SCIENCE

TeExXTBOOK FOR CrLass IX

naFftE wr et
NCHERT

IETT Dfdred srgHea IR ufiaror aRkug
NATIONAL COUNCIL OF EDUCATIONAL RESEARCH AND TRAINING

2021-22



0964 — SCIENCE
Textbook for Class IX

First Edition

February 2006 Phalguna 1927

Reprinted

November 2006 Kartika 1928
November 2007 Kartika 1929
January 2009 Magha 1930
December 2009 Pausa 1931
November 2010 Kartika 1932
December 201 1 Pausa 1933
October 2012 Asvina 1934
October 2013 Asvina 1935
December 2014 Agrahayana 1936
December 2015 Agrahayana 1937
February 2017 Phalguna 1938
December 2017 Pausa 1939
December 2018 Pausa 1940
October 2019 Ashwina 1941
January 2021 Pausa 1942

PD 325T RSP

© National Council of Educational
Research and Training, 2006

< 150.00

Printed on 80 GSM paper with NCERT

watermarik

ISBN 81-7450-492-3

ALL RIGHTS RESERVED

0 No part of this publication may be reproduced, stored in a retrieval system or
transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without the prior permission of the publisher.

O Thisbook s sold subject to the condition that it shall not, by way of trade, be lent, re-
sold, hired out or otherwise disposed of without the publisher’s consent, in any form
of binding or cover other than that in which it is published.

0O The correct price of this publication is the price printed on this page, Any revised
price indicated by a rubber stamp or by a sticker or by any other means is incorrect
and should be unacceptable.

OFFICES OF THE PUBLICATION DIVISION, NCERT

NCERT Campus
Sri Aurobindo Marg

New Delhi 110016 Phone : 011-26562708

108, 100 Feet Road
Hosdakere Halli Extension
Banashankari Ill Stage

Bengaluru 560 085 Phone : 080-26725740

Navijivan Trust Building
P.O.Navjivan

Ahmedabad 380 014 Phone : 079-27541446

CWC Campus

Opp. Dhankal Bus Stop

Panihati

Kolkata700 114 Phone : 033-25530454

CWC Complex
Maligaon

Guwahati 781021 Phone : 0361-2674869

Publication Team

Head, Publication
Division

: Anup Kumar Rajput

Chief Editor : Shveta Uppal

Chief Production . Arun Chitkara

Officer

Chief Business
Manager (Incharge)

Vipin Dewan

Assistant Production : Mukesh Gaur

Officer

Published at the Publication Division
by the Secretary, National Council of
Educational Research and Training,
Sri Aurobindo Marg, New Delhi 110 016
and printed at Print Pack India, D-12,
Sector B-3, Tronica City (Industrial Area)
Loni, Ghaziabad - 201 102 (U.P.)

Cover
Nidhi Wadhwa

Layout and Illustrations
Digital Expressions



FOREWORD

The National Curriculum Framework (NCF), 2005, recommends that children’s
life at school must be linked to their life outside the school. This principle
marks a departure from the legacy of bookish learning which continues to shape
our system and causes a gap between the school, home and community. The
syllabi and textbooks developed on the basis of NCF signify an attempt to
implement this basic idea. They also attempt to discourage rote learning and
the maintenance of sharp boundaries between different subject areas. We hope
these measures will take us significantly further in the direction of a child-
centred system of education outlined in the National Policy on Education (1986).

The success of this effort depends on the steps that school principals and
teachers will take to encourage children to reflect on their own learning and to
pursue imaginative activities and questions. We must recognise that, given
space, time and freedom, children generate new knowledge by engaging with
the information passed on to them by adults. Treating the prescribed textbook
as the sole basis of examination is one of the key reasons why other resources
and sites of learning are ignored. Inculcating creativity and initiative is possible
if we perceive and treat children as participants in learning, not as receivers
of a fixed body of knowledge.

These aims imply considerable change in school routines and mode of
functioning. Flexibility in the daily time-table is as necessary as rigour in
implementing the annual calendar so that the required number of teaching
days are actually devoted to teaching. The methods used for teaching and
evaluation will also determine how effective this textbook proves for making
children’s life at school a happy experience, rather than a source of stress or
boredom. Syllabus designers have tried to address the problem of curricular
burden by restructuring and reorienting knowledge at different stages with
greater consideration for child psychology and the time available for teaching.

The textbook attempts to enhance this endeavour by giving higher priority and
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space to opportunities for contemplation and wondering, discussion in small
groups, and activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT)
appreciates the hard work done by the textbook development team responsible
for this book. We wish to thank the Chairman of the advisory group in science
and mathematics, Professor J.V. Narlikar and the Chief Advisor for this book,
Professor Rupamanjari Ghosh, School of Physical Sciences, Jawaharlal Nehru
University, New Delhi, for guiding the work of this committee. Several teachers
contributed to the development of this textbook; we are grateful to them and
their principals for making this possible. We are indebted to the institutions
and organisations which have generously permitted us to draw upon their
resources, material and personnel. We are especially grateful to the members
of the National Monitoring Committee, appointed by the Department of Secondary
and Higher Education, Ministry of Human Resource Development under the
Chairmanship of Professor Mrinal Miri and Professor G.P. Deshpande, for their
valuable time and contribution. As an organisation committed to systemic
reform and continuous improvement in the quality of its products, NCERT
welcomes comments and suggestions which will enable us to undertake further

revision and refinement.

Director
New Delhi National Council of Educational
20 December 2005 Research and Training

(iv)
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Our National Anthem

Jana-gana-mana adhinayaka, jaya he
Bharata-bhagya-vidhata.
Punjab-Sindh-Gujarat-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
Uchchhala-jaladhi-taranga.
Tava shubha name jage,

Tava shubha asisa mage,

Gahe_ tava jaya gatha.
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.
Jayahe, jaya he, jaya he,

Jaya jaya jaya, jaya he!

Our National Anthem, composecl originaﬂy in Bangla loy
Rabindranath Tagore, was adoptecl in its Hindi version l)y the

Constituent Asseml)ly as the national anthem of
India on 24 January 1950.
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Quest for Truth

True education is that which helps us to know the atman, our true self, God
and Truth. To acquire this knowledge, some persons may feel the need for a
study of literature, some for a study of physical sciences and some others
for art. But every branch of knowledge should have as its goal, knowledge of
the self. That is so in the Ashram. We carry on numerous activities with
that aim in view. All of them are, in my sense of the term, true education.
Those activities can also be carried on without any reference to the goal of
knowledge of the self. When they are so carried on, they may serve as a
means of livelihood or of something else, but they are not education. In an
activity carried on as education, a proper understanding of its meaning,
devotion to duty and the spirit of service are necessary. The first
necessarily brings about development of the intellect. In doing any piece of
work, however small, we should be inspired by a holy aim and, while doing
it, we should try to understand the purpose which it will serve and the
scientific method of doing it. There is a science of every type of work —
whether it be cooking, sanitation, carpentry or spinning. Everybody
who does his work with the attitude of a student knows its science or
discovers it.
— From a microfilm of the Gujarati:
M.M.U./I, 10 July 1932 (CW 50, p. 182)

...We are living in the midst of death, tying to grope our way to Truth.
Perhaps it is as well that we are beset with danger at every point in our life,
for, inspite of our knowledge of the danger and of our precarious existence,
our indifference to the source of all life is excelled only by our amazing
arrogance.

