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Introduction

In this booklet we present some example activities aimed for teachers and
students in secondary chemistry education. Our approach in the design of the
activities was informed by the need to motivate students by linking chemistry
knowledge to everyday contexts through the use of imaginative and creative
stories. The story contexts immerse students in purposeful pursuits in wanting to
investigate and understand the chemistry knowledge in question. An important
feature that has helped the framing of the activities is argumentation, the
coordination of theory and evidence through justifications and reasons®.

A key goal in contemporary science education is the ability to engage in
evidence-based reasoning in relation to both scientific and socio-scientific
issues. Often such issues emerge in complex situations that demand the skills
to articulate the difference between, for example, evidence and claim, as well as
the ability to evaluate the credibility of evidence using a set of criteria such as
accuracy and plausibility of the evidence. The activities integrate the promotion
of such skills and provides teachers some example guidelines for structuring the
lessons in ways that would support evidence-based reasoning to take place.

We are grateful to our respective universities, University of Bristol and Abant
|zzet Baysal University for their support of our work as well as the Training and
Development Agency for Schools and Bristol’s Institute for Advanced Studies,
and TC Yuksek Ogretim Kurulu, for financial support that made the production of
these resources possible.

Sibel Erduran, University of Bristol, United Kingdom
Aybuke Pabuccu, Abant Izzet Baysal University, Turkey

* Erduran, S., & Jimenez-Aleixandre, M. P. (Eds.) (2008). Argumentation in science education:
perspectives from classroom-based research. Dordrecht: Springer.
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This activity presents a set of alternative explanations about strange incidents
that occurred when a group of students were having a party during Halloween in
a chalet set in the mountains. Students are asked to evaluate through discussions
in small groups the plausibility of the different explanations for why the lid of
oilcan to shoot off when heated and why an oilcan collapses on itself when it’s
subsequently left to cool off. Furthermore, the activity immerses students to
generate their own explanations to account for the observed phenomenon.

The aims

The aim of this exercise is to evaluate different theories for what causes the can to collapse and the lid to shoot
off. Students will be required to justify with reasons their choice of claims and also justify with reasons why they
do not agree with other claims.

Learning goals

The learning goals of this activity are for students:

e {0 learn to evaluate arguments and provide justifications for what they believe in;

e to provide justifications for why they think alternative arguments are not plausible;

¢ to evaluate alternative explanations and reasons.

e to think about the language they use, whether their reasoning is clear, and whether it justifies their conclusion.

Teaching points
For this activity students will need to know about the air pressure and the behaviour of gases. Also they need to
know how to express their ideas in words.

Teaching sequence

¢ Distribute the activity sheet and explain the task.

¢ Probe the students’ understandings of air pressure and the behaviour of gases through a brain storming
session. This should take about 10 minutes.

e Now explain that the students will need to assess the explanations for the strange incidents that occurred in
the chalet from the table on the sheet and give reasons why they think the observations took place. They will
also need to create their own explanations about the situation. Ask the students to get into groups of 4 or 5 and
discuss each explanation together before putting their responses in the boxes on the sheet. Allow about
20 minutes for the group task.

¢ Finally conduct a plenary of the results from the groups. Conduct a class discussion at the end and ask who
would like to argue against other people’s explanations.
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It was an unusually cold Halloween day. It was freezing and snow covered the
mountains. A few teenagers had rented a chalet in the mountains to have a
Halloween party. Because of the heavy snowstorm, they were stuck in the chalet.
The teenagers did not care much about this unusual snowstorm because they
had brought a lot of food and drinks with them. They started to prepare a big
Halloween supper for themselves but after a while they realized that they had
not brought any oil or butter with them. Because the chalet had not been used
for a long time, there was little in the kitchen. After searching the chalet for a
long time, they found one empty olive oilcan in the kitchen. They were upset and
stopped preparing supper, eating just cold snacks and sandwiches in front of the
fireplace. While they were telling each other horror stories, there was only Jane
in the kitchen. Suddenly they heard Jane scream in the kitchen. The teenagers
ran to the kitchen where they found Jane to be really scared. But a few seconds
later when she saw her friends’ fright, she burst into laughter and she cheerfully
started to explain what happened. She said she realized there was some frozen
olive oil at the bottom of the can, and in order to get rid of this frozen oil, she
started to heat the can on the stove. However a few minutes later, because the
lid of the can abruptly burst with a loud noise she got frightened and screamed.
Another teenager, Eddie, held the oilcan with a piece of cloth and removed it
from the stove. He attentively put the lid on the can and left it in the kitchen.
After five minutes, while all the teenagers were in front of the fireplace continuing
to tell horror stories, they heard some weird noises from the kitchen. But now,
there was nobody in the kitchen. They got scared! At last when they plucked up
the courage to go to the kitchen, they saw that there was nobody there, but the
oilcan had crushed noisily by itself. Now they were really frightened and hugged
each other in desperation. Sebastian tried to call them by saying that he knew
what had happened! He remembered his chemistry lessons and he explained
what had happened in the kitchen by using his chemistry knowledge.
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In the table that follows, some explanations are given. Decide which of the explanations Sebastian could have
used to explain the lid was thrown off, and rank each explanation with points: 0 for not relevant; 1 slightly relevant;
2 definitely related to the explanation. If you are not sure or do not have an idea, please put down NI for “no idea”.

