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“'Van der Waals Equation of State

neglected in comparison with the volume of the gas. Also, at high
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UNIT - Il

HEAT

Specific Heats
Heat is a form of energy. This energy is connected wig Mofjy,

of molecules. Accordmg to Kinetic theory.
1. Matter is made up of molecules,
2. Molecules are in rapid motion and

3. Molecules experience forces of attraction between one anothe,
;.
In cases of gases, the inter molecular distances are much largey
than that of a solid or a hqmd Also the molecules of a gas are free
to move about in the entire space available to them. Hence a gag '
has no shape or size.

REAIT T S R

While deriving the prefect gas equation PV = RT on the basis'

of kinetic theory, it was assumed that (i) The size of the molecule!

of the gas is negligible and (ii) The forces of inter-molecula
attraction are absent. But in actual practice, at high pressure, th

size of the molecules of the gas becomes significant and cannot b

pressure, the molecules come closer and the forces of intermolecula
attraction are appreciable. Therefore, correction should be applied |

to the gas equation.
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(i) Correction for Pressyy,.

molecule i i i
A le in the Interior of a gas experiences force of

- attraction in all directions and the resultant cohesive force is zero.

A molecule near the walls of the container experiences a resultant
force inwards (away from the wall), Due to this reason the observed
pressure of the gas is less than the actual pressure. The correction
for pressure p depends upon (i) the number of molecules striking
unit area of the walls of the container per second and(ii) the number

3 .of molecules present in a given volume. Both these factors depend
on the density of the gas.

Correction for pressure p o p? o 1//y2
P = alv?
Here a is ‘a’ constant and V is the volume of the gas.

Hence correct pressure.

a
R ) P+Vz

Where P is the observed pressure.

(ii) Correction for volume

. The fact that the molecules have finite size shows that the
actual space for the movement of the molecules is less than the
ume of the vessel. The n;olecules have the sphere of influence
ur d them and due to this factor, the correction for volume is b.
b is approximately four times the actual volume of the
les. Therefore the corrected volume of the gas = (V-b).

A




Let the radius of one molecule be ‘r’. W 1
The volume of the molecules = x = 4/3nr’

The centre of any two molecules can approach each oﬂ;
24 . : ‘ : °r
only by a minimum distance of 2r ie., the diameter of each mole"lﬂe
The volume of the sphere of influence of each molecule, !

S = 4/3n(2r)’ = 8x

Consider a containe volume V. If the molecules are allowgq t

enter one by one,

The volume available for first molecule =V

Volume available for second molecule =V -8
Volume available for third molecule =V -28
Volume available for n™ molecule =V-(n-18

Average space available for each molecule

VR -8) ¢ (V38 L (V- (n-1)8})
n
L R R A +(n— 1))
n
=V——S— (n—Dn
n 2
nS




=V _

5 (But S = 8x)

n(8x)
2

=v_

=V - 4(nx)
=V-b

, :b = 4(nx) = four times the actual volume of the molecules

(V-b)=RT - (i)

,.“/3 and b are Van der Waals constants.

) ﬂw V;nwcier Waals equation of state

i et




Critical Constants 4
The critical temperature and the corresponding ,,“‘%
pressure and volume at the critical point are called the

stants At the critical point, the rate of change of pms‘::t“
volume is zero This point is called point of inflexion. ko N

According to Vander Waals equation

a
P+— -b =R -G
T (V-b) ()
= RT a i
vo) v S

Differential P with respect to V

P _ KT 2. U
dv  (V-bp - G

At the critical point dP/dV = - AR
;i Ry A




ﬂnﬁalequaﬁon(ﬁn

d’p 2RT %
‘ jave, " b)’
= ()
= TC
= VC
= () ;
= TC
= VC
2RT,
(Vc b))’
V(: =h-
— 3h .

)

= (vi)
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Substituting the value of | : e

\Y

¢ =3binequation (iv)
2a RT

27b? 4b?