....My intellect rebels against the destruction of any life in any shape
whatsoever. But my heart is not strong enough to befriend these creatures,
which, experience has shown, are destructive. The language of convincing
confidence, which comes from actual experience, fails me, and it will
continue to do so, so long as I am cowardly enough to fear snakes, tigers

and the like.
— (Y1, 17 July 1927, p. 222)
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THE CONSTITUTION OF
INDIA

PREAMBLE

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
'[SOVEREIGN SOCIALIST SECULAR
& DEMOCRATIC REPUBLIC] and to secure

“/ | toallits citizens:
f' JUSTICE, social, economic and
. political;
W LIBERTY of thought, expression, belief,
v faith and worship;
& EQUALITY of status and of opportunity;
4 and to promote among them all
N FRATERNITY assuring the dignity of
Q the individual and the °[unity and

integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY
this twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE TO
OURSELVES THIS CONSTITUTION.

1. Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,
for "Sovereign Democratic Republic" (w.e.f. 3.1.1977)

2. Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,
for "Unity of the Nation" (w.e.f. 3.1.1977)
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Chapter 1

As we look at our surroundings, we see a large
variety of things with different shapes, sizes
and textures. Everything in this universe is
made up of material which scientists have
named “matter”. The air we breathe, the food
we eat, stones, clouds, stars, plants and
animals, even a small drop of water or a
particle of sand - every thing is matter. We
can also see as we look around that all the
things mentioned above occupy space and
have mass. In other words, they have both
mass* and volume**.

Since early times, human beings have
been trying to understand their surroundings.
Early Indian philosophers classified matter in
the form of five basic elements - the
“Panch Tatva™- air, earth, fire, sky and water.
According to them everything, living or non-
living, was made up of these five basic
elements. Ancient Greek philosophers had
arrived at a similar classification of matter.

Modern day scientists have evolved two
types of classification of matter based on their
physical properties and chemical nature.

In this chapter we shall learn about
matter based on its physical properties.
Chemical aspects of matter will be taken up
in subsequent chapters.

1.1 Physical Nature of Matter

1.1.1 MATTER IS MADE UP OF PARTICLES

For a long time, two schools of thought prevailed
regarding the nature of matter. One school
believed matter to be continuous like a block
of wood, whereas, the other thought that matter
was made up of particles like sand. Let us
perform an activity to decide about the nature
of matter - is it continuous or particulate?

0964CHO1

MATTER IN OUR SURROUNDINGS

Activity 1.1

J Take a 100 mL beaker.

. Fill half the beaker with water and
mark the level of water.

. Dissolve some salt/ sugar with the help
of a glass rod.

0 Observe any change in water level.

o What do you think has happened to
the salt?

o Where does it disappear?

. Does the level of water change?

In order to answer these questions we
need to use the idea that matter is made up
of particles. What was there in the spoon, salt
or sugar, has now spread throughout water.
This is illustrated in Fig. 1.1.

ater Water Water
Add salt Salt

Particles of water Salt
magnified millions
of times

Fig. 1.1: When we dissolve salt in water, the particles
of salt get into the spaces between particles
of water.

1.1.2 HOW SMALL ARE THESE PARTICLES
OF MATTER?

Activity 1.2

® Take 2-3 crystals of potassium
permanganate and dissolve them in
100 mL of water.

*  The SI unit of mass is kilogram (kg).

** The SI unit of volume is cubic metre (m®). The common unit of measuring volume is
litre (L) such that 1L = 1 dm?, 1L = 1000 mL, 1 mL = 1 cm?.
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* Take out approximately 10 mL of this
solution and put it into 90 mL of clear
water.

) Take out 10 mL of this solution and
put it into another 90 mL of clear water.

) Keep diluting the solution like this 5 to
8 times.

J Is the water still coloured ?

10 mL 10 mL 10 mL
%
L o LD L AL '
! ‘-< = = ‘—<

Fig. 1.2: Estimating how small are the particles of
matter. With every dilution, though the colour
becomes light, it is still visible.

This experiment shows that just a few
crystals of potassium permanganate can
colour a large volume of water (about
1000 L). So we conclude that there must be
millions of tiny particles in just one crystal
of potassium permanganate, which keep on
dividing themselves into smaller and smaller
particles.

The same activity can be done using
2 mL of Dettol instead of potassium
permanganate. The smell can be detected
even on repeated dilution.

The particles of matter are very small —
they are small beyond our imagination!!!!

1.2 Characteristics of Particles of
Matter

1.2.1 PARTICLES OF MATTER HAVE SPACE
BETWEEN THEM

In activities 1.1 and 1.2 we saw that particles
of sugar, salt, Dettol, or potassium
permanganate got evenly distributed in water.
Similarly, when we make tea, coffee or
lemonade (nimbu paani), particles of one type
of matter get into the spaces between particles
of the other. This shows that there is enough
space between particles of matter.

2

1.2.2 PARTICLES

Activity

Activity

Activity

CONTINUOUSLY MOVING

1.3

Put an unlit incense stick in a corner
of your class. How close do you have to
go near it so as to get its smell?

Now light the incense stick. What
happens? Do you get the smell sitting
at a distance?

Record your observations.

1.4

Take two glasses/beakers filled with
water.

Put a drop of blue or red ink slowly
and carefully along the sides of the first
beaker and honey in the same way in
the second beaker.

Leave them undisturbed in your house
or in a corner of the class.

Record your observations.

What do you observe immediately after
adding the ink drop?

What do you observe immediately after
adding a drop of honey?

How many hours or days does it take
for the colour of ink to spread evenly
throughout the water?

1.5

Drop a crystal of copper sulphate or
potassium permanganate into a glass
of hot water and another containing
cold water. Do not stir the solution.
Allow the crystals to settle at the
bottom.

What do you observe just above the
solid crystal in the glass?

What happens as time passes?

What does this suggest about the
particles of solid and liquid?

Does the rate of mixing change with
temperature? Why and how?

From the above three activities (1.3, 1.4 and

1.5), we can conclude the following:

2021-22
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Particles of matter are continuously
moving, that is, they possess what we call
the kinetic energy. As the temperature rises,
particles move faster. So, we can say that with
increase in temperature the kinetic energy of
the particles also increases.

In the above three activities we observe
that particles of matter intermix on their own
with each other. They do so by getting into
the spaces between the particles. This
intermixing of particles of two different types
of matter on their own is called diffusion. We
also observe that on heating, diffusion
becomes faster. Why does this happen?

1.2.3 PARTICLES OF MATTER ATTRACT
EACH OTHER

Activity 1.6

. Play this game in the field— make four
groups and form human chains as
suggested:

¢ The first group should hold each
other from the back and lock arms
like Idu-Mishmi dancers (Fig. 1.3).

Fig. 1.3

. The second group should hold hands
to form a human chain.

