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Introduction

A pure substance is a single substance and is made up
of one kind of particles. The particles may be either
atoms or molecules. A pure substance is uniform or
homogeneous throughout because it consists of only
one kind of particles. These particles are similar to
one another and cannot be separated by physical
methods.

Elements and Compounds

The pure substance which is made up of one kind of
atoms only is called an element and the pure
substance which is made up of one kind of molecules
only is called a compound. Examples of elements are
hydrogen, carbon, oxygen, sulphur, copper, silver,
gold, etc. Examples of compounds are water, alcohol,
carbon dioxide, ammonia, sodium chloride, etc.

Types of Elements

Elements can be classified into metals, non-metals
and metalloids on the basis of their properties.
e Metals

- Metals are solids at room temperature except
mercury, which is a liquid at room
temperature.

- Metals are malleable which means that they
can be hammered into thin sheets. Gold and
silver are the most malleable metals.

- Metals are ductile i.e. they can be drawn into
thin wires. Gold is most ductile followed by
silver, copper and aluminium.

- Metals are good conductors of heat and
electricity Silver is the best conductor and
lead is the poorest conductor of heat. Silver is
the best conductor of electricity followed by
copper, gold, aluminium and tungsten.

- Metals have lustre i.e, they have shining
surfaces. Silver has a shining white surface,
gold has yellow and copper has reddish
brown.

- Metals have high tensile strength. Sodium and
potassium are quite soft hence have low
tensile strength.

- Metals are generally hard. Sodium and
potassium are soft can be cut with a knife.

- Metals are sonorous i.e. they produce a
ringing sound when hit.

- Metals have generally high densities.

- Metals have generally high melting and
boiling points. Sodium and potassium have
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low melting points. (371 and 336 K
respectively).

- Gallium and cesium become liquid at slightly
higher temperature than room temperature
(303 K).

e Non-Metals

- Non-metals are either gases, liquids or solids
at room temperature. Bromine is liquid a
room temperature. Boron, carbon, sulphur
and phosphorus are solids. Hydrogen, oxygen,
nitrogen, etc. are gases.

- Non-metals are brittle. They are not malleable
or ductile. They break into pieces when
hammered Non-metals are bad conductors of
heat and electricity. Graphite an allotropic
form of carbon is good conductor of
electricity due to its special crystalline
structure in which one electron of carbon
remains free.

- Non-metals have no lustre. Solid non-metals
have generally dull surfaces. lodine has a
shining lustre and a crystalline structure.

- Non-metals are generally soft. Diamond, an
allotropic form of carbon, is the hardest
natural substance known.

- Non-metals have low tensile strength i.e, they
are not strong and their bonds break easily.

- Non-metals are non-sonorous.

- Non-metals have comparatively low melting
and boiling points except boron, graphite and
diamond have high boiling points.

e Metalloids

Elements which have properties of both metals
and non-metals are called metalloids or
semimetals. Their intermediate conductivity
makes them semiconductors. Silicon, germanium,
arsenic, antimony, tellurium are common
examples of metalloids.

e A compound is a pure substance which contains
two or more elements combined together in a
fixed proportion by mass. e.g. carbon dioxide is
always made up of the same two elements,
carbon and oxygen combined together in a fixed
proportion of 3:8 by mass.

e The properties of a compound are entirely
different from the properties of its constituents,
e.g. water is a liquid while its constituents are
gases. Hydrogen is a combustible gas and oxygen
is a supporter of combustion while water is used
to extinguish fire. \ I: I: Since 2001..
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Differences between an element and a compound

The constituents of a compound cannot be
separated by physical means. Each compound has
a fixed molecular formula, melting point and
boiling point. A pure solid compound has a fixed
sharp melting point while impure solids have
lower melting point than the pure solid. A pure
liguid compound has a fixed boiling point while
impure liquid has higher boiling point than the
pure liquid.

A compound is homogeneous in nature. Its
composition remains same throughout the
compound.

Energy changes are accompanied by formation of
compounds. Heat, light or electricity are either
evolved or absorbed during formation of a
compound.

Compounds can be classified into inorganic and
organic compounds on the basis of their
structures.

