ﬂ Introduction : e —

'l/’/ : ith all it l““‘"‘*-h—--'—_..-_‘_‘____“__ ]
g universe with all its be ' e

The living HHIVES all its belongings s the manifestation of the absolute truth. bei
amony in its each breath, Religious mj 8 J60/LE tuh; DEINg

Al of ha hiul hanifestation s alous minded people have the faith that behind such

bcauﬁful‘ lm.hu. é ation and absolute harmony, exists the supreme authority, The

Jerialists visualise all the manifestations in nai '

mé

e as the outcome of many interactions
_ ottt - > ol many ageold interactions
. :) ) .
ilowing certain dgflnllc mlc.s a1.1(| laws, Whatever may be the way of defining the nature it
o fact that everything occuring in nature
1S ¢

. . ) is full of harmony whether it is the rushing of stream
down the hill, giagantic eruption of volcanos, formation of delt

of the blooming of colourful world of flowe

a, evolution of organic species

DL S rs-although somewhere it may be apparently found
1o be anharmonic. The natural processes proceed smoothly, spontancously at a rate moderate

ot extremely slow or fast, maintaining a perfect balance in its occurrence without having a least

chance to be reversed as if the entire universe as a whole is rushing towards the ultimate
equiibrium state of eternity.

Through time immemorial keen observation to the events of nature and from the everday
experience men came to know that all these on the macroscopic scale are due to different
modes of intraction of matter with energy and the interconvertibility of different forms of
enerqy, which in the microscopic scale originate from interaction among atoms, molecules and
subatomic particles. All these interactions have given birth consciousness to a huge ordered
collection of atoms and molecules in the name of life. Large many a scientists through tireless
devotion over a century established basic laws regarding energetics, known as laws of
thermodynamics, only through experience. Classical thermodynamics is that branch of science
which by its very name indicates the science relating to the dynamic nature of heat. It considers
the study of the systems under equilibrium condition and not in progress. It also considers the
interconvertibility of different forms of energy and mainly heat into work and vice versa. The
laws of thermodynamics are very simple and are applicable only to the macroscopic world, e.g.
in case of few grams of ice and not in the microscopic world i.e., in case of few molecules or
atoms although the first law is applicable even in case of microscopic syster. The application
does not require any knowledge about the structure of matter.

. Instead of high grade mathematics what is required to make the subject easily understarfdable
§ keen Jogcal approach. Apparently the subject appears to be abstract being a C(?”GCUOH. of
“Mple equations but careful systematic logical study of the physical signiﬁ‘cz'mce lying behind
® Useful relations and equations and their simultaneous applications in explaining the occurrence
> Many events in nature makes the subject interesting. With the help of laws of therm.odynamlcs
it i Possible tg predict the possibility and direction of occurrence of a macroscoplc process
%t a given set of conditions and also the extent of advancement. Thermodynamics does not
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PHYSICAL CHEMISTRY
process. Unlike classical thermeq

ach molecule fowards the bUlk pr ;

" » l](,’

produce any information regarding the rate l”’I? Lof e
_— ; ; - the ¢ ibutior : \
statistical thermodynamics considers the contrib ble thermodynamics on the othg, h:'ly
rnd

and takes into a account the structure of matter er",U“fl,l fined only to classical thermod
considers the process in progress. The present study is contir ynamiq
and its applications )

A thorough understanding of thermodynamics is essential to urnderstar;d fled;:‘} h?mOQeng
and hcicrogu:ncous equilibria, 1onic equilibria, behaviours of solution, electroc emistry, SUrfag,

a”llrgy

chemistry. biochemical process and bioenergetics too.‘lt .has lm;nense ff’ippgca“?nt N met
and in many industrial process (i) in converting the dissipated form of energy into usefy| form

namelv electrical enerqy and work, (ii) in transferring heat from lower to higher temperamre!
(1) in converting sea water into drinking water by desalination etc. In g;en'eral fhermOdynamiCs
provides an easiest path to understand the qualititative and quantl.tatlve aspects of Many
Spontaneous and non-spontaneous physical or chemical processes and is applicable to 4 System

present at equilibrium or nearly at equilibrium condition.

grm Fundamental Terms used in Thermodynamics : 1

e a clear sense about

Before going into the details of thermodynamics a student must hav
the common terms frequently used in thermodynamics.