8a ;
TC gl sk
- 27Rb 4,

‘._‘-';'.H‘ . 0 S { . ' ‘ 1 . IA [ ii ' ‘%
- Substituting these value of V and T in equation (ii)
i el

. 2TRbZb) - 907

u

!

Is constants




Gl

ding (i) by (ii

Pc 27Rbu X ha
8b
R
RT
b - _E :
8P, .
ol R(8a).27b

R

P.V.  27Rba(3b)

BL. _
PV, 3 -

antity RT /PN . is called the critical coefficient of gas

ilated value = 8/3 and it is the same for all gases.

.

atmospheres
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=
m’ atmos K

07¢
R 82 72

27 R
w7 L.

=

(i)
(82.07)2 (lgz)i
a i })4” T g -

_ 1331 % 10¢ atmos cm®

RT

"

iy P 2P,

i

82,07 x 132
v ~ Tgx372
=136.41 cm’

: }Ke’s Disc Method - Determintion of the Therm

(F
@Conductivity of bad Conductor
4




63

T 1%
he thermay conductivity of a bad conductor like ebonite

. canbed i : e
i etem-uned by using Lee’s disc method. The experimental
- arrangement is as shown ip figure.

Description of apparatus

A is a thick brass disc. It is suspended in a stand using three
strings. ‘Over this an ebonite disc is placed. The diameter of this
ebonite disc is the same as that of brass disc A. B is a cylindrical
steam chest and its lower part is thick. The steam chest is placed
over the ebonite disc. The diameter of the chamber is as that of
ebonite disc. There are two opening in the steam chamber. Through
| the opening in the upper part, steam is passed and the steam come
out through the opening in the lower part. There are holes in the

- steam chamber and also in the brass disc A. Thermometers T, and
. T, are inserted through the holes.

. Experiment _

- Steam is passed through the steam chamber. The heat is
";' conducted from the steam chamber to brass disc through the ebonite
di_s;;vDue_ to-this the temperature indicéted by T, and T, increases.
After some time, there will be no increase in the temperature. Now

_itis in the steady state. The steady temperature 6, and 92 are noted.
lf d is the thickness of the ebnoite disc, the temperature gradient
s =(61 %5 az)/d‘_ i y

If rlsthe ¥adius of the ebonite disc, the area of the ebonite



emoved and the brass disc is it P

ponite dis¢ isr
ed by T, INCICRSER When g,

, Now thee
 heated. 'fhe temperature indicat
' Bt 10)°C, the

. témperaturé reaches (9,

‘ is placed over the brass dis
| aches (8, + 5)°C, a stop clock i &

degree fall of temperaturs £

es (6,—5)°C.

steam chamber is removyey
c and it is allowed, £

The ebonite disc

cool. When the temperature re
s recorded for each

he temperature reach

started. Time i
continuously until t

axis .and the

y taking the time in X-
L will be as shown. In figure. At
g is calculated from the

A graph is drawn b
perature at Y - axis. The grapl
y tempera ture, the rate of coolin

‘tem
the stead
graph.

Rate of cooling R = d0/dt
; Let M be the ‘mass of the brass disc, t be thickness o.fthe dise
and S be the specific heat capacity of the material of the dise.

e

g steady state, quantity of heat lost by radiation Pﬂ‘
e flat surfaces and one curved surface of the bmgld}gg

le.
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rature

Te

8,+172

6,—172

Hence the quantity of heat lost only one flat surface and curved

}surface.

MSR(xr? + 231) - MSR 132
(2) |

<) |

2 il - ‘ » Corwrs |
(2 + 2t) (r+26) (2r + 21) ot
:

At the steady state, the quantity of heat conducted through the |

ebonite disc is equal to the quantity of heat lost per second by the |

brass disc.

knr¥(6,-6.) MSR (r + 21t)
di (2r+29)

MSR d (r + 2¢t) o
3 K = - wm K7 -{
n*(2r + 2t) .

