Kinetic theory of gas explains the behaviour of gases based on the idea that the gas
consists of rapidly moving atoms or molecules. Interatomic forces which are short range

‘ 1 3 ‘ forces can be neglected in gases, this explains the rapid movement of gases.

KINETIC THEORY

| TOPIC 1|

Behaviour and Kinetic
Interpretation of Gases

MOLECULAR NATURE OF MATTER

In 20th century, Richard Feynman, onc of the great physicists discovered that
matter is made up of atoms.

The scientific atomic theory is usually credited to John Dalton (1766-1844), an
English chemist. He proposed the atomic theory to explain the laws of definite
and muldple proportions obeyed by eclements when they combine into
compounds.

(i) Law of definite proportion states that any given compound has a fixed
propc Y& p
proportion by mass of its constituents.

(i) Law of multiple proportion states that when two elements combined to
form more than one compound, for a fixed mass of one clement, the
masses of other elements are in ratio of small integers.

About 200 years ago, John Dalton suggested that ‘the smallest constituents of
an element are atoms. Atoms of one element are identical but differ from those
of other elements. A small number of atoms of cach element combine to form a
molecule of the compound.”

As number of atoms combine to form a molecule so Dalton’s atomic theory is
also referred as molecular theory of matter.

In 19th century, Gay Lussac stated that

‘when gases combine chemically to yield another gas, their volumes are in the
ratio of small integers.’

«
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Amedeo Avogadro (1776-1856) helped to understand the
combination of different gases in a simple manner.

Avngadm’s law says thar,

equal volumes of all gases at the same temperature and
pressure have equal number of molecules when
J’waggadm’s law combined with Dalrons’ thmry o

cxplain Gay Lussac’s law.

Atomic Hypothesis

All things are made of atoms. The atoms are little particlcs
that move around in pl:rpl:tual motion, arracting cach
other when they are a lirtle distance apart, but repelling
upon bcing squcczl:d into one another. Advancement in
science and technology enable us to see the molecules with
the h:lp of electron microscope and scanning tunncling
microscope.

. . . -10
So, the size of atom is of the order 107 "' m

Le. one angstrom (1 ﬁl} =107" m.

States of Matter
Solids are the substances which have definite shape, size

and volume. In solid, the interatomic spacing is least
{abour 2A) and interatomic force of arrraction is
maximum.

Liquids are the substances which have definite volume but
no definite shape and size. In liquid, the interatomic
spacing is greater in comparison to solid but less in
Comparison to gas and interatomic force of attraction is
rclativcl)«' weaker in com parison to solid. This enables |iquid
o flow.

Gases are the substances which do not have fixed shape,
size and volume. In gases, the interatomic spacing is
maximum (about 10 A). Interaromic force of artraction is
least in comparison to solids and liquids.

Motion of Molecules in a Gas

The average distance, a molecule can travel withour
colliding is called the mean free path (discussed later in
detail). The mean free path in gases is of the order of
thousands of Angstrom, due to this reason, atoms of gases
are much free to move and can travel long distances
without colliding. Due to this property of gases, they get
disptrstd away if rl'u:}r are not enclosed.

Maodern theories had proved that atoms are no longer
indivisible or c|cmcnrary. Every atom consists of nucleus
and electrons, the nucleus itself is made up of protons and
neutrons, protons and neutrons are again made up of
quarlrs. It may be possiblc in future that qu.arlcs may be
further subdivided into some sort of elementary particles.

BEHAVIOUR OF GASES

Nature of gases are casier to understand as the molecules are
far from each other and their murual interactions are ncgligibl:
except when two molecules collide.

So, gases at low pressure and high temperature much above
that at which they liquify (or solidify) follow a relation.

pV =KT ...(1)
where, p = pressure and V= volume.
T is absolute temperature (i.c. in Kelvin scale)

K is a constant that varies with volume or with number of
atoms or molecules (N) of gas in the given sample.

K can also be written as K = Nk ]

The observation tells that # is same for all gases and is
denoted by £g.

So, Eq. (ii) becomes K = Nk, ...Aiii)

where, k5 = Bolzmann constant and its value in 51 unit

is 1.38 x 107 J/K

From Egs. (i) and (iii), we have

PV = NkyT

v

NT

So, for different gases, we may write
VY _ Vs _ r;Vs
NI, N,T, N,T,

or Zkﬂ. = constant

rrr .k_& = Constant

If p,V and T are same, then IV will be same for all gases and
this is ﬁvogndm's hypnﬂ:esis.

In other word, according to Avogadro’s hypothesis, equal
volumes of all gases under identical conditions of pressure

and temperature will contain Equa] number of molecules.

It is established thar 22.4 L of any gas at STP (Standard
Temperature 273 K and Pressure 1 atm) contain same
number of molecules and is rcprcscnn:d hy N, .

Avogadro’s number (V ) =6.023 x 103,
The perfect gas equation can be written as,
»V =URT

where, L is number of moles and R =N, &y is universal
constant and T is absolute temperature in kelvin.

M N
BT, TN,
where, M = mass of the gases
In terms of density, perfect gas equation is
_PRT
= .




where, p = mass density of the gas,
M, = molar mass of the gas,

{mass of one mole of the gas)
R=8.314 ] mol™'K™
and £ = Bolmmann’s constant = 1.38 x 1073 JIK.

Note

» The mass of 22.4 L of any gas at STP is equal to its molecular
waight in grams. This amount is called one mole.

= 1 mole of a substance contains 6.023x 10°* atoms or
molecules.

» 224 L of any gas at STP contains 1 mole of atoms or
molecules.

EXAMPLE |1] Applying the Perfect Gas Equation
A vessel contains two non-reacting gases, i.e. neon
(monoatomic) and oxygen (diatomic). The ratio of their
partial pressures is 3 : 2. Estimate the ratio of (i) number of
molecules and (ii) mass density of neon and oxygen in the
vessel. Atomic number of Ne= 20.2, molecular mass of

0, = 32.0. [NCERT]

Sol (i) AsVandT are same for the two gases, we can write

El

PrcV = My RT
and Po,V =Wo,RT
or —pN‘ = p—“
Po, Ho,
Po, 2 Ho, 2

If Ny, and No, are the number of molecules of the
two gases and N, is Avogadro’s number, then

Bxne _ Nno/Ny _3

= Nye _15
No,
m
(i) Now, Bo, = Lt | d py. = Mne
Mo, My,
Pre _ MV _ mye _ BneMye
Po, Mo,V mg, MHo,Mp,
=2 %22 g7
2 32

EXAMPLE |2| Fractional Change in Volume of
Water Vapour

The density of water is 1000 kgm™. The density of water
vapour at 100°C and 1 atm pressure is 0.6 kg m™, The
volume of a molecule multiplied by the total number gives,
which is called, molecular volume. Estimate the ratio of the
molecular volume to the total volume occupied by the water
vapour under the above conditions of temperature and
pressure. [NCERT]

Sol. For a given mass of water molecule i.e.

Volume e
Density
- Ratio of the molecular volume to the total volume of
water vapour
_ Density of water vapour
Density of water

-3
0.6

= i_: =5x10""
1000 kgm

EXAMPLE |3| Molecular Volume of a Water
Estimate the volume of a water molecule using the data in
example 2. [NCERT)
Sol.  Molecular mass of water = 18
~ Number of molecules in 18 g or 0.018 kg of water
=6 % 10%
0.018
6% 107
=3 %10 kg

L | L T | an " W - " 1

Mass of 1 molecule of water =

In the liquid phase, the molecules of water are closely
packed, so density of water molecules may be taken equal
to the density of bulk water = 1000 kgm™

Mass
Density
_3x107%
" 1000
=3x107%m’

~.Volume of a water molecule =

EXAMPLE |4| Interatomic Distance in Water
Molecule

What is the average distance between atoms in water?
Use the data given in examples 2 and 3. [NCERT)]

Sol. Volume of water in vapour state

1
= ———— X (volume of water in liquid state)
6x 10

=1.67x 10° X volume of water in liquid state
This is also the increase in amount of volume available
for each molecule of water.

When volume V increases by 10° times, then radius
increases by V'™ or 10 times.
But volume of a water molecule

%ﬂr3 =3x10"m*

13
9 .
r= (— X 10"’]
4n

=2x10"" m=24A
Increased radius =10 x 2= 20A
Average distance = 2 x Increased radius =40 A



EXAMPLE |5 Ratio of Number of Molecules

Two non-reactive gases are kept in a container. The ratio
of their partial pressures is given 5 : 3. Find the ratio of
number of molecules.

Sol As two non-reactive gases are mixed in a container, so
the value of V and T will be same for both with partial
pressures, p, and p,.

Forgasl p,V=u,RT A0y
ForgasIl p,V =Wu,RT ...(i1)
Dividing Eq. (i) by Eq. (ii), we get
W diii)
Py Hy
W, =N /N, ~Av)
Hy = N,y/N, -Av)
Dividing Eq. (iv) by Eq. (v)
noN .vi)
H, N,
From Eqs. (iii) and (vi), we get
Nwuw.p  Nop NS
N, w,opy N, p N, 3

Behaviour of Real Gas and Ideal Gas

An ideal gasisa theoretical model of a gas and no real gas is
tru|y ideal. However, a real gas behaves as an ideal £as most
clascly at low pressure and high temperature., This is
because at low pressure and high temperature, the
molecules of gas are far apart due to which molecular force
of attraction is negligible.

As pV =uRT
where, [t is the number of moles of the gas and R=N &,

= univcrsal constant, L‘J"l:d gas constant ﬁ:l-r onc gram II!I.DIC

of the gas.

(ideal gas equation)

pv
nr

= R =constant

V
There is a graph drawn between P—and p as shown in the
figure below. wr
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Behaviour of real gases approach ideal gas at
low pressure and high temperature

If we plot same graph for real gases at three different
temperatures 1, 75,, 73 (17 > 7, > T3), then we find the
curve as shown in figure by dotted lines.

Solid line showing ideal gas apprﬂach and dotted line
showing real gas approach. From the observation of this
graph, we will find that all curves for real gas approach ideal
gas behaviour at low pressure and high temperature.

LAWS FOR AN IDEAL GAS

Boyle’s Law
It states that for a given mass of a gas at constant
temperature, the volume of that mass of gas is inversely

1
Voee—

IS
According to ideal gas equation, we get pV = puRT

proportional to its pressure, ie.

At constant temperature, pl = constant

= Boyle's law, p\V, = p,V, = p3Vy +--=constant
The ﬁgurc below shows
cxpcrimcntal -V ocurves and the theoretical curves

pn:dict:d by Baylc’s law.
1.6

l'hC cﬂmparison thWCCl’l

1.4f

60 220
V—
Experimental p-V curve
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EXAMPLE |6] Change in Volume
A gas at 27°C in a cylinder has a volume of 4 L and pressure
100 N/m”’. If the gas is first compressed at constant
temperature so that the pressure is 150 N/m?. Estimate
the change in volume.
Sol Given, V, =4L V, =72 p, =100 N/m*

P, =150N/m* AV =7

Using Boyle's law for constant temperature, we have

PV =p.Y;
Vo 100x4
= V=B T aee7L
P

*. Change in volume, AV=V, -V, =4-2667=133L



Charles’ Law

It states that for a given mass of an ideal gas at constant
pressure, volume (V') of a gas is directly proportional to its
absolute temperature 7. Le.

VeT

Vo uR
F d | ti  — =
rom 1deal gas equanon T »

Ar constant Pressurc, ;: constant

V, V. V.
= Charles’ law, LS RS R constant
n L I

The figure below shows the comparison between
cxpcrimcnra| T-V curves and the theoretical curves

predicted by Charles’ law.

12k
B, =Py >0y
1.0} !
ID‘-E'
o6l
T
04t
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0

Comparative analysis

EXAMPLE |7| Change in Temperature
A gas is filled in a cylinder at 300K. Calculate the
temperature upto which it should be heated so that its

volume becomes 131 of its initial volume.

Sol. Given, T, =300K, T, =?

4
V=WV, -;V
According to Charles’ law, we get
VZ = TZ
VT,
= T,=T,Y2 -300xi-s00x
V; 3

Dalton’s Law of Partial Pressure

It states that the rtotal pressure of a mixture of
non-interacting ideal gases is equal to the sum of partial
pressures exerted by individual gases in the mixture.

Le. P=prtpat pytes

Consider a mixture ufnnn-int:mcting ideal gases. Let gas 1
has Ly moles, gas 2 has [T moles and so on.

Suppose the net volume of the mixture is V', temperature of
mixture is 7 and pressure of mixture is p.

Equation of state for the mixture
pV=(p, +pn,+--) RT
Dalton’s law, p= p, + p, + py+---

w kT

Here, p; = is the pressure of gas 1 would exert at the

same condition of volume and temperature if no other gascs
arc present.

Graham’s Law of Diffusion

It states that the rate of diffusion of a gas is inw:rsdy
proportional to the square root of its densiry.

1

ot 0
0

where, r = rate of diffusion and p = density of the gas.

From the ideal gas equation, pV =uRT

M
——RT
M,
M M
= 2P ()
V  RT

where, M = mass of gas

and M= molecular mass of gas
Density of gas, p = %

From Eq. (ii), we get
p= M,

RT

From Egs. (i) and (iii), we get
1

N

Let 7, and r, be the rates of diffusion of gases 1 and 2
respectively, then

a_ fp_ - {_Moz
7 Py My,

where, p, is density of gas 1 and p, is density of gas 2.