ﬁ.’Z{:Ja System :
In our everyday life whenever we define, describe or discuss about something, in reality or

in our imaginary sphere we must have the subject of discussion on which our entire attention

is focussed. The subject of discussion may be the universe as a whole or a portion of it and

is defined as the system, e.g., when we discuss about the problems of our society, the society

becomes the system. When we tell something about human body in general, human body

becomes the system. Similarly in thermodynamics too, system is defined as that part of the

universe whose thermodynamic properties are under consideration. Thermodynamic system

may be homogeneous or heterogeneous or may be an evacuated space full of radiation. When |

we are focussing our attention to a portion of the universe to understand its behaviour that \

portion, called system, must be separated from the rei'naining portion of the universe by means .

of boundary. The boundary may be real or imaginary but jts presence must

When we are studying the behaviour of an ideal gas confined in a cylinder, the wall of the

cylinder acts as the boundary and hence itis a real boundary, whereas the boundaries of cloud.

flame, smoke issuing from chimney, spherical illuminated zone surrounding a glowing bulb, th¢ ¥

atmosphere and the liquid-vapour interface are all imaginary. :

m Surroundings : j glé’i

The portion of the universe apart from the system, which intracts with the system is commonlz
called surroundings. The terms universe and surroundings need more clarification than X
‘erm system. Universe in thermodynamic sense bears a quite different notion than the us

Al
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in of that term. In thermodynamic ten 145 X

a . S€ su R
™ 4 enclosing the system, upto which 4 changen;;)cumdl.n gs means that portion of the material
uining ©f 2 amp p;Oduccl:es heat and light and a"edst::ll:rmg In the system has it influence, e.g.
; sider > e enviro i
o light 18 only Cf)n o ed, g“-n the space enclosing the lam wgrn;'?t n twc? ways. If the effect
" called the surroundings. On the othey hand P, which is elluminated by the light,
|

pviously @ narrow space affected by tll\feﬂ;;ioecifed; fhproduced Iees 18 nlyifonadued,
uced neat, is called the surroundin
y gs.

gystem and the surroundings together constitute the Universe
S0, 10 consider universe in thermodynamic sence one must have to consider -
(i) the depth of the change occurring in the system

i) the ways by which system interacts with ; .
(i) i it and with its environment due to the change occurring

(i) the intensity of the effect produced in the environment.

When ice cubes are added to a large quantity water taken in a container at room temperature,
ce melts and the temperature of water decreases. Here ice is the system and water behaves
s surroundings when the melting of ice is considered and both constitute the universe. When
the point of consideration is the cooling of a certain amount of water by placing the beaker
containing water into ice cubes, water acts as the system and ice acts as the surroundings.
When ice water mixture is taken in a thermoflask the resultant mixture as a whole may be
considered as the system and surroundings is absent here since the mixture as a whole
exchanges neither energy nor the matter with any portion outside the system. So to consider
system, surroundings and universe one must have logical sense regarding | the notion of the
change considered. Moreover surroundings is usually considered as a E[gg_iyqafc Yeservoir.

O e ————

The boundary (real) of the system is called diathermal if it allows the migration. of heat
from system to surroundings and vice versa, and when it does not do so, it is called adiabatic.

Classification of system :

Depending upon the nature of the boundary the sytem interacts in different ways with the
surroundings regarding the exchange of energy and matter. Accordingly the system is classified

as open, closed and isolated system.