. The third group should form a chain
by touching each other with only their
finger tips.

. Now, the fourth group of students
should run around and try to break the
three human chains one by one into
as many small groups as possible.

. Which group was the easiest to break?
Why?

MATTER IN OUR SURROUNDINGS
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o If we consider each student as a
particle of matter, then in which group
the particles held each other with the
maximum force?

1.7

o Take an iron nail, a piece of chalk and
a rubber band.

* Try breaking them by hammering,
cutting or stretching.

. In which of the above three
substances do you think the particles
are held together with greater force?

1.8

0 Take some water in a container, try
cutting the surface of water with your
fingers.

*  Were you able to cut the surface of
water?

°*  What could be the reason behind the
surface of water remaining together?

The above three activities (1.6, 1.7 and 1.8)
suggest that particles of matter have force
acting between them. This force keeps the
particles together. The strength of this force of
attraction varies from one kind of matter to
another.

Activity

Activity

1. Which of the following are
matter?
Chair, air, love, smell, hate,
almonds, thought, cold, lemon
water, smell of perfume.

2. Give reasons for the following
observation:
The smell of hot sizzling food
reaches you several metres
away, but to get the smell from
cold food you have to go close.

3. A diver is able to cut through
water in a swimming pool. Which
property of matter does this
observation show?

4. What are the characteristics of
the particles of matter?




1.3 States of Matter

Observe different types of matter around you.
What are its different states? We can see that
matter around us exists in three different
states— solid, liquid and gas. These states of
matter arise due to the variation in the
characteristics of the particles of matter.

Now, let us study about the properties of
these three states of matter in detail.

1.3.1 THE SOLID STATE

1.9

0 Collect the following articles— a pen,
a book, a needle and a piece of wooden
stick.

J Sketch the shape of the above articles
in your notebook by moving a pencil
around them.

o Do all these have a definite shape,
distinct boundaries and a fixed volume?

o What happens if they are hammered,
pulled or dropped?

*  Arethese capable of diffusing into each
other?

. Try compressing them by applying
force. Are you able to compress them?

Activity

All the above are examples of solids. We
can observe that all these have a definite
shape, distinct boundaries and fixed volumes,
that is, have negligible compressibility. Solids
have a tendency to maintain their shape when
subjected to outside force. Solids may break
under force but it is difficult to change their
shape, so they are rigid.

Consider the following:

(a) What about a rubber band, can it
change its shape on stretching? Is it
a solid?

(b) What about sugar and salt? When
kept in different jars these take the
shape of the jar. Are they solid?

() What about a sponge? It is a solid
yet we are able to compress it. Why?

All the above are solids as:
* A rubber band changes shape under
force and regains the same shape when

4

the force is removed. If excessive force is
applied, it breaks.

e The shape of each individual sugar or
salt crystal remains fixed, whether we
take it in our hand, put it in a plate or in
a jar.

* A sponge has minute holes, in which
air is trapped, when we press it, the air
is expelled out and we are able to
compress it.

1.3.2 THE LIQUID STATE

Activity 1.10

J Collect the following:

(a) water, cooking oil, milk, juice, a
cold drink.

(b) containers of different shapes. Put
a 50 mL mark on these containers
using a measuring cylinder from
the laboratory.

o What will happen if these liquids are
spilt on the floor?

0 Measure 50 mL of any one liquid and
transfer it into different containers one
by one. Does the volume remain the
same?

o Does the shape of the liquid remain the
same ?

. When you pour the liquid from one
container into another, does it flow
easily?

We observe that liquids have no fixed
shape but have a fixed volume. They take up
the shape of the container in which they are
kept. Liquids flow and change shape, so they
are not rigid but can be called fluid.

Refer to activities 1.4 and 1.5 where we
saw that solids and liquids can diffuse into
liquids. The gases from the atmosphere
diffuse and dissolve in water. These gases,
especially oxygen and carbon dioxide, are
essential for the survival of aquatic animals
and plants.

All living creatures need to breathe for
survival. The aquatic animals can breathe
under water due to the presence of dissolved
oxygen in water. Thus, we may conclude that
solids, liquids and gases can diffuse into
liquids. The rate of diffusion of liquids is

SCIENCE
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higher than that of solids. This is due to the
fact that in the liquid state, particles move
freely and have greater space between each
other as compared to particles in the solid
state.

1.3.3 THE GASEOUS STATE

Have you ever observed a balloon seller filling
a large number of balloons from a single
cylinder of gas? Enquire from him how many
balloons is he able to fill from one cylinder.
Ask him which gas does he have in the cylinder.

Activity 1.11

0 Take three 100 mL syringes and close
their nozzles by rubber corks, as
shown in Fig.1.4.

o Remove the pistons from all the
syringes.

) Leaving one syringe untouched, fill
water in the second and pieces of chalk
in the third.

. Insert the pistons back into the
syringes. You may apply some vaseline
on the pistons before inserting them
into the syringes for their smooth
movement.

) Now, try to compress the content by
pushing the piston in each syringe.

-

Piston

==

Gas

\tj)i Rubber cork

Fig. 1.4

0 What do you observe? In which case
was the piston easily pushed in?

¢ What do you infer from your
observations?

MATTER IN OUR SURROUNDINGS
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We have observed that gases are highly
compressible as compared to solids and
liquids. The liquefied petroleum gas (LPG)
cylinder that we get in our home for cooking
or the oxygen supplied to hospitals in
cylinders is compressed gas. Compressed
natural gas (CNG) is used as fuel these days
in vehicles. Due to its high compressibility,
large volumes of a gas can be compressed
into a small cylinder and transported easily.

We come to know of what is being cooked
in the kitchen without even entering there,
by the smell that reaches our nostrils. How
does this smell reach us? The particles of the
aroma of food mix with the particles of air
spread from the kitchen, reach us and even
farther away. The smell of hot cooked food
reaches us in seconds; compare this with the
rate of diffusion of solids and liquids. Due to
high speed of particles and large space
between them, gases show the property of
diffusing very fast into other gases.

In the gaseous state, the particles move
about randomly at high speed. Due to this
random movement, the particles hit each
other and also the walls of the container. The
pressure exerted by the gas is because of this
force exerted by gas particles per unit area
on the walls of the container.

Fig.1.5: a, b and ¢ show the magnified schematic
pictures of the three states of matter. The
motion of the particles can be seen and
compared in the three states of matter.




uestions

1. The mass per unit volume of a
substance is called density.
(density = mass/volume).
Arrange the following in order of
increasing density — air, exhaust
from chimneys, honey, water,
chalk, cotton and iron.

2. (a) Tabulate the differences in
the characterisitcs of states
of matter.

(b) Comment upon the following:
rigidity, compressibility,
Sfluidity, filling a gas
container, shape, kinetic
energy and density.

3. Give reasons
(@) A gas fills completely the

vessel in which it is kept.

(b) A gas exerts pressure on the
walls of the container.

(c) A wooden table should be
called a solid.

(d) We can easily move our hand
in air but to do the same
through a solid block of wood
we need a karate expert.