...(iii)

rec




EXAMPLE |&| Identifying the Gas

From a certain apparatus, the diffusion rate of hydrogen has
an average value of 28.7 cm’s ™. The diffusion of another
gas under the same conditions is measured to have an
average rate of 7.2 cm*s™". Identify the gas. [NCERT]

Sol According to Graham's law of diffusion, we get
n_ M,
no VM
where, r, = rate of diffusion of hydrogen = 28.7 em®s ™

r, =rate of diffusion of unknown gas= 7.2 em’s™

M, = molecular mass of hydrogen = 2 unit
M, = molecular mass of unknown gas =7

2
E: 1‘£ = M, = 28_}" ® 2 =31.78=32
7.2 2 7.2

which is molecular mass of oxygen. 5o, unknown gas is
OXYEEN.

EXAMPLE |9| Pressure Exerted on an Air Bubble
An air bubble of volume 1.0 cm ® rises from the bottom of a
lake 40 m deep at a temperature of 12°C. To what volume
does it grow when it reaches the surface, which is at a
temperature of 35°C ?
Given, 1 atm = 1.01x 10° Pa.
Sol  Initially, when air bubble is at 40 m deep. Then,

V, =1cem?=1x10"* m*,

T, =12°=273+12= 285K

P =1atm + hpg

=1.01% 10° + 40 % 10" x 9.8 = 493000 Pa

[NCERT]

Firstly, when air bubble reaches at the surface, then
T, =35"C =273 +35 = 308K
p, =latm=101x 10° Pa,V, =7

As we know Y _pVy = V. = VT,
B 2
T, T, Tip,
Final volume i.e.
(493000) % (1% 107°)x 308
V,=
285 1.01x 10°

=5275% 107 m?

Work Done on Compressing a Gas
The expansion and compression of ideal gases follow the
cXpression.

pV" =constant A1)

where # is number of moles of the gas. Ideal gases also
follow the combined gas law

il oo i1)

= constant

Vv
Dividing Eq. (i) by P?, we get

v, PV
V* 4+ == tant U 11
P = constan il
w 4 ,
= pV" - —— =constant Lo AIv)
= TV "' = constant (W)
Eq. (ii) can now be rewritten as
Vv =4:|::-nst:|.r|t-E T
P
Putting this value is Eq. (i), we get
pT” ;
— = constant coadvil)
P
T
= —- = constant v lviii)
P n

Work done by a gas which is compressing from state 1 to
state 2 is given by

W= -_[f pdV . ix)
From Eq. (i), we have
c
= o (x)
P Ve
Purtting this value in equation (ix), we get
2
W:-L V™ dV .. (xi)
On integration it leads to
2
v =n+l
W =C[ ] oo xil)
—-n+1
1
Using equation pV"* =C, we have
2
vV I=n
W =—[pV"—] ..\ xiii)
1-n
Vv
W:_[“’ ] .. (xiv)
1-n '
V, = p,V,
. W’:—(h = V) (xv)
l—n
Ideal gas law also follows the equation
.V, =mRT, oo V)
P2V, =mRT, oo (3ovil)



WOIk EIDIIE now bccomcs

__mR{I,-1,) (xvii)
1—-n -

MNote  Similar expressions are obtained by similar methods for work
done during expansion of gas but starting from

W 2
-j1mll"'
W= PQVE-F'IV:I
n=1
_MR(T; = T,)
n=1

KINETIC THEORY OF IDEAL GAS

The main founders of kinetic theory of gases are
(i) James Clerk Maxwell (1831-1879), a Scottish
physicist
(i) Ludwig Bolzmann (1844-1906) from Austria.
Kinetic theory of gases is based on the molecular picture of

matter. It

‘We obtain,

W

correlates  the macroscopic  properties
(e.g. pressure and temperature) of gases to microscopic

properties (e.g. speed and kinetic energy) of gas molecules.

Assumptions of Kinetic
Theory of Gases

(i) A given amount of gas consists of a very la.rgc
number of molecules (of the order of Amgadm’s
number 1023] and all molecules are identical in all
respect.

(ii) The molecules of a gas are in a swmte of incessant
random motion in all directions with different spc:ds.
move fn:cly in :traight lines Follawing Newton's first
law.

(iii) The size of a molecule is much smaller than the
average scparation berween the molecules. At
ordinary pressure and temperature, the average
distance between mulﬂ;uks is abour 20 A, whereas

size of 2 molecule is 2 A

{iv) There is no intermolecular forces berween molecules
nfgas except during collision.

(v) The collision between molecules among themselves
or between molecules and walls are perfectly elastic
(i.c. total momentum and toral kinetic energy of
molecules are conserved, however their

velocities will change).

DIIJ.}"

(vi) The duration of collision between two molecules is
negligible as compared to time interval of two
successive collisions, i.e. collisions are instantaneous.

{vii) The dcnsity and the distribution of molecules is
uniform throughout the gas.

Pressure of an Ideal Gas

Consider an ideal gas consisting of N molecules in a
container of volume V. The container is a cube with edges
of l:ngrh . Consider a molecule of mass m moving with
velocity (v, vy v, ).

As molecule collides with the wall parallcl to _}lz-planc
clastically, its x-component of velocity is reversed, while its
¥ and Z-components of w:lacity remain unaltered ie.
velocity after collision is (= v _, vy v, ).

¥
v\L.:iv,,. vz}
V“J"‘ h‘-\‘
MG. - t:;
x D~
.@g*"{' e

=T g

Elastic collision of a gas molecule along
x-component of velocity

So, the changc in momentum of the molecule is
Ap, =P inat = (P2) inisia
Ap ==mv, = (mv,)

Ap ==2mv_

x

. lmpulsc = Clungc in momentum of molecule
= FAt=Ap ==2myv_ ... A1)
where, F is the average force on the molecule b)-' the wall.

For molecule to collide with same wall, twice it must travel
a distance 2/ in x-direction (as the molecule has to travel
from +x to = x-directions berween two walls).

So, rime interval berween rwo collisions with same wall is
2

!’I

Ar

The average force exerted on a molecule by the wall for cach
collision is

- 2mw, B (—2muv ) B —mu_f
Ar Q@) ]
By Newton's Third Law,

Tl.'ll: average fDICE cxcrtcd 1:!}" a l'.I'IlDICL_l.lJ.C on tI'IC wa" 15

F=

' . If there are V molecules, so total force on the wall
will be Fo =%{y,z] +:,l_,zE + ek DEN}
It can be rewritten as
N
Fou =T’"ﬁf ....(ii)



2 2 2
o+ .
- ”x, vxz toot ”‘,v
where, ¢
N
= I YR, R
Now, V=T v+,

[as velocity has 3 components v, v, v_]
Since, motion is completely random, so average values

22 .ex) -2 = REE-C Ve |

o and 7 are equal to cach other [i.e. 7 =7, =7, ]
S, | R
v-=3v; or v, =3” ... (111)

From Egs. (ii) and (iii), we get, F = %(?172) ...(iv)

Here, F_; is normal force on the wall.

Pressure on the wall, p =£‘i=fl’"—
Area /?
2 __l_ ﬁmil o __1_ Nmi?
N -2

or, p=&( ”;” ] [ volume V =1)

I(N) _2
or, ==|—|mp

3\V

= Pressure exerted by an ideal gas, p = ;l nmit  (v)

where, p = pressure exerted on wall,
n = number density (i.c. number of molecules per
unit volume) of gas,
m = mass of one molecule,
—2
7° = mean square speed

e — alnan aguare apreaad

1
and pz—nmﬁz is known as expression for pressure

exerted by an ideal gas and also called kinetic gas equation.
From the above derivations, we conclude

(1) The shape of vessel is immaterial because area A and
time interval A do not appear in the final result. For
a vessel of arbitrary shape, we can always choose a
small infinitesimal planar area and carry through all
the steps.

(i) As per Pascal’s law, pressure in one portion of the
container as the gas in equilibrium is the same as
anywhere else.

(iii) In this derivation, we have ignored any collisions
amongst molecules. It can be shown that if these
collisions are not too frequent and the time spent in
such collision is negligible compared w0 tdme
berween collisions, then mutual molecular collisions
do not affece the final result.

Relation between Pressure exerted
by an Ideal Gas and its Density

Let M be the mass of all molecules of a given ideal gas
enclosed in a vessel of volume V' having density p, then
n X m = Number of molecules per unit volume
X mass of one molecule
= Total mass of all molecules per unit volume

M

4

= nXm=p [ Density [p] = Vlrlzssmc] ...(vi)

From Egs. (v) and (vi), we get

e
P 3 pe

EXAMPLE |10| Behaviour of an Ideal Gas

A container is filled with a gas at a pressure of 76 cm of
mercury at a certain temperature. The mass of a gas is
increased by 50% by introducing more gas in the container
at same temperature. Calculate the final pressure of the gas.
Sol.  According to kinetic theory of gases,

PV = i-va,,,

At constant temperature, v_,, is constant. As V is also
constant.
pe=M

When the mass of the gas is increased by 50%, pressure
also increased by 50%.

~. Resultant pressure =76 + = x76=114 cmof Hg
100

- . - - e

Kinetic Interpretation of Temperature

The average KE of a molecule dcpcnds on the absolute
temperature of the gas. It is the kinetic interpretation of
temperature. Let us consider a sample of an ideal gas having
N number of molecules. Let the volume of the gas is V,
pressure is p and temperature is 1,

From the pressure expression of an ideal gas

1

p=§nmz'-2 i)
Multiplying both sides with V', we get
= PV =%{nl’}m52
or, v =§{HV}IEI'M!72
= F1% =§Nemﬁz] .. (i)

Here, number of molecules in the sa.tnpl.c, N=nV



1 >
Here, -2-m17 “ is the average kinetic energy of the molecules of

the gas.
So, total internal energy of the gas

£=N(1mﬁ’]
2

From Egs. (ii) and (iii), we get

... (111)

2 ;
v —;E .. (iv)
For ideal gas, we can write
pV =uRT
or, pV =WkyN T =ky(WN )T
or, pV =kgNT o (v)

[N =pN , = total number of molecules]
Combining Egs. (iv) and (v), we get

2 E 3

;E':kBNT = N=5kBT ..(vi)

or -l—mu2 =2kBT

5 > o..(vii)

1
= Average kinetic energy, Emu‘ T

It is clear that average kinetic energy of a molecule is
directly proportional to the absolute temperature of the
gas. It is independent of pressure, volume and the nature of
the ideal gas. This is a fundamental result that relates
temperature of the gas to average kinetic energy of a
molecule.

1
If7 =0, then—mi>=0butm#0so 7> =0

Thus, absolute zero of temperature may be defined as that
temperature at which the mean square speed of the gas
molecules reduces to zero.

Root Mean Square Speed
The square rmtufﬂ'icmca.nsqua.r:spccdiz is known as root
mean square speed.

From kinetic interpretation,

1 2 3

Em o= EEET
So, Fl= 3k T
m
Taking square root of both the sides
'I'_a_rz _ SJQBT
m

’3& T
Root mean square speed, v = -
m

where, m = mass of one molecule,
kg = Boltzmann constant
and T = absolute temperature.

EXAMPLE |11| Energy Stored in a Balloon
A balloon has 5.0 g mole of helium at 7°C. Calculate

(i) the number of atoms of helium in the balloon.
(ii) the total internal energy of the system.

[NCERT Exemplar]
Sol. (i) Here,u =50, T =7°C =273+7 = 280K y
Number of atoms =uN, =50x6.02x 10*
=30 x10%

(ii) Average kinetic energy per molecule = —Z—kBT
. Total internal energy = %kBT x N

3 -
=;x30x10" X138 %107 x 280 =1.74x 10° ]

EXAMPLE |12| Root Mean Square Speed

In a container, two gases neon and argon are filled. Find
the ratio of the root mean square speed of the molecules
of the two gases. My, =20.2 and M, =39.9. The
temperature of the system is 30°C.

Sol  Given, M, =202 M, =399
Temperature (T) =30°C
We know that, lzmvfm = %k,T
Temperature is same for both the gases. Now, we can
find the ratio of v, for the two gases.
(Vims e _ (M)e
(ang Jar My

Now, we can easily find the numerical value of ratio of

two v o
e e _ 399 4
(Vems)ae V202
Maxwell’s Speed Distribution

In a given sa.rnpl: of gas, all molecules don’t move with
same spccd. Thcy move mnl:lf:nml}-r in different directions,
but the distribution of velocities among the molecules
remain fixed. Maxwell first studied molecular spccd
distribution and derived an equarion giving distribution of
molecules as follows.

If N represents the number of molecules having speed
between v and ¢ + 4 thcn,



3n _nw2
m ] 2, 2T g4,

ve
2nkyT

where, » = molecular speed of the gas,
m = the molecular mass of the gas,
T = temperature of the gas in kelvin,

dN=41tN(

N = total number of molecules of the gas
and k& = Bolzmann constant.