Lad

)

Using a screw gauge and Vernier calipers. the thickness oi the

" ebonite disc (d), the thickness of the brass disc () an. vadius of the

disc (r) can be measured. Hen
tivity of bad conductor can be calculated.

ce using.relation'(B). the thermai

- conduc

-
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33'01;1;— Thomson effect (Joule — Kelvin effect)

It a gas is allowed to expand through a fine hoje or

\

. ~ . . pQ
plug, so that it issues from a region at a higher Pressure ¢, k oy
at a lower pressure there will be a fall in temperature of t Bioy
provided the initial temperature of the gas is below g i ri%,

i

temperature. This phenomenon is called Joule - Thomson eff:n
L

e(:ma
{ . : : ; X
attraction. It is very important in the liquefaction of gases, 3

i ‘ \/Tlxeory

Consider a cylinder with non-conducting walls having 5 Poroy

Joule Thomson effect proved the existence of intep mo]

plug of a porous material like cotton, wool, etc. with a Numbey ¢
fine holes or pores in it. Consider two light frictionless Pistong A
and B on either side of the porous plug. Let us assume that the upj;
mass of high compressed gas is enclosed between the piston A gy

4 tl.le"‘porous plug. Let the volume of this gas be VI and the Pressure
be P.

Let the piston B be on the low pressure side of the plug and be
‘initially in constant with the plug. Due to this large pressure
differencethe gas flows through the pores and becomes throttle or
wire drawn. That is the molecules of the gas are further drawn
apart from one another. The piston A is slowly moved inward soas
to keep the pressure P, constant as the gas escapes. Similarly the
piston B will move slowly outward to keep the pressure n the other
side constant at P,: Let the volume of the gas be V, when it has
been completely expelled through the Plug to the low. pressure side.
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When the piston A has Pushed the gas
~_into the low pressyre side completely

through the plug an amount of work PV,
has been done o the 8as. When the gas
enters the low Pressure side and pushes
‘the piston B back an amount of work
P,V, has been done By the gas.

Network done by the gas is

N PZVZ" PV,

- (1)

No heat energy is supplied to the gas from outside since the
entire apparatus is thermally insulated. Also the piston A'is not
pushed by any €xternal agency. As the gas in the lower part issues
through the plug the piston A merely moves forward to keep the

pressure P, constant. So there is no supply of mechanical energy

- to the system from outside. Therefore the energy required for

doing the work W is drawn by the gas from its own internal energy
- content. If the internal energy of the gas below (Piston A side) is
. E, and the above (Piston B side) is E, we must have E, <E, so that
-~ the decrease (E, —E,) in the internal energy is equal to the energy
 used yp by the gas far doing the work W.

L P,V,-PV “(2)
iy o
El PN, = ,EZJTszz

E+PV = Constant J




6% : S
alled the total heat or S
the o

The quzmlit_v g+ PVISC .
gnit mass of the gas- porous plug experiment the ey dlpy- ;
at the expansion of the tl}al tq

: Bag ’i's o

ains constant

in the
s so th

the gas rem
iscntl‘mlpic process:
The internal energy E consists of two parts.
tic energy K.E. whose value depends
; S on,

{

oo The kine
e of the gas.

temperatur
2. The potential energy P.E. due to intermolecular fore
4 es‘
pends on the se
parat;
thn 0

potcntial energy de
e volume of the gas

The value of
the molecules and therefore on th

E £ KE +PE.

