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MATTER IN OUR SURROUNDINGS

<<<

INTRODUCTIONThere are a large number of things around us which we see and feel. For example, we can see a
book in front of us. A book occupies some space. The space occupied by the book is called it volume. If we pick up
the book, we can also feel its weight. So, we conclude that the book has some mass. We cannot see the air around
us, yet if we fill a balloon with air and then weight it carefully, we will find that not only does air occupy space
(bounded by the balloon), but is also has mass.

Things like a book and air are examples of matter. Other examples of matter are wood, cloth, paper, ice,

steel, water, oil etc. Further, that matter offers resistance is borne out by the fact that we cannot displace an
object from one place to another without applying some force. We have to apply force to pick up a stone
from the ground. Thus, matter can be defined as follows -
Anything that occupies space, has mass and offer resistance is called matter.
SUBSTANCE : A substance is a kind of matter that cannot be separated into other kinds of matter by any
physical process. For example, sugar dissolved in water can be separated from water by simply
evaporating the water. Here sugar is a substance which cannot be broken into its components by any
physical process.

PHYSICAL NATURE OF MATTER
(a) Matter is Made up of Particles :
(i) Everything around us is made up of many tiny pieces or particles.
(i) Particles which make up the matter are constantly moving.
(iii) Particles which make up mater are atoms or molecules.
(i) Evidences for the presence of particles is matter : Most of the evidences for the existence of particles
in matter and their motion come from the experiments of diffusion and Brownian motion.
(A) Dissolving a solid in a liquid : Potassium permanganate is a purple coloured solid substance and
water is a liquid. We will take 2 - 3 crystals of potassium permanganate and dissolve them in 100 ml of
water. Now we will take out 10 ml of this solution and put into another 90 ml of clear water. We will keep

diluting the solution like this 5 to 8 times.
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(B) Conclusion : This experiments shows that just a few crystals of potassium permanganate can colour a
large volume of water. It means a crystal of KMnO, is made up of millions of tiny particles. They keep

dividing themselves into smaller and smaller particles. Particles of KMnO, and particles of water spread into

each other, it means they are moving. This movement of different particles among each other, so that they
become mixed uniformly, is called diffusion.

(ii) Movement of pollen grains in water : The best evidence for the existence and movement of particles
in liquids was given by Robert Brown in 1827. Robert Brown suspended extremely small pollen grains in
water. On looking through the microscope, it was found that the pollen grains were moving rapidly

throughout water in a very irregular way (or zig - zag way).

(A) Brownian motion : Zig - zag motion (in a very irregular way) of particles is known as Brownian motion.
Brownian motion can also be observed in gases. Sometimes, when a beam of light enters a room, we can
see tiny dust particles suspended in air which are moving rapidly in a very random way. This is an example
of Brownian motion in gases. The tiny dust particles move here and there because they are constantly hit
by the fast moving particles of air.

e Matter is made up of tiny particles.

e Particles of matter are constantly moving.

Brownian motion increases on increasing the temperature.

(b) Characteristics of Particles of Matter :

The important characteristics of particles of matter are the following :

(i) The particles of matter are very, very small : It can be explained by performing the following
experiment. We will dissolve 2 or 3 drops of indigo dye in 100 ml of water. We will get a deep blue coloured
solution. Now we will keep diluting the solution and we will observe that intensity of blue colour of indigo dye
solution goes on decreasing.

(ii) The particles of matter have spaces between them :

(A) Experiment : We take about 100 ml of a water in a beaker and mark the level of water. We will also
take 50 g of sugar. Now we will dissolve the sugar by stirring and we get 3 sugar solution.

(B) Conclusion : The level of sugar solution in the beaker is at the same mark where water level was
initially in the beaker.
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It shows that particles sugar go into the spaces between various molecule of water due to which there is no
change in the volume. Thus, from this experiment it can be concluded that, the molecules in water are not
tightly packed, they have spaces between them.

(iii) The particles of matter are constantly moving : This property can be explained by diffusion.

(A) Diffusion : “Intermixing of particles of two different types of matter on their own is called diffusion.” It is
the phenomenon in which the movement of molecules or particles occur from their higher concentration
towards their lower concentration.

e.g. : When a perfume bottle is opened in one corner of a room, its fragrance spreads in the whole room
quickly. This happens because the particles of perfume move rapidly in all directions and mix with the

moving particles of air in the room.

y The particles of matter possess kinetic energy and so are constantly moving. As
* temperature rises, particles move faster.

(iv) Particles of matter attract each other : There are some forces of attraction between the particles of
matter which bind them together.
(A) Cohesive Force : The force of attraction between the particles of different substances is called
adhesive force.
e.d. : If we take a piece o chalk, a cube of ice and an iron nail and beat them with a hammer, chalk will
easily break into smaller pieces, but more force will be required to break a cube of ice and iron nail will not
break.
Reason : The reason for this is that force of attraction is quite weak in between the chalk particles, but force
of attraction in between the particles of ice cube is a bit stronger, while force of attraction in between the
particles of iron is very-very strong.

RIGID AND FLUID
(i) Rigid : Rigid means ‘unbending’ or inflexible. A solid is a rigid form of matter so that it maintains its
shape when subjected to outside force.
(ii) Fluids : Fluids are the substances which have tendency to flow. A liquid is a fluid form of mater which
occupies the space of the container. Liquids have a well defined surface.

A gas is a fluid form of matter which fills the whole container in which it is kept.