¢ Open System ) |

An open system is one which exchanges both energy and matter with the surroundmc_-w,s and
s always in close contact with the surroundings. Due to close intimacy of the sys.tem with tkk\le
Surroundings, any change occurring in the system will influence the surroundings and the

Sunoundings will behave accordingly. Every living being in nature is an open system. We take

i i heat. Even
%od from 3 ; wcrete waste materials to it and also exchange
the surrdoundings and e n system. Vapourisation of water taken

a - . -
2 cell or a muscle within a living being is also an ope A O e archatge
" an open container is also an example of an open system. open sy

S i d.
Mass ang energy with the surroundings, during any process its energy does not remain conserve

Phy Chem-19
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146 PHYSICAL CHEMIS TRY

¢ Closed System

A closed system i one which exchanqes

» enerqy but not the matter with th
. . _ / e s\
i.e., in a closed system the relation with the

. ’ ' lrrt)undingS
urroundings is more vestricted than that js

i 2 L e . H r I

IN-an open system, A system separated by diathermal wall from the surroundings beh:wEgent
T - . es

a closed system, e.q. ice taken in o closed glass container behaves as a closed systern « =4

placing of the container at room temperature will ¢ Since |

ause the ice to melt keeping i
‘ . 2 2 Ing its
unchanged. Sealed bottle of cold drinks, well packed food materials are ex .

amples
system. ples of closey

® Isolated System |

An isolated system is one which does nol exchange energy and matter with the surroundingg
i.e., an isolated system is one which is totally cut off from the contact of surroundings i,
respects of energy and malter exchange. A system separated by fixed adiabatic wall from the
surroundings behaves as an isolated system. A perfect isolated system is an abstract concept
since no wall is perfectly adiabatic. Liquid taken in a thermoflask approximates to an isolateg
system since matter exchange is totally prevented but heat exchange with the surroundings cap
not prevented completely. If any change occurs in an isolated system no effect is produced iy
the surroundings.

[Cm Process : T

A process occurring in the system is said to be isothermal when the temperature of the
system remains constant during the process, e.g., boiling of water under 1 atm pressure occurs
at 100°C and hence the process is called an isothermal process.

A process occurring in the system is said to be adiabatic only when the system at each step
of the process does not exchange heat with the surroundings. If in a process it is observed that
the overall heat change is zero due to absorption and release of same quantity of heat at the
successive steps, the process can not be stated as adiabatic although the condition Q = 0
maintained for the overall process. Regelation of ice is associated with successive absorption
and expulsion of heat by that portion of ice which undergoes regelation so that overall heat
change is zero.

Moreover to carryout an adiabatic process the system must not always be kept isolated frOfn
the surroundings by adiabatic wall. Even in an open system or in a closed system an adiabal«
process may occur provided the change of the system occurs so fast that the system finds no
time to exchange heat with the surroundings and hence the process becomes adiabatic, 9-9-;
sudden lowering of pressure of a gas is associated with a lowering of temperature since the'E’ZL
molecules do not find adequate time to absorb the required heat from surroundings for expansio®
The combustion of fuel occurs so fast that the heat produced during combustion is absof ¥
by the products of combustion and the unreacted reactants instead of being migrated 10 e

surroundings. The heated gaseous products form the illuminated zone, called flame.
successive rarefication and compression of air during the propagation of sound wave also Ot; :
very fast. These processes approximate to and in the limiting sense may be called adia
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THERMODYNAMICS - | 147
ihey are not occuring in an isolated system, A '

‘ .
.dthou&: e adiabatic, .9, the free expansion (expansion Droc'ess may be isothermal and at the
S‘mCOmwA with no heat change with the SU against zero pressure) of an ideal gas
assot™

irroundings and \
Ying | : no chanage
j the chand® occurring in the system is such that after com i temperhire:

s to s initial state, the overall process is called a cye

=8 properties : \od.~"

 ——

pletion of the process the system
lic process.

= classical T|1crmoclynamics considers the behaviour of the macroscopic system and hence is

concerned Only‘ with the m.acrc.asopic properties such as volume, pressure, temperature, surface

ension etc. without CO'_‘S‘de“nQ molecular model of matter and atomic properties,such as

Jistance between atoms in a crystal, i.e., statistical view point to the origin of such properties

The wide variely of macroscopic properties can be divided into two catagories— |
[xtensive and Intensive properties

(i) Extensive property -this property depends upon the mass of the system and is additive.

Examples are mass, volume, surface area, force, kinetic energy, momentum, internal
energy, entropy, Gibbs free energy, heat capacity, work, electrical energy etc.

