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Itis truly marvelous how far chemistry has come today - from the establishment of concepts like atoms and
molecules to the development of high technology and the understanding of the Key processes of life. The
inventions and discoveries that chart the course of chemistry have equally wonderful stories behind them
leading to a rich and exciting history.

This book traces the development of chemistry, the science of matter, from its origins in antiquity to the
modern and quickly evolving science that it is today.

It looks at the contributions of several generations of inquisitive minds, who looked keenly at various phenomena
around them to establish chemistry as we know it today. The lucidity of presentation and vivid illustrations in
this book will make The Story of Chemistry appeal to high school students and general readers alike.

Anirban Hazra graduated from the Indian institute of Technology, Bombay and obtained his Ph.D. from Princeton
University USA- His research is in the area of Theoretical Chemistry and he is keenly interested in education.
He is currently a postdoctoral scholar at The Pennsylvania State University, USA.

Madhuvanti Ahantharajan likes reading and drawing- her work as a freelance illustrator and designer lets her
do both. She studied art history for her Masters degree from Maharaja Sayajirao University of Baroda, India,
and is very interested in education.
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Preface

The Story of Chemistry is about the development of chemistry from
antiquity, to the modern science that it is today. Qur aim is to make
the history o{chemfs’cry accessible to a wide audience, including school
students and non-specialists. We hope our readers enjoy the informal
and graphic presentation of the book.

Ih the interest of lucidity, we have taken certain liberties in the
|ayou‘t of the book. For example, text in quotation marks associated
with a scientist may not be verbatim quotes, but rather, a simplified
presentation of the idea. Readers can follow up this book with more
academically rigorous works like The Historical Background of Cheniistry
by Henry M. Leicester.

The design, illustrations, layout and digitization of the book have
been done by Madhuvanti Anantharajan. My discussions, debates,
agreements and disagreements with her have, in my opinion, contributed
greatly to improving the quality of the book. | am grateful to her for
being a fantastic partner in this project.

Our book would not have been possible without the generosity and
help of several people. Arvind Gupta at the Science Centre at the Inter
University Centre g;r Astronomy and Astrophysics (IVCAA) has been
the major driving force for this project. He participated actively at every
stage, right from conceptualisation to editing. Moreover, he provided
all possible logistical support for the project - introducing the author
and illustrator, arranging funding and interacting with the publisher -
which allowed us to focus on the writing and design of the book without
having to worry about anything else. The book would not bave happened
without him.

We are grateful to the Science Centre at [IVCAA, where most of the
work was carried out. We thank Vidula Mhaiskar, Ashok Rupner, Samir
Dhurde and Arvind Paranjpye for their support, and for staying back
late on several occasions to allow us to work. An added thank you to
Vidula for her help with the illustrations and the periodic table at the
end of this book.

We thank Awanti Seth Rabenhgj, N. Madhavan, Venu Govindu,
Sonali Shah and Amrita Hazra for editing the book and suggesting
improvements.

My parents, both scientists, have been a constant source of
encouragement and have provided valuable inputs for the book. Also,
from a very ear1y age, they have inculcated in me an interest and
excitement for chemistry. _

We thank Jamshed|i Tata Trust for financial support for preparing
the manuscript of the book.

Pune, India, 2006 Anirban Hazra



is happenmg air aroum! u.s‘f ‘The sun gives us light and
heat, trees grow, ammal:s eat FDOd to produce

energy ahd dead matter rots. All these are
chemical processes. Thousands of chemical
reactions are happebing in our owh bodiesb
all the time — digestion, seeing with our

eyes, feeling with our fingers, growing,

getting oOild — each of these involves manhy
mahy ChemicCal processes.

Though these processes have beeh around for mi{lions
Of years, it iS only guite recently that we have begub
t0 understand them the way we do today. The sciehce
which seeks such uhderstanding is CHEMISTRY.

Xt Chemistry is the %
( \

. SCIENCE OF

IATTER.

- the science deallng&
« with the composition
and properties of
substances, and the
changes they undergo.
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There is gnother very significant side of chemistry,
that is, its application by humans. The impact of
* this can be seen all around in out life today.
Metals; construction materials, soaps, medicines,
paper, plastic...

...notto mention
weapons of
destruction,
come to us
through chemical
processes.
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Y0 T xR B e
BHEMICAL RESEARCH TODAY IS VERY DIVERSE.
[IT iNCLUGES, AMONG OTHER THINGS, BEVELOPING
A BETTER UNDERSTANDING OF HOW SUBSTANCES
REACT, HOW INFORMATION OF HUNDREDS OF
BOOKS CAN BE STORED ON A TiNY SILICON CHIP,
WHAT NEW FUEL CAN SUPPLY DUR ENERGY
2 NEEDS WHILE SAFEGUARDING OUR ENVIRONMENT
B ANG HOW ORUGS CAN BE DESIGNED FOR A
B¥ SPECIFIC PURPOSE.

