Kinetic Theory of Gases

Gas

In gases the intermolecular forces are very weak and its molecule may
fly apart in all directions. So the gas is characterized by the following
properties.

(i) 1t has no shape and size and can be obtained in a vessel of any
shape or size.

(i) 1t expands indefinitely and uniformly to fill the available space.
(iii) 1t exerts pressure on its surroundings.

(iv) Intermolecular forces in a gas are minimum.

(v) They can easily compressed and expand.

Assumption of Ideal Gases (or Kinetic Theory of
Gases)
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Kinetic theory of gases relates the macroscopic properties of gases

(such as pressure, temperature etc.) to the microscopic properties of the

gas molecules (such as speed, momentum, kinetic energy of molecule etc.)

Actually it attempts to develop a model of the molecular behaviour
which should result in the observed behaviour of an ideal gas. It is based on
following assumptions :

(1) Every gas consists of extremely small particles known as molecules.
The molecules of a given gas are all identical but are different than those of

another gas.
(2) The molecules of a gas are identical, spherical, rigid and perfectly

elastic point masses.

(3) Their size is negligible in comparison to intermolecular distance
(10- m)

(4) The volume of molecules is negligible in comparison to the volume
of gas. (The volume of molecules is only 0.014% of the volume of the gas).

(5) Molecules of a gas keep on moving randomly in all possible

direction with all possible velocities.
(6) The speed of gas molecules lie between zero and inﬁnity

(7) The gas molecules keep on colliding among themselves as well as
with the walls of containing vessel. These collisions are perfectly elastic.

(8) The time spent in a collision between two molecules is negligible
in comparison to time between two successive collisions.

(9) The number of collisions per unit volume in a gas remains
constant.

(10) No attractive or repulsive force acts between gas molecules.

(1) Gravitational attraction among the molecules is ineffective due to

extremely small masses and very high speed of molecules.

(12) Molecules constantly collide with the walls of container due to
which their momentum changes. The change in momentum is transferred
to the walls of the container. Consequent]y pressure is exerted by gas

molecules on the walls of container.

(13) The density of gas is constant at all points of the container.

Gas Laws

(1) Boyle’s law : For a given mass of an ideal gas at constant

temperature, the volume of a gas is inversely proportional to its pressure.
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(iii) As number of molecules per unit volume N = V
N
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(iv) Graphical representation : If m and T are constant
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Fig. 132

(2) Charle's law : If the pressure remaining constant, the volume of the
given mass of a gas is directly proportional to its absolute temperature.
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(i) If the pressure remains constant, the volume of the given mass of a

gas increases or decreases by l/[
1
——— of its volume at 0°C for
273.15
each 1°Crrise or fall in temperature. Yo
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(v) Graphical representation: If 7 and P are constant
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(3) Gay-Lussac’s law or pressure law : The volume remaining constant,
the pressure of a given mass of a gas is direct]y proportiona] to its absolute

temperature.
P P, P.
— =constant = —+=-%
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(i) The volume remaining constant, the pressure of a given mass of a

gas increases or decreases by P
t

of its pressure at 0°C for

273.15
each 1°Crise or fall in temperature. Pu/
Pl = PO |:l+;t:| /,’ £(°C)
273.15 27305 )
This is pressure law for Fig. 135

centigrade scale.

(i) Graphical representation : If m and V are constants
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(4) Avogadro’s law : Equal volume of all the gases under similar
conditions of temperature and pressure contain equal number of molecules

ie. N; =N,.

(5) Grahm's law of diffusion : When two gases at the same pressure
and temperature are allowed to diffuse into each other, the rate of diffusion

of each gas is inversely proportional to the square root of the density of the
1 1
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(M is the molecular weight of the gas) =
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(6) Dalton’s law of partial pressure : The total pressure exerted by a

mixture of non-reacting gases occupying a vessel is equal to the sum of the



individual pressures which each gases exert if it alone occupied the same

volume at a given temperature.
For ngases P=P, + P, +P; +.... P,
Pressure mixture and

where P = exerted by

Py, Py, Py, ... P,, =Partial pressure of component gases.

Equation of State or Ideal Gas Equation

The equation which relates the pressure (P) volume (V) and
temperature (7) of the given state of an ideal gas is known as ideal gas

equation or equation of state.
PV
For 1 mole of gas T =R (constant) = PV=RT

where R = universal gas constant.

