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GAS LAWS and MOLE CONCEPT
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Properties of gases

Each gas contains a large number of minute particles called
molecules.

The volume of a gas molecule is very less when compared to the
total volume of the gas.

The molecules of a gas are in a state of rapid random motion in all
directions.

During this motion, the gas molecules collide with each other and
also collide with the walls of the container in which it is kept.

As the collision of molecules are perfectly elastic in nature, there is
no loss of energy.

The collision of the gas molecules with the walls of the container
creates the pressure of the gas.

The force of attraction between the gas molecules is comparatively
less.

Energy of gas molecules is very high.

Distance between the molecules Is very large.

Freedom of movement of molecules is very high.

Attractive force between molecules and with the walls of the
container is very low.
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Volume of a gas

If a gas kept in a cylinder having a volume of 1 |j§fe,

completely transferred to another 10 litre cylinder, its
volume becomes 10 litres. That means “Volume of a
gas is the volume of the container which occupies

the gas”.

Pressure of a gas

Pressure of a gas is the force experienced per unit area
on the inner surface of the container as a result of the
collision of the gas molecules on the surface.

Total force exerted on the surface °
Surface area

Force on unit area =

Temperature of a gas

@ Temperature of a gas Is the average kinetic energy of
| .the molecules of that gas. ~ Vol e
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Behaviour of gases with respect to

Volume(V), Pressure(P),
Temperature(T) and Amount(n).

Laws which describe the properties of gases with respect
to temperature, volume, pressure and amount of gas are
known as Gas Laws. The three important gas laws are:

—= Boyle’s Law
—=p Charle’s Law

—= Avogadro’s Law
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Boyle’s Law

Relation between pressure and volume of a gas

At constant temperature, the volume of a definite
mass of a gas Is inversely proportional to volume.

If P is the pressure and V is the volume then PxV = constant

. : 1
Mathematical expression Vo ? [ T, n are constants ]

Mathematical equation PV = a constant
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Situations related to Boyle’s Law

* Size of the air bubbles rising from the bottom of an
aquarium/pond/water reservoir increases.

* The size of climate balloons increases as they
move In upward direction to higher altitudes in the
atmosphere.

* When an inflated balloon is immersed in water, its
Size decreases.

/
As we move from bottom to top, the external pressure 3

decreases. Then the volume of air bubble or volume of the
gas increases. Hence their size increases. (Boyle’'s Law)
J

-9
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Charle’s Law

Relation between Volume and Temperature of a gas

At constant pressure, the volume of a definite mass of a gas is
directly proportional to its temperature in Kelvin scale.

If T is the pressure and V is the volume, then ¥ IS a
constant.

Mathematical expression Vo T EVhen P and n Constanﬂ

v

T = a constant

Mathematical Equation
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Situations related to Charle’s Law

 When an inflated balloon is kept in sunlight, it will
burst.

* VVehicle tyres are not fully inflated during summer.

 When an inflated balloon is kept in cold water, its
Size decreases.

/As the temperature increases, the volume of the gas-/\
air inside the balloon/tyre increases and finally it
bursts. As the temperature decreases, the volume of
the gas/air inside the balloon decreases and the size
of the balloon decreases. (Charle’'s Law) )
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Avogadro’s Law

Relation between Volume and Amount of a gas

At constant temperature and pressure, the volume of a definite
mass of a gas is directly proportional to number of molecules.

If n is the number of molecules and V is the volume, then

'V is a constant.
n

Mathematical expression V o n EVhen Pand T Constanﬂ

Mathematical Equation % = a constant
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Situations related to Avogadro’s Law

T

e The size of a balloon increases as we inflated and the
size decreases when the air is removed from balloon.

* The size of tyre increases as we fill air in it and the
size of tyre decreases when air escapes out
through puncture.

* The size of air bed increased as we fill air in it.
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Relative Atomic Mass

* |t is possible to find out the accurate mass of minute
particles through the modern techniques.

* For example, the mass of a Hydrogen atom is 1.67x10%4q.
But in practice, it is stated in terms of relative mass.

* In this method, the mass of an atom is compared to the
mass of another atom and expressed as a number

which shows how many times it is heavier than the
other atom. The atomic mass of elements are
expressed by considering 1/12" mass of an atom of

Carbon-12 as one unit.
* This mass Is termed as unified atomic mass or ‘U’

u=1/12 x mass of carbon - 12 atom
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One gram atom of any element contains
6.022x10% atoms. This number i1s known as
Avogadro Number and it Is denoted with N,

Avogadro Number (N,)

- o
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Mole Concept

Assume atomic mass of an element Is
“X”, 1t will taken “x” grams then number of
atom in x = 6.022x10%

Element Atomic Mass  Gram Atomic Taken Mass Number of
Mass Atoms

Hydrogen 1 1g 1g 6.022x1023
Nitrogen 14 14 g 14 g 6.022x10%
Oxygen 16 16 g 16 g 6.022x10%
Magnesium 24 24 ¢ 24 ¢ 6.022x10%
Chlorine 35,5 35.5¢0 35.5 ¢ 6.022x10%
Calcium 40 40 g 40 g 6.022x10%

ﬁ
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£0a0QLERM 1 19 19 6.022x10%
OOMSRM 14 14 ¢ 14 ¢ 6.022x10%
BIIRM 16 16 g 16 g 6.022x10%
2ulaio 24 24 g 24 g 6.022x10%
G 355 3559 85:59 6.022x10%
$HITBMVLo 40 40 g 409 6.022x10%

ﬁ




The mass of an element in grams to its atomic
mass Is called 1 Gram Atomic Mass (1 GAM) of

the element. This may also be shortened as 1
Gram Atom.
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Number of Atoms = Number of GAM x 6.022 x 10%

@

How many Number of GAM present in

a) 70 g Nitrogen
b) 160 g Oxygen

Find also the number of atoms In it?