Liquid and gases are known as fluids.
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CLASSIFICATION OF MATTER
On the basis of physical states, all matter can be classified into three groups :-
(a) Solids (b) Liquids (c) Gases
(a) Solids :
A solid is that state of matter which has definite shape, mass and volume.
e.g. : Ice, wood, coal, iron etc.
(i) Properties :
e Solids have a definite mass and definite volume.
e Solids have a definite shape.
¢ Solids have negligible compressibility.
¢ Solids have high densities.
e The intermolecular forces in solids are very strong.
e The dimensions of solid do not increase in large proportion on heating or cooling.
e Solids diffuse into one another very slowly.
(b) Liquids :
A liquid is a state of matter which has definite mass and volume but no definite shape.
e.g. : Water, alcohol, milk, mercury etc.
(i) Properties :
e Liquid have a definite mass and volume.
e Liquid do not have a definite shape.
e Liquids are slightly more compressible than that of solids.
e Density of liquids is lesser than that of solids.
e The force of attraction between the molecules of liquids is less than that of solids.
e Liquids expands far more than solids on heating.
e The particles of two different liquids can diffuse is one another easily.
(c) Gases :
A gas is a state of matter, which has definite mass, but no definite shape and no definite volume.
eg.:0, N, H,etc.
(i) Properties :
¢ A gas contained in a vessel has a definite mass.
e Gases do not have definite shape and volume.
e Gases are highly compressible because intermolecular spaces between them are very - very large as
compared to solids and liquids.
e Density of gases is extremely small as compared to solids and liquids.
¢ Intermolecular forces are negligible.
e Gases expands to large extent when heated.

e The gases diffuse in one another rapidly to form homogeneous mixture.
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Comparison of the characteristics of three states of matter.

S.No. | Property Solid state Liquid state Gaseous state

1 Interparticle Very small spaces Comparatively large | Very large spaces
spaces spaces

2 Interparticles Very strong Weak Very weak
forces

3 Nature Very hard and rigid Fluid Highly fluid

4 Compressibility Negligible Very small Highy

compressible.
5 Shape and volume | Definite shape and | Indenfinite shape, but | Indefinite shape
volume definite volume as well as volume
6 Density High Les than the density in | Very low density
solid state
7 Kinetic energy Low Comparatively high Very high
8 Diffusion Negligible Slow Very fast

(d) Gases are Highly Compressible therefore :

(i) LPG (Liguefied Petroleum Gas) is used in our home for cooking.

(ii) Oxygen cylinders supplied to hospitals contain liquid oxygen.

(iii) C.N.G. (Compressed Natural Gas) is used a fuel these days in vehicles.

Gaseous particles move randomly at high speed and hit each other and also walls of the
~ container, so exert pressure.

EXERCISE

OBJECTIVE DPP - 1.1

1. The quantity of matter present in an object is called its -

(A) weight (B) volume (C) mass (D) Density
2. Which of the following is/are rigid(s) ?

(A) Solids (B) Liquids (C) Gases (D) Both (B) and (C)
3. Which of the following statements is/are correct ?

(A) Intermolecular forces of attraction is solids are maximum.
(B) Intermolecular forces of attraction is gases are minimum.
(C) Intermolecular spaces in solids are minimum.
(D) All of the above
4. What happens to the volume of the solution when small amount of sugar is dissolved in it ?
(A) Volume will increase. (B) Volume will decrease.

(C) Volume first increases then decreases. (D) No change in volume.
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5. Which of the following is not correct for gases ?

(A) Gases have definite mass. (B) Gases have definite shape.

(C) Gases have definite volume (D) Both (B) and (C)
6. Which of the following is not an example of matter ?

(A) Air (B) Feeling of cold (C) Dust (D) None of these
7. Which of the following statements is correct ?

(A) Interparticle spaces are maximum in the gaseous state of a substance.
(B) Particles which constitute the matter follow a zig-zag path.
(C) Solid state is the most compact state of substance.
(D) All are correct
8. Which out of the following does not make sense.
(A) Solids have fixed shape and fixed volume.
(B) Liquids can be compressed easily, but not gases.
(C) The particles of solids have negligible kinetic energy.
(D) Property of diffusion is maximum in the gaseous state.
9. Which of the following is/are application(s) of high compressibility of gases ?
(A) L.P.G. is used as fuel in homes for cooking food.
(B) Oxygen cylinders are supplied to hospitals.
(C) C.N.G. is used as fuel in vehicles.
(D) All of these
10. Which of the following statements does not go with the liquid state ?
(A) Particles are loosely packed in the liquid state.
(B) Fluidity is the maximum in the liquid state.
(C) Liquids can be compressed.
(D) Liquids take up the shape of any container in which these are placed.

SUBJECTIVE DPP - 1.2

1. What is Brownian motion ?

2. Why do gases diffuse very fast ?

3. Arrange the following substances in the increasing order of interparticle forces. Water, common salt,
nitrogen.

4. Out of solid, liquid and gas, which has -
(a) maximum interparticle spaces. (b) maximum particle motion.’
(c) definite volume but no definite shape. (d) least diffusion of the particles.

5. Give four characteristics associated with the gaseous state.

6. What is common in the three states of matter ?

7. A certain substance ‘A’ can be compressed to very less extent, but takes up the shape of any container in

which it is placed. What will be its physical state ?
8. Solids are generally very heavy while gases are light. Explain.
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>>>
MATTER IN OUR SURROUNDINGS

<<«

INTERCONVERSION OF STATES OF MATTER

The phenomenon of change of mater form one state to another state and back to original state, by altering
the conditions of temperature and pressure, is called interconversion of matter.

The various states of matter can be interchanged into one another by altering the conditions of -

(a) Temperature (b) Pressure.

(a) Altering the Temperature of Matter :

(i) Interconversion of solid into liquid and vice versa : The solids can be converted into liquids by
heating them. Similarly liquids can be cooled to form solids.

e.g. : Ice at 0°C changes into water at 0°C, when heat energy is supplied to it. The water at 0°C changes
into ice at 0°C on freezing.

(A) Melting or Fusion : The process due to which a solid changes into liquid state by absorbing heat
energy is called melting or fusion.

(B) Freezing or Solidification : The process due to which a liquid changes into solid state by giving out
heat energy is called freezing or solidification.

(C) Melting Point : The constant temperature at which a solid changes into liquid state by absorbing heat
energy is called it melting point.

(D) Freezing Point : The constant temperature at which a liquid changes into solid state by giving out heat

energy is called freezing point.

The numerical value of freezing point and melting point is same. Melting point of ice =
Freezing point of water = 0°c (273.16 k).

Explanation : On increasing the temperature of solids, the kinetic energy (K.E.) of particles increases. Due
to increases in K.E., the particles start vibrating with greater speed. The energy supplied by heart
overcomes the force of attraction between the particles. Then, the particles leave their fixed positions

and start moving freely and thus solid melts.
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Latent Heat of Fusion : The amount of heat energy that is required to change 1 kg of solid into liquid at
atmospheric pressure and its melting point is known as the latent heat of fusion. (In Greek Latent means
Hidden)

Latent heat of fusion of ice = 3.34 x 10% J/kg.