Table 13.1 : Different forms of gas equation

Quantity of gas Equation Constant
1 mole gas PV =RT R = universal gas constant
L mole gas PV = URT
1 molecule of gas R k = Boltzmann's constant
PV = —|T =kT
Ny
N molecules of gas PV = NkT
1 gm of gas R r = Specific gas constant
PV =|—IT=rT
M
m gm of gas PV =mrT

(1) Universal gas constant (R) : Universal gas constant signifies the
work done by (or on) a gas per mole per kelvin.
_ PV PressurexVolume  Workdone

R=—t = =
4T uxTemperatu re  uxTemperatu re

(i) At S.T.P. the value of universal gas constant is same for all gases R

~ J _ cal - cal
mole xkelvin molexkelvin mol xkelvin
_0.8221 tre<atm
mole x kelvin

(if) Dimension : [ML2T 2671
(2) Boltzman's constant (k) : It is represented by per mole gas
R 8.31

constant e, K = — =

=" =1.38x10%® J/K
N 6.023x10%

It's dimension : [ML2T 2671]

(3) Specific gas constant (r) : It is represented by per gram gas
R Joule

r=—. lIt's unit is

———————  and dimension
M gm xkelvin

constant ‘e,
[LZT -2 0—1]
Since the value of M is different for different gases. Hence the value of

ris different for different gases. eg. It is maximum for hydrogen 1, = —

2

Real Gases
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(1) The gases actually found in nature are called real gases.

(2) They do not obeys gas Laws.

PV
(3) For exactly one mole of an ideal gas ﬁ:]“ Plotting the

PV
experimentally determined value of E for exactly one mole of various
real gases as a function of pressure P, shows a deviation from identity.
. PV .
(4) The quantity ﬁ is called the compressibility factor and should

be unit for an ideal gas.
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(5) Deviation from ideal behaviour as a function of‘/{éﬁﬁﬁgrature

Fig. 13.7
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(6) A real BdS veldves as aedi &‘qb 1MIUSL CIUSEly duL 1Iow pressure and
1

high temperature. Also can actual gas é}?%e liquefied most easily which
deviates most from ideal gas behaviour at low temperature and high
pressure.

(7) Equation of state for real gases : It is given by Vander Waal's with
two correction in ideal gas equation. The it know as Vander Waal's gas
equation.

(i) Volume correction : Due to finite size of molecule, a certain portion
of volume of a gas is covered by the molecules themselves. Therefore the
space available for the free motion of molecules of gas will be slightly less
than the volume Vof a gas. Hence the effective volume becomes (V- b).

(ii) Pressure correction : Due to intermolecular force in real gases,

molecule do not exert that force on the wall which they would have exerted
in the absence of intermolecular force. Therefore the observed pressure P
of the gas will be less than that present in the absence of intermolecular

a
FOT'CEA Hence the eﬁ"ective pressure becomes [P + V_zj .

(iii) Vander Waal's gas equations

For 1 mole of gas (P+%jw—b): RT
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2
For 1 moles of gas [P +aVL2J % —/ub) =uRT

Here a and b are constant called Vander Waal’s constant.
Dimension : [a] = [MLSTiz] and [b] = [L]

Units: a= Nx m and b= m.
(8) Andrews curves : The pressure (P) versus volume (V) curves for
actual gases are Ca“ed Andl‘ews curves.

D G
P Gas

Liquid vapour region

Liquid

> Vapour
D

C 350°C N
A

12

Andrews curve for water

(i) At 350°C part AB representspigé];%'gr phase of water, in this part
1
Boyle’s law is obeyed (P oc Vj Part BC represents the co-existence of

vapour and liquid phases. At point G vapours completely change to liquid
phase. Part CD is parallel to pressure axis which shows that compressibility
of the water is negligible.

(ii) At 360°C portion representing the co-existence of liquid vapour
phase is shorter.

(iii) At 370°C this portion is further decreased.
(iv) At 374.1°C, it reduces to point (H) called critical point and the

temperature 374.1°Cis called critical temperature (7) of water.

(v) The phase of water (at 380°C) above the critical temperature is

ca“ed gaseous PI’]EISG.