(i) Intensive property - this property is independent of mass and has the same magnitude
throughout the homogeneous system when the system is under equilibrium condition
otherwise il may vary from one portion to another portion. Examples are pressure,
temperature, density, refractive index, boiling point, freezing point, viscocity coefficient,
surface tension, molar heat capacity, molar internal energy, chemical potential etc.
Moreover, the ratio of the two extensive properties. is an intensive property e.g.,

F M F . extensive
£E AP sy = dv _ extensive X intensive
AX=S=

S dz .
How can a property be characterised as intensive or extensive? To characterise the
property as intensive or extensive at first determine the magnitude of the property 'for
the whole system and then determine the magnitude of the same property f?r a p?rtlon
of the system. If the magnitudes are found to be the same, the 'property is obvxou_sly
an intensive property but if the magnitudes vary, the property 1s ca}lied ar; e)-de;i:i
e vy g ke S 1 L S
in a i ed to boil, it will also DOl m. Pt
is antie::etr:ls?je a:rccl)plzriogn the other hand if the volume of water present in a beaker

is 100 ml, then a portion of it will have lower volume. Total volume becomes the

summation of the volumes of small portions of the systems taken. So volume is an

“ 1- [‘ .

Surface ' . . 2 H .
ten refractive 1 : ) ) o fies
Magnitude a t}j::sr;’ o\;ltsk(\:z ilc:fa‘\l <olution. Hence they ar¢ intensive properties(Colligative Prope=se

—_—
' i i tic pressure
; i ili i ression of freezing point, 0SMO
3 solution such as elevation of boiling point. deE__‘__ eezing

SUC itude of such
.  Ygeoay H 0
2d_relaty : ssure are also intensive properties. Magnitude Of >
ive lowering of vapour Pré — ~ _
— — e

= intensive

———
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4 Work :

L'/ oncept of work has emerged from our daily experience. In the macroscopic world if
| any system and exhibits its manifestation producing an observable effect in the
gs, €9 lifting or lowering of a mass, winding or unwinding of a spring, stretching
qnmo! e olc — the effect produced by the action of the force is defined as work. From careful
“m; jon of innumerable effects happening in nature in the macroscopic world, men have
wored information regarding different types of forces operating in nature, e.g., when the
g  of a free remain standstill we do not consider the presence of any unbalanced force i.e.,
d-mctional movement of .air. As.soon as leaves start undulation, the concept of wind emerges
lt autOmatically. Such is the intimate relation between an unbalanced force and its effect.
Oire ihe movement of the leaves is the manifestation of work done by the wind. Similarly the
ot of free falling of the fm'{ts brings the concept of another type of unbalanced force, i.e.,

avitational force, into consideration. So long the leaves or the fruits remain attached to the
ree We remain unaware about the manifestation of the gravitational force. The falling of mass

. associated with work due to gravitational force.

Work can be classified as external work and internal work. External work has its manifestation
in the surroundings. It includes expansion of a gas against an?ﬁposmm wheel,
m'lifﬁnigf_r_n_qgs, etc. External work is involved when_paint of application of
force 1.e. the boundary of the system shifts under the influence of the force’Qgtemal work is
@, .dgﬂe by one portion of the system on the other portion having no o servable effect
;m__gl_cgd_jIL the_surroundings. For example, the work done by molecules to overcome the
—ermolecular force of attraction is regarded as internal work. When a real gas expands against
an opposing force by absorbing heat from the surroundings the external work considers the
work associated with the observable change of the system, i.e., the volume-change or the
shifting of piston. During such volume expansion intermolecular separation also increases and
molecules do work to move away from one another overcoming the intermolecular attractive
force. This work is called the internal work and a portion of the supplied heat is utilised for this
puprose. In thermodynamics by work we mean only the external work. If an ideal gas and a
real gas expand against the same opposing force and undergo the same change in volume
external work will be same in both the cases. In case of the real gas there will be internal work
also.

Mechanical work, characterised by a change in volume of the system, has the magnitude
equal to force multiplied by the displacement of the point of application of force. Thus,
IW| = F. ds where F = force and ds = External displacement. i.e., work is involved only when
the force acting on the system has a non zero value and the displacement of the boundary is
finite, In thermodynamics the term work is used in a more restricted manner than in mechanics.

