

1. Classify the molecules into polar and non polarenoles
2. Match the class of molecules to the following deagmatic representations.
3. What type of attractive force can hold each cldsaaecule?

Figures

-

)

-~

Let the students discuss in groups across theie tafdl try to associate the concepts of polarity and
non-polarity to the molecules and find out thepresentation from the given figures.

Some students can successfully match the polarcmele to the polar figures and tell that the
positive and negative terminals attract each otBet. still some of them may unable to link the
concepts. Let the able students explain their @lsiens and then you can give summary afterwards
that polar molecules have dipoles due to the diffee in the electro negativity of their constituent
elements. The molecules align themselves with ttsitipe terminal close to the negative terminal.
So, due to the electrostatic attraction betweenptintial positive and partial negative charges, the
molecules develop intermolecular attractive fordech is called dipole-dipole attraction force.

The second groups of molecules can be explainechalpgy as follows. When you take a positive
terminal of a magnet to an iron nail, the nail isected to the magnet. This is because the positive
end of the magnet pulls the electrons in the mawérd and causes the other end to be positiyauf
bring another nail closer to first nail, it is aitted in the same way as the magnet did to thenfiit

So, the magnet developed opposite charges intfirtiienail and the first nail induced the chargtoin
the second nail.
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Molecules can induce charges into one anotheransdme way. The electrons in the molecules are
continuously vibrating. This instantaneous motiorelafctrons shifts them to one end at one time and
to the other end at another time. When one endrbesonegative due to the accumulation of
electrons, the other end becomes positive. Thegelddamolecule then develops induced dipole in to
the neighbouring molecules. As the result the mdé attract each other. Such force is called
instantaneous dipole- instantaneous dipole attmadirce. It is also called London force after its
discoverer, the German-American physicist, Fritndon.
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You may ask the students the following questions

1. What do we call the forces which act between madésu
2. What is the difference between the intermolecuacds of polar and non polar molecules?
3. Give examples of molecules which experience eagh tf force.\

Let the students discuss on the properties of thetances which are influenced by the intermolecular
forces. Challenge them by giving clue to explaioparties like melting point, boiling point that
depend on intermolecular forces.

Students should also know that the two types oérimblecular forces they studied above are

collectively called Van de Waal’s forces. Londoncitis the weakest of all the intermolecular forces
and exists in all kinds of molecules.

)<
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» Define chemical reaction
+ Give some examples of chemical reactions

Material

Acetic acid, sucrose (table sugar), ammonium otdgriNaHCQ (baking soda), k80O, barium
chloride BaC}, Ba(OH), test tubes, beakers, spatula, stirrer, testtiolder, goggle

Note for the teacher

The challenge in teaching chemical reaction is @bénstudents understand the interaction between
substances at a particle level. Even if we ass@shthonduct experiments on chemical reactions, the
phenomena could not be clear for the students. Tdieyo understand that chemical reaction is the
rearrangement of atoms, which involves bond brepland bond formation. They think that in
chemical reactions like combustion, there is detiba of matter.

So, we need to use different atomic and molecutzdeats to describe interactions between particles.

This lesson is designed to make students attentidgeaeouse their curiosity through the whole unit. |
enables them to understand the difference betwigsiqal and chemical processes clearly.

#* %

You may start the lesson by asking the studenlisttsome physical and chemical changes. Let them
try to identify the difference between the two opest From unit two in grade 7 chemistry, they may
remember a number of changes like changes of stet#ing, boiling, condensing, freezing of water
and changes like breaking of clay, tearing of papatting of wood etc as physical changes.

On the other hand, they might mention burning gfgparusting of iron, souring of milk, fermentation
of injera paste etc as chemical changes. You shapdeciate any change they mentioned and list
them on the chalk board.

Let the students discuss the basic differences hardhcteristics of each type of changes across their
table with friends and forward their idea to thass.



Make a table of the following kind so that studemse it to compare and contrast characteristics of
the two changes.

Physical change Chemical change

Some students may not be able to understand sontkeoproperties of physical and chemical
changes. In this case you may help them by explgirpoints like reversibility, changes in
composition, formation of new substances and ctangenergy.

You may inform the students that chemical changeelve change in composition and changes in
composition can be described by using symbols arddlas.

Example: the rusting of iron,

Iron changes to rust, meaning Fe changes 04,0 by taking oxygen and moisture from the air.
In souring of tella, the alcohol §8sOH) undergoes oxidation to an acid known as acatid
(CH;COOH)

)

What are the characteristics of a chemical cha¢@m®? do you describe the chemical changes in
substances?

& B+ %

The following activities can serve as starter atiégifor the students to explore chemical reactitins
you have materials and chemicals available for gsoaf students it will be preferable to make
students conduct the activities by themselves. @iise, it is possible to demonstrate the reactgms
that the students follow up all the steps and iktloeir observations.

Procedure

1. prepare a worksheet in advance ( if you are untblgrovide a print-out worksheet, you can
write the format on the blackboard)

a) What are the starting materials in the chemicahgb&

b) Write down what you expect when the starting matermre subjected to change.

c) Write down the appearance of the starting matebefsre the change.

d) Write down your observations during the changefierAeach reaction, identify any
indicators of a chemical reaction— change of catbgnge of energy, change of odor and
evolution of gas.

e) What are the final products of the changes?

f) Try to describe the changes using words, symboldanuallas.

g) Give reasons for the changes you observed.

h) Write down your conclusion.

2. Activities



a) Baking soda and vinegar (NaHgé@nd CHCOOH)

Set out two beakers.

Pour about two table spoons of vinegar into thst fieaker.

Now, take about two spatula of baking soda intosteond beaker.
Pour the vinegar from the first beaker into theoselcbeaker.
Watch as the two chemicals react.

Clean up any spills.