(9) Critical temperature, pressure and volume : The point on the P-V
curve at which the matter gets converted from gaseous state to liquid state
is known as critical point. At this point the difference between the liquid

and vapour vanishes ie. the densities of liquid and vapour become equal.

(i) Critical temperature (7) : The maximum temperature below which
a gas can be liquefied by pressure alone is called critical temperature and is
characteristic of the gas. A gas cannot be liquefied if its temperature is

more than critical temperature.

CO (31.rC), O(-n8°C), N (-147.1°C) and HO (374.rC)

(ii) Critical pressure (P) : The minimum pressure necessary to liquify
a gas at critical temperature is defined as critical pressure CO (73.87 bar)
and O (49.7atm)

(iii) Critical volume (V) : The volume of 1 mole of gas at critical
pressure and critical temperature is defined as critical volume CO (95 x10-
)

(iv) Relation between Vander Waal's constants and 7, P, V.

8a a
T, = ,P=——, V. =3b,
¢ 27Rb" ¢ 27p%" ¢

P

2 2
a-2R°Te p _RIT| 4 BV _3p
64 P, 8 8

c C

Pressure of an ldeal Gas

Consider an ideal gas (consisting of N molecules each of mass m)

enclosed in a cubical box of side L.

Y
1
A
X Vy
Vz
Z

Q) (®)

. Fig. 131 . -
(1) nstantaneous velocity : Ar:§ n:'?o?ecule of gas moves with velocity V
in any direction

where V=in+Vyj+VZk 3V=1’V§ +V5 +sz . Due to random

motion of molecule v, =V, =V, = vZ = 3V§ = 3Vy2 = 3sz

(2) Time during collision : Time between two successive collision with
the wall A.
_ Distancetravelled by molecule between two successivecollision

At .
Velocityof molecule

2L

X
(3) Collision frequency (n) : 1t means the number of collision per

\'
second. Hence N = — = =

At 2L

(4) Change in momentum : This molecule collides with the shaded
wall (A) with velocity v and rebounds with velocity —V, .

The change in momentum of the molecule
Ap =(-mv,)—(mv,)=-2mv,
As the momentum remains conserved in a collision, the change in

momentum of the wall A is Ap =2mv,

After rebound this molecule travel toward opposite wall A with
velocity -V, , collide to it and again rebound with velocity V, towards wall
A

(5) Force on wall : Force exerted by a single molecule on shaded wall

is equal to rate at which the momentum is transferred to the wall by this
mO]ECu]E.

Ap  2mv, mv?

ingle molecule — E = (ZL—/VX) = L

ie Fg

The total force on the wall A; due to all the molecules

m m
F, =— E vZie — W2 4v2 4vE o+ =
L M 1 2 3

2
Vyx

mN 5

X

= mean square of x component of the velocity.
(6) Pressure : Now pressure is defined as force per unit area, hence

F _ mN \7 _ m >

v X

pressure on shaded wall P, = —

A ALY
2 2.2, 2
For any mo]ecu]e, the mean square ve]omty \ _Vx +Vy +VZ ; by

symmetry Vf :Vi =VZZ = V>2< :Vi :VZZ

w| Sl

Total pressure inside the container
ImN—, 1mN ,
== —vi== v,

37V 3y m (where Vg = V2)



(7) Relation between pressure and kinetic energy : As we know
~1mN Vi 1M V2

[ =
3 v ™ 3y ™

=P =%pv§m - ()

M
[As M= mN = Total mass of the gas and p = v ]

) 1(M 1 .
.. KE. per unit volume E = 3 [VJ Vﬁ.ﬂs =3 erZmS (i)

2

From (i) and (ii), we get P = 3 E

i.e. the pressure exerted by an ideal gas is numerically equal to the two
third of the mean kinetic energy of translation per unit volume of the gas.

(8) Effect of mass, volume and temperature on pressure

m N m N)T

P = l_v rzms oC u

3V

(i) If volume and temperature of a gas are constant P oc mN ie.

P [As V2 oc T ]

Pressure oc (Mass of gas).
e iF mass OF gas is increased, number OF mO]eCu]eS and hence nun‘lbel‘

of collision per second increases i.e. pressure will increase.

(i) 1f mass and temperature of a gas are constant. P oc (1/V), ie, if
volume decreases, number of collisions per second will increase due to

lesser effective distance between the walls resu]ting in greater pressure.
(iii) 1f mass and volume of gas are constant, P oc (V¢ Y2 oT

i.e, if temperature increases, the mean square speed of gas molecules
will increase and as gas molecules are moving faster, they will collide with

the walls more often with greater momentum resulting in greater pressure.

