Chapter One

THERMODY NAMICS-T

(> Important Points from the Chapter

Thermodynamics is the study of flow of heat. It gives us the idea to predict
spontaneity that is whether the process is possible or not. It is concerned
with initial and final state of the system. It deals with the heat
transformation, both physical and chemical.

System and Surrounding The part of the universe which is being
studied is called system. The rest of the universe which interact with the
system is called surrounding.

Types of System There are the various types of system

(i) Open System An open system is a system that freely exchange
energy and matter with the surroundings. e.g. Compound in a test
tube which can exchange heat and matter.

(i) Closed System It is a system which can exchange only energy with
surrounding and not matter with the surrounding. e.g. Compound in
‘a test tube fitted with a cork.

(iii) Isolated System An isolated system does not exchange energy or
matter with its surrounding.

Intensive Property It is a property whose value does not depend on the
amount of the substance for which it is measured. e.g. Pressure, density,
viscosity, surface tension, refractive index.

Extensive Property It is a property which is proportional to the size of
the system or to the quantity of matter in the system. e.g. Mass, volume,
heat capacity, entropy.

State and Path Functions It is the property of a system that depends
only on the current state of the system and not only path in which the
system acquired that state. State functions are independent of path.

e.g. Mass, pressure, volume, temperature.

Path function is one whose value depends on the path between two
equilibrium states. e.g. Work and heat.

Reversible and Irreversible Process A process is reversible when the
energy change in each step of the process can be reversed in direction by
changing the variables such as pressure, volume or temperature. If a
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process does not take place infinitesimally nlowly, in lrroversible process.
e.g. Expansion of gases and flow of heat from hottuy ta coldor body.

Concept of Heat and Work Heat energy is moasured by the product of
temperature (intensity factor) and the heal eapacity (enpueity factor) of
the system. The product gives the onorgy of the nyatem 11 i substance of
mass m kg and specific hont S kdJ por kg is hoatod through 1'%, the heat
energy involved is given by mS7" k..

Similarly, whon a body of mawn m kg in moved through n height 2 m, the
work done against gravity in obtnined by multiplying the immtonsity factor
(mg Nowtons) and capaeity factor (i motros), 'I'he work done i mgh joules.
This work in storod in the body an potentinl enorgy and in roloased when
tho body falls to itk original postiion,

Tho volationship hotwoeen mechanienl work W and heat produced, H is

_WocH or W=JH

I'Irst Law of Thermodynamics According to first law of
thermodynamics energy can neither be created nor destroyed, although
it can be converted from one form to another.

It is represented as

AE=Q -W

Internal Energy Every substance is associated with a cortain amount of
energy, which depends upon its chemical nature, temporature, pressure
and volume. This energy is called internal energy or intrinsic energy.

Enthalpy The total energy contained in the systom is known ns enthalpy,
represented by H.

AH = AE + pAV

Heat Capacity The quantity of heat required to raise the temporature of
the system from a lower to higher temperature divided by the temporature
difference is called heat capacity.

It is represented by the equation

dQ
c=2%
dT

(i Heat Capacity at Constant Volume (Cy/) FHanb supaeily nt conntnnt
volume is defined as the increase in internil sisegy of the ayntom per
degree rise in temperature.

(i) Heat Capacity at Constant Pressurs (£) Heat vapacity at
constant pressure is defined as the incronss i Baliy ol the ayntom
per degree rise in temperature,
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(i) Long Answer Type Questions

@Q 1 Explain why the value of C p is greater than the value of C, ?
Or Prove that for an ideal gasC , -C, = R.

Or Obtain the value of C - Cy for an ideal gas.

I HY, 736 ¢, =1 7F ¢, % 7 /A ik Bran 2
3rerr s HifSe i, sl AW H e, - ¢, =R
3rgar I 79 fAC ¢, — ¢, =1 7= T Hif

Ans. Relation between C p and Cy (C, 941 Cy, o el W)

SH SE
c. =22 B =
p (STJP - v (BT)V

SHY (SE .
o (3] (2]
poveler ), \sT), ;
_[8E + pV)] _(SE) ss X = i
_l_ =7 ] 5T )., C(-H=E+ pV) ..3G1)
- (-55) + p(-s—‘f) —(-85) ..(id)

5T),” A\sr ), \57),

Since, internal energy (¥) is a state function and regarded as a function of
any two of the varibles p,V and 7"
=qfe, Tl Sell S Ta= =) A (V) 991 919 (7) i wed 1 37a: Siafca Sl
o gfs (E) =1 9+ =9 €

LY SFE

dE = (E-T—)VST 2 (W)T .0V .e .(iV)

At constant pressure, differentiating w.r.t. temperature
(TR 9 W, 919 o 9Ue 3{aeharT)

), () o
3T/, \&T), \&V /), \&T),
Put in Eq. (iii) o i) # &t w = [ &%

(57).

c,-C =(§E) +(§’£) (?Z] +p(§_‘i) _(B_E)
PV NeT )y \8v, T, 8T/, \8T)Jy

(28], (29, ++(), -2 [o+(2)]
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For ideal gas 3T<sl 719 ¥ farg, (g%) =0