A

b) Sucrose (table sugar) and sulphuric acid,H&01; and HSOy)

1. Take atea spoon of table sugar on a watch glass.
Use a dropper to add some concentrated sulphudd@the sugar.
3. Observe and register your observation in your wuozks.

n

Caution concentrated sulphuric acid is highly corrosivee dgoves when you are
working with it

c¢) Ammonium chloride and barium hydroxide (calcium rgpdde) (NH4CI and BaGlor
CaCl)

1. Prepare solutions of ammonium chloride (a whitedgoasaterial in a dry cell battery)
and barium hydroxide (calcium hydroxide can be ua#idrnatively) in separate
beakers.

2. Hold a test tube with a test tube holder and aadieb5ml of ammonium chloride.

3. Then slowly add barium hydroxide and observe whpphas.

d) Barium chloride and sulphuric acid (Ba@nhd HSOy)

Dissolve some barium chloride in a beaker.

Add about 20ml of the solution to a test tube

Add 20ml of diluted sulphuric acid to the bariumardde solution in the test tube.
Now observe what happens.

PwnpE

Encourage the students to complete their workshegtappreciate the different characteristics of
chemical reactions. Let them discuss on the chathggsobserved.

)

Which of the reactions released heat energy?

Which one formed a product with different colour?
Which one formed a gas product?

Which one formed a substance with unique smell?
What do all this observations tell you about tharges?

apr LN PRE
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What are the characteristics of a chemical reaetldaw do we represent a chemical reaction? Define
a chemical reaction using your own words.



« Balance chemical equations using inspection method
« Balance chemical equations using the Least Conivhdtiple Method (LCM)

Materials
Charts for formulas of molecules, picture of bieydricycle and automobile

1. Monocycles

Teacher’s Note



Writing and balancing chemical equations shouldibedter students managed to write the correct
formula of a compound and understand the qualgatwnd quantitative meanings of symbols,
formulas and equations.

In balancing chemical equations, students do neilyeanderstand why they should not change
subscripts as far as they are able to make the euafitatoms on both sides equal. This lesson should
be given as the second lesson in sub-topic 4.3 @aéraquation after students studied writing
chemical equation.

#( %

The lesson can be started by revising writing chehequation and its qualitative and quantitative
meanings. Students may individually be asked thpssbf writing an equation. Let them write the
word equation of a given reaction and change skietal equation.

For example reactions between: hydrogen and oxymdphur and chlorine, sodium hydroxide and
hydrochloric acid, calcium carbonate and sulphacicl.

Let them tell the qualitative and quantitative megsiof their equations. Many students should take
part in this revision.

When describing the qualitative and quantitativeaniegs students may misuse the terms molecules
for non-molecular compounds like NaOH and CaCRelp them to use ‘formula unit’ instead of
molecule. But they can use mole in both cases.

)

What are the qualitative and quantitative meanofgbke chemical equation?
NaHCO; + CH;COOH CH3;COONa + CO, + H,O
Answer

1. Qualitatively it means, sodium bicarbonate reaotsfzines with acetic acid to
producelyield/give sodium acetate, carbon dioxiue aater.
2. Quantitatively

a. One formula unit of sodium bicarbonate reacts vatie molecule of acetic acid to
produce one formula unit of sodium acetate, oneemdé of carbon dioxide and one
molecule of water or

b. One mole of sodium acetate reacts with one molacefic acid to produce one mole of
sodium acetate, one mole of carbon dioxide andhaole of water. or

c. 84g NaHCQ reacts with 60g CKCOOH to produce 82g GEOONa, 44g Cgand 18g
H,O
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The analogy of assembling vehicle bodies

Procedure

1. Make students into groups based on your class size

2. Tell them the following story.

A factory manufactures vehicle bodies (monocycleyde, tricycle and automobile) and
buys tyres from another manufacturer to make a ¢etmpehicle. The tyre manufacturer sells
the tyres only in pairs.

The vehicles producer wants to make sample vehigksminimum number.

3. Ask the students to discuss in their groups to fintithe minimum number of each vehicle
the manufacture assembles and the number of epetofytyre, he buys so that no tyre is left
unassembled.

4. Let them support their explanation by drawings

5. Let them match/associate the assembly of each ofvétécles to one of the following
reactions
a. Mg +ChL MgCl,

b. Li+F, LiF

c. C+H, CH,

d. Al+Br, AlBr;
)

1. To what parts of the vehicle are the Mg, Li, C andldlyou relate? How aboutCF, H,and
Br,?

2. Can the vehicle be functional if any of the bodytha tyre is missing?

3. If you want to make 5 tricycles how many tyres daolypuy?

4. If you have 10 tyres how many cars can you assémble

Concluding activity

Give them more advanced reactions to balance.

©No s~ WNRE

Sodium reacts with chlorine gas to produce sodiblorizle

Lead (II) nitrate reacts with potassium iodide todarce lead iodide and potassium nitrate.
Potassium chlorate decomposes to form potassiuonidaland oxygen

Propane burns to produce carbon dioxide and water

Sodium reacts with calcium chloride to produce sodchloride and calcium

Hydrogen reacts with oxygen to produce water

Carbonic acid decomposes to form carbon dioxideveater

Phosphoric acid reacts with calcium hydroxide todoice calcium phosphate and water.



Let them explain why the formulas cannot be chartyethg balancing. Let them associate balancing
equation with the laws of chemical reaction.
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« List the four types of chemical reactions

e Conduct experimental activities on the types ofngical reactions
« Identify the type of a chemical reaction

« Write chemical equations for each type chemicattien.

Materials:
Test-tubes, Burners, Tongs, Test-tube holders, Meglidioppers
Note for the teacher

Here are some selected chemical reactions for demadion; it is hoped that these simple reactions
are used to stabilize students understanding afirla reaction and the association of theoretical
knowledge to practical activities. As usual, yon gaovide materials for groups if they are avaiabl

or demonstrate yourself by participating studenmtthe process. The lesson can be provided at the end
of the types of chemical reaction to sum up theamas.

#( %

As a starter activity, types of chemical reactioas be revised. They may be asked: how many types
of reactions are there, their names, examples pexad features of each type of reactions.

Here students are expected to list combinationtkggis), decomposition, single displacement and
double displacement reactions, write their genegaiations and give specific examples of each type
of reaction.

)

Let the students write examples of types of reastmmthe chalk board.