Various Speeds of Gas Molecules

The motion of molecules in a gas is characterised by any of the
following three speeds.
(1) Root mean square speed : It is defined as the square root of mean

of squares of the speed of different molecules

) VZ V5 +VE VS A+ 2
re Vs = N =4y V

(i) From the expression of pressure P = EpVﬁns

oy = [3P_ 3PV 7\/3RT [3kT
ms P Mass of gas M m

Mass of gas
\%
gas), pV = 4RT, R= kN, K = Boltzmann’s constant,

where p = = Densityofthe gas, M = ux (mass of

m= —— = mass OF each mo]ecule.
A

(i) With rise in temperature rms speed of gas molecules increases as
Vs VT .

(iii) With increase in molecular weight rms speed of gas molecule
decreases as Vi, oC T eg., rms speed of hydrogen molecules is four

times that of oxygen molecules at the same temperature.

(iv) rms speed of gas molecules is of the order of km/s eg, at NTP
for hydrogen gas
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3RT 3x8.31x273
v )= " = [22°2-"%7° _1840m/s.
(Vi) \/M \/ 2x10°

3
(v) rms speed of gas molecules is J: times that of speed of sound

e
ingas, as Ve =\ 3'\|le and Vs:‘%jvm —\/EVS
e

(vi) rms speed of gas molecules does not depends on the pressure of

gas (if temperature remains constant) because P o« p (Boyle's law) if
pressure is increased 77 times then density will also increases by 77 times but

V. remains constant.

(V'II) Moon has no atmosphere because V“ O{" gas mo]ecu]es is more

than escape velocity (v).

A p]anet or satellite will have atmosphere on]y if Vims <Ve

(viii) At T'= 0; v_= 0 ie. the rms speed of molecules of a gas is zero at
0 K This temperature is called absolute zero.

(2) Most probable speed : The particles of a gas have a range of
speeds. This is defined as the speed which is possessed by maximum
fraction of total number of molecules of the gas. eg, if speeds of 10
molecules of a gasarel,2,2,3,3,3,4,56,6 km]s, then the most probab]e
speed is 3 km/s, as maximum fraction of total molecules possess this speed.

Most probable speed Vmp = E = % = ﬁ
\ o V V' m

(3) Average speed : It is the arithmetic mean of the speeds of
molecules in a gas at given temperature.

Vi +V, Vg +V, e
av = N

and according to kinetic theory of gases

8P 8 RT 8 kT
Average speed V,, = |— = _V = _F
7P T n

Maxwell’s Law (or the Distribution of Molecular
Speeds

(1) The v_gives us a general idea of molecular speeds in a gas at a

given temperature. This doesn't mean that the speed of each molecule is v.
Many of the molecules have speed less than v and many have speeds

greater than v.

(2) Maxwell derived as equation given the distribution of molecules in

diﬁ‘erent SPEEd as f‘O“OW

m 3/2 v
dN =42N| ——| v 2Tdy
27KT

where dN: Number OF mo]ecu]es Wlt]'l SPEEdS hetween Va'l'ld v+ dV.

dN

dv

(Number of
molecules at a

At a particular
temperature

particular speed)

Wm/s)

Vip Vav  Vems

Fig. 13.1
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(3) Graph between Z—N (number of molecules at a particular speed)
v

dN
and v (speed of these molecules). From the graph it is seen that v is
v

maximum at most probable speed.

This graph also represent that Vims > Vay > me

(Order remember trick RAM)
\/BRT \/8 RT \/ 2RT
= — > > =
M M M

1.77‘/E > 1.6‘/E >1.41‘/ﬂ
M M M

Area bonded by this curve with speed axis represents the number of

molecules corresponds to that velocity range. This curve is asymmetric

curve.

Effect of temperature on velocity distribution : With temperature rise

dN
the d_ VSV . Curve shift towards right and becomes broader.
\'

dN
dv

. . Fig. 1322 .
(Because with temperature rise average molecular speed increases).

Mean Free Path

(1) The distance travelled by a gas molecule between two successive

collisions is known as free path.