4. Liquids generally have lower
density as compared to solids.
But you must have observed that
ice floats on water. Find out why.

14 Can Matter Change its State?

We all know from our observation that water
can exist in three states of matter—

o solid, as ice,

o liquid, as the familiar water, and

° gas, as water vapour.

What happens inside the matter during
this change of state? What happens to the
particles of matter during the change of
states? How does this change of state take
place? We need answers to these questions,
isn’t it?

6

1.4.1 EFFECT OF CHANGE OF TEMPERATURE

Activity 1.12

¢ Take about 150 g of ice in a beaker and
suspend a laboratory thermometer so
that its bulb is in contact with the ice,
as in Fig. 1.6.

Iron
stand

O] =

Thermometer

Glass stirrer

Beaker

Ice

Burner

Iron
stand

o=

Thermometer

Glass stirrer

Beaker

Water

Burner

(b)

Fig. 1.6: (a) Conversion of ice to water, (b) conversion
of water to water vapour
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o Start heating the beaker on a low flame.

. Note the temperature when the ice
starts melting.

. Note the temperature when all the ice
has converted into water.

) Record your observations for this
conversion of solid to liquid state.

) Now, put a glass rod in the beaker and
heat while stirring till the water starts
boiling.

) Keep a careful eye on the thermometer
reading till most of the water has
vaporised.

) Record your observations for the
conversion of water in the liquid state
to the gaseous state.

On increasing the temperature of solids,
the kinetic energy of the particles increases.
Due to the increase in kinetic energy, the
particles start vibrating with greater speed.
The energy supplied by heat overcomes the
forces of attraction between the particles. The
particles leave their fixed positions and start
moving more freely. A stage is reached when
the solid melts and is converted to a liquid.
The minimum temperature at which a solid
melts to become a liquid at the atmospheric
pressure is called its melting point.

The melting point of a solid is an indication
of the strength of the force of attraction
between its particles.

The melting point of ice is 273.15 K*. The
process of melting, that is, change of solid
state into liquid state is also known as fusion.
When a solid melts, its temperature
remains the same, so where does the heat
energy go?

You must have observed, during the
experiment of melting, that the temperature
of the system does not change after the
melting point is reached, till all the ice melts.
This happens even though we continue to
heat the beaker, that is, we continue to supply
heat. This heat gets used up in changing the

state by overcoming the forces of attraction
between the particles. As this heat energy is
absorbed by ice without showing any rise in
temperature, it is considered that it gets
hidden into the contents of the beaker and is
known as the latent heat. The word latent
means hidden. The amount of heat energy
that is required to change 1 kg of a solid into
liquid at atmospheric pressure at its melting
point is known as the latent heat of fusion.
So, particles in water at 0°C (273 K) have
more energy as compared to particles in ice
at the same temperature.

When we supply heat energy to water,
particles start moving even faster. At a certain
temperature, a point is reached when the
particles have enough energy to break free
from the forces of attraction of each other. At
this temperature the liquid starts changing
into gas. The temperature at which a liquid
starts boiling at the atmospheric pressure is
known as its boiling point. Boiling is a bulk
phenomenon. Particles from the bulk of the
liquid gain enough energy to change into the
vapour state.

For water this temperature is 373 K
(100 °C =273 + 100 = 373 K).

Can you define the latent heat of
vaporisation? Do it in the same way as we
have defined the latent heat of fusion.
Particles in steam, that is, water vapour at
373 K (100° C) have more energy than water
at the same temperature. This is because
particles in steam have absorbed extra energy
in the form of latent heat of vaporisation.

Heat Heat
Solid State < ) Liquid State < » | Gaseous State
Cool Cool

So, we infer that the state of matter can
be changed into another state by changing
the temperature.

We have learnt that substances around
us change state from solid to liquid and from
liquid to gas on application of heat. But there

*Note: Kelvinis the SI unit of temperature, 0°C =273.15 K. For convenience, we take 0°C = 273 K after
rounding off the decimal. To change a temperature on the Kelvin scale to the Celsius scale you
have to subtract 273 from the given temperature, and to convert a temperature on the Celsius
scale to the Kelvin scale you have to add 273 to the given temperature.
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are some that change directly from solid state
to gaseous state and vice versa without
changing into the liquid state.

Activity 1.13

. Take some camphor or ammonium
chloride. Crush it and put it in a china
dish.

) Put an inverted funnel over the china
dish.

) Put a cotton plug on the stem of the
funnel, as shown in Fig. 1.7.

Cotton plug

#— Inverted funnel

Ammonium

chloride Ammonium

vapours chloride
solidified
China dish

«+— Burner

/—I

Fig. 1.7: Sublimation of ammonium chloride

) Now, heat slowly and observe.
* What do you infer from the above
activity?

A change of state directly from solid to gas
without changing into liquid state is called
sublimation and the direct change of gas to
solid without changing into liquid is called
deposition.

1.4.2 EFFECT OF CHANGE OF PRESSURE

We have already learnt that the difference in
various states of matter is due to the
difference in the distances between the
constituent particles. What will happen when
we start putting pressure and compress a gas

enclosed in a cylinder? Will the particles come
closer? Do you think that increasing or
decreasing the pressure can change the state
of matter?

Piston Piston Piston
Cylinder / Cylinder Cylinder
—_— —_—
s Y
°° oo
* o I'. o0

Fig. 1.8: By applying pressure, particles of matter can
be brought close together.

Applying pressure and reducing
temperature can liquefy gases.

Have you heard of solid carbon dioxide
(CO,)?1tis stored under high pressure. Solid
CO, gets converted directly to gaseous state
on decrease of pressure to 1 atmosphere*
without coming into liquid state. This is the
reason that solid carbon dioxide is also known
as dry ice.

Thus, we can say that pressure and
temperature determine the state of a
substance, whether it will be solid, liquid or
gas.

Liquid

Sublimation ;

Deposition

Fig. 1.9: Interconversion of the three states of matter

* atmosphere (atm) is a unit of measuring pressure exerted by a gas. The unit of pressure is Pascal (Pa):
1 atmosphere = 1.01 x 10° Pa. The pressure of air in atmosphere is called atmospheric pressure. The
atmospheric pressure at sea level is 1 atmosphere, and is taken as the normal atmospheric pressure.
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1. Convert the Jollowing
temperature to celsius scale:

a. 300 K b. 573 K.

2. What is the physical state of
water at:
a. 250°C b. 100°C?

3. For any substance, why does the
temperature remain constant
during the change of state?

4. Suggest a method to liquefy
atmospheric gases.

1.5 Evaporation

Do we always need to heat or change pressure
for changing the state of matter? Can you
quote some examples from everyday life where
change of state from liquid to vapour takes
place without the liquid reaching the boiling
point? Water, when left uncovered, slowly
changes into vapour. Wet clothes dry up.
What happens to water in the above two
examples?

We know that particles of matter are
always moving and are never at rest. At a
given temperature in any gas, liquid or solid,
there are particles with different amounts of
kinetic energy. In the case of liquids, a small
fraction of particles at the surface, having
higher kinetic energy, is able to break away
from the forces of attraction of other particles
and gets converted into vapour. This
phenomenon of change of a liquid into
vapours at any temperature below its boiling
point is called evaporation.