& #e* %

Demonstrate the following types of chemical reawi Follow the directions for each reaction

carefully. After conducting each experiment, recgodr observations. Identify the types of reactjons
the reactants and products and then write the bathchemical equation for the reactions.



YOU MUST WEAR SAFETY GOGGLES DURING THIS LAB ACTIVITY!
Activityl.

a) Using a pipet, place about 1 mL (one pipet-fulletiianol (ZHsO) on a watch glass.
b) Using a safety lighter or matches ignite the ethand allow it to burn completely.
¢) Do not touch the hot watch glass!

Activity 2:

a) Obtain a small piece of copper wire or a few stgaoidcopper wool.

b) Using tongs, hold the copper in the hottest paradBunsen burner flame and heat for
approximately 1 minute. (Have someone tilt the buras you heat so that copper doesn’t
enter the burner).

c) Allow the product to cool and then dispose of ithe trash.

Activity 3:

a) Pour approximately 25 mL of hydrogen peroxide@g) into a 250 mL beaker.

b) Add one of the following A small chunk of potato @& spoonful of potato slurry or A very
small spoonful of active dry yeast

c) Observe the reaction for approximately one minWaen finished, pour the solution down
the drain with plenty of water.

The potato and yeast are not directly involved ia themical reaction. What is their purpose?
Activity 4:

a) Obtain a small piece of iron wire. If the wire issty, clean it thoroughly with a piece of
sandpaper until it is shiny. Then, coil the endhef wire around a pen or pencil.

b) Pour approximately 20 mL of copper (Il) sulfate s into a small beaker.

c) Dip the coiled end of the wire into the copper sol for about 10-20 seconds and then
remove.

Activity 5:

a) Combine one pipet-full of 0.5 M calcium chloridedaone pipet-full of 0.5 M sodium
carbonate to a test tube.
b) When finished, dispose of the contents of thettés# down the drain and rinse thoroughly.

Activity 6:

a) Add approximately 150 mL of tap water to a 250 ndaker.

b) Add 10-15 drops of the acid-base indicator of ychwice (record this in your observations).

¢) Add 5-10 drops of sulfuric acid to the water. Ntite color of the indicator.

d) Continue to add drops of sodium hydroxide until ymi a permanent color change. Again,
note the color of the indicator.



e) When finished, pour the contents of the beaker ditherdrain.
f) If time permits, you may repeat this experimentwveihother indicator.

Let the students report their observations and ceimhs as follows. One example is given for each
type of task.

Activity Observation Type of reaction Chemical etian
1 e Ethanol is burned With pale
blue flame

* It reacted with oxygen in the alr
» Heat energy is given out

2 Combination
/synthesis reaction

3 2H0, 2H,0+ 0,

8 9

Let the students discuss and write down the gefeasires of the chemical reactions based on their
observations. They may be asked a question as: dtoywou describe each type of chemical reaction?

After students discuss and give their own desaniptf the reactions, make sure that they included
the following information in their statements.

Combustion reactionis rapid chemical reaction of two or more substanciéh & characteristic
liberation of heat and light; it is commonly callbdrning. The burning of a fuel (e.g., wood, codl, o
or natural gas) in air is a familiar example of darstion

Decomposition reactionis separation of a substance into two or more anbss that may differ
from each other and from the original substance. Sdparation may be caused by heat, light, catalyst
or electric energy.

A combination reaction or asynthesis reactionis a reaction in which two or more reactants
are chemically bonded together to produce a sipgdeuct. When two or more substances
combine to form a single product, it is known a®mbination reaction. Many elements react
with one another in this fashion to form compounds.

A single-displacement reaction also calledsingle-replacement reaction is a type of
oxidation-reduction chemical reaction when an eleingg ion moves out of one compound
and is replaced by another.

Double displacement reactioris the reaction in which two compounds react bysrhange of ions
to form two new compounds. A double displacemeattien usually occurs in solution and one of
the products being insoluble or precipitates.
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Students may be asked to define each type of chemaiaetion and give example using chemical equation.
Concluding activity

You may different types of activities to assistdants conclude their lesson on types of
chemical reactions. Some examples are given below.

Activity 1

Match the types of reactions under column A withitlklescriptions under column B

A B
1. Synthesis a. lons in a compound switch placeth wans in
another compound to form two new compounds
2. Decomposition b. A single element replaces arotbne in a
compound
3. Single replacement &lements or less complex compounds come

together to form a single more complex compoupd

=

4. Double replacement d. A compound breaks apé#ot @ither elements @
less complex compounds

Activity 2
Identify the type of reaction shown in each of thiéowing chemical equations:

a. KCIOS(s) 2KCI(s) + 3C3(g)
b. AgNOS(aq) + KCl(aq) AgCI(s) + KNOS(aq)
c.2H +0O 2HO

2(9) 2(9) 2 (9

d. HBr(g) + Ck(g)  HCI(g) + Be(g)



Define limiting and excess reactants
Determine limiting and excess reactants of a golemical reaction
Show that the amount of product of a chemical ieads dependent on the limiting reactant

Materials
Charts with different diagrams: automobile bodigees, atomic and molecular models
#( %

You can start this lesson by discussing the anatddyres and assembly of an automobile body. Let
the student do the following activity in groups.

The automobile body manufacturer produced six cdrdsowhile the tyre company supplied 20 tyres.

How many tyres are required for each car?

What is the ratio of the car body to the numbeyods?

Are all the car bodies and the tyres used up?

How many cars can be assembled?

Is it the car body or the tyres which is in excess?

Which one limits the number of cars that would bedpced?

o hrwNPRE

After discussing this analogy students surly corpewith the correct answers as it is easier to
understand.

)

Which part of the car limits the amount of car thédt be produced? Why?

In this case make sure that the students cleadgnstand that the first step to such task is figdint

the ratio between the parts which are used up tkeraacomplete product. Excess and limiting are
relative terms that are based on the establishied &udents should not have the misconception tha
a limiting reactant is a substance which is lowemumber/quantity or excess reactant is the one
which is large in quantity/number.