The reason of bursting of the lid was...

Points

Our explanation

increasing inside pressure of the can

increasing volume of the gas molecules in the can

Increasing speed of gas molecules in the can

increasing impact of gas molecules on the can

hot air rises

the inequality of the pressure inside the can
and the air pressure

the expansion of the can by heating

Our explanation about the reason for why the lid burst

Below are some explanations about why the oil can crushes by itself. Decide which of the explanations Sebastian

could use and rank your choice from 1 (most relevant) to 6 (least relevant).

Oilcan crushed because of...

Rank

Our explanation

the power of air pressure

no gas molecules inside

the number of gas molecules inside decreases

the volume of gas molecules inside decreases

the speed of gas molecules inside decreases

the volume of the can decreases
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Our explanation about the reason for why the oil can crushes by itself

What would happen if Eddie had not closed the lid of the olive oilcan after he had removed it from the oven?

If the lid of the can was not closed...

Our explanation

the shape of the can would not be changed

the shape of the can would increase because
more molecules would enter the can

the can would crush by itself again

Our explanation for what would happen if Eddie had not closed the lid of the olive oilcan

Below is a figure that shows
the condition of the can when
teenagers first found it in the
kitchen.

Consider Figure 1 and draw the Now, take a look at Figure 1 again.
final crushed oilcan.

Draw what would have happened if
Eddie had not closed the lid of the oilcan
after he removed it from the stove.

[SH

G

—

Figure 1: Olive oilcan with lid
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Activity 2: Holiday in Dubai
Teacher outline

Activity 2: Holiday in Dubai
Student exercise

Scenario

Jon and Frances, who went to Dubai for a holiday, got exhausted from heat
since the outside air temperature was 50°C. They went into the shopping centre,
where air temperature was maintained at 25°C. After they spent some time at
the mall, Jon found two similar balloons left after a store opening. He gave the
more bloated balloon (containing 1 mole of air) to Frances and kept the other
(containing 0.5 mole of air) himself. Even though Frances was glad about this
gesture, when they went out Frances’ balloon exploded. Jon’s balloon expanded
and looked really beautiful. Hence, she was angry with him but in this situation
there was something about chemistry that she forgot to take into account. Jon
realized this fact and offered her to return to the mall and explain what happens.

You can use the evidence cards to explain the questions below. Write down the number of each used card
according to the order of importance.

Why did France’s balloon explode but Jon’s balloon did not when they went outdoors?

Evidence Cards

Below, Jon’s balloon in the mall is represented. First draw the balloon outdoors and then draw the balloon indoors
but consisting of 1.0 mole air. Take into account the possible changes in volume (V) and pressure (P) that occur in
the balloon.

—

S

Nz = 0.5 mole, T=25°C ngi,= 0.5 mole, T= 50°C Ng= 1.0 mole, T= 25°C
Volume V
Pressure P Pressure Pressure
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Activity 2: Holiday in Dubai
Student exercise

If they bought a crystal ball, which consisted of 1.0 mole air, what would happen to the crystal ball when they took
out it outside? (i.e., pressure, volume)

Evidence Cards

Evidence cards:

Velume

P.T constant
Mole
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Activity 3: Mysterious Diaries
Teacher outline




May 23

well, it is another freezing cold day. t am
shivering like my friends are! We have to
snuggle up to each other to keep warme. | hate this
crowdl. t have just fun listening to Neverland
stories. Old lady at the corner always tells
stories about Neverland. | would go there Lf ( had
enough energy left.

