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In a historig fq&tstep, the natlonal curriculum of Pakistan 2022-2023 has
mtrodm:\gd h new era for schooling in the country, This is the first-ever core
curriculum in the 75-year history of Pakistan. It is in line with the protected right
to school education by Article 25-A.

Chemistry might be a difficult subject for someone, but it holds significance for
those who embrace a systematic approach to understanding its concepts.

This new Textbook has been developed as a model Textbook for Pakistan. The
book consolidates critical thinking methodologies, guiding scientific reasoning,
and thinking abilities. The book incorporates problem-solving strategies, which
will guide students toward analytical thinking and skills. These skills would be
invaluable for both academic as well as practical life.

The book also inspires concept assessment exercises in every unit, whlch have
been designed to evaluate acqulred knowledge and pnomdte cnﬁt@b thihlﬁng and
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analyzing data.. \ 2\el 1 W LA
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One of the book 's ( ncttve f&t res\ls/tl‘ge]éev points at the end of each unit,
which serveasa qui efér‘enCe\to inforce the salient features of each unit.
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1. Describe how Al-Ghazali’s burning cotton thought experiment highlight the challenges of inductive
reasoning. Examples of deductive reasoning with respect to chemistry. J
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THOUGHT EXPERIMENTS (/= [

The experiment that is performed in ;hef ’laborato,ry tf hurnan mind is called thought
experiment. We study a spéciflc mtuation thén \observe what happens in that situation and
finally reach at some ¢ clusion. \The difference between thought experiment and real
experiment is that. l:h@ former is done in mind whereas the later one in real world. Thought
experiments plhy vital role in developing scientific theories and principles. We discuss three
famous thought experiments in this textbook.

1.1 THE DISCOVERY OF ATOM

In 500 BCE, a Greek philosopher, Leucippus was the first
to think about atom so he is known as the father of atomic
philosophy. In 430 BCE, another Greek philosopher named
Democritus, a student of Leucippus, was the first who
thought that matter is mac'< , ¢ uniform and indivisible
particles called “atomos” |« Greek word meaning
uncuttable). This is the first thought experiment about
atom in the visible history.

Democritus further thought that atoms also existed for
feelings and human soul. He held the shape apd su’e of —£
atoms responsible for properties of mattér He! Ehﬁughf \
that sour taste of substances) ‘:; (:.Iug“to\ needie\ shaped
atom while the white colonﬁr of rha ter is due to smooth
shaped atoms, |\\J \ \| '\\

| W Before Democritus thought
The word atom is experiment, there were two
combination of two Greek philosophies about
Greek words “a” changes in matter, one was

which means not and
“tomos” which means
to cut.

that change in matter is just
illusion whereas the other was
that change in matter is a
reality. Democritus argued that changes in matter were
due to combination and separation of indivisible particle
in matter,

Experimental Background of Atomic Chemistry

In 1808, an English chemist, John Dalton was the first who converted the Democritus thought
experiment about atom into scientific theory called Dalton’s atomic theory. He’wmte a book
named a new system of chemical philosophy and |:resermti.~laL an expenmentaL ptcture of the
formation of compounds from elements. Later on tWa other chemists Gay-Lussac and Amedeo
Avogadro supported Dalton’s atomic thecry and l;hus the experimental foundation of atomic
chemistry was laid down. In thyis. way, thé thought experiment of Democritus was converted to
real expenment ?nd tpe qtﬁmic philasophy to atomic chemistry.




1.2 The Maxwell's_Demon Experiment

In 1867, a Scottish scientist, James, Clerk Malcwell desrlsed a thought
experiment on gases. He. Imagined twocontainers, say container A and
container B, filled wT h' same gases-at the same temperature. The two
containers $hprbd 'small frictionless molecular-sized window in the
parti tldr’liné wall.

There was a little demon (invisible spirit) on the window who was
smart enough to guard the window and detect speed of gas molecules
in the two containers.