& #7( h

You may give the following task to the studentsdmaccording to the procedure below. Let them
explain each step analogous to the assembly ofehiele parts.

A 2.00 g sample of ammonia is mixed with 4.00 g@wfgen. Which one is the limiting reactant and
how much excess reactant remains after the reaatisistopped?



Procedure

1)
2)

3)
4)

5)

6)
7
8)
9)

Write down balanced equation for the reaction.

Find out the number of moles of the reactants ttmahbine according to the balanced
equation.

Change the given masses of the reactants to #sgective number of moles.

Compare the ratio of the numbers of moles of thiarmad equation and the moles you
calculated. Are the ratios the same or different?

Calculate the number of moles of NO op(Hproduced using the number of moles of
ammonia you calculated.

Repeat the calculation in procedure 5 using thebrmuraf moles of oxygen you calculated.
Which calculation yielded less numbers of molethefproduct?

Which result is the correct amount of the prodocirfed? The larger or the smaller?

Which reactant limits formation of the product?

10) Do all the reactants that are mixed in the reactowerted to the product? Which one is left

uncombined? How many moles of the excess reacardin uncombined?

Hopefully students can accomplish the task becatuse split into small and simple activities.
However, students should be supervised and assidtede ever they faced difficulty. Finally you
may check their work whether it consists of théof@ing points for each step.

1)

The balanced equation for the reaction is

4 NH(g) + 5 Oygy==34 NQ() + 6 H,O(q)

This is analogous to assembling the parts of thecleeto make a complete vehicle.

2)

3)

4)

5)

The ratio of number of moles of ammonia to oxyge#:i$. Meaning 4 moles of ammonia
reacts with 5 moles of oxygen. This is as one cdyl®to four tyres, meaning 1:4.
Number of moles of ammonia, nNH3 = actual masswhania/molar mass of ammonia

=2g/17g/mole

=0.118mole
Number of moles of oxygen,,& actual mass of oxygen/molar mass of oxygen

= 49/32g/mole

= 0.125mole
When the ratio is compared, 4:5 for the balancedton and 0.118:0.125 for the given data,
it comes to be 0.8 and 0.944. This means the nei@céae not taken according to the balanced
equation. We can see that unless spare partskane aacording to the proportion of parts for
one complete vehicle, some are left unassembled.

According to the balanced equation for the reactiorcalculate the amount of water formed
using ammonia:



4 NHsg) + 5 Oygy===2#4 NQg) + 6 HO()
4 mole NH produces 6 mole.@
0.118 mole NH produces X mole,@
X =0.118 mole NH x 6 mole HO/ 4 mole NH
=0.177 mole KO

6) The amount of water formed using oxygen:
4 NHsg) + 5 Oygy==304 NQg) + 6 HO()
5 mole Qproduces 6mole D
0.125 mole @ produces vy
Y =0.125 mole @ x 6mole HO/5 mole Q
= 0.15 mole HO

1. Calculation based on the amount of oxygen prodlgsssamount of the product, water.

2. The smaller amount of product is the correct yidlthe reaction because the larger amount is
the result of the excess reactant

3. The amount of oxygen limits formation of the produhis means there is no enough amount
of oxygen to combine with all the ammonia availabl¢éhe reaction.

4. All the reactants are not converted to the prod&ime amount of the excess reactant,
ammonia, is left over in the reaction mixture unbimed. There are two different ways of
calculating the amount of ammonia left uncombir@de is using the amount of product (water
or nitric oxide) formed in the reaction while thecend is using the amount of the limiting
reactant, oxygen.

Let us use the amount of oxygen. Since we knowdlahe oxygen taken in the reaction combines
to form the products, the amount of ammonia contbiwgh the 0.125 moles of oxygen can be
calculated as:

4 NHz(g) + 5 Oyqy==3#4 NQ) + 6 HO(g)

4 moles NH reacts with 5 moles,O

X reacts with 0.125 mole O

Mole of NHs;, X = 4 moles NKIx 0.125 moles @5 moles @

= 0.1 mole NH



This shows only 0.1 moles ammonia reacted with Orh2te of oxygen. Therefore, the amount of
NHais:

0.118 mole — 0.1 mole = 0.018mole NH

17g/mole x 0.018mole = 0.306g KH

)

Students can be asked the following questions eéglctheir understanding.

1. What are limiting and excess reactants?
2. Why does the amount of the product formed depentth@timiting reactant?

Let the students discuss

The importance of balanced equation in the caladatif amounts of reactants and products
and

What happens if the reactants are not mixed acogrti the proportion established by the
balanced equation?

Students should come to the conclusion that urtlesgquation for a chemical reaction is balanced,
one cannot determine the proportion of the reasttat are combined. Balanced equation is a pillar
for stoichiometric relationships. If reacting substes are not combined according to the ratio ®f th
balanced equation, one of the reactant becomes®zace the other limited.

<#



Define redox reactions
Define the terms oxidation and reduction in terrhelectron transfer

Materials: rusted iron materials, salt solutionsleds active metals preferably copper sulphate or
silver nitrate and metal strips like iron, zinc akid

#* %
Let the students’ brain storm about rusting of irdsk them why does iron rust.
After discussing round their table let them shamartideas to the class.
You may write down students’ ideas on the chalkrtbo€hallenge the students with the points they
forwarded by asking them to reason out their vie¥gu may remind the students how metallic

elements react during the formation of ionic conmpisl

Let them explain what exactly happens to the metaha during the reaction. This may lead them to
understand the process of electron losing and mgini

Evaluation

Is rusting of iron physical or chemical change?

Does iron lose or gain electrons during rusting?

What will happen to the charge of an iron atom?

Feedback

Students know from their lower grades that rustsng chemical change. They may also know that
rusting is the reaction of iron with oxygen. Assthieaction is an example of a reaction between a

metal and a non-metal, students may tell that loses electrons in the process and develops a
positive charge.

& HY+ %
Demonstration of oxidation reduction reactions
Procedure

1. Fill a test tube with a solution of copper sulphateilver nitrate to a one third.
2. Insert one third of an iron strip/nail into the wmbn.