14.00 p.m.

My friends make fun of me again; they do
not believe Neverland but one day ( will ge to
Neverland. t will be size zero there. Can you
imagine? UL get around randomly all day
without seeing anybody! (t will be all peaceful
and quiet, ( will be free of others bumping into
me. [ won't be crushed and ( will vecover all my
energy. [ will be ideal there!

May 24

At last, [ feel some energy in my body. ttis a
very hot day!!l t want to celebrate this heat with
a dawnce!

( can hardly contain myself to jot down my
feelings.  want to Leave the others behind and
fly away. Do you believe this? Superb!!l For the
first time in my Life, | feel that t can overcome
the pressure that always ( feel on me. (can fly
away to Neverland.

May 25

( hate what happened yesterday. You won't
believe what had happened. Whewn | was flying
to Neverland a wall suddenly appeared in front
of me. ( could not escape from it. Then, the crowd
gradually increased and | started to feel weak
again.

My friends and ( are getting close again
although are not as close as we were two days
ago. L think | will never see Neverland. May be
they are right. May be there is no Neverland.

May 23

I Kave +o et op eafl7 +omorro.

X will do +he ewperiment L inventeld.
I+ 5 about ewistence of ideal qases.
Do FOU +liink L am weird because L
care about Sucl ‘H&i/\jj? welly L want
+o know Low +he Lnverse works!
Tomomow y L will prove +Hhat +he deal
Jases do not eswist.

®.5. 70 Do:

Do no+ Forqe 4!

e fake oot Some ice from +he freezer
* put into the container witlc a piston

* bring i+ 4o sclioal !

May 24

Today iS5 a L’i‘l 347.

T didn'+ Formet qA7+RiA3. 1 prepared
My rmaterials and now L am waiting €or
Y friends +o come. LeSSon StartsS a+

3.08 a.m.

P.5. The ice is MeI-HAj 510wl7
O sGould Keat i+ on e Leater.
1 Gq/\“‘" wa“’”

May 25
“r’ej'—Fer‘c)q7 was very cool.

I3 pmeHed +the ice in the GLeater.
After all ice disSappeared, L +oolk
+le container From +he Leater and
O slhowed i+ +o my Friends. Then L
Started to pusic Hhe piston of +lhe
container Slowly. AFter a wiile ) we
observed Some water drops in +he
container

Some examples for the codes in Weeny’s diary are given in the table.

Sentence containing hidden code

Our explanations about the codes

Along with all the other friends, | have been
shivering as usual.

Weeny in ice form. Because the atoms of a
solid vibrate.

Nearly we have to snuggle up to each other...
| hate this crowd.

Weeny in ice form. Because the atoms of a solid
are strongly attracted to each other

We are not close as far as when we were two
days ago.

It is in liquid form. Because, the distance between the
atoms of liquids is more than that in the solid form.

Find the hidden codes in Weeny’s diary about properties of ideal gas.

Codes about properties of ideal gases

Our explanations

Now ask your teacher about the properties of ideal gases and discuss it in the class. Write your notes after your

discussion in the box below.
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Activity 3: Mysterious Diaries
Student exercise

Think about the effects of the conditions in the table that follows. Guess the effects of the conditions on water
molecules in Amy’s container. Put down “I” for “increasing”, D for “decreasing” and N for “not changed”.

Increasing Temperature

Can you turn any real gas molecule to ideal gas by changing the conditions? Think about water vapour and He-
lium gas as examples.

At the end of the experiment Amy said that “Here we prove ideal gases do not exist. Because if there did, they
could not be to changed into liquid” Do you in agreement with her? Why?
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Activity 4: Alkanes in Stress
Teacher outline




Activity 4: Alkanes in Stress Activity 4: Alkanes in Stress
Student exercise Student exercise

Question 1
The graph below shows the changes that arise from rotation about the C,_C5 bond of butane. Here are the two _
Newman projection formulas for the conformations of butane. The other four Newman projection formulas for the

conformations of butane in the graph were erased and they replaced with the letters A, B, C and D respectively. |

E KT mol'?