Hej?ming work the following aspects must be considered.
1t is not a property of the system. Work is not present in the system before or after the
O volved only during the change of state of the system

change of the system. It is involved only during the change == =
b A. ..————-“/— -

e i d is manifested at the boundary only.
{hrough the displacement of boundary anCs M= = oundary only. .
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(i) Work

(iii) (When the displacement occurs i
15 said to be done by the sys

the displacement occurs in t ol e 9 :
S T+) ve sign according to IUPAC conventio

—

sign.
(iv) Wh

on the system and is given
work done by the gas is given
— e — ———

Y

)
t

PHYSICAL CHEMISTRY
e surroundings. 1
ion opposite to the applied force, the .

n the direction opp
surroundings and is given (~) ve sj .
tem on the N given (-) ——’g'lﬂ’g_whm

he direction of the applied force work is said to be dg
— — "< don
n old COnvenE’%

"(:r_u_e/sign  while work done on the=Gas is given (9 ve

e

must produce an effect in th

work is done on a system closed by adiabatic wall, the system receives work 5, g
the work becomes fully converted into energy of the system

which increases the chaotic, disordered motion i.e., thermy
motion of the molecules and hence the temperatyr,

Work
increases. Thus work may be considered as a mode of
P,<P exchange of energy between system and surroundingg
involving ordered motion of the molecules during change

1t t of state of the system (Fig. 2).
P (v) Work is a path function and for the same change of

state its magnitude depends upon the path of
transformation of state of the system.

Energy is transferred to

the surroundings in the form of
work due to ordered movement of

molecules.

Work in general, of any type is the product of one intensive
variable and the- change in magnitude of an extensive
variable caused under the influence of the intensive variable,

e.g.,
given by,

the mechanical work involved during the expansion of-a gas under a pressure Popp is

Force x displacement of the piston
— Popp x area of the piston X displacement of the piston

W =

= - Popp X change in volume

= — Popp. AV. .
Similarly other types of work involving different intensive variable are represented below.
l . The Nature Expression Intensive Extensive
of work of Work variable variable
Mechanical work — PdvV P %
Electrical work - EdZ E Z
Extension of
surface film -ydo ¥ G
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B s
, ’/—_/F-"V"’ . l -

7 Aike \g))i(g hf:a‘ is also a m.Ode, of exchange of energy between system and the
M= dings during the change of state of 4 y
qurroun INgs " g e O ‘h"i system. It occurs through the boundary

system an surroundings due to difference in temperature. Energy in the

flows from higher to lower temperature. Heat is a form of energy in transit.

A
P

petween the
(i) Like work, heat s nO-EE?ie—n»t in a system before or after the change of state of the
system- What 15 present in the system is energy. Heat has its manifestation only in

fransit. :
Heat

i Yl‘—"lf——work involves the exchange of
' Y J >

eneray through ordered, organised motion

Bﬁﬁe'/molecules, heat represents the S '\:d"\o/

wpersal_of energy through disordered, oo ros s 2 s ns st ss s
Thaotic movement of the molecules (Fig. 3). — -

\V4

The quantity of heat exchanged in a | Cold

process is expressed in calorie and its 5

magnitude represents the number of gms e

of water kept in the surroundings whose RS SS R

temperature changes by 1°C due to the

exchange of that quantity of heat. [ Energy is transferred to the
surroundings as heat due to chaotic movement

(v) The gaining of heat by a system is of molecules
represented by a (+) ve sign while its release is represe

to both [TUPAC and old convention.

(iv)

{— Heat

nted by a (-} ve sign according

Internal Energy

Every system in this universe sinc

only _When either a change orcurs in
eg, itis difficult to convince one about the fact that a block of wood is
until it is ignited to cause fire and heat or is allowed to fall on or thrown to any body to produce

an effect, called work. As a whole the total energy (E) of a macroscopic system is given by the
&pression, E = EK + Ep + U where, EK — Kinetic energy due to the movement of the system

% a whole with respect to the external reference frame, Ep = Potential energy due to the
i;;e‘sence of the system in external field of force. If the system is present in more than one tvpe
E teld of forces (e.g., gravitational, electrical, magnetic etf:) simultaneously, E, represents the
*Um of different potential energy terms where each term 1S for one type of field of force.