The demon would selectively allow fast-moving molecules to shif
from container A to container B and slow-moving molecules from container B to container<a.
this way, all high kinetic energy gas molecules will fill container B and low kinetic energy
molecules will stay in container A. Theoretically, this will create temperature difference
between the two containers, the container A will get hotter while container B colder without
the expense of energy. However, this canrot happen without the cost of energy and is against
the second law of thermodynamics,

Solution to Maxwell’s Demon e

The Maxwell’s demoa thought expenment was\ @y clear vieiatlan of second law of
thermodynamics which says that he&t ﬂows naturally fmm ho”tter body to colder body which
results in increased enl:ﬂawef‘ the syste\m. The’ problem with Maxwell's demon was that the
demon was ldeally jonsldered to be' requiring no energy for the action of opening and closing

the wmq \ J]rl fact, the demon’s action was not possible without the use of energy hence
mcreasél |entropy

If the.demon is considered to be using energy for opening and closing the window, then energy
will be used and entrupy of the system increased which follows the second law of
thermodynamics.. In this way, the Maxwell’s demon experiment plays role in considering all
factors while studying the behaviour of physical systems in physical chemistry.

1.3 THE SCHRODINGER’S CAT EXPERIMENT

Erwin  Schrodinger (1887-
1961) was an Austrian, .
scientist. He explained his cat’ *
experimen. picture in a IR
discussion with Einstein while "7
addressing the problems in, . %
quantum mechanics. This is" ", ‘;}Gﬂ}‘
why one can safely assume . O WA N G

that his cat expenment played an essential rule in the development of quantum mechanics.

< imagined to keep a cat enclosed in"an opaque box having poison, Geiger counter and a

radloactwe ma}erfall He added that an outside observer would say that the cat is in two states,
I| l| i
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both alive and dead at the same time. The actual reason- behlnd/ Wheﬁ }he box is not
these two states of cat is that the radmctlve matenal IS élso in twu “opened, the system is

states, it decays anti does not, decay at the same »time in superposition of twa
states, one is the
He: thaught that when e raﬂiaathve matenal decayed, the Geiger decayed material-dead

counter recei ons- emltted from that material and pushed | cat and the other is
the hammet! oé the contamer having poison. As a result, the container undecayed  material-
opened and'poison came out which killed the cat. alive cat..

Ifthe radn{tactwe material did not decay, then the cat would remain

alwe It means that one cannot say from outside the box whether the [The cat is in two states,
radloactlye material decays or not, and the cat is alive or dead until | both alive and dead at

thebox is opened or-the material and cat interact with the real world. |the  same  time.
Similarly, the
The Schrodinger’s paradoxical thought experiment can be related radioac:ive —l

with his equation that laid the foundation of quantum mechanics | iy two states, it emits
hence quantum chemistry. The equation gives the idea that atoms |and does not emit
and sub-atomic particles exist in two states (particle and wave) | radiations at the same
simultaneously. The two states become one state when they are |time.
observed and measured, LA —

w'__\ \il’ ‘\"x’
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1.4 IMAM AL-GHAZAL] - J-HS’MRICAL BACKGROUND

~ x\ "r_.r'f \ \'\ \.__,

Abu Hamid Al-Ghazali was ﬁ\usum" thedbjiﬁs and mystlc He was born#
in 1058 AD in Iran Q !n \L1A4AD, After completing his education,

he moved to daq his teaching and debating received unanimous
approval and he got the name of Imam of Irag. Then he turned awa
from his worldly status and rank and started seeing things in life with
different perspective. He left Baghdad and went Damascus for a short]
time, then Jerusalem. From there he wrote a famous book “The Reviva
of Religious Science”. He started working on disciplining his soul and
improving his nature.