1.5.1 FACTORS AFFECTING EVAPORATION

Let us understand this with an activity.

Activity 1.14

* Take 5 mL of water in a test tube and
keep it near a window or under a fan.

° Take 5 mL of water in an open china
dish and keep it near a window or
under a fan.

° Take 5 mL of water in an open china

MATTER IN OUR SURROUNDINGS
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dish and keep it inside a cupboard or
on a shelf in your class.

. Record the room temperature.

) Record the time or days taken for the
evaporation process in the above cases.

. Repeat the above three steps of activity
on a rainy day and record your
observations.

®  What do you infer about the effect of
temperature, surface area and wind
velocity (speed) on evaporation?

You must have observed that the rate of

evaporation increases with—

®* an increase of surface area:
We know that evaporation is a surface
phenomenon. If the surface area is
increased, the rate of evaporation
increases. For example, while putting
clothes for drying up we spread them out.

®* an increase of temperature:
With the increase of temperature, more
number of particles get enough kinetic
energy to go into the vapour state.

®* adecrease in humidity:
Humidity is the amount of water vapour
present in air. The air around us cannot
hold more than a definite amount of
water vapour at a given temperature. If
the amount of water in air is already high,
the rate of evaporation decreases.

® an increase in wind speed:
It is a common observation that clothes
dry faster on a windy day. With the
increase in wind speed, the particles of
water vapour move away with the wind,
decreasing the amount of water vapour
in the surrounding.

1.5.2 HOw DOES EVAPORATION CAUSE
COOLING?

In an open vessel, the liquid keeps on
evaporating. The particles of liquid absorb
energy from the surrounding to regain the
energy lost during evaporation. This
absorption of energy from the surroundings
make the surroundings cold.




What happens when you pour some
acetone (nail polish remover) on your palm?
The particles gain energy from your palm or
surroundings and evaporate causing the
palm to feel cool.

After a hot sunny day, people sprinkle
water on the roof or open ground because
the large latent heat of vaporisation of water
helps to cool the hot surface.

Can you cite some more examples from
daily life where we can feel the effect of cooling
due to evaporation?

Why should we wear cotton clothes in
summer?

During summer, we perspire more
because of the mechanism of our body which
keeps us cool. We know that during
evaporation, the particles at the surface of
the liquid gain energy from the surroundings
or body surface and change into vapour. The
heat energy equal to the latent heat of
vaporisation is absorbed from the body
leaving the body cool. Cotton, being a good
absorber of water helps in absorbing the
sweat and exposing it to the atmosphere for
easy evaporation.

Why do we see water droplets on the outer
surface of a glass containing ice-cold
water?

Let us take some ice-cold water in a
tumbler. Soon we will see water droplets on
the outer surface of the tumbler. The water
vapour present in air, on coming in contact
with the cold glass of water, loses energy and
gets converted to liquid state, which we see
as water droplets.

1. Why does a desert cooler cool
better on a hot dry day?

2. How does the water kept in an
earthen pot (matka) become cool
during summer?

3. Why does our palm feel cold
when we put some acetone or
petrol or perfume on it?

4. Why are we able to sip hot tea or
milk faster from a saucer rather
than a cup?

5. What type of clothes should we
wear in summer?

Now scientists are talking of five states of matter: Solid, Liquid, Gas, Plasma and Bose—\

Einstein Condensate.

Plasma: The state consists of super energetic and super excited particles. These particles
are in the form of ionised gases. The fluorescent tube and neon sign bulbs consist of
plasma. Inside a neon sign bulb there is neon gas and inside a fluorescent tube there
is helium gas or some other gas. The gas gets ionised, that is, gets charged when
electrical energy flows through it. This charging up creates a plasma glowing inside

J

2 the tube or bulb. The plasma glows with a special colour depending on the nature of

@) gas. The Sun and the stars glow because of the presence of plasma in them. The plasma
ﬁ is created in stars because of very high temperature.

=8 Bose-Einstein Condensate: In 1920, Indian physicist Satyendra Nath Bose had done

/8 some calculations for a fifth state of matter. Building on his calculations, Albert Einstein

§ predicted a new state of matter — the Bose-Einstein

Condensate (BEC). In 2001, Eric A. Cornell, Wolfgang

Ketterle and Carl E. Wieman of USA received the Nobel

prize in physics for achieving “Bose-Einstein

condensation”. The BEC is formed by cooling a gas of

extremely low density, about one-hundred-thousandth

the density of normal air, to super low temperatures.

SN Bose Abert Binstemn ?{ou can .log on to www.chem4kids.com to get more

(1894-1974) (1879-1955) information on these fourth and fifth states of matter.
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What

MATTER IN OUR SURROUNDINGS

you have
learnt

Matter is made up of small particles.

The matter around us exists in three states— solid, liquid
and gas.

The forces of attraction between the particles are maximum in
solids, intermediate in liquids and minimum in gases.

The spaces in between the constituent particles and kinetic
energy of the particles are minimum in the case of solids,
intermediate in liquids and maximum in gases.

The arrangement of particles is most ordered in the case of
solids, in the case of liquids layers of particles can slip and
slide over each other while for gases, there is no order, particles
just move about randomly.

The states of matter are inter-convertible. The state of matter
can be changed by changing temperature or pressure.

Sublimation is the change of solid state directly to gaseous
state without going through liquid state.

Deposition is the change of gaseous state directly to solid
state without going through liquid state.

Boiling is a bulk phenomenon. Particles from the bulk
(whole) of the liquid change into vapour state.

Evaporation is a surface phenomenon. Particles from the
surface gain enough energy to overcome the forces of attraction
present in the liquid and change into the vapour state.

The rate of evaporation depends upon the surface area exposed
to the atmosphere, the temperature, the humidity and the
wind speed.

Evaporation causes cooling.

Latent heat of vaporisation is the heat energy required to change
1 kg of a liquid to gas at atmospheric pressure at its boiling
point.

Latent heat of fusion is the amount of heat energy required
to change 1 kg of solid into liquid at its melting point.

11
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Some measurable quantities and their units to remember:

guaniity

Temperature kelvin K
Length metre m
Mass kilogram kg
Weight newton N
Volume cubic metre m?
Density kilogram per cubic metre kg m=
Pressure pascal Pa
Exercises
1. Convert the following temperatures to the celsius scale.
(a) 293 K (b) 470 K
2. Convert the following temperatures to the kelvin scale.
(a) 25°C (b) 373°C
3. Give reason for the following observations.
(a) Naphthalene balls disappear with time without leaving
any solid.
(b) We can get the smell of perfume sitting several metres
away.
4. Arrange the following substances in increasing order of forces
of attraction between the particles— water, sugar, oxygen.
5. What is the physical state of water at—
(@) 25°C (b) O0°C (c) 100°C ?
6. Give two reasons to justify—
(a) water at room temperature is a liquid.
(b) an iron almirah is a solid at room temperature.
7. Why is ice at 273 K more effective in cooling than water at the

same temperature?
What produces more severe burns, boiling water or steam?