They can also be classified into acids, bases and
salts on the basis of their properties. Sodium
chloride, calcium carbonate, carbon dioxide,
sulphuric acid etc. are inorganic compounds.
Alcohol, ether, sugar, oils, hydrocarbons, etc. are
organic compounds. Sulphuric add, nitric acid,
hydrochloric acids are common acids. Sodium
hydroxide, potassium hydroxide, ammonium
hydroxide, etc. are common bases. Calcium
carbonate, zinc sulphate, copper sulphate,
ammonium chloride, sodium carbonate, etc. are
common examples of salts.

Element Compound

1.

An element consists of|A compound is composed
the same kind of atoms. |of different kinds of atoms.

A monoatomic element|A compound can be split up
cannot be split up into its|into its components by
components by physical|chemical methods.

or chemical methods.

Only limited number of|Number of known
elements are known. compounds are quite large.

The property of an|The property of a
element is the property|compound is quite
of its atom. different from that of its
constituent atoms.

Impure Substances or Mixtures

A mixture is a substance in which two or more
pure substances are mixed in any proportion
without any chemical combination. A mixture
does not have a definite formula or composition.
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A mixture does not have a fixed melting or boiling
point.

The mixture shows the properties of all its
components.

A mixture can be separated into its components
by physical means since they are not chemically
bonded.

A CTIVITY'CORNER =R

To distinguish between mixtures and compounds

In two separate china dishes marked (A) and (B), take
mixture of nearly 50 g of iron filings and 3 g of
powdered sulphur. Keep the dish (A) as such while
heat the dish (B) to red hot for some time and then
cool it.

Black mass
(Iron sulphide)

Iron filings and
sulphur powder

e Observations:

- In the china dish (A) both iron filings and
sulphur powder retain their colour.

In the dish (B) a black mass will be formed.

- Bring a magnet near the mass present in both
the dishes. Iron filings will readily cling to the
magnet in dish (A) while this will not happen
in dish (B).

- Transfer a small amount of the mass from
dish (A) into a glass tube. Add carbon
disulphide (liquid) to it and shake for some
time. The yellow powder will dissolve leaving
behind the iron filings in the tube. Repeat the
same experiment with the mass present in
dish (B) also.

Nothing will happen.

e Conclusion:

- In the china dish (A), both iron filings and
powdered sulphur are in the form of a
mixture.

In the dish (B), a chemical reaction has
resulted upon heating and the black mass of
iron sulphide is formed. It is a compound.

Iron+ Sulphur —% 5 |ron sulphide

- lIron filings present in dish (A) are attracted
towards the magnet. Since iron sulphide is a
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compound, it is not attracted towards the
magnet.

- Carbon disulphide has dissolved sulphur
present in dish (A) leaving behind iron filings.
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It will not dissolve iron sulphide present in
dish (B).

Differences between a mixture and a compound

Mixture Compound

1. A mixture is obtained when two or more elements or
compounds just mix together without involving the
formation of any new compound.

1. Elements react together to form a new compound.

2. A mixture is formed as a result of a physical change.

2. A compound is formed as a result of a chemical
change.

3. The constituents of a mixture can be easily separated
by physical methods such as filtration, evaporation,
distillation, sublimation, extraction with solvents,
magnet, etc.

3. The constituents of a mixture cannot be separated
by physical methods but can be separated only by
chemical or electrochemical reactions.

4. A mixture shows the properties of its constituents.

4. The properties of a compounds are altogether
different from those of its constituents.

5. The composition of a mixture is variable, i.e., the
constituents of a mixture can be present in any
proportion. Therefore, a mixture does not have a fixed
formula.

5. The composition of a compound is always fixed, i.e.,
the constituent elements are always present in a fixed
proportion by mass. Therefore, a compound has a
definite formula.

6. A mixture does not have a fixed melting
point, boiling point, etc.

6. A compound has a fixed melting point,
boiling point, etc.

7. A mixture may be homogeneous or heterogeneous.

7. A compound is a homogeneous substance.

8. Energy (in the form of heat or light) is neither absorbed
nor evolved during the formation of a mixture.

8. Energy (in the form of heat or light) is either
absorbed or evolved during the formation of a
compound.

Types of Mixtures

Depending upon the nature of the components of a
mixture, mixtures can be classified into homogeneous
and heterogeneous mixtures.