[Hint: Atomic mass N=14 g, O =16 gJ
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1@7 Complete the table

Hydrogen 1lg 249 2 2x6.022x10% 2
LRI T I D —
Nitrogen 14 g 28 ¢ 2 2x6.022x10% 2
Oggen 169 6g 1 em2da0t 1
Oxygen 16 g 64 g
Magnesum 249 249
Magnesium 24 ¢ 120 g 5 5x6.022x10%
Chlofve | 3559 | *\Sg | 1 sewasr |
Chlorine 355¢@ 71¢

Calcium 40 g 400 g
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£OMGSRM 14 g 28 g 2 2%6.022x10%3 2

BIRIRM 16 g 64 g

QUT Yo 24 ¢ 120 g 5 5x6.022x10%
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Molecular Mass

The mass of one molecule of an element or a compound is
termed as Molecular Mass (MM). It can be found out by
finding the sum of the atomic masses of the atoms present Iin
one molecule of that substance.

«4The amount of a substance in grams equal to its molecular
mass is called One Gram Molecular Mass (1 GMM)

—=» One gram molecular mass of any substance
\_ contains Avogadro number of molecules.

/
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* Find the GMM of the following?

a) Ammonia (NH,)
b) Sodium hydroxide (NaOH)
c) Glucose (C.H,,O,)

12

d) Sodium carbonate (Na,CO,)
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Number of molecules

One gram molecular mass of any substance

contains Avogadro number of molecules.

Eg: One GMM of Oxygen is 32gm. This contains
6.022x10% oxygen molecules (Avogadro number)

How many GMM and number of molecules in 64gm of
Oxygen?

One GMM oxygen is 32gm, then number of GMM In 64

gm of oxygen is 2.
Number of molecules=Number of GMM % 6.022 x 10%

=2 % 6.022 x 10

Number of Gram Molecular Mass = Mass given in grams/GMM

Number of molecules=Number of GMM x 6.022 x 10%




@@O@&%@S afj)éINo

1)
B0 GMM @@ alBIA@®No af)SO®ICJe @RI 6.022x10%
af)6No MA@ EUB &HMESFo.
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GMM &86S ag)eo = 2.
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Calculate the number of GMM and number of
molecules of

a) 360gm C_ H..O

6° 12 " 6

b) 49gm H_SO,
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a) 360gm C H. . O

6° 12 " 6

b) 49gm H.SO,
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6.022x10%2 molecules are called one mole
molecule.

1 GMM =1 Mole = 6.022x10% Molecules

2 GAM Oxygel 1 GMM Oxygen
3290
2x6.022x10% atoms Ovaer 6.022x10% molecules
2 mole O, atoms 1 mole O, molecules
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Molar Volume: The volume occupied by one mole of
a gas Is said to be its molar volume

One mole of any gas at 273K temperature and 1 atm
pressure (STP) contains the same number of
molecules and hence their volume will also be the
same.

The Volume of 1 mole of any gas at 273K
temperature and 1 atm pressure is 22.4 L

f,‘
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EQ:
gOne mole of H,at STP occcupies 22.4 Litres
One mole of N, at STP occcupies 22.4 Litres
One mole of O;at STP occcupies 22.4 Litres
One mole of Cl,at STP occcupies 22.4 Litres
One mole of CO,at STP occcupies 22.4 Litres
One mole of NH;at STP occcupies 22.4 Litres

Volume of a gas in litres at STP

22.4L
EQ:  Find number of moles of 67.2L of H, gas at STP?

Number of moles of a gas at STP =

Volume of a gas in litres at STP
Number of moles of a gas at STP = 29 4L

67.2L

e —— :3

22.4L
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STP wl@d mudl®eaigam am ¢2oud Hy 03 agonimo = 22.4 ellgd eowlolaso
STP @lias muol®iealgan 8o e¢20ud No 03 ayoaimo = 22.4 eilgd aywlalaso
STP @1@8 muciealgam a@ 2003 O, 903 aysaime = 22.4 eNgd aywlalase
STP 013 MuO®O 21PN BB CRIUD Cl: 003 aanimo = 22.4 eNgd aynless
STP @@d cuclmleaigan s e20ud CO2 603 ayaaimo = 22.4 eflgd eo@1clss.
STP wl@d mudl®nalign a8@ caoud NHs; 003 agaeimo = 22.4 eNgd ap@aloss
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22.41L
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67.2L

= —_— =3

22.4L
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Problem part in short

For Atoms

For Molecules

For Gases @ STP

Number of GAM = Given mass
in grams / GAM of the element

Number of GMM = Given mass
in grams / GMM

Number of moles of a gas at
STP = Volume of the gas at
STP in litres / 22.4 litres

Number of Atoms = Number of
GAM x6.022 x10*

Number of Molecules = Number
of GMM x 6.022 x10*

Number of Molecules =
Number of moles x 6.022 x10*
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