. Name A,B,C,D,E and F in the following diagram showing

change in its state

Increase heat and
decrease pressure

;

Decrease heat and
increase pressure
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Group Activity

Prepare a model to demonstrate movement of particles in solids,
liquids and gases.

For making this model you will need

A transparent jar
A big rubber balloon or piece of stretchable rubber sheet
A string
Few chick-peas or black gram or dry green peas.
How to make?
Put the seeds in the jar.

Sew the string to the centre of the rubber sheet and put some
tape to keep it tied securely.

Stretch and tie the rubber sheet on the mouth of the jar.

Your model is ready. Now run your fingers up and down the
string by first tugging at it slowly and then rapidly.

Transparent Jar

Pull the string
first slowly, then
vigorously to
show movement
of particles as in
solids, liquids
and gases.

Big balloon or
rubber sheet

Fig. 1.10: A model for converting of solid to liquid and liquid to gas.

MATTER IN OUR SURROUNDINGS 13
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Chapter 2

How do we judge whether milk, ghee, butter,
salt, spices, mineral water or juice that we
buy from the market are pure?

SALT

EXTRA
FREE FLOW
IODISED SALT

Fig. 2.1: Some consumable items

Have you ever noticed the word ‘pure’
written on the packs of these consumables?
For a common person pure means having no
adulteration. But, for a scientist all these things
are actually mixtures of different substances
and hence not pure. For example, milk is
actually a mixture of water, fat, proteins etc.
When a scientist says that something is pure,
it means that all the constituent particles of
that substance are the same in their chemical
nature. A pure substance consists of a single
type of particles. In other words, a substance
is a pure single form of matter.

As we look around, we can see that most
of the matter around us exist as mixtures of
two or more pure components, for example,
sea water, minerals, soil etc. are all mixtures.

2.1 What is a Mixture?

Mixtures are constituted by more than one
kind of pure form of matter. We know that
dissolved sodium chloride can be separated
from water by the physical process of

0964CH02
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evaporation. However, sodium chloride is itself
a pure substance and cannot be separated by
physical process into its chemical constituents.
Similarly, sugar is a substance which contains
only one kind of pure matter and its
composition is the same throughout.

Soft drink and soil are not single pure
substances. Whatever the source of a
pure substance may be, it will always have
the same characteristic properties.

Therefore, we can say that a mixture
contains more than one pure substance.

2.1.1 TYPES OF MIXTURES

Depending upon the nature of the components
that form a mixture, we can have different
types of mixtures.

Activity 2.1
° Let us divide the class into groups A,
B, C and D.

° Group A takes a beaker containing
50 mL of water and one spatula full of
copper sulphate powder. Group B takes
50 mL of water and two spatula full of
copper sulphate powder in a beaker.

° Groups C and D can take different
amounts of copper sulphate and
potassium permanganate or common
salt (sodium chloride) and mix the given
components to form a mixture.

° Report the observations on the
uniformity in colour and texture.

° Groups A and B have obtained a
mixture which has a uniform
composition throughout. Such
mixtures are called homogeneous
mixtures or solutions. Some other
examples of such mixtures are: (i) salt
dissolved in water and (ii) sugar

2021-22



Activity

dissolved in water. Compare the
colour of the solutions of the two
groups. Though both the groups have
obtained copper sulphate solution but
the intensity of colour of the solutions
is different. This shows that a
homogeneous mixture can have a
variable composition.

Groups C and D have obtained
mixtures, which contain physically
distinct parts and have non-uniform
compositions. Such mixtures are called
heterogeneous mixtures. Mixtures of
sodium chloride and iron filings, salt
and sulphur, and oil and water are
examples of heterogeneous mixtures.

2.2

Let us again divide the class into four

groups — A, B, C and D.

Distribute the following samples to

each group:

—  Few crystals of copper sulphate to
group A.

— One spatula full of copper
sulphate to group B.

— Chalk powder or wheat flour to
group C.

— Few drops of milk or ink to
group D.

Each group should add the given

sample in water and stir properly using

a glass rod. Are the particles in the

mixture visible?

Direct a beam of light from a torch

through the beaker containing the

mixture and observe from the front.

Was the path of the beam of light

visible?

Leave the mixtures undisturbed for a

few minutes (and set up the filtration

apparatus in the meantime). Is the

mixture stable or do the particles begin

to settle after some time?

Filter the mixture. Is there any residue

on the filter paper?

Discuss the results and form an

opinion.

Groups A and B have got a solution.

Group C has got a suspension.

Group D has got a colloidal solution.

Is MATTER AROUND Us PURE?
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Glass rod

Liquid decanted in
the funnel fitted with
a filter paper

Filter paper

Funnel
@ !
x
b) (©) Test tube
Filter paper  Cone of d
(folded)  a filter paper Filtrate

—/
Fig. 2.2: Filtration

Now, we shall learn about solutions,
suspensions and colloidal solutions in the
following sections.

1. What is meant by a substance?

2. List the points of differences
between homogeneous and
heterogeneous mixtures.

1
¢

2.2 What is a Solution?

A solution is a homogeneous mixture of two
or more substances. You come across various
types of solutions in your daily life. Lemonade,
soda water etc. are all examples of solutions.
Usually we think of a solution as a liquid that
contains either a solid, liquid or a gas
dissolved in it. But, we can also have solid
solutions (alloys) and gaseous solutions (air).
In a solution there is homogeneity at the
particle level. For example, lemonade tastes the
same throughout. This shows that particles of
sugar or salt are evenly distributed in the
solution.

Alloys: Alloys are mixtures of two or)
more metals or a metal and anon-metal
and cannot be separated into their
components by physical methods. But
still, an alloy is considered as a mixture
because it shows the properties of its
constituents and can have variable
composition. For example, brass is a
mixture of approximately 30% zinc and
70% copper. Y,

More to know
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A solution has a solvent and a solute as its
components. The component of the solution
that dissolves the other component in it
(usually the component present in larger
amount) is called the solvent. The component
of the solution that is dissolved in the solvent
(usually present in lesser quantity) is called
the solute.

Examples:

(i) A solution of sugar in water is a solid
in liquid solution. In this solution,
sugar is the solute and water is the
solvent.

(ii) A solution of iodine in alcohol known
as ‘tincture of iodine’, has iodine (solid)
as the solute and alcohol (liquid) as
the solvent.

(iii) Aerated drinks like soda water etc., are
gas in liquid solutions. These contain
carbon dioxide (gas) as solute and
water (liquid) as solvent.

(iv) Air is a mixture of gas in gas. Air is a
homogeneous mixture of a number of
gases. Its two main constituents are:
oxygen (21%) and nitrogen (78%). The
other gases are present in very small
quantities.

Properties of a solution

* A solution is a homogeneous mixture.

* The particles of a solution are smaller
than 1 nm (10°metre) in diameter. So,
they cannot be seen by naked eyes.

* Because of very small particle size, they
do not scatter a beam of light passing
through the solution. So, the path of
light is not visible in a solution.

¢ The solute particles cannot be
separated from the mixture by the
process of filtration. The solute particles
do not settle down when left undisturbed,
that is, a solution is stable.