Types of Mixtures

Type of Homogeneous mixture Heterogene
mixture ous mixture
1. |Gasingas Clean air -
2. |Gasin liquid Aerated water (water +|—
carbon  dioxide +
oxygen)
3. |[Gasin solid Hydrogen in palladium |=
4. |Liquid in liquid [Alcohol and water Qil and
water
5. [Liquid in solid |Mercury in|—
amalgamated zinc
6. |Solidinliquid |Sodium chloride in|Chalk in
water water
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7. |Solid in solid Alloys, e.g. bronze,|lron filings
brass and sand,
gun powder

Homogeneous Mixture

A mixture is called homogeneous if all the
components are mixed uniformly and there is no
clear boundary of separation between them. The
composition of a homogeneous mixture is
uniform throughout. The components cannot be
seen with naked eyes or under a microscope.

- Air is a homogeneous mixture of a number of
gases like oxygen, nitrogen, carbon dioxide,
inert gases, etc.

- A solution of alcohol and water
homogeneous mixture of two liquids.

- An alloy is a homogeneous mixture of two or
more metals and non-metals in solid state
(Brass is an alloy of zinc and copper).

- Asolution of sugar in water is a homogeneous
mixture of a solid and a liquid.
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Heterogeneous Mixture

A mixture is

called heterogeneous if its

composition is not uniform throughout and the
components have visible boundaries of separation
with them. The components of a heterogeneous
mixture can be seen by naked eyes or under a
microscope.

A  mixture of sugar and sand is a
heterogeneous mixture of two solids.

Oil and water is a heterogeneous mixture of
two liquids.

Water and chalk powder is a heterogeneous
mixture of a solid and a liquid.

How will you justify that water is a
compound?

Water is considered to be a compound due to
the following reason:

(a)Water cannot be separated into its
constituents i.e., hydrogen and oxygen by
physical methods.

(b) Properties of water are entirely different
from its constituents hydrogen and oxygen.
Hydrogen is combustible while oxygen
supports combustion. Water is quite different
from the two and it extinguishes fire.

(c) Heat and light are given out when water is
formed by burning hydrogen and oxygen.

(d) The composition of water is fixed. Its
constituent’s hydrogen and oxygen are
present in the ratio of 1:8 by mass.

(e) Water has a fixed boiling point of 100°C
(or 373K) under atmospheric pressure of one
atmosphere (or 760 mm).

How will you justify that air is mixture and not
a compound?

The justification can be done on the basis of
the following points in its support:

(i) The composition of air is not always the
same. At high altitudes, the percentage of
oxygen decreases. Similarly, in industrial
towns, we normally say that the air is more
polluted. This means that the percentages of
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carbon monoxide, sulphur dioxide and other
poisonous gases in air has increased.

(if) The major constituents of air can be easily
separated by physical
liquefaction, fractional distillation, etc.

(iii) The different gases present in air do
not lose their identities. For example, air
supports combustion which means that it
contains oxygen. Similarly, air turns lime
water milky. This establishes the presence of
carbon dioxide in air.

methods such as

(iv)] No energy changes or no chemical
reactions occur when the constituents of air
tried to be mixed.

All these evidences support the fact that air is
a mixture and not a compound.

Physical and Chemical Changes

Two types of changes take place during the formation
of compounds and mixtures. A compound is formed

as a result of chemical reaction while a mixture is

formed only by mixing the constituents without any

chemical reaction.

e Physical Change

Physical change involves a change in physical
state of a substance, size and its appearance.
No new substances are formed.

Change is temporary and can be reversed.

No change in the mass or composition of
constituents.

Not much gain or loss of energy occurs.
Examples- Dissolving salt or sugar in water,
sublimation of iodine, bending a glass tube,
etc.

e Chemical Change

The change in which new substances are
formed in a chemical reaction by interacting
with other is called a chemical change.

A chemical change is a permanent change and
cannot be reversed to give back substances in
original structure.

The original substances lose their identities
and properties.
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Energy changes occur in a chemical reaction.

The change in mass and composition takes
place. Examples- Burning of magnesium in air,
rusting of iron, digestion of food, baking of
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cake, burning of hydrogen in air or oxygen to
give water, burning of fuels, ripening of fruits,
etc.

Differences between Physical and Chemical Changes

Physical change Chemical change

1. A physical change brings about changes in physical
properties of the substance such as physical state, shape
and size, etc. For example, ice (solid) melts to form water
(liquid).

1. A chemical change brings about changes in the
chemical properties of the substance. For example,
iron undergoes rusting to form hydrated iron oxide.
The chemical properties of hydrated iron oxide are
different from those of iron.