3. Wait for about three minutes and observe what hagpe

What change is observed on the part of the irohtinai is immersed in the solution?

Why do you think this change happens?

Is the change chemical or physical?

Describe the change using a chemical equation.

Does this reaction resemble the displacement mragtou studied in types of reactions?
Explain.

®oo0 o

After students discussed and responded to theiguossfou can use the opportunity to explain the
electron transfer process. Definitions can be gif@noxidation, reduction, oxidizing agent and
reducing agents in terms of copper ion and iromato

You may start your explanation with the observatidfhen Zn or Fe is introduced in the solution of
CuSQ, the observations are:

The size of the metal strip starts to reduce showiagit reacts in the process.

The colour of the copper sulphate solution getsdadéis is also an indication that the cause
of the blue colour, C4, is consumed in the reaction.

Deposition of copper metal is the other indicatibrzonversion of Cif to Cu.

The reaction can be represented by the chemicatiegua

CuSQ (aq)+ Zn(s) 2ZnSQ(aq) + Cu (s)

To show the change in the charge or oxidation nurabtre species, you can write ionic equation for
the reaction.

Cu?sO,2 (aq) + ZA(s)  Zn"*SOs4(aq) + CU’(s)
Now identify the actual changes that occur in gection.

1. cu? ¢!
2. Zn  Zn"

Let the students try to explain the meanings ofehgsanges. After they forwarded their opinion,
explain that a decrease in charge/oxidation nurobéne ions means an acceptance of electrons and
an increase in the oxidation number is a lossexdtedns. The electrons lost by one of the spedias o
chemical reaction are accepted by the other species

Therefore, the species which gain electron or whmsgdation number decreased are said to be
reduced. In our particular example Cliis reduced because its oxidation number is redérosa +2
to 0. This happens because copper ion gained twtr@hs. The process is callegbuction.

On the other hand, the species which loses elecwonvhose oxidation number increased is said to

be oxidized and the process is known @sidation. Zn is changed to ZA by losing two electrons or
its oxidation number is changed from 0 to +2.

<)



The students should then understand lose of electimroxidation and gaining of electrons is
reduction.

Let again students discuss the other aspect oftigatoon and reduction. Ask them what caused
copper ion to be reduced and what caused zinwibe bxidized.

What caused Cato be reduced? Or what donated electrons 6 @umake CE? Help the students
to point out that it is Zn atom which gave two #lens to Ci¥ to make Cf A species which causes
reduction of the other species by giving electresalled areducing agent Therefore, Zn is a
reducing agent in the above example.

What caused Zn to be oxidized? Or what takes itsel@ctrons so that it becomes'Zn by the same
token students can mention it is ‘€which accepted the two electrons. Therefore, @ispavhich
accepts electron of the other species to makeidized is calledxidizing agent.As the result Cif
in the above example is an oxidizing agent.

Students should also be aware that whenever tlseee donor of an electron, there is always an
acceptor of an electron. In the other words, oxidatan never happen in the absence of reduction.
Oxidation and reduction occur simultaneously in gsme reaction and the reaction is called
oxidation reduction reaction or in shontedox reaction. You can note the reaction equation Her t
above activity.

CuSQ (aq)+ Zn(s) 2ZnSQ(aq) + Cu (s)

To avoid misunderstanding, assist students to beamind that there are two reactants that play
opposing roles in the redox reaction. One is tdeiced substance which causes oxidation of the other
and called oxidizing agent. The second is the aridlisubstance which causes the other substance to
be reduced and called reducing agent.

)

Let the students define the following in terms @fotlon transfer.

* Reduction

» Oxidation

* Reduced species
« Oxidized species
¢ Oxidizing agent

¢ Reducing agent

Let the students review their lesson and classi#yfdllowing terms into the two categories, oxidatio
and reduction.

* Oxidized substance



Substance which gains electrons
Reducing agent

Substance which loses electron
Oxidizing agent

Reduced substance

<<



* Define a reaction rate
* Measure the rate of a chemical reaction
» Describe reaction rates using graphs

Materials

Gas syringe, conical flask, rubber tube, rubbepmo with one hole, magnesium ribbon, diluted
hydrochloric acid graph paper

#. %
Let students discuss the following issues in groups:

1. Do all chemical reactions have the same speedffareht speed? Explain your view point by
giving examples

2. Arrange the following processes according to theedpof reaction: rusting of iron, burning of
splints of wood, burning of log of wood, fermentatiof teff pate, burning of benzene.

3. Do you think that the speed of a chemical reactias effect on the industrial production of
goods? How?

Allow the group representatives to report theidings to the class. Encourage them to discuss and
ask each other question. Students can successfalifion that chemical reactions vary in speeds, but
may unable to give examples. The second discuggiort can provide them a hint to explain how
different process occurs at different speeds. ldaldents to come to the consensus that burning of
benzene, burning of splint, burning of log, fernaion (which usually take about three days) and
rusting of iron are the correct order of the pracesdecreasing speed. They should know that the
speeds of chemical reactions differ in such a way some take place immediately as the reactants
come in contact, some have moderate speed and ¢#tker days and weeks and even more.

Students should also able to explain that the spae@hich chemical reactions take place influence

production of industrial products. The more is tngettaken during the reaction, the higher is th& co
of the product.

)

How do the speeds of chemical reactions vary?
& #"+ %

Measuring speed of chemical reaction



Procedure

1. Provide a conical flask, gas syringe, rubber topgdelivery tube, connector, magnesium ribbon
and diluted hydrochloric acid to each group

2. Help them to assemble the apparatus as in thefigur

Let them add about 50ml of diluted hydrochloricdatm the conical flask

4. Then drop 5cm magnesium ribbon in the acid andpstiopith the rubber stopper attached to the
syringe.

w

—--J I
=== [ [TIFEEEE
connector » \ 1

0as syring

rubber hung

reactants

caonical flask

5. Record volume of the gas at 20 seconds time iatew follows.

Time (s) 20 | 40| 60| 80 100/ 120 140 160 180 200 220

Volume of gas(cr)

Vit

6. Draw a graph of time the (x-axis) against volurhéhe gas evolved(y-axis)

Let the students discuss and respond to the follpeurestions.