2.2.1 CONCENTRATION OF A SOLUTION

In activity 2.2, we observed that groups A and
B obtained different shades of solutions. So,
we understand that in a solution the relative

16

proportion of the solute and solvent can be
varied. Depending upon the amount of solute
present in a solution, it can be called a dilute,
concentrated or a saturated solution. Dilute
and concentrated are comparative terms. In
activity 2.2, the solution obtained by group A
is dilute as compared to that obtained by
group B.

Activity 2.3

U Take approximately 50 mL of water
each in two separate beakers.

U Add salt in one beaker and sugar or
barium chloride in the second beaker
with continuous stirring.

U When no more solute can be dissolved,
heat the contents of the beaker to raise
the temperature by about 5°C.

U Start adding the solute again.

Is the amount of salt and sugar or barium
chloride, that can be dissolved in water at a
given temperature, the same?

At any particular temperature, a solution
that has dissolved as much solute as it is
capable of dissolving, is said to be a saturated
solution. In other words, when no more solute
can be dissolved in a solution at a given
temperature, it is called a saturated solution.
The amount of the solute present in the
saturated solution at this temperature is called
its solubility.

If the amount of solute contained in a
solution is less than the saturation level, it is
called an unsaturated solution.

What would happen if you were to take a
saturated solution at a certain temperature
and cool it slowly.

We can infer from the above activity that
different substances in a given solvent have
different solubilities at the same temperature.

The concentration of a solution is the amount
(mass or volume) of solute present in a given
amount (mass or volume) of solution.

There are various ways of expressing the
concentration of a solution, but here we will
learn only three methods.

(i) Mass by mass percentage of a solution

M f solut:
ass of solute ..

- Mass of solution
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({i) Mass by volume percentage of a solution

M f solut
assof solute ..o

- Volume of solution

(iiiy Volume by volume percentage of a
solution

Volume of solute

= x100
Volume of solution

Example 2.1 A solution contains 40 g of
common salt in 320 g of water.
Calculate the concentration in terms of
mass by mass percentage of the

solution.
Solution:
Mass of solute (salt) 40 g
Mass of solvent (water)= 320 g

We know,
Mass of solution = Mass of solute +
Mass of solvent
=40g+320¢g
=360¢g

Mass percentage of solution

M f solut
_ Massof solute ..

- Mass of solution

=40 100=11.1%
360

2.2.2 What is a suspension?

Non-homogeneous systems, like those
obtained by group C in activity 2.2, in which
solids are dispersed in liquids, are called
suspensions. A suspension is a heterogeneous
mixture in which the solute particles do not
dissolve but remain suspended throughout
the bulk of the medium. Particles of a
suspension are visible to the naked eye.

Properties of a Suspension

* Suspension is a heterogeneous
mixture.

Is MATTER ArROUND Us PURE?
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*  The particles of a suspension can be seen
by the naked eye.

* The particles of a suspension scatter a
beam of light passing through it and
make its path visible.

* The solute particles settle down when a
suspension is left undisturbed, that is,
a suspension is unstable. They can be
separated from the mixture by the
process of filtration. When the particles
settle down, the suspension breaks and
it does not scatter light any more.

2.2.3 WHAT IS A COLLOIDAL SOLUTION?

The mixture obtained by group D in activity
2.2 is called a colloid or a colloidal solution.
The particles of a colloid are uniformly spread
throughout the solution. Due to the relatively
smaller size of particles, as compared to that of
a suspension, the mixture appears to be
homogeneous. But actually, a colloidal solution
is a heterogeneous mixture, for example, milk.

Because of the small size of colloidal
particles, we cannot see them with naked eyes.
But, these particles can easily scatter a beam
of visible light as observed in activity 2.2. This
scattering of a beam of light is called the
Tyndall effect after the name of the scientist
who discovered this effect.

Tyndall effect can also be observed when a
fine beam of light enters a room through a small
hole. This happens due to the scattering of light
by the particles of dust and smoke in the air.

>
Path of
+~—— light
Torch becomes
visible
\_/
(a) (b)

Fig. 2.3: (a) Solution of copper sulphate does not show
Tyndall effect, (b) mixture of water and millk

shows Tyndall effect.
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Tyndall effect can be observed when
sunlight passes through the canopy of a dense
forest. In the forest, mist contains tiny droplets
of water, which act as particles of colloid
dispersed in air.

Fig. 2.4: The Tyndall effect

Properties of a colloid

* Acolloid is a heterogeneous mixture.

* The size of particles of a colloid is too
small to be individually seen by naked
eyes.

* Colloids are big enough to scatter a
beam of light passing through it and
make its path visible.

¢ They do not settle down when left
undisturbed, that is, a colloid is quite
stable.

e They cannot be separated from the
mixture by the process of filtration. But,
a special technique of separation known
as centrifugation (perform activity 2.5),
can be used to separate the colloidal
particles.

The components of a colloidal solution are
the dispersed phase and the dispersion
medium. The solute-like component or the
dispersed particles in a colloid form the
dispersed phase, and the component in which
the dispersed phase is suspended is known
as the dispersing medium. Colloids are
classified according to the state (solid, liquid
or gas) of the dispersing medium and the
dispersed phase. A few common examples are
given in Table 2.1. From this table you can
see that they are very common everyday life.

uestions

1. Differentiate between homogen-
eous and heterogeneous mixtures
with examples.

2. How are sol, solution and
suspension different from each
other?

3. To make a saturated solution,
36 g of sodium chloride is dissolved
in 100 g of water at 293 K.
Find its concentration at this
temperature.

Table 2.1: Common examples of colloids

Dispersed
phase

Dispersing
Medium

Liquid Gas Aerosol Fog, clouds, mist
Solid Gas Aerosol Smoke, automobile exhaust
Gas Liquid Foam Shaving cream
Liquid Liquid Emulsion Milk, face cream
Solid Liquid Sol Milk of magnesia, mud
Gas Solid Foam Foam, rubber, sponge, pumice
Liquid Solid Gel Jelly, cheese, butter
Solid Solid Solid Sol Coloured gemstone, milky glass
18 SCIENCE
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2.3 Separating the Components
of a Mixture

We have learnt that most of the natural
substances are not chemically pure. Different
methods of separation are used to get
individual components from a mixture.
Separation makes it possible to study and
use the individual components of a mixture.

Heterogeneous mixtures can be separated
into their respective constituents by simple
physical methods like handpicking, sieving,
filtration that we use in our day-to-day life.
Sometimes special techniques have to be used
for the separation of the components of a
mixture.

2.3.1 HOW CAN WE OBTAIN COLOURED
COMPONENT (DYE) FROM BLUE/
BLACK INK?

Activity 2.4

° Fill half a beaker with water.

Put a watch glass on the mouth of the
beaker (Fig. 2.5).

Put few drops of ink on the watch glass.
Now start heating the beaker. We do
not want to heat the ink directly. You
will see that evaporation is taking place
from the watch glass.

° Continue heating as the evaporation
goes on and stop heating when you do
not see any further change on the
watch glass.