2. There is no change in the chemical composition of the
substance during the physical change. Thus, both ice and
steam have the same chemical composition (made up of
water molecules) as that of liquid water.

2. There is always a change in the chemical
composition of the substance during a chemical
change. For example, iron and rust have different
chemical composition.

3. No new substance is formed in a physical change.

3. A new substance is always formed during a chemical
change.

4. Physical changes are temporary and hence
reversible.

are easily

4. Chemical changes are permanent and hence are
irreversible.

5. Small amounts of heat and light energy is usually
absorbed or given out during a physical change.

5. Large amounts of heat and light energy are always
absorbed or given out in a chemical change.

II.I.USTRMIﬂN

Why is burning of a candle involves both
physical and chemical change?

When a candle is burnt, the following two
changes occur.

1. Melting of wax.

2. Burning of thread and was.

The melting of wax is a physical change
whereas the burning of thread and wax is a
chemical change. Hence, the burning of a
candle involves both physical and chemical
change.

A solution is a homogeneous mixture of two or more
non-reacting substances whose composition can be
varied within certain limits. The solution which has
only two components is called binary solution. A

Sol.

binary solution is made by dissolving one component
into another.

Components of a Solution

The component which is dissolved is called
solute. The solute is present in small amount.
Solution may or may not be in the same state
of matter as the solute.

The medium in which solute is dissolved is
called the solvent. The solvent is present in a
larger amount. Solution will be in the same
state of matter as the solvent.

Types of Solution

Due to three states of matter nine different types
of binary solutions are possible. Three groups of
solutions can be formed depending upon the
nature of the solvent.

Solid solution: The solvent is solid.

Liquid solution: The solvent is liquid.

Gaseous solution: The solvent is gas.

The nine types of binary solutions discussed
above are summarized in the following table:

Name of solution Solute Solvent Examples

Solid solutions

1. Solid in solid Solid Solid Alloys like steel, brass, bronze, German silver, solder, etc.

2. Liquid in solid  |Liquid |Solid Hydrated crystals such as blue vitriol (hydrated copper sulphate), dental amalgam (mercury liquid and
silver solid).

3. Gas in solid Gas Solid Gases adsorbed over the surface of the metals (such as nickel, palladium, platinum, etc.) under

CBSE-CHEMISTRY, ,
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Liquid solutions

4. Solid in liquid | Solid Liquid [Sugar, common salt or other salts dissolved in water, tincture of iodine.

5. Liquid in liquid [Liquid |[Liquid |Mixture of two miscible liquids such as acetone and water, alcohol and water, vinegar (acetic acid

and water), etc.

6. Gas in liquid Gas Liquid |Aerated drinks. Here, carbon dioxide is dissolved in water under pressure.
Gaseous solutions

7. Solid in gas Solid Gas Camphor in air or iodine in air.

8. Liquid in gas Liquid |Gas Clouds and fog. Here, water drops (liquid) are dispersed in gas (air).

9. Gas in gas Gas Gas Air is a mixture of gases like nitrogen, oxygen, carbon dioxide, inert gases, etc.

CBSE -

Properties of Solution

- Asolution is a homogeneous mixture.

- The particle size of a solution is very small (< 1
nm or 10° m) in diameter. So they cannot be
seen by naked eye or by ordinary microscope.

- Due to small size the solute particles do not
scatter a beam of light passing through a
solution.

- The solution can pass through a filter paper
without separation of solute particles. The
solute particles present in a solution do not
settle down if solute is kept for a long time
shows that solutions are stable.

- A solution is always transparent in nature. It
may be coloured or colourless.

- The components of a solution do not react
chemically with each other.

Aqueous and Non-aqueous Solution
A solution in which water acts as a solvent is
called aqueous solution while the solution; which
any other liquid acts as a solvent is called non-
aqueous solution. Solution of come-on salt or
sugar in water is an aqueous solution. Solution of
sulphur in carbon disulphide or solution of iodine
in alcohol is non-aqueous solution.
Saturated and Unsaturated Solution
A solution becomes saturated if no more solute
can be dissolved into it at that temperature
contains maximum amount of solute which can be
dissolved into it and on addition of an more solute
to the solution, the solute starts settling at the
bottom. The solution in which more solute can be
dissolved at the given temperature is called an
unsaturated solution. A saturate solution
becomes unsaturated on heating because it can
dissolve more solute if the temperature is
increased.