The fraction of molecules with speed v and dv is equal to

arca of strip shown in figure,
. dN .
e f(v) dv = area of the strip

Total area of the curve

will be unity, as it
represents all molecules. 1
Above figure shows the
Maxwell’s distribution
function f(v) of a gas
at  three  different 0 o5 1 4av 1520
temperatures. Each Speed
graph has a peak which represents the maximum fraction of
total molecules having maximum speed (v, ) due to this
reason v, is also called most probable speed. As the
temperature increases, the curve become flatter and its

maximum points (peak points) shifts towards higher speed.

Note
* Most probable speed The speed possessed by the maximum
number of molecules in a gas at a given temperature.
Kg

o =

ViVims

* Mean or Average speed The arithmetic mean of the speed of
the molecules of a gas at a given temperature.
8kal

nm

EXAMPLE |[13| RMS Speed of a Gas Molecule

The molecules of a given mass of a gas have root mean
square speeds of 100 ms™ at 27°C and 1.00 atm pressure.
What will be the root mean square speeds of the molecules of

Ve =

the gas at 127°C and 2.0 atm pressure? [NCERT Exemplar]
Sol.  According to ideal gas equation, we get

PV _paVa
T, T,
s Yoo - 2% 30023
vV, pT, 1x400 2
1M 2 1M 2
ey vm) v Py Vims
P Vx( 1 P2 3-‘Z( 3
(Vems)2 = (Ve x-Vlep‘ (100)‘x-:-xz

or (vm),=$-ms

EXAMPLE |14| A Nuclear Fission

Uranium has two isotopes of masses 235 and 238 units. If
both are present in uranium hexafluoride gas, which
would have the larger average speed? If atomic mass of
fluorine is 19 units, estimate the percentage difference in
speeds at any temperature. How is the above concept
of difference in speeds utilised in the enrichment of
uranium needed for nuclear fission? [NCERT)
f',j At a fixed temperature, the average energy = %mv,f" is

constant. So, smaller the mass of a molecule, faster will be

its speed. Clearly,
1

Speed of molecule =
s_/molecuar mass

Sol. Molecular mass of ** U hexafluoride
=235+6x19=349

Molecular mass of ***U hexafluoride
=238 +6 X19=1352

1/2
Vi _ (2) =1.0044
Vasz 349

Percentage difference in speeds,
Av
— %X 100 = 0.0044 X 100 = 0.44%
v

U is the isotope needed for
nuclear fission. To separate it
from the more abundant
isotope **U, the mixture is
surrounded by a porous
cylinder. The porous cylinder
must be thick and narrow, so
that the molecule wanders
through individually, colliding
with the walls of the long
porous, as shown in figure.

A molecule going
through a porous wall
The faster molecule will leak out more than the slower

one and so there is more of the lighter molecule
(enrichment) outside the porous cylinder. The method is
not very efficient and has to be repeated several times for
sufficient enrichment.

TOPIC PRACTICE 1

OBJECTIVE Type Questions

1. Interatomic forces are
(a) attractive in long range
(b) repulsive in short range
(c) negligible in gases
(d) All(a), (b)and (c)

(d) Interatomic forces are attractive in long range and
repulsive in short range and negligible in gases.

Sol.



2. According to atomic hypothesis
(a) atoms attract each other when they are little
distance apart

(b) atoms repel if they being squeezed into one another
(c) Both (a) and (b)
(d) Neither (a) nor (b)

Sol. (c) Atoms attract when they are little distance apart and
repel, if they being squeezed into one another.

3. Boyle’s law is applicable for an [NCERT Exemplar]
(a) adiabatic process (b) isothermal process
(c) isobaric process (d) isochoric process
Sol. (b) Boyle’s law is applicable when temperature is
constant
ie., pV = nRT = constant
= pV = constant (at constant temperature)

1
ie., o — where , ressure, V= volume
P v =P

So, this process can be called as isothermal process.

4. The collisions of the molecules of an ideal gas
are
(a) elastic
(b) inelastic
(c) completely inelastic
(d) partially elastic
Sol. (a) According to kinetic theory of gases the collision

among molecules and the collision of molecule with the
walls of container are elastic.

5. The root mean square speed of a nitrogen
molecule at 300K is

(a) V534 ms ™' ®) 534 ms™
(c) 267ms™ (d) 216 ms™
SOL (O Ve = L. = Jw
=267.2ms™

VERY SHORT ANSWER Type Questions

6. Under what conditions, real gases behave as an
ideal gas?

Sol. At low pressure and high temperature, real gases behave
as an ideal gas.

7. Calculate the number of atoms in 39.4 g gold.
Molar mass of gold is 197g mol ™.

[NCERT Exemplar]|
Sol. Molar mass of gold is 197g mol ™, the number of atoms
=6.0x 10%
. Number of atoms in 394 g
6.0x 10% x 39.4 -
= —= 12X 10

197

Sol.

Sol.

10.

Sol.

11
Sol.

12.

Sol.

13.

Sol

14.

Sol.

15.

Sol

The given graph shows the
variation of p-Vversus p
graph for different gases at
constant temperature.
Which of the following gas
is ideal and why?

Gas A is ideal because pV is constant for gas A so, gas A
obeys Boyle's law for all values of pressure.

When air is pumped into a cycle tyre, the
volume and pressure of the air in the tyre, both
are increased. What about Boyle's law in this
case? [NCERT Exemplar]
When air is pumped, more molecules are pumped in Boyle's
law, is stated for situation where number of molecules
remain constant,

The volume of a given mass of a gas at 27°C,
1 atmis 100 cc. What will be its volume at

327°C? [NCERT Exemplar]
Keeping p constant, we have
v, = VT, _100x600 o
;& 300

What is the minimum possible temperature on
the basis of Charles' law?
The minimum possible temperature on the basis of

Charles’ law is — 273.15°C.
If a vehicle runs on the road for a long time, then
the air pressure in the tyres increases. Explain.

Due to the presence of friction between the road and tyres,
the tyres get heated as a result of which temperature of air
inside the tyre increases and hence pressure in tyre also
increases.

According to kinetic theory of gases, explain
absolute zero.

Absolute zero is the temperature at which the molecules of
a gas becomes motionless. ie. V. =0

Two molecules of a gas have speeds of
9 x10° ms™ and 1 x10° ms™, respectively. What
is the root mean square speed of these
molecules? [NCERT Exemplar]|
- Jv,’ +v3 =J(9x10°)’ +(1x10°)
b 2 2
12
_ (81 +l;xlo = 31 x10° ms ™

What would be the effect on rms velocity of gas
molecules, if the temperature of the gas is
increased by a factor 4?

As,vmxﬁ

If temperature of the gas is increased 4 times, then v
will be doubled.




16.

Sol.

If a gas is heated, its temperature increases.
On the basis of kinetic theory of gases, explain.

If a gas is heated, then the root mean square velocity of
its molecules is increased.

vm«ﬁ

The temperature of the gas increases.

SHORT ANSWER Type Questions

17.

Sol.

Sol.

Molar volume is the volume occupied by 1 mol
of any (ideal) gas at standard temperature and
pressure (STP: 1 atm pressure, 0°C). Show that,
itis224 L. [NCERT]

As, for one mole of ideal gas, pV =uRT [u=1]

pV =RT
— V=£
P

Putting, R=8.31Jmol™ K™, T = 273K
p=latm=1013x 10° N-m™

v=331X2B _ ;0224 m?
1.013% 10°

=224L [+ 1m*=10°L)
Estimate the total number of air molecules
(inclusive of oxygen, nitrogen, water vapour
and other constituents) in a room of capacity
25.0 m® at a temperature of 27°C and 1 atm
pressure. (k, =1.38x 107 JK™) [NCERT]
Given, V =250m®, T = 273 + 27 =300 K

kg =138x 107 JK™'
Now, pV=uRT
= pV =(N  kg)T
= pV = N'kgT

[N’ is total number of molecules)
N =BV o _(01x10)x25
kgT  (1.38% 1072)x 300
=6.10x 10

19. Estimate the fraction of molecular volume to

the actual volume occupied by oxygen gas at
STP. Take the diameter of an oxygen molecule

to be 3 A [NCERT)

Sol. Given, d =3A

d
r=2 =15%10""m =15%10"em
4 4
Molecular volume, V = ;'.I'I:r N

4
= %314 %(1.5%107%)* x6.023%10" = 8.52 cc
3

20.

Sol.

21.

Sol.

22,

Actual volume occupied by 1 mole of oxygen at STP,

V’= 22400 cc
Yalst 38x107*
vV’ 22400

A flask contains argon and chlorine in the ratio
of 2:1 by mass. The temperature of the mixture
is 27°C. Obtain the ratio of

(i) average kinetic energy per molecule and

(ii) root mean square speed (V,,,,, ) of the
molecules of the two gases. Atomic mass of
argon = 39.9 u; Molecular mass of chlorine
=709 [NCERT]

(i) The average kinetic energy per molecule of any gas is
-32-k,T. It depends only on temperature and not on the

nature of the gas. As both argon and chlorine have the
same temperature in the flask, the ratio of average KE
per molecule of the two gasesis 1: 1.

(1) If mis mass of single molecule and M is the molecular

mass, then
1 2 3
—mv, . =—kgT
Sl
= constant at a given temperature
(Vi _(Ma, Ma, 709 _

- =22 o %2 o 1777
(Vemda, (M) 399

v
or L_m')_ﬁt. = 41.777 = 1333

(vnns Cl,

M,

We have 0.5 g of hydrogen gas in a cubic
chamber of size 3 cm kept at NTP. The gas in
the chamber is compressed keeping the
temperature constant till a final pressure of
100 atm. Is one justified in assuming the ideal
gas law, in the final state? (Hydrogen molecules
can be considered as spheres of radius 1 A).

[NCERT Exemplar]
We have, 0.25% 6x 10° molecules, each of volume
107*m?*.
Molecular volume = 2.5% 107 m*
Supposing, ideal gas law is valid.
o N . 3 &
Final volume = Vi; w =27% 107 m*
100 100
Which is about the molecular wolume. Hence,

intermolecular forces cannot be neglected. Therefore, the
ideal gas situation does not hold.

Three vessels of equal capacity have gases at
the same temperature and pressure. The first
vessel contains neon (monoatomic), the second
contains chlorine (diatomic) and the third
contains uranium hexafluoride (polyatomic).
Do the wvessels contain equal number of
respective molecules?



Sol

23.

Sol

24.

Sol

Is the root mean square speed of molecules, the
same in the three cases? If not, in which case is
the largest? [NCERT]

As three vessels are identical i.e. they have same volume.
Now at constant pressure, temperature and volume, the

three vessels will contain equal number of molecules (by
Avogadro’s law) and is equal to Avogadro’s number,
N, =6.023x 10%,

ms'

vﬂl‘=

where, m is mass of single gas molecule as neon has the
smallest mass, so rms speed will be greatest in case of
neon.
A tank used for filling helium balloons has a
volume of 0.6 m*® and contains 2.0 mol of helium
gas at 20.0°C. Assuming that the helium behaves
like an ideal gas.

(i) What is the total translational kinetic energy of

the molecules of the gas?

(ii) What is the average kinetic energy per molecule?
(i) We know that (KE),_ = %nRT

Given, n=2mol, T =273+20=293K
= (KE),. = %(z)(s.sn)(zas) =73x 10" ]

(ii) Average KE per molecule

= %mu = —kT --{1 38 %107 ) (293)

=6.07x 10‘2’ ]
At what temperature, is the root mean square
speed of an atom in an argon gas cylinder equal
to the rms speed of a helium gas atom at =20°C?
(Atomic mass of Ar=399u, He=4.0u). [NCERT]

Let C and C’ be the rms velocity of argon and a helium gas
atoms at temperatures TK and T'K, respectively.

Here, ,'H-E‘:?Q‘ M =40T =7,
=—20+273=253K
Now, Y= 'ERT fERT
M 39.9
IRT’ 3R x 253
and = ‘— = i_
M’ 4

Since, v =v', therefore 'ﬂ = iw
399 4

or T=229%X23_ oenaqgk

A gas mixture consists of molecules of types 4, B
and C with masses, m , >mg > mg.. Rank the three
types of molecules in decreasing order of (i)
average KE (ii) rms speed. [NCERT Exemplar]

Sol

Sol. The average KE will be same as conditions of
temperature and pressure are same.

1
v o
rms 7;
my>myg>me
= Ve >VE> v,

26. Agas is contained in a closed vessel. How
pressure due to the gas will be affected if
force of attraction between the molecules
disappear suddenly?

Sol. As force of attraction between molecules disappears,

then molecules will hit the wall with more speeds,
hence, rate of change of momentum will increase.

As we know F =%-$,

where F is average force on the wall due to molecules.

Ap is change in momentum and At is the time duration.
Due to increase in Ap, force F will also increase, hence

pressure, p =— will increase. Here, A is area of one
A

wall.

LONG ANSWER Type I Questions

27. Write the difference between ideal gas and
real gas.

Ideal Gas

(i) It obeys ideal gas
equation, pV' = pAT at all
temperatures and
pressures.

(i} The volume of the
molecules of an ideal

Real Gas

It does not obey, pV =pRT
at all values of temperature

and pressure.

The volume of the
molecules of a real gas is

gas is zero. NON-2Ero.

