KINETIC THEORY OF GASES
CHAPTER - 12
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Kinetic theory of gas was developed by Max-
well and Clausius in order to explain the gas
law in terms of motion of the gas molecule.
The kinetic theory of gas molecule is based
on the following assumptions:

A gas consists of small indivisible particles
called molecules. Molecules of gas are con-
sidered to be a perfectly rigid, elastic solid
sphere and identical in all respects. The size
of the molecule is negligible as compared
with their distance apart.

All gas molecules are in the state of con-
tinuous and random motion with all possible
velocity and possible direction.

The distance between the two molecules is
large as compared to their size.

During random motion, molecules collide with
one another and the walls of the container.
Collisions are perfectly elastic.

In spite of repeated collisions, the density of
gas remains constant.

The time of impact is negligible in comparison
to the time between two successive collisions.

Between two successive collisions the
molecule moves in a straight line with uniform
speed or velocity. The distance between two
successive collisions is called the free path of
the molecule.

The average distance traveled by the molecule
between two successive collisions is called
mean free path.
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o Kinetic interpretation of temperature

The temperature of a gas is a measure of the
average kinetic energy of a molecule, inde-
pendent of the nature of the gas or molecule.
In a mixture of gases at a fixed temperature
the heavier molecule has the lower average
speed. Energy of one mole of monatomic gas
is given by

= 3
E=5RT

Hence energy or velocity increases on in-
creasing temperature. Average K.E. of gas is
directly proportional to absolute temperature (
E ocT).

Thus at absolute zero temperature kinetic en-
ergy of gas molecules should reduce to zero.

It means at absolute zero temperature mole-
cules of gases are in a perfect state of rest
and have no kinetic energy. Since KE cannot
have negative value so absolute tempera-
ture cannot be negative, so minimum possible
temperature is absolute zero.

But before absolute zero temperature reaches
all gases change their state to liquid or solid.
Thus temperature of gas is a measure of the
mean KE of translation per molecule. This is
called kinetic interpretation of temperature.
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Root mean square (R.M.S.) speed of

molecules 3% 307 & R.M.S. g9

It is defined as the square root of the mean
of the square of the velocities of the gas mol-
ecule. R.M.S. velocity is directly proportional
to the square root of absolute temperature: It
is given by
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e Degrees of freedom $I fe=

The minimum number of independent coor-
dinates or dimensions required to represent
the position and configuration of a system
completely is known as degrees of Freedom.
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According to this law, for a thermodynamical
system in equilibrium, total energy is equally
distributed among various degrees of freedom
and energy associated with each degree of

freedom per molecule is %KBT

Where, R=NKg (R- gas Constant, N- Avoga-
dro's number and Kg- Boltzmann Constant)
If there are f degrees of freedom, then total
energy of one mole is given by

U= 1—NK13T=15RT
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e Concept of mean free path

Between two successive collisions the mol-
ecule moves in a straight line with uniform
speed or velocity. The distance between two
successive collisions is called the free path of
the molecule. The average distance traveled
by the molecule between two successive col-
lisions is called mean free path. Mean free
path is given by
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Where n is the number density of gas mole-
cules and d is the diameter of the molecule
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o Avogadro's number

Sr Type of gas Translational|Rotational |Vibrational
No. molecule motion motion _|motional
1 |Monoatomic molecule 3 - i
2 |Diatomic molecule 3 2 1(at high
temp)
3 For triatomic linear 3 2 3(at high
molecule temp)
4 |Triatomic nonlinear 3 3 |9(at High
molecule temp)
° Law of equipartition of energy Fsil & HH-
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The number of units in one mole of any sub-
stance is called Avogadro’s number or Avoga-
dro’s constant. It is equal to 6.022140857x10%.
The units may be electrons, ions, atoms, or
molecules, depending on the character of the



reaction and the nature of the substance.
Hence the number of particles in 3 moles of
a substance would be Total no = 3 x 6.022x
10 = 1.81 x 10% particles
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MULTIPLE CHOICE QUESTIONS:
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S.I. unit of universal gas constant R is :
aifAw A9 Faae R i S0 5 ...
a. J'mol K b. Jmol'K"'
c. J'mol K d. J'mol K!

Value of universal gas constant is :
aEsiRE A9 PAgaw F1 A9 &

a. 8.31 J'" mol K

b. 8314 J' mol K

c. 83.14 J' mol K

d. 8.13 J' mol K

Average kinetic energy of the molecules of
a gas is directly proportional to :

a. Pressure b. Volume
c. Temperature d. None of these
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In monoatomic gas molecules, degrees of
freedom is :

The degree of freedom of a diatomic gas
molecule is :
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One mole of a monoatomic gas is mixed
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with mole of a diatomic gas what is the
value of vy of the mixture :
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a. 1.0 b. 15

c. 25 d 20

Mean free path depends upon :
a. Absolute temperature of the gas

b. Pressure of the gas
c. Botha&hb d.
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On which factor does the average Kkinetic
energy of a gas molecule depend ?

a. Nature of gas b. Temperature

c. Volume d. Density
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What is the average velocity of a molecules
of an ideal gas :

None of these
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a. Infinity b. Constant

¢. Unstable d. Zero
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At Boyle's temperature :
a. Joule's effect is positive

b. Vander waal's equation becomes zero

c. Gases Boyle's law

d. Water solidifies
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For Boyle’s law to hold good, the gas should be :

a. Perfect and of constant mass and
temperature

b. Real and of constant mass and
temperature

c. Perfect and at constant temperature