How the volume does vary in all the 20s intervd(8@nstant, increase or decrease)?
What does the ratio of the change in volume to ghan time represents?

How do you compare the speed of the reaction ifitsie20s and in the last 20s?
Write down a chemical equation for the reaction.

What happens to the amount of the reactants asgp@sses?

®oo0 o



f.  How about the amount of the product?
g. What do you call the speed with which the amouhte® reactants and products change?

Based on their observations students should gevéaifowing responses.

The volume at different intervals continuously deses

The ratio the change in volume to change in timegihe rate of a chemical reaction

The speed continuously decreases

Mg + 2HCI  MgCl,+ H,

The amount of the reactants decreases and the arnbuhé products increases as time
elapsed.

The speed of change of amount of the reactantshrengroducts are the measures of the rate
of chemical reactions.

Conclusion
Encourage students to write down conclusions
a. How do you measure the speed of reaction of magmeand hydrochloric acid?
b. Does the rate of the reaction of magnesium withrbsfdoric acid increase or decrease as
time elapses?
c. What is the ratio of change in volume of hydrogerchange in time during the reaction of
magnesium with hydrochloric acid?

Generalization

Let them write how the rate of a chemical reactiam de determined and what happens to the
reactants and products during the reaction. Let thisminterpret the graph.

Evaluation

Students may be asked the following questions:

What is the rate of a chemical reaction? How isrétte of a chemical reaction measured?
! y - #( %

Let the students write down mathematical expreskiorthe rate of a chemical reaction in terms of
change in concentration of the reactants or thdyms.



* Explain properties of gases
e Give the kinetic molecular theory explanation foe properties of gases
e Give examples of the properties of gases

Materials
Charts for arrangements of the different physitaties of substances, balloons, syringes,
Note for the teacher

The difference between the three physical statesaiter is the type of interactions among their
particles. These interactions depend on the intweoular and intermolecular attractive forces
students investigated sofar in unit three. The ifgmdrpoint in the study of gases is identifying the
properties and their kinetic molecular theory erplions. Students usually have difficulty of
understanding that most of the space in the gasesnpty. So, they should be able to explain,
describe and give kinetic molecular theory expliemeat of the properties of gases.

#* %

This lesson can be started by reviewing the kingtéory of matter. Let the students discuss the
kinetic theory of matter.

Procedure

1) Make the students in groups depending on your ciass

2) Let them discuss the three assumptions of theikittetory of matter

3) Instruct them to use small sphere drawing to represolecules of substances

4) They should use pencil and paper to describe thederstanding of properties of gases, liquids
and solids under the same conditions.

5) Let the group representatives present their firgliofythe difference between the three physical
states.

This presentation will create a good opportunitkriow the students’ conceptualization of the kinetic
theory of matter.. Questions and answers shouldebeouraged during the discussion and
presentation. Students may come up with differéeivs and drawings. However, you may use the
correct explanation and drawings to harmonize teias.

The following points may be highlighted to expldi tassumptions



« Particles of matter can be atoms, ions or molecllesse particles are moving continuously;
the gas particles move randomly colliding with otheolecules and with the wall of their
container. Liquids are neither as random as gasesas restricted as solids. Particles of
liquids can roll over one another and mix up. Thids are restricted to vibrating to their
mean positions.

« The motions and positions of the particles of matieke them to have kinetic and potential
energies.

e« The gas particles are more energetic than liquidigles and liquids particles are more
energetic than solid particles.

Evaluation

Students may be asked to point out the differebeg¢seen gas, liquid and solid states based on the
explanation of the kinetic molecular theory.

& #"( %
Discussing and giving explanation on propertiegasfes
Procedure

1. Let the students continue the starter activity ougis

Provide them balloons, syringes, balances

3. Read properties of gases on your text book pageab@8the kinetic molecular theory on
pages 170 and 171.

4. Explain properties of gases giving by kinetic molactheory explanation.

Use different materials as examples to describedenmibnstrate your explanation

6. Report your findings in tabular form as follows

n

o

Property of a gas Kinetic molecular theory explamat | Description examples

Let the group representatives present their disongsoints and demonstrations in group. As usual
discussions should be encouraged. Finally theyldramme to the consensus like the following



Property of a gas

Kinetic molecular theory
explanation

Description examples

. Gases have no definite sha
and definite volume

pAssumption 1

The patrticles are in the state o
constant, rapid and random
motions

[ show the effect

They may blow balloons of
different shape and size and

. Gases can easily compress

edssumption 2

of gases are very far

The space between the particlesyringe with their finger and try

They may sack gas with
syringe, close the mouth of the

to compress

. Gases have low densities
compared with liquids and
solids

Assumption 2

As density is mass per unit

of particles in relatively large
space of volume

volume, gases have low densit
because they have small numh

yballoon.
er

They may measure mass of a
balloon full of gas and some
millilitres of water in the similar

. Gases exert pressure in all
directions

Assumption 1

Gases collide with wall of their
container continuously in all
direction. This collision exerts
pressure on their container.

They may blow the balloon and
see that it inflates in all
directions.

Gases easily flow and diffus
through one another

eAssumption 3 and 5

No attraction force between
particles, their kinetic energy
depend on their temperature

They may release the mouth of
the balloon they blown to see
gas flowing out.

Evaluation

Procedure

up of Manila paper or o

Id document folders.

red if they didn’t understand the idea at all.

Each student should have three small cards of ggediow and red colours. It can be made

You would state the properties of gases and thgila@ation one after the other.
Students raise their cards in response; the gegeagree, the yellow if they are not sure and

This helps you to know how much of the students haternalized the lesson. Then you can invite
students with green cards to explain for those w#th cards. Finally you may correct students’

responses if necessary.

#(

Let students discuss applications of gas in defy li



They may mention points like:

< Airfills into the tyre of vehicles and exerts psase
« Light gases are filled into balloons for scientifasearches and recreations etc.