(iii) There is no There is intermolecular
intermolecular force force of attraction or
between the molecules.  repulsion depending on

whether intermolecular
separation is larger or

small.
(v} There is no Patential energy (L) does not
intermolecular potential  equal to zero as
energy (L) because intermolecular force (F)is not
intermolecular force (F)is  zero.
2ZEro.
(v} It has only kinetic energy. It has both kinetic and
potential energy.

At absolute zero, the
volume, pressure and
internal energy become
2ero.

i

—

All real gases get liquified
before reaching absolute
zero. The internal energy of
the liquified gas is not zero.



28. Estimate the average thermal energy of a
helium atom at (i) room temperature (27C)
(ii) the temperature on the surface of the sun
(6000 K), (iii) the temperature of 10 million
kelvin (the typical core temperature in the case

of a star). [NCERT]
-r5- Thermal energy represents that par of internal
% energy which is translational kinetic in nature. This

is equal to ESRBT;whim only depends on absolute
temperature of the gas.
Sol (i) Given, T =27°C =(273.15+ 27)=300.15K
Average thermal energy, E = E.lu:!']"
2

(where, kg = Boltzmann constant
=138x W02 JK™)

3 - -
=Zx1.38% 1077 % 300,15 =6.21x 107 ]
2

(i) Atthe temperature, T =6000K  (surface of the sun)

Average thermal energy, E = EJ«:BT
2

3 _ _
==x138x 107 x 6000 =1.241x 107 ]
2

(iii) At temperature, T = 107K
Average thermal energy,

3 3 _
E==kgT==x138x 107 x 10"
2 2
=207x 107" ]

29. (i) Write ideal gas equation in terms of density.

(if) If molar volume is the volume occupied by
1 mole of any (ideal) gas at STF, show that it is
224 L (take R=8.313 mol'K™).

Sol (i) Refer to text on page no. 511.
{ii) p=1atm=0.76 mof Hg
=0.76x (13.6x 10°)x 9.8 Pa
= T=273K R=831]Jmol K™, =1 male
As  pV =uRT
V_l.lRT_ 1x B31x 273

ar,
P 0.76x (13.6% 10°)x 9.8

=224% 107° m* = 2241
30. Explain, why

(i) there is no atmosphere on moon.

(ii) there is fall in temperature with altitude.

[NCERT Exemplar|
Sol (i) The moon has small gravitational force and hence the
escape velocity is small As the moon is in the
proximity of the earth as seen from the sun, the moon
has the same amount of heat per unit area as that of
the earth. The air molecules have large range of

speeds.

Even though the rms speed of the air molecules is
smaller than escape welocity on the moon, a
significant number of molecules have speed greater
than escape velocity and they escape.
Now, rest of the molecules arrange the speed
distribution for the equilibrium temperature. Again, a
significant number of molecules escape as their
speeds exceed escape speed. Hence, over a long time
the moon has lost most of its atmosphere.

(ii) As the molecules move higher, their potential energy
increases and hence kinetic energy decreases and
hence temperature reduces.

At greater height, more volume is available and gas
expands and hence some cooling takes place.

31. Ameter long narrow bore held horizontally
{and closed at one end) contains a 76 cm long
mercury thread which traps a 15 em column of
air. What happens, if the tube is held vertically
with the open end at the bottom? [NCERT]

Sol.  If the tube is held horizontally, the mercury thread of
length 76 cm traps a length of air =15 em. A length of
9 cm of the tube will be at the open end, Fig. (a). The
pressure of air enclosed in tube will be atmospheric
pressure. Let area of cross-section of the tube be
1 sq. cm.

4+ h
Mercury (@4-+F)om

I } (T6=H)crm
15cm 76cm 9cm

(a) (o)
P, =T6cmand V, =15 em*
If the tube is held vertically, 15 em air gets another 9 cm

of air (filled in the right handside in the horizontal
position) and let h em of mercury flow out to balance the
atmospheric pressure, Fig. (b). Then, the heights of air
column and mercury column are (24 + h)em and

(76 — h ) cm, respectively.

The pressure of air = 76 — (76 — h) = hem of mercury

; V, ={24 + h) cm*

and p:=hcm
If we assume that temperature remains constant, then
pVi=p.ViorTex15=h=x(24 + h)

or W+ 24h-1140=10
—24 +.0(24)" +4 %1140
or h= 4J(24)
2

=238 cmor—47.8 cm

Since, h cannot be negative (because more mercury
cannot flow into the tube), therefore h = 23.8 cm. Thus, in
the vertical position of the tube, 23.8 cm of mercury flows
out.



32.

The container shown in figure has two
chambers, separated by a partition of volumes
V,=20LandV, = 3.0 L. The chambers contain
u, =4.0 and y, = 5.0 moles of a gas at pressures
p, = 100 atm and p, =2.00 atm. Calculate the
pressure after the partition is removed and the

mixture attains equilibrium.  [NCERT Exemplar]
M| M2
i P

Sol. Given, V, = 20L,V, =3.0L, p, = 4.0 moles, u, = 5.0 moles

33.

p, =100 atm, p, = 2.00 atm
Vi = RTy, p,V, = W,RT,
H=p +1,, V=V +V,

For 1 mole, pV= §E
For u, mole, p,V, = gp.,l:‘,
2
Foru, mole, p,V, = ;p,E2
. 3
Total energy is (W, E, +u,E,)= ;(anx +p,V,)

2 2
pV - ;Elml = ;pEpﬂmolr

2-.-3
p(V + V2)=;x ;(vax +p,V,)

_ £1V1 + £zV2 .
p= (1)
Vi +V,
", 1.00x 2.0+ 200x 3.0 =ﬂ= 1.60 atm
20+ 30 5.0

An oxygen cylinder of volume 30 L, has an
initial gauge pressure of 15 atm and a
temperature of 27 °C. After some oxygen is
withdrawn from the cylinder, the gauge
pressure drops to 11 atm and its temperature
drops to 17 °C. Estimate the mass of oxygen
taken out of the cylinder (R =8.31 mol K™,

molecular mass of 0, = 32 u). [NCERT)]

(_@I Whenever masses are taken out of the closed
v system, no more it is a closed systemn, hence ideal
gas equation should be applied to calculate the
change in mass. First, number of moles removed
should be calculated and then by multiplying with
molecular mass of the gas, the same can be
converted into mass of the gas removed.

Sol. Given, absolute pressure, p, =(15 + 1) atm

[ absolute pressure = gauge pressure + 1 atm)
=16 x1013x10° Pa

V, =30 L=30x 107 m*

T, = 273.15+ 27=300.15K
Using ideal gas equation, pV = nRT

8314 x 300.15

=19.48
Final p, =(11+1)=12atm =12x 1.013x 10° Pa
V,=30L=30x 10°m*
T, = 273.15+ 17= 290.15K
Number of moles
_ p.V, 12X 1.013% 10° X 30x 107
CRY 8314 290.15
Hence, moles removed =19.48—- 15.12= 4.36
Mass removed =4.36x 32 g
=139.52g = 0.1395 kg

= 15.12

LONG ANSWER Type I Questions

34. Agasin equilibrium has uniform density and

pressure throughout its volume. This is strictly
true only if there are no external influences. A
gas column under gravity, e.g. does not have
uniform density (and pressure). As you might
expect, its density decreases with height. The
precise dependence is given by the so called law
of atmosphere.

ny =ny exp[-mg (hy - h,)/kgT]
where, n, and n, refer to number density at
heights h, and h,, respectively. Use this relation
to derive the equation for sedimentation
equilibrium of a suspension in a liquid column.

ny, =n, expl-mg N, (p—p’)(h,—h))/(p RT)]

where, p is the density of the suspended
particle and p’, that of surrounding medium.

[+ N, is Avogadro’s number and R is the

universal gas constant.] [NCERT]
Sol According to the law of atmospheres,
[ m ,
n=m exp-l——g(ha—h} i)
kgT

where, n, and n, refer to number density of particles at
heights h, and h,, respectively.

If we consider the sedimentation equilibrium of
suspended particles in a liquid, then in place of mg, we will
have to take effective weight of the suspended particles.
Let, V = average volume of a suspended particle,

p = density of suspended particle, p’ = density of liquid,
m = mass of one suspended particle, m’ = mass of equal
volume of liquid displaced.

According to Archimedes’ principle, effective weight of
one suspended particle

= Actual weight — weight of liquid displaced = mg — m’g



=mg—""9’g=mg—[%]ﬁ’g=mg[ —':.]

Also, Boltzmann constant, k .

A
where, Ris gas constant and N , is Avogadro’s number.

Putting, m_g[l - %) in place of mg and value of kg in

Eq. (i), we get
mg N, pe S
= = AN Nk = which is
n n.exp{ BT [ p]{z h,}}
required relation.

35. Given below are densities of some solids and
liquids. Give rough estimate of the size of their

atoms. [NCERT]
Substance Atomic Mass (u) nggrﬂ{;ﬂr:a}
(i) Carbon (diamond) 12.01 222
(i) Gold 197.00 19.32
{iii) Nitrogen (liquid) 14.01 1.00
(iv) Lithiurm 6.94 0.53
(v} Fluorine (liquid) 19.00 1.14
Sol. We know, that, density of an element
p= Mass _ Mass of 1 mole
Volume Total volume of molecules in
1 mole when closely packed
_ M(in grams) _ 3 M %10 kg
- - )
[iﬂrs)NA 4mr -N,
3
aMx103 "
= r=|—) ,
AnN  op
where, N, = Avogadro’s number = 6 x 10°
(i) For carbon (diamond),
M =120, p = 2.22x 10° kg /m*
- Radius of carbon atom
L5
. 3% 12.01% 107
43 3.14% 6% 10 x 2.22% 10°
=1.29x 107" m
=1294A
(ii) For gold, M =197.00,p = 19.32 % 10* kg/m*
- Radius of gold atom

1
. 3% 197 % 107 s

4% 3.14% 6x 107 x 1932x 10°
=159% 107" m= 159 A

(iii) For nitrogen (liquid),
M=140Lp = L00x% 10* kg / m*

~. Radius of nitrogen atom

1

3% 14.01% 107 3
r= ) 3
4% 314% 6% 107 % 1.0% 10

=177 107 m=177 A
{iv) For lithium, M = 6.94, p = 053x 10* kg/m*
. Radius of lithium atom

1
. [ 3% 6.94% 107 ]?
4% 3.14% 6x 10™ % 0.53% 10°
=173% 107" m= 173 A
(v) For flourine (liquid),
M =1900 and p =1.14x 10* kg /m*

. Radius of fluorine atom

e 3x19.0% 107 I
4% 3.14% 6x 10% x 1.14% m’J

=188% 107" m= 1.88 A

36. You are given, the following data about a group
of particles, where n; represents the number of
molecules with speed v,

n, 2 a 8 6 3
v(ms™) 10 20 30 40 50
Calculate (i) average speed

(ii) rms speed
(iii) most probable speed.
Sol (i) Average speed
My vy MgV v, v
- A R S
_2X1+4X2+BX3+6X4+3IX5
- 2+4+8+6+3

=317m/s

(i1} Root mean square speed

_ (vl + vl +ngvy +ngvy +mevs
"1+H2 +ﬂ‘s+",’+!k

(2% +4x 2 +8x3 +6x4° +3 x5
2+448+6+3
=336m/s

(iti) The most probable speed is that speed which is
possessed by maximum number of molecules.

Most probable speed (v_ )= Jﬂ=J}ix 2/3
" m m

Vg =J§x 1‘3&'57' =J§‘u,m =J§)< 336 m/s
3 m 3 3

=0.816x 336 m/fs=2.T4m/s




37. Figure shows plot of pV/ T versus p for
1.00x107* kg of oxygen gas at two different
temperatures.

i/

plu’ 1y I
= (KT

o [NCERT]

(i) What does the dotted plot signify?
(ii) Whichistrue, T} >T, or T, < T,?
(iii) What is the value of pV /T, where the curves
meet on the Y-axis?

{iv) If we obtain similar plots for .00 x 107 kg of
hydrogen, would we get the same value of

pV/T at the point where the curves meet on
the Y-axis? If not, what mass of hydrogen

yields the same value of pV/T (for low
pressure, high temperature region of the
plot)? (Molecular mass of H; = 202 u,

0, =320 u, R=8.31 Jmol'K™).

Sol (i) Dotted plot shows that F;_—V is a constant quantity

(?=mR] which is independent of pressure. It

signifies the ideal gas behaviour.

(ii) As curve at temperature T, is closer to the dotted plot
than the curve at temperature T,. Since, the behaviour
of a real gas approaches the behaviour of perfect gas
when temperature is increased, so T, > T,.

(iit) The value uf%, where the curves meet on Y-axis is

equal to pR.

Now, given mass of oxygen gas = 1.00x 107 kg =lg
PV ! -1
L —pR=|—|x8m
=Ry xan

=026 JK™
{iv) If we use 1.00 x 10~ kg of hydrogen, then we will not

get same value cf% at the point where the curves

meet on Y-axis because molecular mass of hydrogen is
different from oxygen.
Now, to get same value of PTV mass of hydrogen

required is obtained from

pV m
I =uR=—x831=026
T MR,
2.02% 0.26
= m="""" 632 107 g

831

38. Consider an ideal gas with following
distribution of speeds. [NCERT Exemplar]

Speed (m/z) % of molecules
200 10
400 20
600 40
800 20
1000 10

(i) Calculatev, andhence
T(m =3.0x 1072 kg)

(ii) If all the molecules with speed 1000 m/s
escape from the system, calculate new v,

and hence T.