o A &0 B 120 C 1580 D 240 300 360

CHs CHz
CH; H
1
Graph-1 The tortion angle-potential
CHs H

energy curve of butane

Below are the five different Newman projection formulas. Look at them and try to estimate the erased Newman
projection formulas in the graph. Complete the below table and use the evidence from the evidence cards to

substantiate your claims. v
CH4 CH4 C H
H H H CH, CHy .
{
: ¥ \ 4 CH, H
H H g
CHy i H o eHs H v
Figure-1 Figure-Il Figure-lil Figure-1V Figure-V
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Activity 4: Alkanes in Stress Activity 4: Alkanes in Stress
Student exercise Student exercise

Question 2

The graph to the right illustrates the relative energies of the various conformations of cyclohexane. Two
conformations (chair and boat) of cyclohexane are represented as A and B. Look at them and try to estimate
which conformations of cyclohexane represented by which letters. Complete the table and use the evidence from
the evidence cards to substantiate your claims.

Boat conformation Chair conformation
of cyclohexane of cyclohexane

!
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Activity 5: Organic Potions
Teacher outline

Activity 5: Organic Potions
Student exercise

Organic Potions

Rachel at last fulfils her ambition of being an assistant in an organic chemistry
laboratory. On her first day in the lab, she has a list of some reactions and organic
compounds that she will be responsible for. Her task is to synthesize each of the
organic compounds in the list. First, she goes to the lab to check the materials.
Then she synthesizes 4,4-Dimethyl-1-Pentyne and writes the way that she
synthesized it. Unfortunately she then develops a flu and does not get a chance
to complete the report. Give her a hand and help her to synthesize the rest of the
organic compounds and write the rest of her laboratory report.

mCoRe
0. Jo _m w |

The compounds are given in the following table. At the end of the lesson, tick the compound you synthesize,
count the number of your ticks and compare it with the other pairs’ scores. Each tick means 1 point.

Q 4,4-Dimethyl-1-Pentyne Q 4,4-Dimetil-2-Pentene

Q Cis-2-Pentene Q Ethanal

4 Trans-2-Pentene Q 2,2-Dichloro-4,4-Dimethylpentane
4 1,2-Dichloropropane Q 2-Propanol

Q Pentane Q 1-Propanol

U 3-Chloro-1-Butene U Acetone

U Br
Cl
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Activity 5: Organic Potions
Student exercise

Example Cards

Type of the reaction

H2 H“ ’H
R-C=C—R' . : - c-C
Lindlar's catalyst R R

Hydrogenation of
Alkynes with
Lindlar catalyst

HC=CH —="% HC=CCH,CH,

2. CH,CH,Br

Synthesis of Alkynes
from other alkynes

Addition of Water

OH 0)
H,50, | I to Alkynes
CH3CH2CECH + H20 HQT) CH3CH2C=CH2 e CH3CH2C_CH1
an enol a ketone

CH3CH2CH2CH2CE CH + HI —_— CH3CH2CH2CH2C=CH2 Reaction of Alkynes

| with Hydrogen

I Halides

1-Heksin Hidrojen iyodiir 2-lyodo-1-heksen (%73)
CH; H Dissolving Metal
CH;C~—CCH;,4 :3 o('l'i:') 5 \CZC\/\ Reduction of Alkynes
2-butyne —738 °C H/ CH;

trans-2-butene

Activity 5: Organic Potions
Student exercise

Example Cards

Type of the reaction

Electrophilic addition
to Dienes

Diels—Alder
reaction

Electrophilic addition
of HX to alkenes

R R o, R R
Vo I e~ =0 o=
R i H R OH

H,0,

Ozonolysis
of alkenes

h=c=c=) * HX —— C—C,
Alkene Hydrogen H
Alkyl halide
H:,'C. H c,\.\j Hydration
\C _ C/ H2504 S CH-C —CHCM of alkenes
W’ G,
3 CH OH
3
Hydroboration
g BH3 of Alkenes

/\K > /Y\OH
2. NaOH, H,0,

CHy=CH2 + Brp —— m» CH3-CH2

Halogenation

| | of alkenes
Br Br
- Hydrogenation of
= Pd/C Alkynes to alkanes
- using Pd/C catalyze
Ha
H Hydrogenation
CO,CH, i ,CO,CH; of Alkenes
+ H, —
CO,CH; 1 CO,CH;

CC e OX
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Dehydrohalogenation
of alkyl halides
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Activity 5: Organic Potions
Student exercise

Rachel’s Notes

4,4-Dimethyl-1-Pentyne

The structure formula of the compound is (H3C);CCH,C =CH

How can we obtain the compound with the materials in the lab?

| have ethyne (HC=CH) in the lab and | know | can syntheses alkynes from other alkynes.