The internal energy of the gas below (Piston A side)

E - (K.E.), + (P.E),

1
The internal energy of the gas (Piston B side)
E, =(KE), T (P.E.),

Substituting the values of E, and E, in equation (2)

PV = ' | -
VY, [&E%+M£%M{&E)¥@EH:'
. J Bl
(K:E.}- )= ( V 10
s )+ (K.E),= (P,V; =P, JHIRE) S (P.E.)l]' -(3)
HKE =K i ‘ £ >
> K.E,, then there will be a decrease in Kinetic encrt

and | ' :
hence there will a decrease in temperat £ th -
‘ nperature O the gas:
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decrease in temperature is due to increase in the valie of PV

and /or due to the increase in the potential energy of the molecules

Case 1:

For a perfect, gas which obeys Boyle's law

PV, =PV

2 1 |

Further there are no intermolecular forces in a perfect gas w0
that

(PE.), - (PE), =0
Therefore (K.E.).—~ (K.E), =0

There will be no change of temperature or no cooling effect.

Case : 2
For a real gas, in which there are intermolecular attractive

forces, the potential energy increases when the molecules are pulled

® . < .
apart to greater distances during the expansion of the gas through

the porous plug.

: (1) Each gas has Boyle temperature T, at a which Boyle’s law is

obeyed That is the product PV is constant with respect to
s pressure at that temperature Below the Boyle temperature
.of: the gas, PV increases as P decreases (Provnded P, is not

- too high).




(i)

v.
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Therefore from equation (3), we get
(K.E), > (K.E),

Eence there is a decrease in kinetic energy of the P, e
consequent fall in temperature. R

Above the Boyle temperature of the gas PV decreases
decreases so that PN, <PV,

(KE), + (KE),=(PV, -P ,Vy) + [(P.E), - (PE. )]

Since (P,V, - P ,V,) is positive, the cooling produceq due ¢,
‘decrease of kinetic energy becomes less.

As the initial temperature of the gas is increased, the rate o
increase of PV with P becomes equal to [(P.E.), - (PE. )] so

that [(K.E.), - (K.E.),] = 0. At that temperature there Will be
no change in the temperature of the gas when it issues from

the porous plug. This temperature is called the inversiop
temperature of the gas.

If the initial temperature of the

gas is still higher, PV, - ;

P,V,) will be greater than

[(P.E), - (P.E.)] so that - I -
(EE) - (KE)] s : :
negative. Therefore there is an T:T.'
increase in the. kinetic energy ; T ',
of the gas and hence the P

temperature of the gas.
increases when it passes
through the porous plug.
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'Porous plug experiment
L —

The apparatus consists of a porous plug havin g two perforated

brass discs D_ ang D,. The space between them is packed with
cotton wool or silk fibers. The porous plug is fitted in a cylindrical
box wood tube which is surroy
wool (figure). This is done t
Surroundings. T,and T,

nded by a vessel containing cotton

0 avoid loss or gain of heat from the

thermometers and they me:

3\
n
e
-
(4]

'
o o

1€ temperatures of the incoming
The gas is compressed to 2 high pressured
with the help of the piston P and it is Passed through a spiral tube

maintained at a constant temperature. If

and the outgoing gas.

immersed in a water bath

there is any heating of the gas due to compression, the heat is

taken by the circulating water in the water bath.

The compressed gas is passed through the pomus plug. The
gas gﬁsthmtﬂed (wire drawn) due to cotton wool. Work is done
ﬂ:egas in overcoming inter molecular attraction. The

5
v
3
‘ 1
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, of the outgoing gas 18 measured with th
> 'Zl‘Cl‘.‘x... G \ e . i hel
stance thcrmmncim [,

> _T_Ti’.l‘.‘.lll Flads

()f‘a

¢ incoming gas is measured with th b
e
el

» of th
ossure of the outgoing gas is
equﬂ] ty -‘

, pressure gauge and the pr
the :umosp’m’rif pressure.