Particles of water at 0°C (273 K) have more energy as compared to particles in ice at the same
temperature.

(ii) Interconversion of liquid into gaseous state and vice versa : Liquids can be converted into gases by
heating them. Similarly, gases can be converted into liquids by cooling them.

e.g. : Water at normal pressure changes into gas (steam) at 100°C by absorbing heat. Steam at 100°C
changes into water by giving out energy.

(A) Boiling or Vaporisation : The process due to which a liquid changes into gaseous state by absorbing
heat energy is called boiling.

(B) Condensation or Liquefaction: The process due to which a gas changes into liquid state by giving
out heat energy is called condensation.

(C) Boiling point : The constant temperature at which a liquid rapidly changes into gaseous state by
absorbing heat energy at atmospheric pressure is called boiling point.

(D) Condensation Point : The constant temperature at which a gas changes into liquid state by giving out

heat energy at atmospheric pressure is called condensation point.

The numerical value of condensation point and boiling point is same. Condensation point of
vapour (water) = Boiling point of water = 100°C (373 K).

Explanation : When heat is supplied to water, particles start moving faster. At a certain temperature, a
point is reached when the particles have enough energy to break the forces of attraction between the
particles. At this temperature the liquid starts changing into gas.

Latent heat of vaporisation : The amount of heat which is required to convert 1 kg of the liquid (at its
boiling point) to vapour or gas without any change in temperature. Latent heat of vaporisation of water =
22.5 x 105 J/Kg.

Particles in steam, that is water vapour at 373 K have more energy than water at the same

temperature. Because steam have absorbed extra energy in the form of latent heat of

vaporisation.
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(iii) Direct interconversion of solid into gaseous state and vice versa : The changing of solid directly
into vapours on heating and of vapours directly into solid on cooling is known as sublimation.

e The solid which undergoes sublimation is called ‘sublime’.

¢ The solid obtained by cooling the vapours of a solid is called ‘sublimate’.

e.d. : Ammonium Chloride (NH,CI), iodine, camphor, naphthalene (moth balls) and anthracene.

/O ‘
(;4 / __Sublimaiion_.__ls\-
288 Suplimation ——>S0lid

Interconversion of states of matter

OBJECTIVE DPP - 2.1

1. On changing which of the following, the states of matter can be changed ?

(A) Temperature (B) Pressure (C) (A) & (B) both (D) None of these

2. Melting & freezing point of water -
(A) are same (B) have large difference between them.

(C) have close difference between them. (D) None of these

3. The boiling point of alcohol is 78°C. What will be the temperature in Kelvin scale ?
(A) 373K (B) 351 K (C) 375K (D) 78 K
4. Latent heat of vaporisation of water is -

(A) 2.25 x 102 J/kg (B) 22.5 x 105 J/kg (C) 3.34 x 105 J/kg (D) 33.4 x 102 J/kg

5. S.1. unit of temperature is -
(A) Kelvin (B)Celsius (C) Both (D) None
6. In sublimation process -

(A) solid changes into liquid

(C) solid changes directly into gas.

(B) liquid changes into gas.

(D) None of these
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7. When a liquid starts boiling, the further heat energy which is supplied -
(A) is lost to the surrounding as such.
(B) increasing the temperature of the liquid.
(C) increases the kinetic energy of the liquid.

(D) is absorbed as latent heat of vaporisation by the liquid.

8. 10°C temperature is equal to -

(A) 163 K (B)y 10K (C) 183K (D) 283 K
9. Which of the following will respond to sublimation ?

(A) Common salt (B) Sugar (C) Camphor (D) Potassium nitrate
10. Solids cannot be compressed because -

(A) constituent particles are very closely packed.
(B) interparticle attractive forces are weak.
(C) movement of constituent particles is restricted.

(D) constituent particles diffuse very slowly.

SUBJECTIVE DPP - 2.2

1. Define condensation.

2. What is latent heat of fusion ?

3. Name one property which is shown by naphthalene and not by sodium chloride.

4. Are the melting point of solid and the freezing point of liquid same or different.

5. The melting point of a substance is just below the room temperature. Predict its physical state.
6. When a solid melts, its temperature remains the same, so where does the heat energy go ?

7. Discuss the significance of the boiling point of liquid.

8. Explain the interconversion of states of matter.
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MATTER IN OUR SURROUNDINGS

<<«

CL-3

BY ALTERING PRESSURE
The difference in various states of matter is due to the different intermolecular spaces between their
particles. So when a gas is compressed the intermolecular space between its particles decreases and
ultimately it will be converted into liquid.
Pressure and temperature determine the state of a substance. So, high pressure and low temperature can
liquefy gases.
e.g. : Carbon dioxide (CO,) is a gas under normal conditions of temperature and pressure. It can be
liquefied by compression it to a pressure 70 times more than atmospheric pressure.
Solid CO, is known as ‘Dry ice’. Solid CO, is extremely cold and used to ‘deep freeze’ food and to keep ice

- cream cold.

Unit of pressure :

Atmosphere (atm) is a unit of measuring pressure exerted by a gas.
The unit of pressure is Pascal (Pa.)

1atm=1.01 x 10.5 Pa.

When pressure is lowered the boiling point of liquid is lowered. This helps in rapid change

of liquid into gas.

EVAPORATION
The phenomenon of change of a liquid into vapours at any temperature below its boiling point is called
evaporation.
Water changes into vapours below 100°C. The 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 K.E.
In case of liquids, a small fraction of particles at the surface, having higher K.E., is able to break the forces
of attraction of other particles and gets converted into vapour.

/ The atmospheric pressure at sea level is 1 atm.
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(a) Factors affecting Evaporation :
(i) Temperature : With the increase in temperature the rate of evaporation increases.