Sol.  This problem is designed to give an idea about cooling by

evaporation
2
JoF R1H
(1) ¥ =L
In,
10 (200)° +20x (400)*
+ 40% (600)° + 20 (800)° + 10 x (1000)°
100
_10%100° X(1%4+2X16+4 X 36+ 2% 64 +1X100)
100
= 1000 (4+ 32+ 144+ 128+ 100)
= 408 %1000 m?/s*
Vime = 639 m /s |
3
—mv s = — kT
2
_1 mv s
3k

1 3.0% 107 x 4.08x 10°
—}( —=

3 1.38% 10
2

* (400)% + 40 x (600)° + 20 x (800)°
90

10 % (200)° +20 ]

(i) v2 =

_10:(1002x(1x4+2x16+4x36+2x64}|
90

08
vi =10000 x -

vl =342 %1000 m* /s

v, =584 m/s
_1 v oms

3 0k

= 248K



A B8] YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1. Which of the following options is correct about

the flow of a liquid?

(a) In liquids the atoms are not as rigidly fixed as in
solid

(b) In liquids the atoms are more rigidly fixed as in
gas

(c) In liquid the separation between atoms are spaced
about 1 A

(d) All of the above

2. The mass of 22.4 L of any gas is equal to its
molecular weight in grams at
(a) 270K and 1 atm (b) 273K and 1 atm
(c) 273 Kand 10 atm (d) 270 K and 10 atm

3. Which one of the following graphs represents
the behaviour of an ideal gas?

lV lV
@ " \ ® ° K
— V—
| |
(c) PV / (d) PV
— —

4. Acylinder containing an ideal gas is in vertical
position and has a piston of mass M that is able
to move up or down without friction (figure). If
the temperature is increased [NCERT Exemplar]

(a) both pand V of the gas will change

(b) only p will increase according to Charles” law
{c) Vwill change but not p

(d) p will change but not V'

5. Oxygen and hydrogen are at the same
temperature T. The ratio of the mean kinetic
energy of oxygen molecules to that of the
hydrogen molecules will be

{a) 16:1 (b) 1 :1 (c) 4:1 (d) 1:4

Answers

1. @ 20 | 3.0 | 4 © | 5 ®

VERY SHORT ANSWER Type Questions

6. We have two different gases at the same
temperature, then what will be the ratio of their
average kinetic energies?

7. If 4 : 9 is ratio of densities of two gases at the given
temperature. Find out the ratio of their rms speeds?
[Ans. 3:2]

8. Draw temperature-volume graph of an ideal gas at
constant pressure.
9. What are the characteristics of gas molecules?

10. State Boyle's law in terms of pressure and density.

SHORT ANSWER Type Questions

11. Is it possible to increase the temperature of a gas
while keeping its pressure and volume constant.
Explain it?

12. Draw p-V graph that shows the comparison of
experimental and theoretical variations of p with V
at constant temperature.

13. The value of root mean square speed for 0, is

400 m/s. Find the temperature of the 0,.

[Ans. = 200K |

14. If value of most probable speed for an ideal gas is
500 m/s. Find the value of root mean square speed
for this gas. [Ans. 390 m/s]

15. Find the temperature at which rms speed of a gas is
half of its wvalue of 0°C, pressure remaining
constant. [Ans. 68.25 K]

LONG ANSWER Type [ Questions
16. Write the assumptions of kinetic theory of gases.
17. Find the expression for the average kinetic energy of
a molecule of an ideal gas.
18. At what temperature, will the molecules in a sample
of helium gas have an rms speed of 1.0 km/s?
[Ans. 160K]

19. If the pressure of a gas filled in closed container is
increased by 0.2%. When temperature is increased
by 1K, calculate the initial temperature of the gas.

[Ans.500 K |



20. If the ratio of molecular weights of two gases is 4.
What will be ratio of the v, values for the
molecules of those two gases? [Ans.0.5]

LONG ANSWER Type 11 Questions
21. Abox of 1.00m" is filled with nitrogen at 1.5 atm at
300 K. The box has a hole of an area 0.010 mm?.
How much time is required for the pressure to
reduce by 0.10 atm, if the pressure outside is 1 atm.
[Ans.1.38x 10°s ]

22. An oxygen cylinder of volume 30 L has an
initial gauge pressure of 15 atm and a temperature
of 27°C.

|ITOPIC 2|

Motion of Gas Molecules
DEGREE OF FREEDOM

The total number of coordinates or ind:p:ndcnt quantities
rcquircd to  describe complctd}r the position and
conﬁgu ration of a dyn:-l.mica] system 1s known as number of

degrees of freedom of the system. It is represented by fand
expressed as
Degree of freedom, f=3N = K
where, IV is the number of particles in a system and K is
number of indcptndtnt relations berween the pnrticlcs_
(1) In case of monoatomic gas, such as helium, neon
argon, have translational degree of freedom.
IfN =1land K =0, then f=3x1-0=3
(ii) In case of diatomic gas, such as oxygen, h)«'clmgcn,
nitrogen  etc., each molecule has two rotational

degrees of freedom in addition to three translational
degrees of freedom.

o f=5
(iii) The gas like SO,, H,S etc., has three molecules, i.c.
they are triatomic gases. In case of triatomic gases,
f =7 for linear molecules

and f =06 for non-linear molecules

After some oxygen is withdrawn from the cylinder,
the gauge pressure drop to 11 atm and its
temperature drops to 17°C. Estimate mass of oxygen
taken out of the cylinder (R=8.3Jmol™ K7,
molecular mass of 0, = 32) [Ans. 141 g)
23. An electric bulb of volume 250 cm® was sealed off

during manufacture at a pressure of 10~ mm of
mercury at 27°C.

Compute the number of air molecules contained in
the bulb.

Given that, R = 8.31J/mol/K

and N, =6.02 x10%mol . [Ans. 8x10%]

LAW OF EQUIPARTITION
OF ENERGY

It states that

‘For a dynamic system in thermal equilil:lrium, the total
energy is distributed equally amongst all the degree of

freedom and the energy associated with each molecule per
degree of freedom is J.l kgT

Where, by = 1.38 % 10"% K" is Boltzmann constant and

T is absolute temperature of system on the kelvin scale. For
a monoatomic gas in thermal equilibrium at temperature 7T,
the average value of translational energy of the molecule is

-{imie i i)

Translational energy of the molecules, {E! } = ;.ﬁg T

Since, there is no preferred direction, then the above
P
equation can be written as

1 ,\ 1 1 L\ 1 1L\ 1
—mes ==k, T M =mp ==k, T, =mp- ==k, T
(2 ’>2”(2 ’>z”<z ‘>2“’



Thus, energy associated with each molecule per d:gr:c of

freedom is zlkBT, which is law of equilibrium of energy.

Therefore, total energy of a diatomic gas molecule is the
sum of translational energy E, and rotational energy E,

1 1 1 1 1
E+E . =|=ml+—mt+—ml |+ =10 +=10]

2 272 2 2
where, 0, and w, are angular speeds about the axes 1 and 2
and {, and [, are moment of inertia.

2)
Rotation of a diatomic molecule

In case of diatomic/polyatomic gas, molecules may not be a
rigid rotator having no vibration. Molecules like CO at
moderate temperatures have a mode of vibration and
contributes a vibrational energy E_ to total energy
2
1 1
E =—m[ﬂ} +5§'_}r1

wh:r:, J& = fﬂl’l_'t constant Bf th: DSCi“ﬂtﬂl’

and  y = vibrational coordinate
Total energy, E=E, + E_+ E,

SPECIFIC HEAT CAPACITY (C)

In this topic, we will deal with the specific heat capacity of
gases having different dcgrcc of freedom. It can be calculated

by applying the law of equipartition of energy of gases.

Monoatomic Gases

In monocatomic gases, a molecule has three translational
degrees of freedom. By law of equipartition of energy,
average energy per molecule per degree of freedom

1
=—k,T.
5 <

SD, average cncrgy per ]TIDICCIJIC Wil’h l'hl'tt dl:gn:cs DF

freedom =3 xE‘&BT - %kﬂr

Now, total internal energy of one mole of monoatomic gas

U:%.{'BT xN, =%RT (as R=N ,kg)

UzéRT
2

...(1) [for monoatomic gas)

If 4V is a small amount of heat energy rcquin:d to raise the
temperature of lg mole of the gas at constant volume

through at temperature 47" Then,
&
T dT

where, Cy = specific heat of gas at constant volume.

C, [op=1]...0i0)

Purting, U/ =%RT in Eq. (ii), we have

C, :i[im‘)zi,q
2

dT 2
. 3
Cy = ER

[FCF is molar specific heat ar constant pressure, then

C,-Cy =R
= C.-2r=gr

73

.5
(‘.P —ER
2w
. . " p [2] 5

Now, ratio of specific heat, Y = —=—"—=—=1.67

Ratio of specific heat capacities for monoatomic gases
¥ =1.67

EXAMPLE |1| Kinetic Energy in Helium Atom

Calculate the molecular kinetic energy of 1 g of helium
(molecular weight 4) at 127° C. (Given, R = 8.31 Jmol™ ‘K™ 1)

Sol Given, T =273 +127T =400 K

Helium is monoatomic gas.

3
s Average kinetic energy per mole of helium = ERT

Average kinetic energy of 1 g of helium
_SRT_‘_’-K B.31 = 400

T2 M 2x4

= 12465

Diatomic Gases

In case of diatomic gases, if the vibrational mode is not
considered, then it has five degrees of freedom (three
translational and two rotational) at room temperature.
ﬁccurding to law of equipartition of energy, total internal
cnergy of one mole of such type of gas is

U:Sx[%kET]xN,

Thus, U =§.¢er [ R=kyN ]



The molar specific heat €, is given by,

dU d
So, c, =2 _ 4 (3

AT dTr\ 2

. 5

" (‘P’ =ER
Now, CF—CV+R = CFZ—R'I-RZ—R
, g
Sa, {p _ER

7
= y=—=1.40
Y 5

Ratio nfspcciﬁc heat capacities for diatomic gases
¥ =140

EXAMPLE |2| Diatomic Gas Molecule

Calculate the total number of degrees of freedom possessed
by the molecules in 1 cm® of H, gas at temperature 273 K
and 1 atm pressure? [NCERT Exemplar]

Sol At 273 K temperature and 1 atm pressure mean STP
condition.

- Number of H, molecules on 22400 cm® at STP
=6.02x 107
» Number of Hy, molecules in1 em” at STP
_ 6.02x 10%

22400
Number of degrees of freedom associated with
each H, (diatomic) molecule = 5
~. Total number of degrees of freedom associated with
1 cm? of gas = 2.6875x 10" x 5=1.34375 % 10™

= 26875 x 10"

EXAMPLE |3| Specific Heat at Constant Volume
Find the value of internal energy of one mole of a diatomic
gas, which do not show vibrational mode. Also, find the
value of Cy for the sample of above gas.

Sol. Molecule of diatomic gas will have three translational and
two rotational degrees of freedom. So,

Degrees of freedom (f) =34+ 2=5

Total energy I{E}=5(13k37')=£2]:!']"

As the gas is one mole, so the total number of molecules
is N ,. 5o, total energy of one mole of gas could be found.

5 5 5
U=s—kTxN,=—k,N,T==RT
5 B AT 5B 2

We can find the value of C,, by applying, C,, = %

Cy =i(im‘) = C, ==R
dT \ 2 2

Triatomic Gas

In case of such kind of gases {linear triatomic gas), there are
seven :lcgrc:s of freedom. Using law of equipartition of
energy, total internal encrgy of one mole of such gases is

U= ?x[%fvﬂr] XN, =§RT['.'&=£~‘N3]

2
, 7
= (:L,-:ER
N e enl .9
ow, f.P—(.p+R—ER+R=>£F—£R
9
. —|R
_':_P__[E] _9
Cy (E)R 7
2
9
= =—=1.28
v 7

Ratio of specific heat capacities for triatomic gases,
y=128

Polyatomic Gas

A polyatomic gas molecule in general has three
translational, three rotational dcgrccs of freedom and with
certain number (let f) of vibrational modes.

Using law of equipartition of encrgy, total internal energy
of one mole of such gases is

U =J:%kBT+§kBT + kaT:| x IV,

= U=@+ f)RT
Now, Cy =fFU

d(3+ f)RT

 — R
o 3+ 1)

= Cy =03+ f)IR
C,=Cy+R=(3+ f)R+R
= C,=l+fIR

e

Cy B+ f)
Taking f=6

Ratio of specific heat capacities for polyatomic gas, y =1.11



Determination of y from

the Degrees of Freedom

If a polyatomic gas molecule has f degrees of freedom, then
internal energy of one mole of the gas is
f

U=fx(51/eBT)xNA =?RT

. ({-RT]=—f—R

Now,

V= dr T dr 2
. _f
C, =R
V=9

- r=

which is required relation between ¥ and f.

EXAMPLE |4| An Isolated Container
An isolated container containing monoatomic gas of molar
mass mis moving with a velocity v,. If the container is
suddenly stopped, find the change in temperature.