He is considered one of the most influential philosophers of the world™ "

and the most prominent Islamic philosopher. His famous work “Tahafut

al-Falsafa” (the incoherence of the philosophers) is considered a breakthrough in the history of
phllosoph:cal thinking of that time. He challenged the philosophical thought of Neoplatonic
thinkers, who-believed that perfection can be attained in this world, with logic and reason.

1.4.1 Al-Ghazali’s Burning Cotton Expenment —~

\.,

Al-Ghazali put forward an idea of necessary causahty whu:h says ﬁ\at fxnk between cause and
effect is necessary and always true. As\an example, Al-Ghaiali argued that when a piece of
cotton is placed near a burn’mg flame, the cotton-will burn. He further added that if another
similar cotton piece 15 brqught very close to a similar burning flame, the cotton will burn again.

J| Jl
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He thought that the burning flame was the cause to burn- t;ntt;on/p’lece 5@ there is casual link
between burning flame and piece of cnttan, l:te tencluded a buﬁﬁng flame necessarily burns
the nearby piece of cottcm 50 tlus theﬂnt ixs t.alled necessary causation.

The necessary causatroﬂ means an.' thmg |s necessan ily the cause of another thing. For example,
clouds are thq &iu&éﬁf rain fall. We can never witness rainfall without clouds.

\ |

1.4.2 Al Ghazali's Departure from Necessary Causation

Al-Ghazali performed an experiment in which he brought a cotton Do You Know?
piece close to a burning flame. After sometime, the piece of cotton | pyiing trigger of a gun
burnt. To him, that meant that the burning flame was the cause of | may cause any event to

burning cotton. happen, as the idea of
necessary causation is

He gave another example of a person who couldn’t open his eyes. One | jnvalid.

day, miraculously, the person became able to open his eyelids and

see the beauty of world, but he thought the opening of eyelids to be the cause of seeing things
around him.

Al-Ghazali, at some stage in his life, departed from his previous lntereiting l{\formatfon
point of view. He imagined that what we observe around is the | \God”! 43‘9‘*5 \miracles by
continuation of events, not a kind of dlregt caqsatjpn He’aaq(\txhpg 4. saspending the causal link
sticking to the theory of necessary! c/aysaﬂqn ou}d\ rejbét Jthe | and habitual course of
concept of God's will ) He pat f?rwéiaa\hhétégﬂhat all things | events.

have a nature and q h habhgal&va‘,t because nature follows some
specific pr i [&i ?urﬁwer added that God created the universe (nature) and He can suspend
the habm:z[\ | succession of events according to His wish.

He argued that the blind man couldn’t understand that those were the rays of light striking his

eyes and made him able to see around. Actually, the blind man confused the succession of
events with causation.

David Hume, another philosopher, supported the Al-Ghazali’s approach of continuation of
events. He added that there is no natural glue (causal link) that can hold the events around us -
together, rather they occur one after the another.

1.4.3  Al-Ghazali’s Thought Experiment- A Challenge to Inductive
Reasoning

Al-Ghazali’s thought experiment has the following inductive reasoning.

— 1 i\
_— N\ LD

1. The flame burns a piece of cotton. \ :j C\OL*
2. The piece of cotton burns when kept/near’the ﬂame
3. The burning ﬂame is the causg of burhing \piece of cotton

The burning cotton expeﬂmgnt Qf Al-Ghazali proved a challenge to inductive reasoning. He
concluded t.jm wlp&h a cotton piece is kept near burning flame, it must always burn. This
conclusior |questions the inductive argument and tells us that repeated observation cannot be
always true. He had missed some important factors in data collection, like moisture, chemical
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reactions, flow of air and composition of cotton piece etc. This Jthought expériment hurt our
dependence on inductive reasomng andundetscotes the 1mp0rtance of deductive reasoning.

|\ 115\ REASONING

l;ls,l F"H_-asaning is a stepwise thinking with a purpose and goal in mind”. It
i 1ing is a specialized thinking that enables a person to mentally understand the
link between cause and effect of an event. This is also reasoning that makes somebody able to
solve a problem in systematic way on the basis of past experiences and present observation.