Rate of evaporation o T
Reason : On increasing temperature more number of particles get enough K.E. to go into the vapour sate.
(ii) Surface Area : Rate of evaporation o Surface area
Since evaporation is a surface phenomena, if the surface area is increased, the rate of evaporation
increases. So, while putting clothes for drying up we spread them out.
(iii) Humidity of Air : Rate of evaporation am
Humidity is the amount of water vapour present in air. When humidity of air is low, the rate of evaporation is
high and water evaporates more readily. When humidity of air is high, the rate of evaporation is low and
water evaporates very slowly.
(iv) Wind Speed : Rate of evaporation oo Wind speed
With the increase in wind speed, the particles of water vapour move away with the wind. So the amount of
water vapour decrease in the surroundings.
(v) Nature of substance : Substances with high boiling points will evaporate slowly, while substance with

low boiling points will evaporate quickly.

Difference between evaporation and boiling

S.No. | Evaporation Boiling

1 It is a surface phenomenon. It is a bulk phenomenon.

2 It occurs at all temperatures below B.P. It occurs at B.P. only.

3 It leaves the cooling effect. It increases the temperature.

(b) Cooling Causes by Evaporation :

The cooling caused by evaporation is based on the fact that when a liquid evaporates, it draws (or takes)
the latent heat of vaporisation from ‘anything’ which it touches.

For example :

o If we put a little of spirit (ether or petrol) on the palm of our hand then our hand feels very cold.

e Perspiration (or sweating) is our body’s method of maintaining a constant temperature.

(c) We Wear Cotton Clothes in Summer :

During summer, we perspire more because of the mechanism of our body which keeps us cool. During
evaporation, the particles at the surface of liquid gain energy from the surroundings or body surface. The
heat energy equal to 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.
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(d) Water droplets on the outer surface of a glass containing ice cold water :

If we take some ice cold water in a tumbler then we will observe water droplets on the outer surface of
tumbler.

Reason : The water vapour present in air on coming in contact with cold glass of water, loses energy. So
water vapour gets converted to liquid state, which we see as water droplets.

PLASMA
This state consist of super energetic and super excited particles. These particles are in the form of ionised
gases.
For e.g : neon sign bulb and fluorescent tube
Neon sign bulb - Neon gas
Fluorescent tube - Helium gas
When electrical energy flows through gas, it gets ionised and hence plasma is created. Plasma glows with a
special colour depending on nature of gas. Sun and the stars glow because of the pressure of plasma.

BOSE - EINSTIEN CONSENSATE (B.E.C.)

The B.E.C. is formed by cooling a gas of extremely low density, about one-hundred - thousandth the density
of normal air, to super low temperature.

EXERCISE

OBJECTIVE DPP - 3.1

1. Dry ice means -
(A) solid ammonia (B) solid carbon dioxide
(C) solid sulphur dioxide (D) normal ice
2. On a hot humid day rate of evaporation -
(A) is more (B) is less
(C) initially more, later on less (D) remains same.
3. During evaporation, particles of a liquid change into vapours only -
(A) form the surface. (B) from the bulk.
(C) from both surface and bulk. (D) neither from surface nor from bulk.
4. Rate of evaporation depends upon -
(A) temperature (B) surface area (C) humidity (D) All of these
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5. Pressure of air at sea level is -

(A) one atmosphere (B) 76 cm of Hg (C) 760 mm of Hg (D) All of these
6. One atmosphere is equal to -

(A) 1.01 x 105 Pa (B) 3.46 x 10* Pa (C) 1 Pa (D) 10 Pa
7. During evaporation of liquid -

(A) the temperature of the liquid falls.
(B) the temperature of the liquid rises.
(C) the temperature of the liquid remains unchanged.

(D) all statements are wrong.

8. As temperature increases rate of evaporation -

(A) increases (B) decreases.

(C) first increases, then decreases. (D) remains same.
9. A gas can be best liquefied -

(A) by increasing the temperature.
(B) by lowering the pressure.
(C) by increasing the pressure and reducing the temperature.

(D) None of these is correct.

10. In which phenomenon water changes into water vapour below its boiling point ?
(A) Evaporation (B) Condensation
(C) Boiling (D) No such phenomena exists

SUBEJCTIVE DPP - 3.2

—t

What is relation between pressure in atmospheres and pressure in pascals ?
Distinguish between boiling and evaporation.

Explain how gases can be liquefied ?

Clothes dry fast on a windy day. Why ?

Explain the factors affecting the rate of evaporation.

Why do we sweat more on a humid day ?

What is the purpose of sipping coffee from a saucer instead of sipping from a glass or cup ?

© N o o 0 N

Why do we normally prefer cotton clothes during summer ?
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ANSWER KEY

(OBJECTIVE DPP - 1.1)

Ans. C A D D D B D B D B

(SUBJECTIVE DPP - 1.2)

Sol.6 All of them occupy space and have mass.

Sol.7 The physical state of the substance ‘A’ is a liquid.

Sol.8 In the solids, the particles are very closely packed. As a result, the number of particles per unit volume is
quite large. Therefore, the solids are normally quite heavy. In the gases, the particles are loosely packed.
The number of particles per unit volume is comparatively small, Therefore, gases are light.

(OBJECTIVE DPP - 2.1)

Ans. C A B B A C D D C A

(SUBJECTIVE DPP - 2.2)

Sol.3 naphthalene undergoes sublimation upon heating and directly changes into vapours. Sodium chloride
(common salt) does not undergo sublimation. It melts on strong heating.

Sol.4 Same

Sol.5 Liquid

Sol.7 The boiling point of the liquids help is comparing the magnitude or strength of the interparticle or
intermolecular forces present in them. Greater these forces, more will be the boiling point of the liquid.

(OBJECTIVE DPP - 3.1)

Ans. B B A D) D A A A C A

(SUBJECTIVE DPP - 3.2)

Sol. 1atm=1.01 x 105Pa
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>>>
IS MATTER AROUND US PURE
<<«

PURE SUBSTANCE
A homogeneous material which contains particles of only one kind and has a definite set of properties is
called a pure substance.
Example : Iron, silver, oxygen, sulphur, Carbon dioxide etc., are pure substances because each of them
has only one kind of particles.
(a) Characteristics of A Pure Substance :
(i) A pure substance is homogeneous in nature.
(ii) A pure substance has a definite set of properties. These properties are different from the properties
of other substances.

(iii) The composition of a pure substance cannot be altered by any physical means.

Metter
I
Pure substances Mixture
Only one type of substance More than one
is present (no impurities) substances are present
v | v y | !
Element Compounds Homogeneous Hetrogeneous
Mixture Mixture
(Solutions) (Suspensions nd colloids)

(b) Elements :

A pure substance, which cannot be subdivided into two or more simpler substances by any chemical means
is called an element.