° Observe carefully and record your
observations.

.—Vapours
Ink

2 030004 DBeaker
2

Water

(1

Fig. 2.5: Evaporation

Is MATTER ArROUND Us PURE?

2021-22

Now answer

e  What do you think has got evaporated
from the watch glass?

® |s there a residue on the watch glass?

® What is your interpretation? Is ink a
single substance (pure) or is it a
mixture?

We find that ink is a mixture of a dye in
water. Thus, we can separate the volatile
component (solvent) from its non-volatile
solute by the method of evaporation.

2.3.2 HOW CAN WE SEPARATE CREAM
FROM MILK?

Now-a-days, we get full-cream, toned and
double-toned varieties of milk packed in poly-
packs or tetra packs in the market. These
varieties of milk contain different amounts
of fat.

Activity 2.5
° Take some full-cream milk in a test
tube.

o Centrifuge it by using a centrifuging
machine for two minutes. If a
centrifuging machine is not available
in the school, you can do this activity
at home by using a milk churner, used
in the kitchen.

U If you have a milk dairy nearby, visit it
and ask (i) how they separate cream
from milk and (ii) how they make
cheese (paneer) from milk.

Now answer

¢  What do you observe on churning the
milk?

* Explain how the separation of cream
from milk takes place.

Sometimes the solid particles in a liquid
are very small and pass through a filter paper.
For such particles the filtration technique
cannot be used for separation. Such mixtures
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are separated by centrifugation. The principle
is that the denser particles are forced to the
bottom and the lighter particles stay at the
top when spun rapidly.

Applications

* Used in diagnostic laboratories for
blood and urine tests.

*  Used in dairies and home to separate
butter from cream.

*  Used in washing machines to squeeze
out water from wet clothes.

2.3.3 HOW CAN WE SEPARATE A MIXTURE
OF TWO IMMISCIBLE LIQUIDS?

Activity 2.6

U Let us try to separate kerosene oil
from water using a separating funnel.

] Pour the mixture of kerosene oil and
water in a separating funnel (Fig. 2.6).

] Let it stand undisturbed for sometime
so that separate layers of oil and water
are formed.

U Open the stopcock of the separating
funnel and pour out the lower layer of
water carefully.

U Close the stopcock of the separating
funnel as the oil reaches the stop-cock.

Separating
funnel

Kerosene oil

Water

+———— Stopcock

Fig. 2.6: Separation of immiscible liquids

20

Applications

. To separate mixture of oil and water.

. In the extraction of iron from its ore,
the lighter slag is removed from the
top by this method to leave the molten
iron at the bottom in the furnace.

The principle is that immiscible liquids
separate out in layers depending on their
densities.

2.3.4 HOW CAN WE SEPARATE A MIXTURE
OF SALT AND CAMPHOR?

We have learnt in chapter 1 that camphor
changes directly from solid to gaseous state
on heating. So, to separate such mixtures that
contain a sublimable volatile component from
a non-sublimable impurity, the sublimation
process is used (Fig. 2.7). Some examples of
solids which sublime are ammonium chloride,
naphthalene and anthracene.

@

4— Cotton plug

€

4— Inverted funnel

Vapours of
camphor

Solidified
camphor

Mixture of
camphor
and salt

4— China dish

LA

Fig. 2.7: Separation of camphor and salt by
sublimation
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2.3.5 Is THE DYE IN BLACK INK A SINGLE
COLOUR?

Activity 2.7

U Take a thin strip of filter paper.

U Draw a line on it using a pencil,
approximately 3 cm above the lower
edge [Fig. 2.8 (a)].

U Put a small drop of ink (water soluble,
that is, from a sketch pen or fountain
pen) at the centre of the line. Let it dry.

U Lower the filter paper into a jar/glass/
beaker/test tube containing water so
that the drop of ink on the paper is just
above the water level, as shown in Fig.
2.8(b) and leave it undisturbed.

U Watch carefully, as the water rises up
on the filter paper. Record your

observations.
— Glass rod
Paper clips
Strip of filter —— Jar
paper Strip of filter
paper
v Line drawn s Spot of ink
o by pencil
X y P
/ Water
(a) \ i
Spot of ink (b)

Fig. 2.8: Separation of dyes in black ink using
chromatography

Now answer

®  What do you observe on the filter paper
as the water rises on it?

®* Do you obtain different colours on the
filter paper strip?

® What according to you, can be the
reason for the rise of the coloured spot
on the paper strip?

The ink that we use has water as the
solvent and the dye is soluble in it. As the
water rises on the filter paper it takes along
with it the dye particles. Usually, a dye is a
mixture of two or more colours. The coloured
component that is more soluble in water, rises
faster and in this way the colours get
separated.
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This process of separation of components
of a mixture is known as chromatography.
Kroma in Greek means colour. This technique
was first used for separation of colours, so
this name was given. Chromatography is the
technique used for separation of those solutes
that dissolve in the same solvent.

With the advancement in technology,
newer techniques of chromatography have
been developed. You will study about
chromatography in higher classes.

Applications

To separate

* colours in a dye

* pigments from natural colours
* drugs from blood.

2.3.6 HOW CAN WE SEPARATE A MIXTURE
OF TWO MISCIBLE LIQUIDS?

Activity 2.8

U Let us try to separate acetone and water
from their mixture.

° Take the mixture in a distillation flask.
Fit it with a thermometer.

® Arrange the apparatus as shown in
Fig. 2.9.

U Heat the mixture slowly keeping a close
watch at the thermometer.

® The acetone vaporises, condenses in
the condenser and can be collected
from the condenser outlet.

° Water is left behind in the distillation
flask.

+«—Thermometer

Distillation
flask

of acetone
b and water / e
é = ] = é Cold water in ,
Acetone——

Fig.2.9: Separation of two miscible liquids by
distillation
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Now answer

e What do you observe as you start
heating the mixture?

e At what temperature does the
thermometer reading become
constant for some time?

®  What is the boiling point of acetone?
®  Why do the two components separate?

This method is called distillation. It is used
for the separation of components of a mixture
containing two miscible liquids that boil
without decomposition and have sufficient
difference in their boiling points.

To separate a mixture of two or more
miscible liquids for which the difference in
boiling points is less than 25 K, fractional
distillation process is used, for example, for
the separation of different gases from air,
different factions from petroleum products
etc. The apparatus is similar to that for simple
distillation, except that a fractionating
column is fitted in between the distillation
flask and the condenser.

A simple fractionating column is a tube
packed with glass beads. The beads provide
surface for the vapours to cool and condense
repeatedly, as shown in Fig. 2.10.

«—Thermometer

column

> -~ Pure liquid
component

Fig. 2.10: Fractional distillation
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2.3.7 HOW CAN WE OBTAIN DIFFERENT
GASES FROM AIR ?

Air is a homogeneous mixture and can be

separated into its components by fractional

distillation. The flow diagram (Fig. 2.11)
shows the steps of the process.

Compress and cool by increasing
pressure and decreasing temperature

Allow to warm up slowly in
fractional distillation column

Gases get separated at different heights

Oxygen Argon | Nitrogen
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