The behaviour of 8 large number of gases was studied at v
§

{ the gas and the results obtained are 2
\ v

nlet temperature ©

@ At sufficiency low temperatures all gases show a cogji

effect.
erature all gases expect hydrogen and hel;
Jum

() At ordinary temp
ydrogen shows heating instead of

show cooling effect. H

cooling at room temperature:

(x'ii)r The fall in temperature is directly proportional to the difference
n pressure on the two sides of the porous plugj

(iv) The fall m temperatufe per atmosphere difference of pressure
decreases as the initial temperature of the gas is raised. I

becomes zero as temperature and at a temperature higher than

this temperature, instead off cooling, heating is obseryed. This

arti -
:h lvcular. ten.lperature at which the Joule -Thomson effect
anges sign is called the temperatufe of inversion ‘

4

In the ca ' ' e ‘
se of hydrogen was observed at room telrllwl"‘t“rc-j

because it wa :

; use it was at a temperature for higher than its témpérawre.
Le ; ‘ ature ™
sion. The temperature of inversion for hydro gen s 80°Ca11
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for helium it IS ~258°C. If helium is pas

ssed through the porous plug
ata tcmpurature below the temperature of inversion shows a ¢

effect when it is passed through the porous

ooling
plug or a throttle valve.

In molecular which obeys Vanderwalls equations, the perssure
a/V? is equal to V.

Whenever the volume of gases increases from Vi tc V., the

2’
workdone opposes to the force betwenn the molecules is

Jv Pdv

a ] .
'.wl=Jvz——dV—a—-—— Vv, ,
s Y

Y

1 1 - a
T
Vz v, Wie Vs

"The volume of gases at low and high pressure is V and V, '

respectively, then external workdone by the gases.

w, = (P, V=P V) , (2)
Thereforce total workdone by gases

w = External work + Internal work

= w2_+ w,
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. From (4),(5)

. o 2a
IMC, 8T Prpﬁ_b)

8 s e

S 2

Casesv :

L (P,-P,)ispositive
2a

—

RT is positive, 8T also positive.

; 2a
Le 2> BOr T< ia
RT Rb

then the gas is cooled
ii. “8T” is at zero
2a
RP™ b=0
T =23

)
Rb

This is called temperature of increasing d
2a

1.e Ti”"-is

i,  “8T"isnegative.
- —-b isnegative
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@®

we know that whenever the tem
pel‘anl
| "

equatlon.
the gas would be heateq

From the above
> of mversion.

is higher than temperature

Liquefaction of Gases

lntroduction
‘me it was thoug

For a long til
at all temperatures- Gases lik

were termed

jght that air remains in the gase
g

e oxygen, nitrogen, hydroge,

gases. Freezing mixtyr
ur dioxide, ammonig

state
helium etc.,
could lique
hydrochlorrc
on C"O2 in 1862 s
can be liquefied by

liquefied above the critica
re may be. Below the cri

e the critical temperature itisc

as permanent

ogen sulphide, sulph
gh pressure. Andrew’s expeflmem

he critical temperature a gus
essure but it cannot be

ge the applied

fy chlorine, hydr
acid etc. under hi
howed that below t
mere application of pr
| temperature, however: lar
itical the gas is termed as vapour

- pressu
alled a gas.

artd abov

In.1877. Pictet liquefied by Cascade process.. was able

. ’-‘to lique Ke Ivin
to liquefy air in 1896 by Joule- effect. Using the prmctple of

~ Joule
T Kel‘“" effe"t hYdrogen and helium were also lrQueﬁed
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- Critical T
e emp, Boiling Point

co, £ - 78.6°C
Oxygen -118.8°C - 183°C
Nitrogen -146°C -195.8°C
Hydrogen = 29020 "2282.8°C
Helium -267.8°C -269.8°C

’ Liquﬁ?“io“ of Hydrogen

4 b Y

COMPRESS!ON
- PUMP’

Fa

240°C Lmde S ordmary apparatus used

temperat re _s =2
: ‘ annot be used for hydrogen because the
\«for hydrogcn is - 83° C ‘The gas must