(i) Example : Hydrogen, oxygen, nitrogen, copper, zinc, tin, lead, mercury, etc. are all elements as they
cannot be subdivided into simpler parts by any chemical means. A substance made up of the atoms with

same atomic number is called an element.
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(ii) Classification of elements :

(A) On the basis of physical states, all elements can be classified into three groups :-

(1) Solids (2) Liquids (3) Gases

It has been found that :

e Two element exist as liquids at room temperature. They are mercury and bromine.

e Eleven elements exist as gases at room temperature. They are hydrogen, nitrogen, oxygen, fluorine,
chlorine, helium, neon, argon, krypton, xenon and radon.

e Remaining 102 elements are solids at room temperature.

(B) Elements can be classified as metals and non - metals. There are 22 non - metals and 93 metals.

e amongst the metals, only mercury is liquid metal. All other metals are solids.

e Amongst the 22 non - metals : 10 non - metals are solids. They are boron, carbon, silicon, phosphorus,
sulphur, selenium, arsenic, tellurium, iodine and astatine. 1 non-metal, bromine, is a liquid. Find non-
metals, hydrogen, nitrogen, oxygen, fluorine and chlorine are chemically active gases. Six non-metals,
helium, neon, argon, krypton, xenon and radon are chemically inactive gases. These are also called

noble gases or rare gases.

MATALLOIDS :
There are a few elements which show some properties of metals and other properties of non - metals. For
example they look like metals but they are brittle like non - metals. They are neither conductors of electricity
like metals nor insulators like non-metals, they are semiconductor. The elements which show some
properties of metals and some other properties of non-metals are called metalloids. Their properties are
intermediate between the properties of metals and non-metals. Metalloids are also sometimes called semi-

metals. The important examples of metalloids are : Boron (B), Silicon (SI) and Germanium (Ge).

Hydrogen is the lightest element.
(C) Elements can be classified as normal elements and radioactive elements. The elements which do not
give out harmful radiations are called normal elements. Elements from atomic number 1 to atomic number
82 are normal elements. The elements which given out harmful radiation are called radioactive elements.
Elements from atomic number 83 to atomic number 112 and 114, 116 and 118 are radioactive in nature.

(c) Compounds :

A pure substance, which is composed of two or more elements, combined chemically in a definite
ratio, such that it can be broken into elements only by chemical means is called compound.
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The two or more elements present in a compound are called constituents or components of the
compound. For example, water is a compound of hydrogen and oxygen, combined together in the ratio of
1 : 8 by weight. The water can be broken into its constituents only by electro-chemical method, i.e., by
passing electric current through it.

The compounds can be further classified as acids, bases and salts. Sulphuric acid, nitric acid, hydrochloric
acid, formic acid, etc. are the compounds which can be classified as acids.

Sodium hydroxide, potassium hydroxide, zinc hydroxide and calcium hydroxide can be classified as bases.
Ammonium chloride, zinc sulphate, lead nitrate and calcium carbonate can be classified as salts. It must be

pointed out that salts are formed by the chemical reaction between acids and bases.

MIXTURES
Most of the materials around us are not pure substances, but contain more than one substances, elements
or compounds. Such materials are called mixtures.
(a) Definition :
When two or more substances (elements, compounds or both) are mixed together in any proportion, such
that they do not undergo any chemical change, but retain their individual characteristics, the resulting
product is called a mixture.
(b) Types of Mixture :
(i) Homogeneous Mixture : A mixture in which different constituents are mixed uniformly is called a
homogeneous mixture.
Examples : All solutions, such as solutions of common salt, copper sulpahte, sugar etc. are examples of
homogeneous mixtures. Similarly, alloys such as brass, bronze etc. are homogeneous solid solutions of
metals.
(ii) Heterogeneous Mixture : A mixture in which different constituents are not mixed uniformly is called a
heterogeneous mixture.
Example : A mixture of sand and salt, iron powder and sulphur powder, soil etc. are examples of
heterogeneous mixtures.
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DIFFERENCES BETWEEN MIXTURES AND COMPOUNDS.

Mixtures Compounds

1. Nature 1. Nature

In a mixture, two or more elements or | In a compound, two or more elements unit
compounds are mixed, such that they do | chemically.

not combine chemically.
2. Structure

2. Structure Compounds have a definite structure.
Mixture does not have a definite structure.
3. Compositions

3. Composition In case of a compound the constituents are
In case of mixture, their constituents can be | present in a fixed ratio by weight.

present in any ratio, i.e., they have variable

composition. 4. Properties
The properties of a compound are entirely
4. Properties different from the properties of its

The constituents of a mixture retain their | constituents.
individual physical and chemical properties.
5. Separation of constituents

5. Separation of constituents The constituents of a compound can not be
The constituents of a mixture can be | separated by physical means.

separated by physical means.
6. Energy changes

6. Energy changes During the formation of a compound energy
During the formation of mixtures, no energy | is either absorbed or released, i.e.,
changes take place, i.e., it is a result of | compound is the result of a chemical
physical change. change.

REASONS FOR REGARDING AIR AS A MIXTURE
(i) Composition of air is not same at all places. The percentage of oxygen decreases in the air at higher
altitudes. Similarly, the air in industrial areas has more amount of carbon dioxide gas and other polluting
gases as compared to air in the countryside.
(ii) The main constituents of air can be separated by physical methods, such as liquefaction and fractional
distillation.
(iii) No chemical action takes place when the constituents of air, i.e., oxygen, nitrogen, water vapour and
carbon dioxide are mixed. Thus, no heat or light energy is evolved or absorbed, when its constituents are
mixed.
(iv) Each of the constituent of air retains its physical and chemical properties. For example, oxygen helps in

combustion, carbon dioxide lowly turns limewater milky, etc.

REASONS FOR REGARDING WATER AS A COMPOUND.
(i) The composition of pure water is same throughout. It always contains one part of hydrogen and eight
parts of oxygen by weight.
(i) The constituents of water cannot be separated by physical means. However, by electrochemical means

water can be decomposed into hydrogen and oxygen.
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(iiiy Chemical reaction takes place with the liberation of heat and light energy when one part of hydrogen
combines with the eight parts of oxygen by weight.