[NCERT Exemplar]

Sol. Loss in kinetic energy of gas = AE = %(mn) vi

where, nis number of moles and m is molar mass.
If its temperature changes by AT, then
ASRAT = 2 mn vi
2 2
mv;
3R

Specific Heat Capacity of Solids

In solids, each atom vibrates about its mean position, let us
consider one mole of solid containing V 4 atoms. By law of
equipartition of energy, average cnergy associated with an
atom due to its oscillation in one dimension is

=2 X(%kBT]=kBT

-~ In three dimension (30) average energy per atom =3 k7.

~. Change in temperature, AT =

.. Total energy of one mole of solid is
U=@kyT)XN,=3RT [~ kyN,=R]
According to first law of thermodynamics
AQ=AU+AW or AQ=AU+ pAV
In case of solid, AV is negligible
AQ =AU

A
Molar specific heat of solid, C = —Q = ﬂ

AT AT
Specific heat capacity of solids, C =3R
- C=24.93 Jmol™'K~' ['- R=8.31 Jmol™'K™)

Specific Heat Capacities of Some Solids at Room
Temperature and Atmospheric Pressure

suwancs  pORMHem  MolerSpeckic
Aluminium 900.0 244
Carbon 506.5 6.1
Copper 3864 245
Lead 127.7 265
Silver 236.1 255
Tungsten 134.4 249

From this table, it is clear that the prediction generally
agrees with experimental values at ordinary temperature
except Le. carbon.

Note
The temperature at which all metals have constant C,, is called
Debye temperature.

Specific Heat Capacity of Water

If we consider water molecule as a solid made up of 3 atoms
(2 hydrogen and 1 oxygen) and each atom is free to vibrate
in three dimensions about its mean position.

By using law of equipartition of energy, average cnergy
associated with one atom of water molecule

=2 x(%k,T] =k T

In three dimension, the average energy per atom of water
molecule =3k, T
. Total energy of one molecule of water is

=3X(3kgT)=9%,T
Now, total energy of 1 mole of water is
U=3%3ksT XN, =9RT

. Molar specific heat of water,



Specific heat capacity of water, C =9R
= C=74.79 Jmol™'K™!

[ R=8.31] mol™ K™]

EXAMPLE |5| A Mixture of Gases

A gas mixture consists of 2.0 moles of oxygen and 4.0 moles
of neon at temperature I'. Neglecting all vibrational modes,
calculate the total internal energy of the system. (oxygen
has two rotational modes) [NCERT Exemplar]

Sol. 0, has five degrees of freedom.
Therefore, energy per mole = %RT

For 2 moles of O,, energy =5RT
Neon has three degrees of freedom

Energy per mole = %RT

.. For 4 moles of neon, energy
3
=4X ERT =6RT

Total energy = 5RT +6RT =11RT.
MEAN FREE PATH ()

Every gas consists ofa largc number of molecules u.ndc:guing
frequent collision, therefore they cannot move straight or
unhindered, these molecules are in a state of continuous and
random motion. Also, they undergo perfectly elastic collision
against each other. The average distance travelled b)-' a
molecule between two successive collisions is known as the

mean F.I.'EE Pﬂl.h DFﬂlﬂ lTlD].ECI.lI.C.

Expression for Mean Free Path

Let d be the diameter of cach molecule of the gas, then a
particular molecule will suffer collision with any molecule
that comes within a distance 4 between centres of two
molecules.

Volume swept by a molecule in time At

If 7 is average speed of molecule, then from figure, the
volume swept b}-‘ the molecule in small dme Ar in which
any molecule will collide with it

= 2(1,'}&:

If  is number of molecules per unit volume of the gas, then
number of collision suffered by the molecule in time Az

=nd*(v) At x n.
So, number of collisions per second
2
) A s
=1td (z) tannnd_(”)
At

. Average time between two successive collisions
1
- 2
nnd *(v)

. Mean free path = average distance between two
successive collision
1 1

ie. T

= A =T X mean velocity = X7 =
nnd 2(u) nnd?
1
Mean free path, A = -
nmnd”
where, d = diameter of ecach molecule
and 7= number of molecules per unit volume.

Basic Assumptions on
Mean Free Path

(i) The molecules of gas are considered as hard spheres,
cach of diameter 4.

(ii) The collision between gas molecules are perfectly
elastic.
(iii) All molecules of a gas except the molecule under

consideration are at rest.

(iv) A molecule of the gas under consideration collides
with all those molecules whose centre are at distance

d from centre of molecule under consideration.
In the above derivation of A, we imagined the other

molecules to be ar rest. Bur actually all molecules are moving,
which will result into the Fulluwing more accurate value.

h—— L..1)
yEn md :
where, T = temperature of gas (in kelvin),
d = molecules diameter
and A = mean free path.
Note

Kgl -
Mean free path, i = Ea_r (in terms of temperature and pressure)
nd P

« The mean free path of a given gas is (i) directly proportional to its
absolute temperature, and (i) inversely proportional to its
pressure.

= Using kinetic theory of gases, the Bulk measurable properties like
viscosity, heat conductivity and rate of diffusion are easily related
to the microscopic parameters like molecular size.



EXAMPLE |6] Flying with Planes
Ten small planes are flying at a speed of 150 km/h in total
darkness in an air space that is 20x 20x 1.5 km” in volume.
You are in one of the planes, flying at random within this
space with no way of knowing where the other planes are.
On the average about how long a time will elapse between
near collision with your plane. Assume for this rough
computation that a safety region around the plane can be
approximated by a sphere of radius 10 m.[NCERT Exemplar]
Sol Given, v =150km/h, V = 20 20 %15,
N =10, d=2x10=20m
Time taken by plane, t = A/v and mean free path

Le. A= ;‘!

—J’Eﬂd n
where, d = diameter and n = number of density
o, n=d - 00167 km™

V  20%20% 15

and time elapse between collision,
1

tfs
Jerd*(NIVIX v
1

= - - =0225h
1.414x 3.14x (20 x 0.0167% 10”7 * x 150

EXAMPLE |7| Mean Free Path

The average speed of air molecules is 485 m/s. At STP the
number density is 2.7 x 10%* /m? and diameter of the air
molecule is 2x 10~ " m. Find the value of mean free path (L)
for the air molecule and average time (1) between successive
collisions.

Sol To find the mean free path, we need the values of d and
n. Just put these values in the formula of mean free path.
1

. 1
A= —-= "
Jammd®  Jzmx27x 10%(2 x 1070

=29%x100"'m

The value of T= é
Now, put the values and get the value of T.
1=”>(—m'_1 =59x% 10" "s

485

BROWNIAN MOTION

In 1827, a Scottish Botanist, Robert Brown saw the pollen
grains moving continuously in zig-zag random motion
while ohscwing the po“cn grains of a flower under a
microscope. Brownian motion is the zig-zag motion of the
particles of microscope of size suspended in water, air or
some other fluid. This moton can be cxphinccl on the

basis of kinetic theory.

A very small particle (of the order of 107% m) suspended in
a fluid is continuously bombarded from all sides by the
molecules of the fluid. The impul.sc.s and the torque acting
on the suspended particle due to continuous bombardment
do not sum to zero exactly, therefore, a net torque or
impulsc in one or the other direction exists. It is due to the
net torque that the suspended particle moves continuously
in a random motion.

The Brownian motion depends upon the following factors
as

(i) Size of the suspended parricle
(ii) Density of the fluid

(iii) Temperature of the medium

{iv) Viscosity of the medium
In 1987, Ahmed Zewall, an Egyptian scientist observed the
detailed interactions by illuminating them with flashes of

laser light for very short duration of order 10 femto seconds
(1 femto-seconds = 10" 5).

TOPIC PRACTICE 2

OBJECTIVE Type Questions

1. The average energy associated with each
translational degree of freedom is

(a) %k, T (b) kg T

) %kg T (d) 2k, T

Sol (c) Average energy associated with each translational
degree of freedom is % kgT.

2. Diatomic molecule (rigid rotator) has
(a) 3 translational degrees of freedom
(b) 2 rotational degrees of freedom
(c) Both (a) and (b)
(d} All of the above
Sol (c) The diatomic molecules (without vibrational mode)

like O, and N, has three translational degrees of freedom
and two rotational degrees of freedom.

3. Law of equipartition of energy is used to
(a) predict the specific heats of gases
(b) predict the specific heats of solids
(c) Both (a) and (b)
(d) Neither (a) nor (b)
Sol (c) Law of equipartition of energy is used to predict the
specific heat of gases and solids.



Sol.

Sol.

The internal energy of 2 moles of a monoatomic
gas is

(a) ;RT (b) 3RT  (c) 2RT  (d) 5RT

(b) Internal energy, U = [%k;r] 2N,

=3(ky ®x N,) T=3RT.
The mean free path for air molecule with
average speed 18 5ms™ at STPis
(Take,d =2x10" mandn = 2.7x10%m™)
(a)3.5%107 m (b)4x107" m
(£) 2.9x107 m (d)5x107 m
(c) For air at 5TP,n=2.7x 10* m™

d=2x10"m

1

I=
Jonrd?

On putting values, | = 29x 107 m

=

VERY SHORT ANSWER Type Questions

6.

Sol.

Sol.

Sol.

Sol.

10.

Sol.

What is the number of degree of freedom of a
bee flying in a room?

Three, because bee is free to move along x-direction or

y-direction or z-direction.

How degree of freedom of a gas molecule is
related with the temperature?

Degree of freedom will increase when temperature is
very high because at high temperature, vibrational
motion of the gas will contribute to the kinetic energy.
Hence, there is an additional kinetic energy associated
with the gas, as a result of increased degree of freedom.

Is molar specific heat of a solid, a constant quantity?

Yes, the molar specific heat of a solid is a constant
quantity as its value is 3R J/mol ™ .

The specific heat of argon at constant volume is
0.075 keal kg'K™, then what will be its atomic
weight? [Given, R =2 cal mol K™

Argon is a monoatomic gas, so

(e =3R=zx 2=3cal mol™ 'K*
2

2
Cy = Mcy
= M= C_V_. —3—- =
cy 0.075

Name an experimental evidence in support of
random motion of gas molecules.

Brownian motion and diffusion of gases provide
experimental evidence in support of random motion of
gas molecules.

11.
Sol

12.

Sol

13.

Sol

14.

Sol.
15.

Sol

What is mean free path of a gas?

The average distance travelled by a molecule between

two successive collisions is known as mean free path of
the molecule.

How is mean free path depends on number
density of the gas?

The mean free path is inversely proportional to the
number density of the gas.

Calculate the ratio of the mean free paths of the
molecules of two gases having molecular
diameters 1 A and 2 A. The gases may be
considered under identical conditions of
temperature, pressure and volume.

[NCERT Exemplar]

As, we know, mean free path, Ae= ;—2

Given, d, =1Aandd, = 2A

= A ihy;=4:1

If a molecule having N atoms has k number of
constraints, how many degrees of freedom does
the gas possess?

Degree of freedom, f = 3N - K.

If there are f degrees of freedom with n moles

of a gas, then find the internal energy
possessed at a temperature T.

For 1 mole with f degrees of freedom,

Internal energy, U =1xC, =T =%RT

For n moles, Us=snC, T= iRT
2

SHORT ANSWER Type Questions

16.

Sol.

17.

Equal masses of monoatomic and diatomic
gases are supplied heat at the same
temperature, pressure and volume.

If same amount of heat is supplied to both the
gases, which of them will undergo greater
temperature rise?

For monoatomic gas, temperature rise will be greater
because monoatomic gas possesses only translational
degree of freedom whereas diatomic gas translation,

rotation and vibrational (at higher temperature), so
temperature rise for diatomic gases is lower.

At room temperature, diatomic gas molecule has
five degrees of freedom, at high temperature. It
has seven degrees of freedom, explain?



Sol.

18.

Sol.

19.

Sol.

20.

Sol.

At low temperature, diatomic gas has three translational
and two rotational degrees of freedom, so total number of
degrees of freedom is 5.

But at high temperature, gas molecule starts to vibrate

which give two additional degrees of freedom iLe. 7.

Calculate the number of degrees of freedom in

15 em® of nitrogen at NTP.

Number of nitrogen molecules in 22400 cm® of gas at

NTP = 6.023x 107

. Number of nitrogen molecules in15 em®of gas at NTP
_6.023% 107 % 15

22400

Number of degrees of freedom of nitrogen (diatomic)
molecule at 273K =5

. Total degrees of freedom of 15 cm® of gas
=4.03% 10" % 5
= 2.015% 107

= 403x 10

A diatomic gas is heated in a vesselto a
temperature of 10000 K. If each molecule
possess an average energy E,. After sometime, a
few molecule escape into the atmosphere at
300 K. Due to which, their energy changes to

E,. Calculate the ratio of E, .
2

Number of degrees of freedom of diatomic gas at
10000 K =7.

Number of degrees of freedom of diatomic gas at
IOK =5

E 1'I‘:BTI
L_\2 7 T, 7 10000 140

—_—_——_— = — W — = — —_——

- =
E, (E]kst 5T, 5 300 3

What will be the internal energy of 8 g of

oxygen at STP?

Oxygen is a diatomic gas.