_ Total distancetravelled by a gas molecule between successivecollisions
Total number of collisions

A

During two successive collisions, a molecule of a gas moves in a

straight line with constant velocity and

Let /111 /12, 23 ..... be the distance travelled by a gas molecule during

n collisions respectively, then the mean

free path of a gas molecule is given by 9 @ 9

Attt A,

A
n
(2) l:;
J2mnd?
where d = Diameter of the
molecule,

n = Number of molecules per unit
volume

Fig. 1313

(3) As PV = 1t RT = u NkT = % = % =N =Number of molecule

1 KT
J2 P

per unit volume so 4 =

m

1
J2md?  J2z(mn)d?

m
(4) From A= =
\/Eﬂdzp

[As m = Mass each molecule, mn = Mass per unit volume = Density =

P
. t
(5) If average speed of molecule is vthen 4 =V x W =vxT
[As N = Number of collision in time ¢ 7 = time interval between two
collisions].

ZOCi and Aocm
P

proportional to the density of a gas and directly proportional to the mass of

(i) As

ie. the mean free path is inversely

each molecule.

A A

(G ®
- Fig. 1314

R

P
number density 7 of gas molecules, T is constant so that 4 will not

For constant volume and hence constant

(i) As 4

depend on P and 7. But if volume of given mass of a gas is allowed to
change with P or T then A oc T at constant pressure and A oc F at

constant temperature.

2 A

(G ®
Fig. 1315

Degree of Freedom

The term degree of freedom of a system refers to the possible
independent motions, systems can have. or

The total number of independent modes (ways) in which a system can
possess energy is called the degree of freedom (7).

The independent motions can be translational, rotational or vibrational
or any combination of these.

So the degree of freedom are of three types :
(i) Translational degree of freedom

(ii) Rotational degree of freedom

(iii) Vibrational degree of freedom

General expression for degree of freedom
f=3A—- B;  where A=Number of independent particles,
B = Number of independent restriction

(1) Monoatomic gas : Molecule of monoatomic gas can move in any

direction in space so it can have three ’VT
independent motions and hence 3 degrees of .-

v, ~
freedom (all translational) ” N

Fig. 1316



(2) Diatomic gas : Molecules of diatomic gas are made up of two

atoms joined rigidly to one another ¥
through a bond. This cannot only move
bodily, but also rotate about one of the

three co-ordinate axes. However its

moment of inertia about the axis joining © > X
the two atoms is negligible compared to

that about the other two axes. z
Fig. 1317
Hence it can have only two

rotational motion. Thus a diatomic molecule has 5 degree of freedom : 3
translational and 2 rotational.

(3) Triatomic gas (Non-linear) : A non-linear molecule can rotate
s

N

about any of three co-ordinate axes. Hence

it has 6 degrees of freedom 3

translational and 3 rotational.

z

Table 13.2 ; Degree of freedom for Fig. 1318
different gases
Atomicity of Example A B f=3 Figure
gas A-B
Monoatomic He, Ne, Ar 1 o f=3 -
. . Hy Oy N,
Diatomic Cl, ete. 2 1 f=5 AC--- B A
A
"I:'rlatomlc non H,0 3 3 -6 B,/C\ B
linear g \
o
A B A
Triatomic linear | CO,, BeCl, 3 2 f=7 4
AC--—o- 0220 4

The above degrees of freedom are shown at room temperature.
Further at high temperature, in case of diatomic or polyatomic molecules,
the atoms with in the molecule may also vibrate with respect to each other.
In such cases, the molecule will have an additional degrees of freedom, due
to vibrational motion.

An object which vibrates in one dimension has two additional degree
of freedom. One for the potential energy and one for the kinetic energy of
vibration.

A diatomic molecule that is free to vibrate (in addition to translation

and rotation) will have 7 (2 + 3 + 2) degrees of freedom.

Kinetic Energy of Ideal Gas

In ideal gases, the molecules are considered as point particles. For
point par‘tic]es, there is no internal excitation, no vibration and no rotation.
The point particles can have only translational motion and thus only
translational energy. For an ideal gas the internal energy can only be

tranlational kinetic energy.

Hence kinetic energy (or internal energy) of 1 mole ideal gas

E:leﬁns ENVIPELLNECNCS
2 2 M2

Table 13.3 : Various Translational kinetic energies

Quantity of gas Kinetic energy
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3

1 mole gas E RT ; R = Universal gas constant
3

1 mole gas E MRT

1 molecule —K T ; k= Boltzmann’s constant
3

N molecule —NkT
2
3 .