(iv) The properties of water are entirely different from the properties of its constituents. For example,
hydrogen is a combustible gas, oxygen in supporter of combustion, but their compound water extinguishes
fire.

REASONS FOR REGRDING ALLOYS AS MIXTURES
Though the alloys are homogeneous mixture of metals which cannot be separated by any physical means,
yet they are regarded mixtures on account of the following reasons :
(i) The composition of constituent metals can be varied in an alloy. For example, brass is an alloy of
copper and zinc. If an alloy has 60% of copper and rest of zinc or 58% of copper and rest of zinc, in either
case it is brass.
(ii) The individual metals in any alloy retain their chemical and physical properties. For example, if brass is
treated with dilute sulphuric acid, then zinc in it reacts to form zinc sulphate and hydrogen, but copper does
not react

SOLUTIONS
A homogeneous mixtures of two or more substance is called a solution. Usually we think of a solution as
a liquid that contains either a solid or a liquid or a gas dissolved in it. However, this is not true. We can also
have a solid have a solid solution as in the case of alloys.
(a) Components of a Solution :
The substances present in a homogeneous solution are called components of the solution. A solution
basically has two components, i.e., a solvent and a solute.

(i) Solvent : The component of a solution which is present in large proportion, is called solvent.

Usually, a solvent is the LARGER component of the solution.

For example : In the solution of copper sulphate in water, water is the solvent. Similarly, in paints,
turpentine oil is the solvent.

(ii) Solute : The component of the solution which is present is small proportion is called solute.

For example : In the solution of common salt in water, the common salt is solute. Similarly, in carbonated
drinks (soda water), carbon dioxide gas in the solute.

2 Usually, solute is the SMALLER component of the solution.

Store in your memory
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(b) Examples of Solutions :

(i) Solid - Solid solutions : All alloys are solid solutions of metals. Brass is a solid solution of
approximately 30% of zinc and 70% of copper. In this solid solution, copper (larger component) is solvent
and zinc (smaller component) is solute. Similarly, Bell Metal is a solid solution of 80% of copper and 20% of
tin, in which copper is the solvent and tin is the solute.

(ii) Solid - Liquid solutions : Sugar solution is an example, in which sugar is the solute and water is the
solvent. Similarly, common salt solution is an example, in which common salt is the solute and water is the
solvent. In case of tincture of iodine, iodine is the solute and ethyl alcohol is the solvent.

(iii) Liquid - Liquid solutions : In case of an alcoholic drink, ethyl alcohol is solute and water is solvent.
Similarly, in case of vinegar, acetic acid is solute and water is solvent.

(iv) Liquid - Gas solutions : In case of aerated drinks (soda water), carbon dioxide is the solute and water
is the solvent.

(v) Gas - Gas solutions : Air is a homogeneous mixtures of two main gases, i.e., 78% of nitrogen and 21%
of oxygen. In this mixture, nitrogen is solvent and oxygen is solute. Similarly, the petrol fed into the engines
of automobiles is a mixture of petrol vapour and air.

(c) Types of Solution :

(i) Saturated solution : A solution, which at a given temperature dissolves as much solute as it is capable
of dissolving, is said to be a saturated solution.

(ii) Unsaturated solution : When the amount of solute contained in a solution is less than the saturation
level, the solution is said to be an unsaturated solution.

(iii) Super saturated solution : A solution, which contains more of the solute than required to make a

saturated solution, is called a super saturated solution.

TRUE SOLUTION
A solution in which particles of the solute are broken down to such a fine state, that they cannot be seen
under a powerful microscope is called a true solution.
(a) Characteristics of a True Solution :
(i) A true solution is always clear and transparent, i.e., light can easily pass through it without scattering.
(ii) The particles of a solute break down to almost molecular size and their diameter is of the order of 1 nm
(10 m) or less.
(iii) A true solution can completely pass through a filter paper as particle size of solute is far smaller than
the size of pores of filter paper.
(iv) A true solution is homogeneous in nature.
(v) In a true solution, the particles of solute do not settle down, provided temperature is constant.
(vi) From a true solution, the solute can easily be recovered by evaporation or crystallisation.
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(b) Concentration of a Solution :

It is defined as the amount of solute present in a given quantity of the solution. The most common method
for expressing the concentration of a solution is called percentage method. The concentration of solution
refers to the percentage of solute present in solution. Furthermore, the percentage of solute can be
expressed in terms of :

(i) mass of the solute

(ii) volume of the solute.

(i) Concentration of a solution in terms of mass percentage of solute : If a solution is formed by
dissolving a solid solute in a liquid solvent then the concentration of solution is expressed in terms of mass
percentage of solute and is defined as under :

The concentration of solution is the mass of the solute is grams, which is present in 100 g of a solution.

It is very important to keep in mind that the percentage concentration of a solution refers to
mass of solute in 100 g of solution and not 100g of solvent, i.e., water.

The concentration of a solution in terms of mass percentage of solute is calculated by the formula given
below :

Mass of solute (ingrams)

= - - x100
Mass of solution (in grams)

Concentration of solution

Mass of solute (in grams)

= - x100
[Mass of solute + Mass of solvent](in grms)

(ii) Concentration of a solution in terms of volume percentage of solute : If a solution is formed by
dissolving a liquid solute in a liquid solvent, then the concentration of the solution is expressed in terms of
volume percentage of solute. The concentration of a solution is the volume of the solute in milliners,

which is present in 100 milliliters of a solution.

It is very important to keep in mind that the percentage concentration of solution refers to
volume of solute in 100 ml of solution and not 100 ml of solvent, i.e., water.

The concentration of a solution in terms of volume percentage of the solute is calculated by the formula
given below :

_ Volume of solute (in ml)

Concentration of solution = . .
Volume of solution (in ml)

x100

B Volume of solute (in ml)
[Volume of solute + Volume of solvent](in ml)

100

The concentration of a solution is a pure percentage number and has NO UNITS.

Store in your memory
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Sol.

Sol.

(c) Examples :

What is the meaning of 15% solution of NaCl ?

15% solution of NaCl is a solution 100 g of which contains 15 g of NaCl and 85 g of water.
Calculate the amount of glucose required to prepare 250 g of 5% solution of glucose by mass.