Number of moles of O, gas
Atomic wt. _ 8

~ Molecular wt. 32
= l— =0.25
4
- Energy associated with 1 mole of oxygen
U=2RT
2
- Internal energy of 8 g of oxygen

=025%2RT
2

=1].25><E>< B31x 273 =14179]
2

21.

Sol.

22,

Sol

23.

Give a formula for mean free path of the
molecules of a gas. Briefly explain, how its
value is affected by (i) change in temperature
and (ii) change in pressure.

As, we know that the value of mean free path of the

molecules of a given gas is given by
1

A=
JZJ‘I nd*

Here, n= number of gas molecules present in unit

volume of given gas and d = molecular diameter.

(i) Effect of temperature As temperature of a gas is
increased at constant pressure, volume of gas
increases and hence n, the number of molecules per
unit volume decrease. In fact

Mean free path,

nel andVeeT,
v

Thus,

e —

T
Due to decrease in molecular number density, the
value of mean free path of the gas increase ie.

1
hec—o T Thus, pressure remaining constant, the
n

mean free path of a gas is directly proportional to its
absolute temperature.

Effect of pressure At constant temperature, on
increasing pressure, the volume V decrease, the

(ii)

molecular number density =n increases and
consequently, the mean free path decreases
1
iLe = —e
T
. 1
-
n
1
or Ao —
P

Thus, at a constant temperature, the mean free path
of a gas is inversely proportional to its pressure.

What is basic law followed by equipartition of
energy?

The law of equipartition of energy for any dynamical
system in thermal equilibriom, the total energy is
distributed equally amongst all the degrees of freedom.

The energy associated with each molecule per degree of

freedom is lkBT, where k is Boltzmann’s constant and
2
T is temperature of the system.

Explain qualitatively, how the extent of
Brownian motion is affected by the

(a) size of the Brownian particle,

(b) density of the medium,

{c) temperature of the medium,

{d) viscosity of the medium? [NCERT)]



Sol. The effect of the various factors on the Brownian motion 27.
is as follows

Factors Effects

(a) Decrease in the size of the Increase of Brownian
Brownian particle. motion.

Sol.
(b) Decrease in the density of Increase of Brownian

the medium. motion.

(c) Increase in temperature of Increase of Brownian
the medium. motion.

(d) Increase in viscosity of the Decrease of Brownian
medium. motion.

24. Calculate the mean free path of a molecule of a
gas at a room temperature and one
atmospheric pressure. The radius of the gas
molecules (avg) is2x10™°m?

Sol. Given, T = 27°C = 273+ 27 = 300K,

P =1atm=1.01x10°N/m*
d=2x2x10""m=4x10""m
. Mean free path, A = KT /w/_ndzp
= 1.38 X107 x 300
" 1414 x3.14(4 x10° 1,013 x10°

=575%10"m

25. Although velocity of air molecules is very fast 28.
but fragnance of a perfume spreads at a much
slower rate, explain?

Sol. This is because scent vapour molecules do not travel
uninterrupted, they undergo a number of collisions and
trace a zig-zag path, due to which their effective
displacement per unit time is small, so spreading is at a
much slower rate.

Sol.

LONG ANSWER Type I Questions
26. Calculate the temperature atoms at which rms
speed of Argon gas is equal to the rms speed of

Helium gas atoms at —10°C? (Atomic mass of Ar
=399 u, that of He = 4u)

Sol  As we know that, V, = 1’%
Thus, e AP =
— ’ T ’ The
My, 29
=7 TH, =273-10 = 263K
M,, =399u, My, =4u

Thus, T o 23 Sol
399 4
263 %399
Ty = ———= 262343K

If one mole of a monoatomic gas is mixed with
three moles of a diatomic gas. What is the
molar specific heat of mixture at constant
value? [Take, R = 8.31 Jmol K|

3
Given, for monoatomic gas, 1, =1, Cv. = ; Rand for a
diatomic gas, i, =3and C,, = -;- R

~.Total heat energy required to raise the temperature of
mixture by AT.

AU =y, Cy AT +p, Cy, AT
Au=|x3RAT+3x3RAT=9RAT i)

Let C,, be the molar specific heat of the mixture at
constant volume and as total number of moles of
mixture.

W =1+3=4
. Heat energy required
AU =, Cy AT
= AU =4Cy AT ..(ii)
From Egs. (i) and (ii), we have
9RAT =4 Cy AT

- AC,. =%R=2.25R

A cylinder of fixed capacity contains 44.8 L of
helium gas at STP. Calculate the amount of heat
required to raise the temperature of container
by 15°C?

[given R = 8.31] mol~'K™']

At STP, 1 mole of gas occupy 22.4 L of volume.

448
~. Moles of helium in container, u = a = 2moles

3
Now, helium is monoatomic, so, Oy = =R
2

Change in temperature,

AT =T,-T,=15"C=15K
s Volume of gas remain constant

AW =pAV =0 = AQ=AU + AW
Amount of heat required, AQ = AU =puC AT

3
=2)(3R>¢15=45R
=45x831=1374]

A gaseous mixture contain 16 g of helium and
16 g of oxygen, then calculate the ratioof C,/C,,

of the mixture.

16
Moles of helium (py, )= T= 4

1 1
Moles of oxygen ( j=—==
ygen (Mg, 3 %



30.

Sol.

31

As helium is monoatomic, so degrees of freedom of
: _ _f,_3
helium, f =3 so C"m -;R— ;R

As oxygen is diatomic, so degrees of freedom of oxygen,
f =530

Lr3
CVu, -;R-;R
c _lluerH, "’Moz(—‘vol
b ”u:“'l‘o,
4x1R+-1-x£R 29
=_2_IZ_2_=_R
g+l 18
2
c
y=—t [of mixture)
Cv
Y miare =1 + R =l+2%=162
V mixware - R
18
[asC,-Cy =R]

Three moles of a diatomic gas is mixed with
two moles of monoatomic gas. What will be the
molecular specific heat of the mixture at

constant volume? [given, R = 8.31) mol K™

; . 5
For a monoatomic gas, i.e.y = 5

By conservation of energy,
= 1l + iy,
Hy + ],

Cy

3 3
2><-2-R+3><-£R-3R+7.5R

2+3 5

=21R

What will be the mean free path of nitrogen gas
at STP of given diameter of nitrogen molecule
=242

Sol. Given, diameter of nitrogen molecule, d = 2 A

=2x10""m
At STP, one mole of gas (or 224 L) of gas have
N, =6.023x 10® molecules

. Number density of nitrogen molecules

po Na___6023x 107
224L 224%x10"°m’
2. Mean free path of nitrogen at STP condition,

A=
Jznnd2

A

=269% 10¥m™

1
1.414 X 3.142 % (2.69x10%)x (2x 107"
=21% 107 m

LONG ANSWER Type II Questions
32. Abox of .00 m® is filled with nitrogen at

Sol.

1.50 atm at 300 K. The box has a hole of an area
is 0.010 mm?* How much time is required for
the pressure to reduce by 0.10 atm, if the
pressure outside is 1 atm. [NCERT Exemplar]

Given, volume of the box, V =1.00 m*
Area, a = 0010mm? = 10 m?

N, gas
p=1.5atm () Hole

T=300K

Poutsidge = 1atm

Temperature outside = Temperature inside

Initial pressure inside the box = 1.50 atm.

Final pressure inside the box = 0.10 atm.

Assuming,

v = Speed of nitrogen molecule inside the box along
x-direction.

n, = Number of molecules per unit volume in a time
interval of At, all the particles at a distance (v, At) will
collide the hole and the wall, the particle colliding along
the hole will escape out reducing the pressure in the
box.

Let area of the wall is A, number of particles colliding in
time, At

= l;n,(v“Al)A

1
5 is the factor because all the particles along x- direction

are behaving randomly. Hence, half of these are

colliding against the walls on either side.

Inside the box, v + v,ﬁ, +vi=vi,
2 vtlms

= \;“=T

If particles collide along hole, they move out. Similarly,
outer particles colliding along hole will move in.

If a = area of hole



Then, net particle flow in time,
3k, T
m

1 kT
At =—(n, —n,)~2—Ata [ .
2 m
[Temperature inside and outside the box are equal]
Let n=number of density of nitrogen

aniNi o PN, B ]
V.  RT V. RT|

Where, N, = Avogadro’s number
If after time At, pressure inside changes from p to p;
7 S p;NA
5T
Now, number of molecules gone out = n,V —n/V

=Ly — )52 Ata
2 m

N, [T

PN PN 1
B Ay D _Ay=_(p - Ata
Z(Pl Pz)RT

RT RT
A z(u)l {L
p—pa)a\kgT
Putting the values from the data given,
At 2(1.5-1.4\ 1100 ’ 467 x1077
1.5-1.0)001x107 Y138 x107* x 300
= §x3.358xw‘ - %xlo’ =1.343x10°s

33. (i) Define mean free path.
(ii) Derive an expression for mean free path of a
gas molecule.

Sol. (i) The mean free path of a gas molecule is defined as the
average distance travelled by a molecule between two
successive collisions.

Ay b2 As ds

A3

According to figure, if a molecule covers free path
Ay, dy, Ay o after successive collisions, then its mean
free path is given by
= Ay #hy +hy oo
(total number of collisions)
(ii} Refer to text on page 476.

34. (i) What do you understand by specific heat

capacity of water?

(ii) If one mole of ideal monoatomic gas (y =5/3)
is mixed with one mole of diatomic gas
(y =7/5) What is the value of y for the
mixtures?
(here, y represents the ratio of specific heat at
constant pressure to that at constant volume)

Sol (i) Refer to text on pages 475 and 476.

(ii) For monoatomic gas, Cy = %R

For diatomic gas, Cy, = % R

Let, i and p* be moles of mono and diatomic gases
then, CV (mixture) = ll_Cv*‘ll_Cv

p+u
1x2R+1x2R
CV=#=2R
1+1
R R
mixture) =1+ ———=1+—=15
¥ ( ) R

V (mixrure)

35. Estimate the mean free path and collision
frequency of a nitrogen molecule in a cylinder
containing nitrogen at 2.0 atm and temperature
17°C. Take the radius of a nitrogen molecule to
be roughly 1.0 A. Compare the collision time
with the time, the molecule moves freely
between two successive collisions

(molecular mass of N, =28.0u). [NCERT]

Sol. Let nbe the number of molecules per unit volume of the
gas. Now, pV = NkT, where N = number of molecules
in volume V of the gas

N_»
V kT
Here, p=2x 1.01x 10° N/m* k=138x 1072 J /K
T=273+17=290K
2% 101X 10°
T (1.38% 10°2) x (290)
=5.05% 10” molecules/m®
Mean free path,

n=

1

A=
41!«72 r'n

Here, r=10A = 10% 107" m,
n= 5.05% 10" molecules/m*
B 1
T any2 x (L0x 107°) x 5.05% 10°

A=111% 107 m

fSRT =J3K 8.31x 290 = 508.14 m/s

Now,v__=
™Y M 28% 107

~ Collision frequency,

PR 508.14
Aoo111x 107

= 458 % 10° collisions/s



S 58] YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1. A molecule moving along a straight line possess ....
degree of freedom.

{a) one {b) two {c) three {d) four
2. The value of y for a diatomic molecule (vibrational
mode) is
9 7 7 5
= by = = d) =
(a) - (b} 5 (c) s (d) -

3. During an adiabatic process, the pressure of a gas is
found to be proportional to the cube of its

temperature, The ratio of —Z for the gas is

Cy
4 5 3
- by 2 = d) =
@ 3 (b) © 3 @ 2
4. The value of C,, for solids is
(a) 3R (b) 2R
(c) 4R (d) 3/2R

5. As temperature tends to zero i.e., T — 0
(a) specific heat of all substances approaches zero
(b) specific heat of all substances approaches infinity
(c) specific heat of all substances may be zero or
infinity
(d) None of the above
6. We took two separate gases with the same number
densities for both. If the ratio of the diameters of
their molecules is 4 : 1, then ratio of their mean free

paths is
{a) 1:4 (b) 4:1 ic) 2:1 id) 1:16
Answer
1. (@ 2. (a) 3 (d) 4. la) 5. (a)
6. (d)

VERY SHORT ANSWER Type Questions
7. What is the value of degree of freedom for a diatomic
rigid rotator (which do not show vibrational mode)?

8. The speed of gas molecule is around the speed of
sound, so why gas takes considerable time to diffuse?

9. If the formula of mean free path is considered to be

ldz, then find the condition for this

ni

as I =

particular formula.

10. Which type of gas when the value of y for a gas is % ?

1l. Why diatomic molecule contributes only two
rotational degrees of freedom?

SHORT ANSWER Type Questions
12. What is the value of degree of freedom for a rotating
fan?
13. Find the value of degree of freedom for a cricket ball
in projectile motion.
14. Find the value of specific heat capacity for solids.

15. Calculate the value of specific heat capacity for one
mole of water in J/kg.

[Ans. 75 J/kg , for 1 mole]
16. Does, C, - Cy =R, is applicable for any type of gas

whether it is mono, di and polyatomic? Discuss it in
brief.