There are two types of reasoning.

1.5.1 Inductive Reasoning.

In inductive reasoning, generalized conclusions are taken from specific observation. In general,
we may encounter difficulties while deriving a set of conditions or situation from a specific
statement so inductive logic may involve some uncertainty. In order to reduce that ambiguity,
we may go beyond the given information and we must work with impartial mind.

Concept Assessment Exercise 1.1
Make inductive reasoning on the reactivity of halogens in penodlciaﬁ,lé :'@) |4\

N
~ ‘1 -.%.m 5\ .
1.5.2Deductive Reasomng 0 -4 G WU AW, e
~\ VL WD N~
The deductive reasoning lsé rﬁeal:&h‘ ﬁp?@at}rthat fvolves testing of hypothesis. It uses
general statement e\sne}:‘iﬁc» conclusions. Deductive reasoning is also called top-down

logic. It te&g iha\ the' given general statement is true then the specific conclusion coming
out of it must be true. The following examples, with reference to chemistry, will make

deductive reasoning clear.

a.  Stability of Chlorine Element

Chlorine is an element that belongs to halogen group (Group VII). We can apply deductive
reasoning on it in the following way. .

1. The elements that obey octet rule can exist freely.
2. The chlorine element (Cl,) follows octet rule.
3. The chlorine element (Cl;) has independent existence.

b.  Balancing Chemical Equations

Consider a chemical reaction in which hydrogen gas reacts Science Titbit

with oxygen gas to form water. | Inductive reasofting) tells\Us the
"poss lityof a-conclusion while
The deductive reasoning tool for makinga batanced chemlcal \ Selijctive ressoning refers the

equation under the law of fonsewatmn Qf rnass can be- outcome of general statemént.
broken as follows. Tl L) LU=
. Abalang Che{ﬂl&il ed;uatton follows the law of conservation of mass.

2 The féltowtng chemical equation is balanced.
H,+0, — 2H,0




3. The given chemical equation obeys the law of conse;wamn ﬁf mass WA

C. Chemical Properties of elgmep;s AN U\ WY ) |

We can relate deductive re’asnning proce;s mtfi cher'nﬁacal properties of elements in the
following way. '

VRN N ¢

1. All eletfnénts belungmg to same group have similar chemical properties.
2. Sodium and potassium lie in the same group (group |).

3. Sodium and potassium have similar chemical properties.

Concept Assessment Exercise 1.2

Apply deductive reasoning on the trends in atomic radius along a period in periodic table.

Key Points

A thought experiment is done in the laboratory of mind, not in your college chemistry

laboratory.
« Leucippus (500 BCE) , the Greek philosopher, was the [{thet of\ the theqry bf atomism
because he originated it. o N\anin n\' [ (8¢ .

» Democritus (430 BCE) was the sttu:lent of Leutlppys Hérwas the first to think that matter
is made of small lhdi\wsible ﬁat‘ticﬁs\;afled “atoms.

o James Cler J!\aﬁwell presenteﬂ his thought experiment in 1867 and believed that heat
transfers| Tf}bmj hot body to cold body without increase in entropy.

. Entropy is the disorder of a system.

« Erwin Schrodinger thought to have a cat in a box may be live and dead at the same time.
This thought experiment played a role in the evolution of quantum mechanics.

« Al-Ghazali gave the idea of necessary causation by saying that a piece of cotton kept
close to a burning flame must burn. The flame is necessary cause of burning piece of
cotton. Later on, he thought that God's will can reject the theory of necessary causation
because all natural forces are under control of God.

« Divid Hume supported the concept of continuation of events, not necessary causation.
He thought that there is no causal relationship between cause and event, rather one
event is followed by another one.

» Inductive reasoning goes from specific conclusion to general statement.