S
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The original apparatus designed by Dewar (1898) Was j

later by Travers, Olszewski, Nernst and others (Fig_ 3.9, TTQWQ
complete insulation the whole apparatus is encloseq in a5 0%
Dewar flask L. 1

Hydrogen under a pressure of 200 atmosphere is pasgeq thro,
a coil immersed in solid CO, and alcohol. It enters the €0l jp
chamber A where it is further cooled by the outgoing hydr ee
The chamber B contains liquid air and cools hydrogen in the o E‘
In the chamber C liquid air is allowed to boil under reduced pressur;
(10 cm of Hg) and hydrogen in the coil F is cooled to atemp‘erature
of - 200°C. This cooled hydrogen passed through the regeneraﬁ%-_
coil G and the nozzle N. Hydrogen is cooled further gy, i
Joule-Kelvin effect. The cooled hydrogen coming from the ‘;lele‘i
Nis allow?d to circulate back to the pump as shown in figure, The
process of regenerative cooling continues and after some tim‘;

hydrogen gets liquefied and is collected in the Dewar flaskp,

Conduction ‘ e
The transfer of heat from the hotter region of a body to its

colder region without actual movement of particle is called heat
conduction. B

When one end of the rod is heated, the heat is CO“d“Gt,ed;;;éi
the other end by the process of conduction. In metals he"'fti is
conducted by conduction. e
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a. Thermal conductivity

/
!
I
!
|
|

\

\

o 0,

Consider a uniform rod of area of cross section A and length /.
One end of the rod is heated to a steady temperature. Let 6, and
0, be the temperature at the ends of the rod. 9 is greater than 6,.
Heat is conducted from the region of higher temperature to the
region of lower temperature. Let Q be the quantity of heat
conducted in t seconds. The quantity of heat Q conducted is

1. Directly proportional to the area of cross section (Q A).

|
:
;
g
:
:
P
:

2. Directly proportional to the temperature difference between
the ends (Q « (6,-9,))

B Invefsely proportional to the length of the rod (Q o 1/1) and
4. Directly proportional to the time of conduction (Q = t).

Quantity of heat conducted

roA(-—O)t/l

, br, QF K. A(G—G)t/l
e co-efﬁcient of thermal

ivity. (6, -0 )/I is the change
adient.

Where K is a constant called th

conduct: ’ty or simply thermal conducti

rature w1ﬂ1 distance and is called ﬁempér?t“fe gr




R e

- conductors. Through this heat is conducted ea

~or poor conductors. Through this heat i

80

J =1 andt= 1 sec, then from thijg 9 3

ifA=1m?, (6,76,)/ L)

define the thermal conductivity.

The thermal conductivity of a material is defined as the ey,

energy conducted across unit area of cross-section in unpjt time, |

When the temperature gradient is unity.
Unit : JS—Im™'K-' or W.m™'K"".

b. Good conductors and bad conductors Ady
Based on the thermal conductivity agmaterials, it can be diye

into two types.

1. Good conductdr

2. Bad or poor conductor

Good Conductors

Material which have large thermal conductivity are -Called good

sily. All metals are
good conductor of heat. , cid e

Bad or poor conductor

Material which have smaj] thermal COndlxctivity are calledﬁé&

s conducted very slowly

Wood, glass, ebonite etc are examples fo

r bad conductors.



02 -mosphere. Initial temperature of teh Zs::; :é r::ced by
e 285 obeys Vander Waal’s equation and . Given that
; = 132x10%m* dynes molér2
b =  31.2 ecm’mole | :
:0dCp = 7 cal k! mole!
g = 132x 10%cm* dynes mole-2
= 132 x 102 Nm#* mpie”
b =  31.2e¢m’® mole!
= 31.2 x 10*m’ mole-’
R = 8.3 JK' mole*!
CP = 7CalK" mole*
= 7x4.168 JK' mole™
5P = 50 atmosphere
= 50 x 10°Nm™?
8‘1‘ . _8? 2a

45 atm. litre/mole?, b