To reach this stage of sophistication,
Chemistry has gone through a long and
exciting journey.
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Humans were already
using

~ the timeless éhgmitai
transformation! The
@ @ ) ability to use fire greatly
increased the chances of
human survival. Fire
kept away predators,
7 provided warmth in the
winter and was used for
cooking food.

o, o0 weias THAT Newl
m:ﬂh ehesy b 7 THS
15 REFT WARRAS  uiten

g '\_?&,1.":3 CLOSE TR s'zf

It was on!y 3 question
of time before it was
discovered that fire, apart
from cooking food,
brought about other
transformations too.
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5,600 b.C.

This is a comwersation that could have
happened around this time...

Ancient person 1: This wet clay
below the fire has become hard
and it does hot get washed
auay by water.

Ancient person 2: That gives

me an idea. [Let us give the

ClaY a shape ahd put It in the
fire SO that we Canh store things
in it.

Thus pottery was born. To routinely
bake Clay pottery, the kilh was made — a
wood oven producing a steady and high
wemperature.

Obe day, ah artist potter decorated a pot with some
Small §reen coloured pebbles before inserting it in
the Kiln. Oh removing the pot from the kijn,
something remarkable had happened.

The pebbles had melted and they were shiningt

The deCorative stohes were actually metaliic ore.
They had been converted to NMEETAL in the
reducing atmosphere of the Kiln.

More of the metal was obtaihed from the coloured
Stonhes by heating i the Kilh and it was fouhd to have
Curious properties.
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This shiny StUFF is great! Jt does hot
break like stone. It flattens out on
beating ahd ] cah give it whatever shape

Metals came into wide use for
decorative items and tools.
Different combinations of
substances were heated in
kilns in order to extract
metals.

The metals used were ofien

s BRONZE

(a mixture of copper
and tin) was used
most extensively.
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The Story of Chemistry

Limostone (calcium carbonate)
and goda (godium carbonate)
when Aeated togetfer was

a cleat, glossy substance
— GLASS!

Soveral other everyday
chemical artg exigted
in ancient times. For
example making
curd,cAoege, bread
and wine, and
dyeing cloth.
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r'"]umans clr:vclopec{ tcchnoiog\f.} and arts to make food
tastier and life more comfortable. But there is another side

to our natisre - cnciuirtj into causes of P'ﬁcrlomcna.

—[_|'m earliest cxplanaticms of natu raI-Pmccsscs were in terms
O'I: , Qmﬁg and the fike. In a tribe,
there wouT({ be certain pcoplc — the priests, witch~-doctors
and medicine men and women - whose business it was to

l.mdcrstand thcsc supcrrm’cural l:orc:c& and HF"PC&-IF;C thﬁm.

r— - T'#_-Wl-wn he asks all these
When stupid Juestions!
And when t's the 1ain | waler  The steam Oh, that's

i yainst \ spitit... boilst spirit.

/ A {
SIS >\ A=
& (g“ =1

just b

As civilizations
evolved and division
O{ labour ;:?C(',amc
more spcciaiizcd,
this group became
more set apart. |t
did not have to do
much manual work
and had the leisure
to spccu]atc on the
nature of the world.
This group of
Pcoplc, the carlﬂ
Phi[osophcrs came
l.iP with the first
scientific theories.
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The development Of the first
theories of chemistry begah arouhd
the 6'" century B.L. in at least
three Civilizations, bamely Greexk,
Ihdiab ahd Chinese. OFf these, the
WOTK OF the (Freeks is most
documented ahd the dates
assocCiated with the events are
kbown guite gCcurately. That is
why we wiil Icok more at the
theories of the Greeks.

TR ETEEENE
Greek philosophy

| began in the city of
it Miletus in the region ||
Wil of Tonia, today the |
l ]jJ west coast of Turkey.

lonia
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“Can everything

be regarded as a

single reality, /
appearing in R i [T “Yes, thereis a
different forms?” ik singte reality In
| nature ahd itis
water. It Cah be
converted t0 air
(evaporation) ahd
congealed t0 a
solid. Tt Can
'}V therefore serve

Thales of Miletus
. 690 — 546 B-C.)

The states of matter — g@s, liuid SOLID — and

their interconversions, were the basis for explaihing
all chahges ih hature.

Others philosophers in lonia Chose diffFerent first
sources_like air, fire Or a formiess infinite substance,

APEIRON
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T}nc

!ast well known Phiiosop]'lcr in Jonia was

@ OF K|azomcna c. I 1c assumed

that the world is maclc up ot an infinite number of minute

R

Particlcs which he called “seeds”.