Lesson that can be taught by similar methods are:

Properties of liquids
Properties of solids
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Competencies

« Explain vapour pressure

e Determine vapour pressure of a liquid

« State the factors that affect vapour pressureligiia

* Give examples of the effects of vapour pressune fiaily life

Materials
Diagrammatic representation of vaporization
Note for the teacher

The lesson of vapour pressure can be contextudiigeduse students have experiences in their day-
to-day activities. The most important point is ursi@nding what happens at particle level during
vaporization and why do different liquids have éiffint vapour pressures? Students should also
understand the concepts such as volatility andosisc since they encounter them in their lives
frequently. To depict the concept of vapour presstuieadvisable to conduct the experiment on the
student textbook page 193.

The lesson can be started by inviting students soudss the process of cooking and boiling in the
kitchen at home.

Let the students discuss round their desks thewollp points;

* When food is cooked in a closed container, why dbesnner part of the cover gets wet after
some time?

« Sometimes the cover of the cooking utensil flipsbgf an internal effect. Explain these
phenomena in chemical terms.

e Use figures to explain your ideas.

Give them some time and ask them to explain thadletstandings.

Although the concept seems simple, students mayecom with different views regarding the
phenomena. Some of them may say ‘the liquid isstgld up to the cover”, the others may think
simply the surroundings of a liquid is usually vike river sides. Some the students may guess that
liquid vaporizes and condenses on the cover.

Regarding the removal of the cover of the cookitensil, they may also think that the liquid it self
pushes the cover. Some of them may unable to ireafat vapour pressure has such energy. They
should also be able to draw figure like the follog/ione.



Evaluation

What makes the cover of the cooking utensil weinducooking?
What pushes the cover off the cooking utensil?

Main activity

Now you may define vapour pressure as the partiessure developed above a liquid. Let the
students investigate the factors that affect vapoessure of a liquid by doing the following adiies

Organize the students in to groups and give thethddollowing activities to discuss and come up
with kinetic theory of matter explanations.

Activity 1

If you keep equal amount of water in equal sizedmobeakers, the first being under temperature of
20°C and second under temperature ofCG45 the content of the second water reduces sogmifiy
than the first one.

Activity 2

If you keep equal amounts of benzene and waterqgimlesized open beakers under the same
temperature, the volume of the benzene reducesisagrily in the same time.

a. Use the concept of intermolecular forces of atioacto explain the difference.
b. How do you classify the two types of liquids?

The group representatives should present their elens to the class. The class may ask questions
and discussion should be extended among students.

You should assist the students in their discussoassociate the concepts to the kinetic theory of
matter and the intermolecular forces of attraction.



Students should come to the understandings like:

e According to the kinetic theory of matter, the pdes possess kinetic energy and potential
energy. The kinetic energy depends on the temperaifithe particles. As temperature
increases the kinetic energy of the particles s, as a result they become more energetic
to overcome the attraction force of the neighbaurimolecules. Likewise, the particles of the
water at temperature of 45 obtain more kinetic energy than they were &C2@herefore
more molecules escape from the former resultingpame reduction of the volume in a given
period of time.

* When benzene and water are compared, water possgasgg intermolecular attraction force
between its molecules which is known as hydrogendbmy. But benzene has very weak
intermolecular forces of attraction, i.e. the Londimrce. At the same temperature, more
energy is required to break the forces betweemtter molecules than benzene molecules.
So, more benzene vaporizes than water in a spgeafiod of time.

e Substances which vaporize at lower temperatureldisezene are called volatile substance.
Volatile substances are substances having weakmaotecular forces. They usually have
higher vapour pressure than the non-volatile suost at a particular condition of

temperature and pressure.
Evaluation

Students can be asked question like:

1. What are the factors that affect vapour pressueeliofuid?
2. What are volatile liquids?



Concluding activities

Let the students discuss and classify the followsndpstances as volatile and non-volatile. The
substances are: ammonia, water, benzene, ethanfalpge, sulphuric acid, and edible oil.

Check whether the students can perform the claasiin as

Volatile Non-volatile
Ammonia Water
Benzene Sulphuric acid
Ethanol Edible oil
Perfume
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Demonstrate an experiment to show the phase chdirigesce to liquid water and then to water
vapour

Explain the phase changes

Describe the processes of phase changes

Explain the energy changes in phase changes

Materials

Pyrex beaker of 200ml, thermometer, tripod withengauze, stirrer, stand with clap, crashed ice
(voluntary students may be asked to bring from meaillage),

Note for the teacher

The concept students understand in this activitthéslatent heat of vaporization and latent heat of
fusion. These concepts can only be clear when ipadlgt performed. Students should be able to
explain why temperature is not raised at meltinopisoand boiling points. To understand this, cdrefu
performing, recording and analysing of the dateeguired. Therefore, students should be assisted to
conduct and observe the activity.

You may start the lesson by revising changes &é sfhis can be done by matching terms used for
the processes of changes with the changes.

Procedure

1. Write each term on each of the same coloured aatdhee descriptions on the other with different
kind of colour.

2. Provide the two series of cards for each groupuafents.

Let the students match card of the correct proseshange to the descriptions.

4. The terms can be

w

e Vaporization

* Condensation

» Deposition

« Crystallization

*  Sublimation written on one kind of card

5. The processes are:



Change of gas to liquid

Change of solid to liquid

Change of liquid to solid

Change of gas to solid

Change of solid to gas written on the other.

Check whether the students successfully matchedtaind help them when there is a problem.

Evaluation

Students may be asked questions like:

1.

2.

&

Classify the following processes as endothermic exathermic: Vaporization, Sublimation,
Condensation, Deposition and Crystallization

Given the following energy changes, pair the onbglware the reverse of one another. Heat
of crystallization, heat of fusion, heat of condatitn, heat of deposition, heat of vaporization
and heat of sublimation

#* %

Let the students do the activity in groups if thare available materials. If not you can demonstrate
the experiment by involving the students.