1 gm gas EI’T ; = Specific gas constant
3

m gm gas Em T

(1) Kinetic energy per molecule of gas does not depends upon the

mass of the molecule but only depends upon the temperature of the gas. As

Ezng or
2

etc. at same temperature will have same translational kinetic energy though

Eoc T ie molecules of different gases say He, H and O

their r.m.s. speed are different.

(2) For two gases at the same temperature M, Vg )2 = My (Vg )3

(3) Kinetic energy per mole of gas depends only upon the temperature
OF gas.

(4) Kinetic energy per gram of gas depend upon the temperature as
well as molecular weight (or mass of one molecule) of the gas.

3k T
Egram =EET = Egram OCF

(5) From the above expressions it is clear that higher the temperature
of the gas, more will be the average kinetic energy possessed by the gas

molecules at 7= 0, E£= 0 ie. at absolute zero the molecular motion stops.
Law of Equipartition of Energy

According to this law, for any system in thermal equi]ibrium, the total
energy is equally distributed among its various degree of freedom. And each

degree of freedom is associated with energy %kT (where

k =1.38x1072 J/K, T= absolute temperature of the system).

(l) At a given temperature 7, all ideal gas molecules no matter what

their mass have the same average translational kinetic energy; name]y,
3

—KT. When measure the temperature of a gas, we are also measuring the

average translational kinetic energy of it' s molecules.

(2) At same temperature gases with different degrees of freedom (eg.,

He and H) will have different average energy or internal energy namely

f
2 KT. (fis different for different gases)
(3) Different energies of a system of degree of freedom Fare as follows

f
(i) Total energy associated with each molecule = E kT
. . . f
(ii) Total energy associated with N molecules = E NKT

f
(iii) Total energy associated with £ mole = 2 RT
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. . ) f
(iv) Total energy associated with £ molen = E/JRT
. . f
(v) Total energy associated with each gram = E rT

f
(iv) Total energy associated with m gram = E mrT

Specific Heat (Cp and C,) of a Gas
The specific heat of gas can have many values, but out of them

following two values are very important

(1) Specific heat at constant volume (C) : The specific heat of a gas at
constant volume is defined as the quantity of heat required to raise the
temperature of unit mass of gas through 1°C or 1 K when its volume is kept

_(aQ),

constant, ie, C, =
mAT

If instead of unit mass, 1 mole of gas is considered, the specific heat is

called molar specific heat at constant volume and is represented by capital

C.
m
Asuy=—
{ # M}

(2) Specific heat at constant from (C) : The specific heat of a gas at

constant pressure is defined as the quantity of heat required to raise the

_M(AQ) _ 1 (AQ)

C,=M
vENSETIAT T AT

temperature of unit mass of gas through 1 K when its pressure is kept

(AQ),
mAT

constant, e, Cp =

If instead of unit mass, 1 mole of gas is considered, the speciﬁc heat is

called molar specific heat at constant pressure and is represented by C.

MEQ), 1 (9), {AS _ﬂ}
B Tu AT v

C,=MC
P P mAT

Mayer's Formula

(1) Out of two principle specific heats of a gas, C is more than C
because in case of C, volume of gas is kept constant and heat is required
only for raising the temperature of one gram mole of the gas through 1°C or

1 K. Hence no heat, what so ever, is spent in expansion of the gas.

It means that heat supplied to the gas increases its internal energy
only ie. (AQ)y =AU =,C, AT L. (i)

(2) While in case of C the heat is used in two ways

(i) In increasing the temperature of the gas by AT

(ii) n doing work, due to expansion at constant pressure (AM

So (AQ)p =AU+AW = CoAT .. (ii)

From equation (i) and (ii) 1 CpAT —Cy AT = AW

= wuAT(Cp,-Cy)=PAV= C,-C, :ﬂ: R
HAT

[For constant pressure, AW = PAValso from PV = uRT,
PAV = tRAT]
This relation is called Mayer’s formula and shows that Cp >C,, ie.

molar specific heat at constant pressure is greater than that at constant

volume.