Uis the Internal energy of the system and is considered as the sum of—
s of mole ith different internal modes of

rotation an

use of energy and it is manifested
is brought about by the system;
a store house of energy

e its birth is a store ho
the system or 2 change

(i) kinetic and potential energie cules associated W
d vibration:

motion such as translation,

(Ii) e“actl’onic enerqy ;
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) Piston is considered weightl

4 : gntless and mass of the
by ion is considered together with the mass kept over the pistorn to exert the definite
.% ressure. Hence to consider heat and work re

lationship for a give change in state of the

system only frictionless, weightless piston is considered.

L .
‘ /’\;/;;s of Transformation of Stqte -
gh .
The two different ays by Wh}ch the change of state of 5 system can be carried out, are best
serstood bY consldel‘ln_g the lSOtbermal change of state of an ideal gas. For this purpose
un pose One mole of an 1dgal gas 1s enclosed in a cylinder at temperature T, provided with a
?;Cﬁonless and weightless piston. The state is changed from (P, V) to (P,,V,) where P,>P,
(q) Single step or finite step process : The opposing pressure (Py) is reduced to P, by
N oducing the mass kept over the piston in one step. As soon as the pressure is lowered the
piston suddenly jumps upward and attains the final position. With this sudden change (i) a
convection current of 'molecules is set up in the direction of the movement of the piston
1o | gistubing the mechanical equilibrium condition totally, (iii) fluctuation in temperature occurs
o | destroving the thermal equlibrium condition and (iv) density at different portions fluctuates
o | indicating the absence of material equilibruim condition. Thus during the single-step change of
he | state, the system does not maintain the conditions of thermodynamic equilibrium. However,
Jfter the change has taken place the system gradually attains the new equilibrium state under
i the pressure P, and a definite period of time is required for this.
in If the same change is carried out in finite number of steps instead of a single step, the
it § character of the process in each step remains same as above — the only difference being that
the system at each step attains equilibrium condition more rapidly than that of a single step
process due to smallness in the difference of pressure between two successive steps. In this case,
he the change at each step is carried out only after the system has attained equilibrium condition
o in the previous step.
::St When the pressure is reduced from P; to P, in a
- §ingle step, the gas expands against the pressure P, until P, | A F
e | SPpressure becomes equal to P, (Fig. 4). \\‘
on Here |Wemnsion| = Popp(v2 - V) = PV, - V) \\
Si = Area EBCD. ; \\\
:};1 To bring the gas to its initial state in a single step, the : \\
e pres.sure i increased to P, and the gas is allowed to N
| ain the yolume V, under pressure P,. \\
d K Work of compression, = — P,(V,-V,) = Area AFCD P, £ \ B
0 i94), Dy oiimidce
n Since | ' rocesses Y o V2
is ce exp, <‘Ncoml and AU in the two p . W s qreater thain |W___ |
y ®Mains same in magnitude but opposite in sign, it.is | EEE " comp, s
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166 PHYSICAL CHEMISTRY pansion is less than the heat releage
: ex

during the same path, Vg,
bvious that heat absorbed by the gas os do not follow .
o, 10 t: forward and backward process in the first step, against a Constang Pre
as, i.e., the _ g i - <
: If the expansion were carried out it W0 Steznd in the second step against the Pregg,

P’ ion work is given b .ureP3.
the two-step expans Y (Figs)

= PV =V))+Py(V, -V’
W
= Area GHKD + Area JBCK
= Area GHJBCD.

Similarly, two step compression work i Given,
(Fig.9),

-[P'(V'-V,)+ P (\, -V

comp2

Area HICK + Area A_l__KD
= Area ALHICD.

{Eigis WY

Compz

|W

compy

> We | W | W, |
|<IW

compy '

In this case also mep2 > 'Wexpzl but the

difference being less. This is true for any finite g
process. Since in any finite step cyclic process Wcomp> |Wexp|, heat absorbed during expansion

is less than the heat released during compression. So, after the completion of the cycle the
system returns to its initial state but the surroundings can not.