"Seeds contain
extreme[y small
portions ofcverything
that exists in the visible
world. The amounts of
these are variable in an
individual seed. Seeds
which contain more
wood, for example,
tend to group toyether
to form wood.”

An individual seed which we find in a piece of wood would
look like this. It has Portions of all kinds of 5tuf£ but the

1argcst: Portion in it is wood.

iron hair water

dry everything
else

woDd

flesh wheat biue
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Before Empedocles, air was often considered a
transition between water and fire, and not really 3
matetial substance. Empodocles recognized that air is
material and showed this by experiment. He used a
clepsydra, a vessel with two holes - one at the bottom
and one on top. When he placed the bottom hole of
the vessel under water, Empedocles observed that the
vessel filled up with water. If, however, he put his
finger over the top hole, then the water did not enter
the hole at the bottom. Once he removed his finger
water entered and air rushed ouf. The experiment

- demonstrated that the air in the container prevented
the water from entering.
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460 - 370 B.C

“All matter is composed of
collections of infinitesimal and
indivisible particles, that is
atoms (atomos in Greek
means indivisible). The atoms
of the four elements, carth,
air, water and fire have physical
size and shape which explain
many of their properties. The
atoms of fire are round balls
which do not mix with the
other clements. The atoms of
carth, airand water have
geometrical shapes and can
become entangled with each
other to produce visible
substances.”

of Abderd (c. /
-)

The idea of atoms, which
has similarities with modem &
ideas, is thus ancient. "
However during that time,

it was pure speculation just
like any other Greek theory
and did not make any
special impact.



A I The most influential Greek philosopher was

FIRISTOTLE t384- 323 8.6 who s aiso wel

- known as the tuter of Alsxander the world congueror.
H Aristotle built up a great body of self-consistent theories
(i.e.theories that do not contradict each other)
attempting to explain all nature in a more detailed
‘ B fashion than any of his predecessors. ‘

“The basis of evervthing is prots /iyle the fixed and

unchanging “first matter” on which are impressed the

spocific gualities that yive a substance its

characteristic form. There are four qualities — hot, cold,

dry and mols. These can be combined to form six

couples. However, contraries — hot and cold or molst and ' I
dry — cannot couple. Therefore, only four couplings are
possible. These give four eloments, which make up all

earthly matter.”

A~?:-’<

Hot + Dry = Fire
Hot + Moigt = Air

Cold + Moigt = Water
Cold + Dry = Earth

B
B
B
Al
\B
B
\B

AE/ZHOIKAMN



“Bersides these fovur #
elements which
make up all earthly
matter, there iz o fifth
clement “ether’
which is the more
ideal element, the
pecrfect form, and of
it the heavenly
bodies are
composed.”

%

These q{ua’%ﬁes could be
varied to any degree, and so
it was possible to transform = g

any element into any other.

For exarn-p’e, to convert {

water into air, it is enly WATER |
(Col.D &

necessary l""\af t’ne cold be [ mosT)

overcome by heat, since the ~ ll
@
moist is common to both. RIFE
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& S £ .
| certttteeeng

| Xmedier and
*

Chimeax too, |
theories of matter were "

) deve]oped, starting around
the fifth century B.C.

:. Kapﬂa, one of the oldest Indian

. ohilosophers said, “There are five

. bhutas or classes of substances - Q
. Akasha (space or ether), Vayu

(air), Tejas (fire), Ap (water) and

. Kshiti (earth). These substances are .

* made up of Anu or atoms and these .

* are further made up of intra-atomic

+ particles. The difference in grouping .

%+ of intra-atomic particles, gives
rise to the different

properties of substances.”

“Classes of
substances??!
| never knew
that! | thought
we bhutas were
just spirits who
like to scare you
folks and have
a bit of
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Kanada, another jndian Phi[osopl‘rcr 5uggcstcc|:
“Akasha or ether has no atomic structu re; it is inert
and ubiquitous. Thcrc are four kinds of atoms: air,
Firc, water and earth and these combine with each
other to form molecules. Thc varicty of substances
is the consequence of the difference in the
molecular composition. Hcat corPusc|cs cause
transformation of substances.”

T he Chinese had a tl'ncory of the

constitution of matter based on 5 elements:

wobal 6areh

TI‘IC combination of these gave rise to all material
substances. Fropcrtics of these substances were
summed up in the two great contraries: YINJ the

, female Princip'c associated with the moon, nigl‘lt and

hcavy, and YANG, the male PrinciP|c associated
with the sun, ciag and Iight.























































































































































































































































