Specific Heat in Terms of Degree of Freedom

() C : For a gas at temperature 7, the internal energy
f f
U= E HURT = Change in energy AU = EyRAT . (i)

Also, as we know for any gas heat supplied at constant volume

(AQ)y = 4CyAT =AU (i)
From equation (i) and (i) C, = % fR
(2) € : From the Mayer’s formula Cp -C,=R

= CP:CV+R:%R+R =(%+1)R

c (£+1JR 2
(3)Ratioof Cand C () : y = - =~ 2 =1+=
’ ' Cy iR f
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(i) Value of y is different for monoatomic, diatomic and triatomic

5 7 4
7mono :Ezl-eiydi :§21-4v7tri:§:l'33

(i) Value of y is always more than 1. So we can say that always C > C

gases.

Gaseous Mixture

If two non-reactive gases are enclosed in a vessel of volume V. In the

mixture 4 moles of one gas are mixed with 1 moles of another gas. If NV is
Avogadro’s number then

Number of molecules of first gas N; = 2y N,
and number of molecules of second gas N, = 11, N »
(1) Total mole fraction £t = (1 + p15).

(2) If M, is the molecular weight of first gas and M, that of second
gas.

M; + M
Then molecular weight of mixture M = AT
M+

(3) Speciﬁc heat of the mixture at constant volume will be
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(4) Specific heat of the mixture at constant pressure will be
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T Tips & Tricks

&5 The cooking gas cylinder contains L.P.G. (Liquid Petroleum gas)

which is saturated. And as pressure

of saturated vapours is independent of volume
(at constant temperature). the pressure of gas
coming out of the cylinder remains constant
till the cylinder becomes empty.

&5 1If the number of molecules in a gas increases, then the

temperature, kinetic energy and pressure of the gas increases because P

oc i, Toc nand kinetic energy o€ 7°oC n.

&5 At constant volume if 7 increases then V , v, P and collision
frequency increases.
&5 1f two gases are filled in vessel then nothing can be predicted about

the pressure of gases. However their mean molecular energies will be

same but their rms velocities will be different.

&5 The average distance between two gas molecules at NTP is 10* m.

&5 The space available for a single gas molecule at NTP is 37.2 X 10
m.

&5 The molecules of gases will escape out from a planet if the

2
=

temperature of p]anet T< B where Vv = escape ve]ocity from the
planet, R = universal, gas constant and M = Molecular mass of the gas.

&5 As f(degree of freedom) increases then CT, CT and 7 1.

&5 The number of molecules present in 1 gm mole of a gas is defined

as Avogadro number (V).
N, =6.023 x10% per gm mole = 6.023x10% per kg mole.

At S.T.P. or NT.P. (7= 273 Kand P =1 atm) 22.4 litre of each gas has
6.023x10% molecule

&5 One mole of any gas at S.T.P. occupy 22.4 fitre of volume

e.g. 32 gm oxygen, 28 gm nitrogen and 2gm hydrogen occupy the same
volume at S.T.P.

&5 For any gas 1 mole = M gram = 22.4 litre = 6.023 X 10° molecule.
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&5 VM_.'V”.'VM=\/§:J§:‘\/E:‘\/§:\/§:\/E

&5 Tor oxygen gas molecules v = 461 m/s, v = 424.7 m/s and v =
376.4 m/s

& An atom in a solid though has no degree of freedom for
translational and rotational motion, due to vibration a]ong 3 axes has 3 X
2 = 6 degrees of freedom (and not like an ideal gas molecule). When a
diatomic or polyatomic gas dissociates into atoms it behaves as
monoatomic gas whose degree of freedom are changed accordingly

&5 In General a polyatmic molecule has 3 translational, 3 rotational
degree of freedom and a certain number of vibration mode f;, . Hence
Voo = 4+ fip

PV 341

vib

&5 Only average translational kinetic energy of a gas contributes to its
temperature. Two gases with the same average translational kinetic
energy have the same temperature even if one has grater rotational

energy and thus greater internal energy.
&5 Unsaturated vapours obey gas laws while saturated vapours don'’t.

&5 For real gases effective volume is considered as (V — ub) where
4
b :4NA(§m’3j; r = radius of each molecule and N = avogrado

number.

&S Variation of degree of freedom of a diatomic gas (H) with
temperature. At very low temperature only translation is possible. as the
temperature increases rotational motion can begin. At still higher
temperatures vibratory motion can begin.
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