A two step process is better than one-step process in the sense that greater amount of wor
is obtained during two step expansion

and lesser amount of work is to be done during ft¢
compression,

Considering all the aspects, it can be Summarised that any finite step process has f¢
following criteria.

(i) In tl:xis Process the system does not maintain the conditions of thermodynamic equilibriv”
during each step of the process;

(ii) The system can not

be brought to ts iy : that ¢
the forward process, el state following the same path as

cyclic proce et ing
can not and Process the syster, elurns to its initial state but surround
(iv) with the increase in the |
Number of stepg
i w
Magnitude of work done on the Systenl;: de:;;kadon
: S

Process following a]) these criteri is calleg es.
process the system does not pass through arl. Ir-reversi
cannot be representeq by solid | €quilibriym, s

ne. |t js rathey Tepresen

thé
@ by the system increases an
.
ble process. Since in an ,rr.evef;a‘
tates g along, the irreversiblé
ted by by broken line (---)-

|
f
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the general expression for work ig anges from . o 1 . &
Popp PV -V ' ' f @gainst opposing pressure
= - - wh
we"p2 obpini ™S l ere Pf = Ponn 20
When Popp 18 less than Pl stoppers are 1o " (3.8)

w@an
of Popp

Provi : .
d beyond the volume V, at pressure P.. So in ded in the cylinder so that gas does not
3 - one .
the lower will be |chp| for the same volum :ep ~eamon the lover is the valus
ec ange
=0, |W_|= '
When Popp | expl 0 and the expansion is called free expansio
n.

i-static change : Th
(b) Quasi-s : ge: lhe study of one-st )
petween the two given states with the increase in t}s\ee P and two step processes suggests that

. . . num
gystem increases and similarly the work done on the systh; (c)lfez:z::asthe Wk donaty the

When the expansion is carried out in large number of fini
. of finite st i
neans the attainment of an intermediate 7o e e S e e

equilibrium - state. In each step the work

obtained is represented by a narrow strip Py A_
while in the corresponding step during \s\
compression the work done on the system :

is also represented by a similar narrow SN
strip of same width but slightly larger area. \\
So long the number of steps remains finite S
at any step during expansion the work \
obtained remains less than the work done ;

in the corresponding step during

compression (Fig.6).

[n a finite step process the total area P, =+=B
under the lower stair case in the PV diagram F| S5 55 I R . S5 S8 Pk B
tepresents the total work obtained during v, Vo vV,
the expansion process and similarly the total Finite step process. Area under the upper stair
area under the upper staircase represents | oo =W __andarea under lower stair case = |W |

the total work done during compression - W1 However i the increase
Process. So, long the number of steps remains finite Weon™ | We! - ’

areas become equ 1 (I lg- ; y 2 exp

: nsion is
EXtending the concept of finite SEF IJI’OCQ?; i cti?’e) :tcpeaach step becomes infinitesimally less
Number of gte i ressure \f =
ps then the opposing P

sure (P) of the s by the magn i Il as it could be

e em by g itude dP. Here dP is as sma d b.

t the pressur (P) of t yst A t eeds ( l—dP), virtually no change occurs. As dP is
exc P

SO that ; y : _ ressures P and
! 'at if the opposing pressure Jus ccessive equilibrium states under P e ilies
inimum, the difference between the tWO * o as close as possible. in an’

Lium states ar g
~dP) is also minimum, i.e., the tWO egulhl;f:;flnto P - dP) where p is the pressure of the
S soon as th i e is made €
e opposing pressur

carried out through infinite

)




]

system, the system instantaneously passes from one equuilzgtr?n::’atget?htehfwac:’j:t:fnt ANOthe,
equilibri . er C e -
quilibrium state due to closest proximity. But howz‘i,fference always exists betweens ’t::ehmhe
A since dP is finite. Only in the limiting ;, "
- when dP tends to be zero, the diffe,, %
between the two states virtually disapp;ce
(Fig.7). Therefore, In infinite ,te"
process the system undergoes finig,

....... Change in state '.el' ﬁom (PI Vl) ‘o

'
’