Mass of solute

Sol.% of solute = ——————x
Mass of solution

_ Mass of solute y

5 100
250
Mass of solute = 5x250 _125 _ 12.59
100 10

A solution contains 50 mL of alcohol mixed with 150 mL of water. Calculate concentration of this solution.
This solution contains a liquid solute (alcohol) mixed with a liquid solvent (water), so we have to calculate
the concentration of this solution in terms of volume percentage of solute (alcohol). Now, we know that :

Volume of solute
Volume of solution

Concentration of solution =

Here, Volume of solute (alcohol) = 50 mL
And. Volume of solvent (water) = 150 mL
So, Volume of solution = Volume of solute + Volume of solvent
=50+ 150 = 200 mL
Now, putting these values of ‘volume of solute’ and ‘volume of solution’ in the above formula we get :

Concentration of solution = %xloo = 5—20 =25 percent (by volume)

Thus, the concentration of this alcohol solution is 25 per cent or that it is a 25%.

How much water should be added to 16 ml acetone to make its concentration 48% ?

Vol. of solute

Sol.Concentration of solution = —————
Vol. of solution

E><100=48
X

x=18 . 100=3333ml
18

Volume of solvent = 33.33 - 16 = 17.33 ml.
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EXERCISE

OBJECTIVE DPP - 4.1

1. Which of the following provides an example of a true solution ?
(A) Blood (B) Milk (C) Starch solution (D) Sugar solution
2. Which of the following can be classified as a pure substance ?
(A) Milk (B) Sea - water (C) Ice (D) Castiron
3. Which of the following is a compound ?
(A) air (B) Milk (C) lodine (D) Water
4. The particle size of solute in true solution is of the order of -
(A) 10%m (B) 10" m (C)10%m (D) 10°m
5. Which of the following statement is not true about true solution?

(A) It can pass through filter paper.
(B) It is homogeneous in nature.
(C) At constant temperature, particles of solute settle down.

(D) From a true solution, the solute can easily be recovered by evaporation or crystallisation.

6. The concentration of solution is the mass of the solute in grams, which is presentin -
(A) 10 gm of solvent (B) 10 gm of solution
(C) 100 gm of solvent (D) 100 gm of solution
7. A solution, which at a given temperature dissolves as much solute as it is capable of dissolving, is said to
be a -
(A) saturated solution (B) semi saturated solution
(C) unsaturated solution (D) super saturated solution
8. Which of the following is not a compound ?
(A) Marble (B) Washing soda (C) Quick lime (D) Brass
9. The elements which given out harmful radiation are called -
(A) normal elements (B) representative elements
(C) radioactive elements (D) none of these
10. Air is regarded as a -
(A) compound (B) mixture (C) element (D) electrolyte
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SUBJECTVIE DPP - 4.2

1. Classify the following into elements and compounds :

Iron, Iron sulphide, Oxygen, Carbon, Urea, Sodium, Chalk, Washing soda and Gold.
Give the main points of distinction between a compound and a mixture.

What is meant by homogeneous mixtures ? Give two examples.

How much water should be added to 15 grams of salt to obtain 15 percent salt solution ?

a & N

Explain why, water is a compound and not a mixture ?
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SUSPENSIONS

A heterogeneous mixture of insoluble particles of solute, spread throughout a solvent, is called a
suspension. The particle size (diameter) in a suspension is more than 10° cm. The particles has a
tendency to settle down at the bottom of the vessel and can be filtered out, because their size is bigger
than the size of the pores of the filter paper.

(a) Example :

(i) Muddy water, in which particles of sand and clay are suspended in water.

(ii) Slaked lime suspensions used for white - washing has particles of slaked lime suspended in water.

(iii) Paints in which the particles of dyes are suspended in turpentine oil.

(b) Characteristics of Suspensions :

(i) The size of particles is more than 10° cm in diameter.

(ii) The particles of suspension can be separated from solvent by the process of filtration.

(iii) The particles of suspensions settle down, when the suspension is kept undisturbed.

(iv) A suspension is heterogeneous in nature.

(v) More scattering takes place in suspensions, because of bigger size of particles.

The process of settling of suspended particles under the action of gravity is called

sedimentation.

COLLODIAL SOLUTION
A heterogeneous solution in which the particle size is in between 10- cm to 10° c¢m, such that the solute
particles neither dissolve nor settle down in a solvent is called colloidal solution.
In a colloidal solution, relatively large suspended particles are called dispersed phase and the solvent in

which the colloidal particles are suspended in called continuous phase or dispersing medium.
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(a) Examples of Colloidal Solutions :

Few examples of colloidal solutions are as follows :

e blood e Milk

o Jelly e Starch solut
e Tooth paste
¢ Mist and fog.

ion

e Soap solution

(b) Characteristics of Colloidal Solutions :

(i) The size of colloidal particles is in between 107 cm and 10° cm.
(ii) The particles of a colloidal solution are visible under a powerful microscope.
(iii) The particles of a colloidal solution do not settle down with the passage of time.

e Writing ink

e Gum solution

¢ Liquid detergents

(iv) The particles of a colloidal solution can easily pass through filter paper.

(v) The particles of a colloidal solution scatter light, i.e., when strong beam of light is passed through the
colloidal solution, the path of beam becomes visible.
(vi) Colloidal solutions are not transparent, but translucent in nature.

(vii) The particles of a colloidal solution are electrically charged.

(viii) The colloidal solutions are heterogeneous in nature.

nTYNDALL EFFECT :The phenomenon in which light is scattered by colloidal particles and path of light

becomes visible as a Tyndall cone is called Tyndall effect.

- Experiment :

Take a wooden box, which is fitted with a convex lens on one side and a microscope on the other side,
such that convex lens and the objective lens of microscope face each other as shown in the figure.

Place a beaker containing soap solution inside the wooden box. Place a powerful bulb on the side of the
convex lens and move it backward or forward till a narrow parallel beam of light is formed. Looking through

the microscope. We will observe individual colloidal particles, surrounded by a cone of bluish light. The

bluish cone of light is called Tyndall cone.