Supersaturated Solution

Under certain conditions a solution may

temporarily contain more solute than the

saturation level at a particular temperature. Such

a solution is called supersaturated solution. Super

CHEMISTRY, |

saturate solutions separate out the extra solute
by adding a small crystal of solute.

e Concentrated and Dilute Solution
Between the two solutions one which has larger
proportion of solute is called concentrated a
compared to the one which has lesser proportion
of solute. The solution with lesser solute called
dilute solution.

e True Solution
The solution in which particles of solute are so
thoroughly mixed with the solvent that they
cannot be distinguished from each other even
under a powerful microscope is called a true
solution.

Solubility

The maximum amount of solute in grams that can be
dissolved in 100 grams of the solvent at a given
temperature to form a saturated solution is called
solubility of a solute at that particular temperature.

Weight of solutein saturated solution

Solubility= x 100

Weight of solvent in saturated solution

To demonstrate that different substances have

different solubilities

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

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

e When no more solute can be dissolved, heat the
contents of the beakers.

e Start adding the solute again.

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

e What would happen if you were to take a
saturated solution at a certain temperature and

cool it slowly.
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Observations:

The amounts of common salt, sugar and barium
chloride that can be dissolved in water (50 mL) at
room temperature are different.

When a saturated solution at a certain
temperature is cooled, the solubility decreases
and the amount of the solute which exceeds the
solubility at the lower temperature crystallizes out
of the solution.

Conclusion: Different substances have different
solubilities in a given solvent at the same
temperature and, in general, the solubility
decreases as the solution is cooled and the extra
amount of solute crystallizes out.

Effect of Temperature on Solubility

- Solubility of solids in liquids increases with
increase in temperature and decreases with
decrease in temperature.

- Solubility of solids in liquids remains
unaffected by the change in pressure.

- Solubility of gases in liquids increases with
decrease in temperature and decreases with
increase in temperature.

- Solubility of gases in liquids increases on
increasing the pressure and decreases on
decreasing the pressure.

IPEUSTROTION

2.5 g of a solute are dissolved in 25 g of water
to form a saturated solution at 298 K. Find out
the solubility of the solute at this

temperature.
Mass of the solute=2.5g
Solubility of the solute

_ Wt.of thesolute
Wt.of thesolvent

(a) What mass of potassium chloride would be
needed to forma saturated solution in 50 g of
water at 298 K? Given that solubility of the
salt is 46/100 g at this temperature.

(b) What will happen if this solution is cooled?
(a) Mass of potassium chloride in 100 g of
water in saturated solution =46 g

Mass of potassium chloride in 50g of water in

saturated solution= (d9) x(50)=23g
100

%100 =22 100 =10g
25

(b) When the solution is cooled, the solubility
of salt in water will decrease. This means that
upon cooling, salt will start separating from
the solution in crystalline form.

CHEMISTRY,
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Concentration of Solution

The concentration of a solution may be defined as the
amount of solute present in a given amount (mass or
volume) of solution and can be expressed in various
ways given below.
e Mass Percentage
- The mass of the solute in grams dissolved in
100 grams of solution is called mass by mass

percentage.

Mass by mass percentage can be calculated
as:

w/w= mass of solute .

mass of solute + mass of solvent (solution)

- The mass of the solute in grams dissolved in
100 mL of solution is called mass by volume
percentage.

Mass by volume percentage can be calculated

mass of solute (mL)

volume of solution (mL)

as: w/v=

e Volume Percentage
- The volume of the solute in mL dissolved in
100 mL of solution is called volume
percentage
Volume by volume percentage of a solution
can be calculated as:
volume of solute

v/v= ——x100
volume of solution

e Parts per Million or Parts per Billion (ppm or
ppb)

- The ppm unit is used for expressing
concentration of trace amounts of substance
present in the total amount of solution.

- Parts per million or parts per billion can be

mass of solute
calculated as: ppm= SO1S x10°

mass of solution

mass of solute 9
— - X 10
mass of solution
e Molarity
It is defined as the number of moles of the solute
per litre or per dm? of the solution. It is denoted
by M.
Number of moles of solute

Molarity(M)= - - -
Number of litres of solution
e Molality
It is defined as the number of moles of the solute
dissolved in kg (1000 g) of the solvent. It is
denoted by m.
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