(168 Jf prysicat cHEmISTRY

P,

------
------

franstocad (Pz'vz) passing through '!dhcem
intermediate equilibrium stateg
virtually maintaining the equilibriyy,
condition at each step of the proceg,
$ Such a process is called quasl-staué
= process. Since a quasi-static process i,
Pp | priimmsoiiicpiiiioas the limiting sense passes through adjacer

...............................
------------------------------

............................... thermodynamic equilibrium states the

1%
— 1, o points in the PV diagram representing
Infinite step process or quasistatic process. successive equilibrium states in the limiting
(W | = Weorm = Area under the isothem AB. case touch one another and the path of
a bold line.

transformation i.e., the PV isotherm is represented by

In this limiting process at each step the work involved is given by either (P -dP) dV o
(P+dP) dV where P is the pressure of the gas at each step before the change and dV represents
infinitesimal volume change associated with the corresponding change of the system when the
external pressure differs by an infinitesimal magnitude of dP from the pressure of the gas. In
this case the work involved in any step is represented by a vertical line of infinetisimal width
instead of a narrow strip of finite width. Hence the work involved at each step can not be

precisely determined. The total work becomes the summation of area of all the vertical lines,

i.e., the area under the curve AB.
So, W,,=-1[P - dP)dV + (P’ - dP)dV + (P” - dP)dV + ..... + P,dV]
where P’ = P, —dP and P” =P -dP etc. '

Neglecting dPdV from each term,

W, = [PV + PAV + P'dV + ... PydV]

]

Va
_{Pav
Y

= —Area under the PV curve

o Wexpl = Area under the isotherm AB (Fig.7)

o
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THERMODYNAMICs..
nole of an ideal gas during isotherma] quasi
(N

fo YZPnRT “Static expansion
- '

V.
- - (MLay = _nRT Y2
WexP V[l V Vl
v
= nRTIn—%
L Wel = ™Yy “(39)
v?. V2
1 old convension. Woy, = [ pay = I Ty = nRT Yz
1

For @ given _"’Olume,c}:a:fe’ as In each step OPpOsing pressure (P - dP) is as maximum
s it could be, in quasi-static process |W_| ecomes maximum '
i quasi—staﬁc compression process involving infinite step, the limiti

ng work of compression is,
W, = -llP, + dP)dV + . t (P, - dP + dP)dy]
= [PydV + ... + P,dV] as dPdV is negligibly small,
Y

Vs
= - j PdvV = JPdV = Area under the Py isotherm AB (Fig.7).
Vz v]

For n mole of an ideal gas undergoing isothermal quasi-static compression.
Vi

nRT Vo
Wcomp= _\}[ U dV = nRTfnvl (3.10)
2
Y
. _ nRT _ Vo o _ Vo
[In old convention, Weomp = —-Jz U dV —nRT!nvl- o |Wcomp|_nRTInv—1]

For a given decrease in volume at each step of quasi-static compression as the opposing
pressure (P — dP) is as minimum as it could be it can be stated that W_,., is minimum at each
step during quasi-static compression. So W is minimum in a quasi-static process.

The basic difference between the two processes lies in the fact that in an irreversible process
th

e driving force in each step is of appreciable magnitude whereas in quasi-static process
in

Volving infinitely large number steps, the driving force at each step is infinitesimally as small

S 1t could be and in the limiting sense it virtually disappears. Quasi-static process is an
extre

Mely slow process.

T" Understand g quasi-static process suppose a liquid in equilibrium with its vapour is
encg 0sed in a

) cylinder at temperature and under a pressure P.which is the vapour pressure of
¢ liquid at the given temperature. The equilibrium condition exists between liquid and vapour
°ng the state parameters remain unchanged. If the pressure is slightly lowered by dP, i.e.,

ODDosing Pressure becomes (P —dP) the following subsequent changes then occur —

() The Vapour initially present at P undergoes sudden expansion to attain the pressure
(P

. ~dP), however small be dP.
(ii) As

Soon as the vapour pressure decreases from (P -dP), the equilibrium condition
etween liquid and vapour is infinitesimally disturbed.
~22

e

Phy Chem
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