Procedure
1. Add the crashed ice into the beaker
2. Put the beaker on the tripod with wire gauze
3. Insert a thermometer into the ice and fix it witklamp of the stand so that it will not touch
the bottom of the beaker.
4. Heat the ice in the beaker, measure the temperatnd record the temperature every
30seconds
5. Continue your observation and recording until treges boils
6. You may record your data in table as follows
Time (s) 0 30 | 60 90 | 120 150 180 210 240 20 3Q0
Temperature’C)
7. Draw a graph by using time on the x-axis and teatpee on the y-axis.
Analysis
1. What was the phase of the content of the beakbedieginning?
2. To what temperature was the thermometer readingdasthe beginning?
3. What was the phase during the first constant teatpex?
4. What has happened at this temperature?



5.

At what thermometer reading was the second raiseéeinperature observed? To what
temperature was it raised?

Conclusion

aprwbd R

6.

What do you call the first temperature at whichttiermometer reading was constant?

Why doesn’t the temperature raised while the hggihocess was continued?

What was the purpose of the heat consumption diinegonstant temperature?

Why was the temperature raised for the second time?

Why the temperature was remained constant for gdoersl time? What do you call this
temperature?

What do the compartments of the curve you drawmgho

Generalization

o0k W

What is the melting point of ice at the particutanditions of your environment? How do you
define melting point?

Why does temperature remains constant at meltimgpo

Why does temperature remains constant at boilimgtp&Vhat is boiling point?

Are fusion and vaporization endothermic or exothienpnocesses?

Is it possible to reverse these processes?

What should we do to reverse the processes?

Let the group representatives present their obseryatonclusion and generalization. The other
groups can discuss the findings in comparison &ir twvorks. The following main points should be
checked whether the students grasped or not?

1. Ice melts at about’@ (may be there is slight variation due to altifude

2. Temperature remains constant at melting point afitthe ice melts. The heat is consumed to
break the intermolecular forces between water nubdscinstead of raising the temperature of
the system.

3. Below the melting temperature the content of theklbe was solid, at a melting point the solid
and the liquid coexist, between m.p and b.p ligexkists and above b.p liquid and vapour
exist

4. Temperature remains constant at boiling point ualilthe liquid vaporizes. The heat is
consumed to break apart the force between liquikkkootes.

5. The heats consumed without raise in temperatureadlied latent heats. The first one is called
latent heat of fusion while the second is laterst lvé vaporization.

Evaluation

Students should be able to answer the followingstijoies.

N

Why are melting and boiling endothermic processes?

What are latent heats of fusion and latent heaapbrization?

How do you explain melting and boiling in terms the relationship between particles of
substances?



Make sure that students can successfully explaindhring melting and boiling intermolecular forces
break up; as the result heat energy is required.

Latent heats are heats that are consumed with@at iratemperature.
Particles are strongly attracting and are closeatth other in solid crystals. Melting is then bregk
this strong attraction force so that the particias free to flow. In boiling particles of liquid v are
still under attraction of each other are set cotepfdree from each other.
Concluding activity
You can give the following activity to the students
Procedure
1. Draw a triangle using the words solid, liquid arad @it each corner of the triangle

2. Write double arrows with opposite direction betwées vertices
3. Write the energy involved to change one phasedmther

Solid

Gas Liquid

A — hecatof fusion

B —heat of crystallization
C— hecat of condensation
D —hcat of vaporization
E-hcatof deposition

F—hecat of sublimation



Annexes

Sample lesson Plan

Name of teacher ------------ Name of schoal
Subject Chemistry Grade and section Grade 9
Date of lesson------------- Unit of lesson The Sructure of the Atom

Sub-unit of lesson Discovery of the sub-atomic particles  Topic of lesson Discovery of the Electron

Competencies After the lessorstudents will be ableto

Explain the discovery of electron
Describe properties of electron

Rationale of the topic most of the properties of the elements like riedagtand bonding depend on the
electrons in their atoms. The number of electrams their arrangements in the atom are also thes fasithe
classification of the elements in the periodic éatnderstanding the experimental procedures oflimvery
of electron helps the students to know how scientifethods are used to explore in to the atoms.

||#



Stage | Contents| Teacher’s activities Student’s acties Assessment
activities
Review - Asking the students to state the Students state the postulates Ask how the
— | of the postulates of the modern atomic giving explanations modern
g modern theory theory
E atomic - Jotting down the main points of amended the
iu} theory the students’ answers Dalton’s
5 = - Ask the to explain the postulates atomic
t = theory.
5% i
The - Ask students to predict how- They forward their ideas giving- Ask them to
cathode scientists discovered particles|in reasons. describe how
ray tube an atom. - Students closely observe the the apparatu
- Give brief explanation of the diagrams works
Properties parts of the cathode ray- They make discussion in
of apparatus and their functions groups Asking why
cathode using diagram
rays - Asking students operates and |eEach group registers the findings the cathode

Concluding activities (7minutes)in activities(28 minutes)

them reason out

- Making students into groups.

- Keep the charts of the catho
ray tube 1. with light paddl

2.with +ve and —ve electric plateCathode rays move in straight line

where they can see.

- Give them the following
activities
to explain the following

observations giving reasons

the rays deflect to the +v
terminal of the electrig
plate

the light paddle in tubg
rotates when there al
cathode rays

a cross obstacle on th
path of the ray cast
shadow on the screen
when Thomson use
different materials the
same rays are produced

ask the students to give conclusi
of the lesson

of their discussion using th
diagrams on the charts they m
fleonclude that

D

because the obstacle on th
path casts a shadow on t
screen

Cathode rays have masses becg
the paddle was rotated when
was strike by the ray.

Cathode rays are negative

e charged because they we
attracted to the positive termin
of an electric field

D

eCathode rays are contained in
substances because when differ
énaterials were used in th
sdischarge tube, they show t
same resultand present to the cla
d

h

e
Ay

rays deflect
to the
positive
terminal
the paddle
eir rotates
he shadow cast

- all
usesubstances
it show the

same result
ly
ré\sk the students
ahow from the
experiment

Thomson came
alio state
ent
e An electron
ne carries a
1SS. negative

charge.

- An electron is
a
fundamental
constituent of
all matter

D

D
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