Wooden Beam Bright path of light

box of light  formed due to scattering
Lens
y [06§pd00l
SR
0066000 Eye
Soap 0000000 A
solution Q0002 QY

I
source of light

Experiment showing Tyndall effect
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(c) Classification of Colloids :

The colloids are classified according to the state of dispersed phase (solid, liquid or gas) and the state of
dispersing medium. A few examples are shown in the table :

Dispersing | Dispersed Type of | [Examples
Medium Phase Colloidal
Solution
Gas Liquid Aerosol Fog. Mist, clouds
Gas Solid Aerosol Smoke
Liquid Gas Foam Shaving cream
Liquid Liquid Emulsion Milk, face cream
Liquid Solid Sol Milk of magnesia, blood
Solid Liquid Gel Jelly, cheese, butter, honey
Solid Solid Solid Coloured gem
Sol Stones, milky glass

Colloidal solutions can be separated by the process of CENTRIFUGATION.

DIFFERENCES BETWEEN TRUE SOLUTIONS AND COLLOIDAL SOLUTIONS

True Solutions Colloidal Solutions

1. The particle size is les than 10° cm. 1. The particle size is in between 107 ¢cm to 10° cm

2. The particles are not visible under powerful optical | 2. The particles are visible under a microscope.
microscope.

3. The particles of a true solution can be recovered 3. The particles of a colloidal solution cannot be
by evaporation and crystallization. recovered by evaporation and crystallization.

4. The particles of a true solution do not scatter light. | 4. The particles of a colloidal solution scatter light.
5. True solutions are clear and transparent. 5. Colloidal solutions are translucent.

6. True solutions are homogeneous in nature. 6. Colloidal solutions are heterogeneous in nature.
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DIFFERENCES BETWEEN TRUE SOLUTIONS AND COLLIDAL SOLUTIONS

Colloidal Solutions Suspensions

1. The size of particles of solute is in between 107 | 1. The size of particles of solute is more than 10°
cmto 10° cm. cm.

2. The particles of soute do not settle down when | 2. The particles of suspension settle down when a

a colloidal solution is allowed to stand. suspension is allowed to stand.
3. The particles of solute cannot be filtered out. 3. The particles of suspension can easily be
filtered out.
4. The particles of solute are not visible to 4. The particles of suspension are visible to
unaided eye. unaided eye.

EXERCISE

OBJECTIVE DPP - 5.1

1. Which of the following is/are example of suspension ?
(A) Muddy water (B) Slaked lime (C) Paints (D) All
2. Which of the following statement is not true about suspension ?

(A) The particles of suspension can be separated from solvent by the process of filtration.
(B) When the suspension is kept undisturbed the particles of suspension settle down.

(C) A suspension is homogeneous in nature.
(D)

D) Scattering of light take place in suspension.

3. Fog is an example of -
(A) foam (B) emulsion (C) aerosol (D) gel
4. Which of the following statement is not true about colloidal solution ?

(A) These are visible under powerful microscope.

(B) Their particles do not settle down with passage of time
(C
(D

) Their particles are electrically charged.
)

These are homogeneous in nature.
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5. Which of the following is an example of emulsion ?

(A) Face cream (B) Shaving cream (C) Honey (D) Smoke
6. Soap solution is an example of -
(A\) true solution (B) suspension (C) colloidal solution (D) none of these
7. When a beam of light is passed through a colloidal solution, it gets -
(A) reflected (B) absorbed (C) scattered (D) refracted
8. Which of the following is an example of gel ?
(A) Coloured gem (B) Jelly (C) Smoke (D) Shaving cream
9. Which of the following will show Tyndall effect ?
(A) Starch solution (B) Sodium chloride solution

(C) Copper sulphate solution (D) Sugar solution

10. Colloidal particles can be normally seen by
(A) naked eye (B) optical microscope
(C) electron microscope (D) telescope

SUBJECTIVE DPP - 5.2

1. Write the differences between colloid , suspension and true solutions.
2. Define Aerosol and Emulsion.

3. Explain Tyndall effect briefly.

4. Give an example of each of the following :

Emulsion, Gel, Aerosol and Foam

5. What are the properties of colloidal solution ?
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SEPRATION OF HETEROGENEOUS MIXTURES
Heterogeneous mixtures can be separated into their respective components by simple physical methods
such as handpicking, sieving, filtration.
Generally following physical properties are considered in the separation of the constituents of a mixture.
(i) Density of the constituents of the mixture.
(ii) Melting points and boiling points of the constituents of the mixture.
(i) Property of volatility of one or more constituents of the mixture.
(iv) Solubility of the constituents of the mixture in different solvents.
(v) Ability of the constituents of the mixture of sublime.

(vi) Ability of the constituents of the mixture to diffuse.

However, for separating homogenous mixtures special techniques are employed depending

upon the difference in our or more physical properties of the constituents of the mixture.

TECHNIQUES USED FOR SEPARATING THE COMPONENTS OF A MIXTURE
(a) By Evaporation :
(i) Separation of coloured components (due) from blue black ink : The process of evaporation is
suitable for the separation of non-volatile soluble solid (dye) from its liquid solvent (water).
(i) Method :

e Heat sand in an iron vessel by placing it over a tripod stand. This arrangement is called sand bath.
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e Place a china dish on the sand bath. Pour about 5 cc of the ink into the china dish.
e Heat gently evaporates water from the ink such that it does not boil. In a few minutes the water
evaporates leaving behind dry blue black ink. Method of evaporation is suitable for the following solid-liquid

mixtures.
Solid liquid Mixture Non-volatile Solid Liquid
Common salt and water Common salt Water
Sodium nitrate and water Sodium nitrate Water
Copper sulphate and water | Copper sulphate Water
Water vapour —j
China dish
@W/—:——Sand bath
Wire gauze
\ g

<«———Bunsen burner
<«——Tripod stand

(b) By Centrifugation :

The method of separating finely suspended particles in a liquid, by whirling the liquid at a very high speed is
called centrifugation.

(i) Separation of cream from milk : The process of centrifuging in employed in separating cream from
milk. This process is generally employed in separating colloidal solutions which easily pass through the filter
paper.

(ii) Principle of centrifugation : It is based on the principle that when a very fine suspension or a colloidal
solution is whirled rapidly, then the heavier particles are forced towards the bottom of liquid and the lighter
stay at the top. Lid (always shut when

centrifuging))
,

Sample bef