LONG ANSWER Type I Questions

17. Describe law of equipartition of energy with the
help of two examples.

18. Estimate the value of v for (i) monoatomic,
(ii) diatomic and (iii) polyatomic gases.

19. Calculate the mean free path and collision frequency
of a nitrogen molecule in a cylinder containing
nitrogen at 2 atm and temperature 17°C. Take the
radius of a nitrogen molecule to be roughly 1.0 A.
Compare the collision time with the time, the
molecule moves freely between two successive
collisions. Molecular mass of N, = 28.0u.

[Ans. 500 times]

20. Explain the concept of absolute zero temperature on
the basis of kinetic theory of gases.

21. Three vessels of equal capacity have gases at the
same temperature and pressure. The first wessel
contains neon (monoatomic), the second contains
chlorine (diatomic) and the third contains uranium
hexafluoride (polyatomic). Do the vessels contain
equal number of respective molecules same in three
cases ? If not, in which case, v, is largest?



LONG ANSWER Type 1l Questions 23. Four moles of an ideal gas having y = 1.67 are mixed

22, Estimate the average thermal energy of a helium mm 2 moles of another id?al gas having y= 1.4,
atom at Find the value of y for resulting mixture of gases.

(i) room temperature 27°C, [Ans. 1.54]

(ii) at 10°* K and 24. Calculate the change in internal energy of 3 mole of
(iii) at 5000 K neon gas when its temperature is raised by 20°C.

[Ans. (i)[6.2x 107" J](ii)[ 2.1x 107" J] ( Take, R = 8.31] mol 'K ?) [Ans. 7.48 ]

(iii) [10.5 % 107" J)

SUMMARY

= Behaviour of gases Gases at low pressure and high temperature much above that at which they liquify (or solidify), follow a
relation.

pV
V = NKgT of — = kg = constant
p ol =t
For different gases, — = —===—=... =k = conslant where, kg = Boltzmann’s constant and its value in SI unit is

138 x 1072 J/K.

= Boyle's law It states that for a given mass of a gas at constant temperature, the volume of that mass of gas is inversely

proportional to its pressure.
1

i.e Voo =
p
= Py = poVs = pal... = constant
= Charles’ law It states that for a given mass of an ideal gas at constant pressure, volume (V' ) of a gas is directly proportional to

its absolute temperature T
ie. VeT

V,
= —‘=ﬁ-=!1...=constam

h & T

= Dalton’s law of partial pressure It states that the total pressure ‘of a mixture of non-interacting ideal gases is the sum of
partial pressures exerted by individual gases in the mixture.
ie. P =P+ o+ Pat.
Dalton’s law, P =Pyt Do+ Pat...

= Graham's law of diffusion It state that the rate of diffusion of a gas is inversely proportional to the square root of its density.
1
[ ==
W
where, r =rate of diffusion and p = density of the gas.
= Kinetic theory of ideal gas Kinetic theory of gases is based on the molecular theory of matter. It correlates the macroscopic
properties like pressure and temperature of gases to microscopic properties like speed and kinetic energy of gas molecules.
= Root mean square speed The square root of average of square velocities of gas molecules is known as root mean square
speed. Itis abbreviated as v,
Root mean square speed, V, = %
where, m =mass of one molecule
kg =Boltzmann’s constant and T = absolute temperature of the gas.



Mean square velocity The average of square velocity of the gas is known as mean square velocity. It is abbreviated as
-2
V= (o)

Most probable speed The approximate speed with which maximum number of gas molecules move is known as most
probable speed. The most probable speed is abbreviated as v, and given by
iy 2l
™ " \m

Average speed The average speed of ideal gas molecules is given by

o VitVotvat.. .V _ W
o 2 \ m
Degree of freedom The total number of coordinates axes of independent quantities required to describe completely the
position and configuration of dynamical system (gaseous) is known as number of degrees of freedom of the system. It is
represented by f and expressed as

f=3N-K
where, N is the number of particles and K is number of coordinates of the particles.
Law of equipartition of energy For a dynamic system in thermal equilibrium, the total energy is distributed equally amongst
all the degree of freedom and the energy associated with each molecule per degree of freedom is
%k,,r.
where, f =degree of freedom, N = number of particles and K = number of coordinates of the particles

Molar specific heat of gases The molar specific heat of gases is the heat given per mole of the gas per unit rise in the
temperature. Molar specific heat has two kind
(i) Molar specific heat constant volume

AQ f
C,=l—| orC,==R
% ( AT )V C=3
(i) Molar specific heat at constant pressure
Relation betweenC, and C, is given by

7 1(AA
Cp =CV+RO(C‘, =(5+1)R =;(E]P

Mean free path It is the average distance between two successive collisions of a gas molecules and is given by
N
Prd’n

where, d = diameter of a molecule and n = number of molecules per unit volume.
It is also called the number density of the molecules.



CHAPTER
PRACTICE

OBJECTIVE Type Questions

Temperature remaining constant, the pressure of
gas is decreased by 20%. The percentage change
in volume

(a) increases by 20%
(c) increases by 25%

(b) decreases by 20%
(d) decreases by 25%

The internal energy of an ideal gas is in the
form of

(a) kinetic energy of molecules

(b) potential energy of molecules

(c) Both kinetic and potential energy of molecules
(d) gravitational potential energy of molecules

According to the kinetic theory of gases, the
temperature ofa gas is a measure of average
(a) velocities of its molecules

(b) linear momenta of its molecules

(c) kinetic energies of its molecules

(d) angular momenta of its molecules

An inflated rubber balloon contains one mole of
an ideal gas, has a pressure p, volume V and

temperature T'. If the temperature rises to L1T,

and the volume is increased to 1.05 V, the final
pressure will be [NCERT Exemplar]
(a) L1p

(c) less than p

®) p
(d) between p andl.1

At what temperature the kinetic energy of gas
molecule is half of the value at 27°C?
(a) 13.5°C (b) 150°C (c) 75K (d) -123°C

The two gases with the ratio 3 : 2 of their
masses in a container are at a temperature T.
The ratio of the kinetic energies of the molecule
of two gases is

(a) 3:2 (b) 9:4

(c) 1:1 (d) 4:9

The ratio of the molar heat capacities of a
diatomic gas at constant pressure to that at
constant volume is

(a) (b)

(c) (d)

MW
i |w

8.

The gases carbon monoxide (CO) and nitrogen
(N,) at the same temperature have kinetic
energies E, and E,, respectively. Then,

(a) E, =E,

(b) E, >E,

(c) E, <E,

(d) E, and E, cannot be compared

The total energy for one mole of solid is
(a) 2RT  (b) 3RT () 4 RT  (d) 3/2RT

ASSERTION AND REASON

Direction (Q.Nos. 10-14) In the following questions, two
statements are given- one labelled Assertion (A) and the other

labelled Reason (R). Select the correct answer to these questions
from the codes (a), (b), (c) and (d) as given below

10.

12.

13.

(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.

(d) Assertion is false but Reason is true.

Assertion Molecules attract when they are little
distance apart and repels when they come very
close to each other.

Reason F = -ﬂ
dr

Assertion In gases, the molecules move faster

and move long distances without colliding.

Reason In gases, the interatomic forces are
negligible.

Assertion The total translational Kinetic energy
of all the molecules of a given mass of an ideal
gas is 1.5 times the product of its pressure and
its volume.

Reason The molecules of a gas collide with
each other and the velocities of the molecules
change due to the collision.

Assertion A gas can be liquified at any
temperature by increase of pressure alone.

Reason On increasing pressure, the
temperature of gas increases.



14. Assertion Internal energy of an ideal gas does
not depend upon volume of the gas.
Reason Internal energy of ideal gas depends on
temperature of gas.

CASE BASED QUESTIONS

Direction (Q. Nos. 15-16) These questions are case study
based questions. Attempt any 4 sub-parts from each question.
FEach question carries 1 mark.

15. Law of Equipartition of Energy
For a dynamic system in thermal equilibrium,
the total energy is distributed equally amongst
all the degree of freedom and the energy
associated with each molecule per degree of

freedom is %kBT

where, kg = 1.38x 10~ **JK™ ! is Boltzmann

constant and T is absolute temperature of
system on the kelvin scale. For a monoatomic

gas in thermal equilibrium at temperature T, the
average value of translational energy of the
molecule is

- o))

Translational energy of the molecules,
3
(E, > = EkBT

(i) Law of equipartition of energy is used to
(a) predict the specific heats of gases
(b) predict the specific heats of solids
(c) Both (a) and (b)
(d) Neither (a) nor (b)
(ii) Diatomic molecule (rigid rotator) has
(a) 3 translational degrees of freedom

(b) 2 rotational degrees of freedom
(c) Both (a) and (b)

(d) All of the above
(iii) Choose the correct option.

(a) Each translational mode contributes 15 kgT

average energy.
(b) Each rotational mode contributes 12 ky T

average energy.
{c) Vibrational mode contributes k ;T average
energy.

(d) All of the above

(iv) Molecules of CO at moderate temperature

have energy
7 5
(a) ;ksT (b) ;kBT
3 1
(c) =k,T d) —kgT
! @35

(v) The mean Kinetic energy of one mole of gas
per degree of freedom (on the basis of kinetic
theory of gases) is

(@ =kT ®) 2kT
2 2
3 1
—RT d) —RT
(c) 5 (d) >
16. Collision
A molecule of gas collides with the wall of a
container elastically.
4
m
Vo v Vo;’\
>
Y, ('Vx~ Vy- VZ)
o

As collision is elastic only the x-component of
the velocity changes after collision. It become
reversed y and z-components of velocity do not
change.
(i) Momentum imparted to the wall due to
collision of the molecule is
(a) 2mv, (b) 2mv, (c) 2mv_(d) mv,

(ii) The total momentum imparted to the wall in

time At on the area A of the wall due to
molecules of velocity v, is

(a) nmvi AAt (b) nmv, A At
(©) %nrnv: AAt (@) %nm v, AAt

(iii) The expression of pressure due to the
collision of molecules of velocity v, is

(b) nmv;
(d) %ﬂnw2

(a) nmv’

(c) nmv, x

(iv) The expression of total pressure to the group
of molecules having velocities along the X-
axis is
(a) nmv? (b) nmv?

(c) nmv? (d) None of these



(v) The general expression of pressure due to a

gasis
1 -3 1 =2
(a) 2mﬂv (b) jﬂmv
{d) None of these
where, v* is mean of the square speed of a

molecule.

(c) nmv

Answers
1. (g 2. (a) N (e} 4. (d) 5. (d)
6. (o) 7. (d) 8 fa) 9. (b) 10. (a)
1. (a) 12. (h) 13, (d) 14, (b)
15. () (g} (i) (< (i) (d (i) {a) (v} (d)
16. (i) (b) (i) (a) (i) (B) (i) (b ) o)

VERY SHORT ANSWER Type Questions

17.
18.

19.
20.

21.

22.

23.

Can an ideal gas be really obtained in practice?

Write the rms speed of molecules of a gas in
terms of its pressure.

How rms speed of a gas vary with temperature?

Mention two conditions under which the real
gases obey the ideal gas equation.

Smell of a scent spreads in whole room when
few drops of it are poured on the table. Which
phenomenon is responsible for it?

Name the factors on which degree of freedom
of a gas depends.

What is the value of y to monoatomic gas?
[Ans. 1.67]

SHORT ANSWER Type Questions

24.

25.
26.

27.
28.
29,

Draw p-V curves showing deviations from ideal
behaviour for a given mass of a gas for two
different temperatures.

What is Brownian motion?

Why does specific heat of gases increases with
their atomicity?
R

For an ideal gas, show that, C P Cy = 5

What do you understand by degree of freedom?
What is the rms speed of hydrogen gas
molecules at STP. Given, density is 0.09 kg m~3.

[Ame 1 Ry 10% me™11

30.

Why temperature less than 0 K is not possible?

LONG ANSWER Type I Questions

31.

32.

33.

34.
35.

36.

37.

Calculate the temperature at which the rms

speed of CO, gas molecule will be 1 kms™.

Given that molecular mass of CO, =44 u
[Ans.18 x 10° K]

What is the kinetic energy of translation of one
molecule of a gas at 300 K ? Gas is having three
degree of freedom. ky = 1.38x 107 JK™.

[Ans. 621x 107'])

State Charles’ law, obtain it from kinetic theory
of gases.

Establish ideal gas equation.

From kinetic theory of gases, can we obtain
ideal gas equation? If yes, how?

State Dalton's law of partial pressure. Obtain it
from kinetic theory of gases.

One mole of a monoatomic gas is mixed with
three moles of a diatomic gas. What is the
molar specific heat of the mixture at constant
volume. (R = 8.31 Jmol™ K™)

[Ans. 2.25 R

LONG ANSWER Type 11 Questions

38.

39.

40.

41.

42,

Calculate the mean free path of nitrogen gas at
STP. Given the diameter of nitrogen molecule is
4A [Ans. 5% 107 m]

What are the postulates of kinetic theory of
gases? What will be expression for the pressure
exerted by an ideal gas ?

Using the law of equipartition of energy, show
that for an ideal gas having fdegree of

freedoms is gi\l'EI:l byy=1 -I-Za"ﬁ -

What is Maxwell Boltzmann law with regard to
speed distribution amongst molecules, state and
explain?

What is the difference between atomic mass
and atomic weight? Also, state what is the
difference between NTP and STP.