Also there is an example of “Synthesis of Alkynes from other alkynes’.
According to the example for the reaction,

HC=cy . NaNH,, ;; WC = CCH,CH3
2. CH,CH, B

I need NaNH, and NH; (I have got plenty of these). Also, | have to choose appropriate alkyl halides to obtain
4,4-Dimethyl-1-Pentyne. | have (H3;C)3sCCH,Br in the lab and it is perfectly fit here.

My reaction mechanism:

;L, NﬁMHl N“;
2. (ﬂsc,\g ccH B

Hc =cy

Q,\gc,)gccazc.a cH

Our Notes
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Activity 6: Cheating on the Exam
Teacher outline




Activity 6: Cheating on the Exam Activity 6: Cheating on the Exam

Scenario Tom’s Desk
In an organic chemistry exam, the teacher found some organic chemistry
reactions written on Tom’s desk. The teacher warned Tom that she would fail Step 1: —~ + . Mechanism of the
. . . . . " " = i Reaction of Alcohols
him. Tom objected because he believed that there were no questions in the (CH } C-0: + M-cCl. =) (CH\ C-0-H+:Cl: with Hydrogen
exam about the reactions written in his desk. Having looked at the Tom’s desk, 1 \ " 13 ) & Halides
April, another student in the class, was not in agreement in Tom and she said H K
the first question of the exam could be answered with the help of the reaction Sten 2
. . . . ep 2:
mechanisms written on the desk. Who was right, Tom or April? Whom do you + &
agree with and why? Try to justify your decision by looking at Tom’s desk and (C“ﬁ c —?— H == (C \.\h C «+ Hzﬁ
the first question of the exam. 3 H 3
Step 3
2
4 \ gy - 'Y
1st question of the exam : ,
Decide whether each compound given below is (a) a nucleophile or an electrophile, both or neither (b) Bransted (C H;) C + ' C \ . —’ (C H 3) C - Cl ‘.
Acid or Lewis acid, both or neither. 3 e st
In the reaction of Alcohols with Hydrogen Halides,
o tert-Butyl alcohol, Hydrogen chloride, tert-Butyloxonium ion; tert-Butyl cation and H,O - 5 F Electrophilic addition
. . - _ﬂ";; " of HBr to alkenes
In the reactions of Electrophilic addition of HX to alkenes H—DBr:
o Alkene and HX R (=< H s+
A I{ L
In the Nucleophilic substitution reactions, p=C—C=<y * HBr H—C—C=< """H
o Methyl bromide and Hydroxide ion H)"d”f"ge“ it
- _ _ _ Alkene halide L -
e reactions between carbocation and Halogen anion
o Carbocation and Halogen anion —
e H \ Br .
R-..u.+ .{ i Ra t
R H’C_Ci“l_{ + Br — F_C\"H
Carbocation H _H
Infermediate Alkyl halide
B 3 Nucleophilic
R-Br + OH — R-OH + Br substitution reactions

Reaction between
carbocation and

halogen anion
c>c=<) D«A -\ g

26 Bonding Chemistry and Argument: Teaching and Learning Argumentation through Chemistry Stories Bonding Chemistry and Argument: Teaching and Learning Argumentation through Chemistry Stories 27



Activity 6: Cheating on the Exam Activity 6: Cheating on the Exam
Student exercise Student exercise

Nucleophile or Electrophile?
Decide whether each compound given in the first question of the exam whether it is a nucleophile or an
electrophile, both or neither. Then write down your evidence to justify your decisions in the table that follows.

Bronsted Acid or Lewis acid?

Decide each compound given in the first question of the exam whether is Bronsted acid or Lewis acid, both
or neither. Then write down your evidence to justify your decisions in the table that follows.

Nucleophile My Evidence Electrophile My Evidence Bronsted Acid My Evidence Electrophile My Evidence
Either electrophile My evidence Neither electrophile My evidence Either Bronsted My evidence Neither Bronsted My evidence
or nucleophile nor nucleophile or Lewis acid or Lewis acid
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Activity 6: Cheating on the Exam
Student exercise

m
s
a
o
S
0
o
Q
2
aQ
@
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