« Deductive reasoning concludes result from general statement It is also called top-dnwn
approach to research. e | ,

References for Further Information

» Thought Expeﬁmen«t Dxford Bibtiographﬁ-:s

o Al Ghazali pe nment  Prof Riker (Ghazali on necessary causation)

. Al~cﬁazhh oh science, Routledge (Page 939)

. Translat]on of Al-Ghazali treatises- Concerning Divine Wisdom in the Creation of Man




1.

i. The word atom comes from Greek language which means
A. beautiful B. indivisible
&8 smooth D. sharp

i, Leucippus is known to be the mentor of Democritus and the father of atomic philosophy.
Who was the first to use the word atom?
A.  Lleucippus B.  James Clerk Maxwell
. Democritus D. Erwin Schrodinger

iii. Who-put forward the atomic theory? A
A Dalton . B. - _ j ,I: [f, \I"a \3\1,\ MUY
C. Al Ghazali 0\ By, ;, \f sthrdmnhev e

iv.  Who observed th&m@verﬁam ﬁf‘ mb{eéules f rom one container to the other in Maxwell’s
thought experirnént? \ \ ALV
&.lj NN |\Wlt B. the demon

Maxwell’s students D. Maxwell's mentor

V. The Maxwell’s demon experiment violates which of the following law?
A. law of conservation of mass
B. the Boyle’s law
Kia first law of thermodynamics
D. second law of thermodynamics

vi. The Schrodinger’s thought experiment is believed to have contributed to evolving the
well-known field of physics called J
A. plasma physics B. particle physics
G statistical mechanics D. quantum mechanics ¢

vii.  What were the findings for an oumde observer in. Schrodinger'a Cat thol:ght expenment?
A.  thecat was dead \\/7 B the/cat Wwas dlive
k. the cat was both alwe and Eea;d\ simultaneausly

J | ] J [\ 1 | I l
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The Britanica \: [ __,-7;71.. e
Schrodinger’s thought expenment Ihpmhgaz]né "‘stcever"
Reasoning -Scuencemrect,eom by Kirsty Wltllamson [ReSearch Method for Student-Znd

Edition).

Choose the correct answer

Re 2



viii.

ix.

D.  thecat was neither alive nor dead - 2 :F;j'\ [ ‘I_.J-f;;'f-. \ (OB

The famous book of Al- Ghazali "Tahamt-alhﬁatsafa" \ghallenged the philosophical
thought of Neoplatonic thinkers whlch believed that

A. | perffctmn and hﬂppiness are achievable in this world
B." !| \ 'nh happiness and perfection exist in this world

C. there is life hereafter

D. man is mortal

Al-Ghazali thought experiment was based on burning -

A.  paper B.  cotton C.  wood D.  coal
What is correct statement about Al-Ghazali's approach?

L he thought that every event must have a cause

II. he thought tha't'there is succession of events, not causation

lll.  he thought that God can suspend the habitual contmuatlon of eventsf
A l&Nony B &My C. Moy | T ©ligli

A

/‘I= A\ '1'

Give short answer. % ( (Q “ ‘-.,\.,__"f. .
i.  What was anatony tnDema\cn\lus?u N
ii. ~ How dld Peﬂﬂﬁdﬁtﬁs connect atoms to feelings and properties of matter?
ilij “W\ twas the link of life of the cat with radioactive material?
' How can we relate Schrodinger’s cat experiment with quantum mechanics?

v.  Define theory of necessary causation. How did Al-Ghazali prove it?

vi.  Define inductive and deductive reasoning.
Explain thought experiment of J C Maxwell.
Explain the experimental background of atomic theory.
Describe what conclusions were drawn by Schrodinger from his thought
experiment,
How did Al-Ghazali conclude from a piece of burning cotton? Also relate his
conclusions with his concept of God involvement in all natural laws.
Explain that Al-Ghazali's thought experiment was a challenge to inductive
reasoning.
Take some examples from chemistry and apply them on lncluchve and
deductive reasoning separately .'
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