SV‘ ”
cp-cy=p(2Y)
p 3T/,
oV =RT

On differentiating w.r.t. ¢ at constant pressure
(feR <19 I fafy= a9 & 9l staehe )

oV
°Vl)l - pr
5 (ST),,

Cp = CV = R
Work done by the gas in expansion at constant pressure = pAV

for g™ W, W far g/ s = @ = pAV

Other method

For 1 mole of a gas pV =RT o)
TS A 19 & fag

If temperature is raised by 1°C from 7" to 7 + 1, then volume is V + AV
Then PV +AVY=R T +1) o L(A)

I 1°C a9 s W T VT + 1 8 Sl €, 99 A= V + AV SN, oTa:
From substraction of Eq. (i) and (ii), we get
HH (1) 9 9 (i) S "FEE uT,

DAV =R

Work of expansion done by 1 mol of an ideal gas at constant pressure when
heated by 1°C =R

e T o 1 A 9 & fou fean wn wf = pAV = R
C,-Cy=pAV=R

Q %.) Define the term ‘heat capacity at constant pressure ;)
and that at constant volume (Cy ).

oV OE
Prove that (C —Cy)= (BT) Kﬁjr -+ p]

. sV [(sE
Or Derive (C —Cy)= (ST) [(ﬁ)r—'—p}

e g (cp)awamq(cv)mmaﬁm%ﬁaﬁw
EdlS g
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Ans. Heat Capacity Quantity of heat required to raise the temperature
of the system from a lower to higher temperature divided by the
temperature difference is called heat capacity. The heat capacity of a
nystem between temperatures 7} and 75 is given by

sorenfiar et 9= &1 a9 gAEE | STEEE w8 § A S @ stavEshan gt
3}, 3Y AT AR Y WS | S SHIHIE shed 1 < ardl 7] 9 T, % o a=
) Froreafar st e SR o foRan S ?1

O ) - =2
2 *1

where, C = Heat capacity

Ileat Capacity at Constant Volume (Cy,) Molar heat capacity of gases
have two values, one at constant volume (Cy/) and the other at constant
pressure (C,). At constant volume, no external work (pAV) is done either
by the system or on the system, as there is no change in volume. So from
first law of thermodynamics,

o 3| T Swraniar 19 % o Ssenfia ¥ S A9 B T, T fRR stadd
(Cy) R aen gau e g9 (C ) R '

oot STEaT 9, 999 OX A1 O BI0 hIg S 78 & vedl 2, ad ST oad H Bis
qfiteds =1t g =)

aTd: SEFaH! % g99 Faagar
AE=Q-W = Q=AFE C-W=0)

oF oK
Cy @, 1)) = = Cy =
v T2, T3) (Tz"Tl)V v (BT)

Heat Capacity at Constant Pressure At constant pressure p,the heat
supplied is used in raising the internal energy of the system and also in
doing work by expansion. Let the volume increases by AV. So, the value of
C, is always greater than the value of Cy. So, from first law of
thermodynamics,

feort grer uX SrwrenfRar fer @ (p) W, 5 & S TR S ITH] SAE Sol b
qg W e T S0 H1E wA W =49 Bl 31 A oA W gfs AV R SRt 6
T fFEEgER,

Q=AFE+W=AE + pAV ¢ W = pAV)
AE AV AH
: Cp(Tz,f;>=[TQT) =[ P ) =(——AT)
27 f1/p P p
or C,= (SH)
oT

D ivati We know that C , = | — v =
erivarion e Kno a D ( ) and C ( )
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C,—-Cy = (8T) (6T) ..()

H=E+pV = dH =dE + pdV + Vdp
D1v1d1ng by d7T', keeping pressure constant
(dT & 9, fer 99 @ W)
oV o
+ p (-Smf)p ...(11)

p p
l'.' Cl_p = O, at constant pl

Also, if E = f(T",V)and since, E is a state function, d is an act differential
ufg dE fran fafr= @, Q@ ot E = f(7, V) &R

oF oF
d aT + — | dV
Chs (ST) (SV)T

Dividing by dT, keeping pressure constant
oo <19 T W d7T % & 9 % 2

oK EY (8V
(ST] =Cp+ (‘FJT(a_TJ,, e

Incorporating Eq. (i11) into Eq. (i1), we get

B e (35,69 o
5T ), 3V )87/, 8T/,
- co=c+ (35, (37), 2 57,
o« cpar=() (3%) o (3F),
- Cp—Cvz[[%)T"'pd 2_};);,

\
or C,-Cy = (g)p[(gg)T * p]

Q@ 3. Derive pressure-volume relationship for an adiabatic
expansion of an ideal gas. How is it different from that for
an isothermal expansion of ideal gas? Find expression for
the work in an isothermal reversible expansion of ideal
gas. [2016]

T ey N & THH TER & AU Se-aae i Tree g
T et A F THard TuR F e 98 feg R = S 22
STeS! W % GHATIRT SSFHOINT WER § i o AT SHisis ura shifsrg)
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Ans. We know that
AE
Cyr =
VAT
CyAT =AE =-W =—-pAV . (@)
I'or infinitesimally small quantities, eq. (i) becomes
sifagen w60 & fag, w9t () 9,
CydT =—pdV = —.RT%‘C ¢: pV = RT)
or Cy — =2} —Rﬂ
T V
dV
or -f CV T Vi R—I—/;‘“
75 V, V; ..
or CV 1og‘E T, =—Rlog, 2 v = Rlog, Vlz ()
(#,
Knowing C, —Cy, = Rand E‘£ =1v, Eq. (ii) becomes.
v
. G;
AR EC, —Cy =RAM_2 =7
Cy
?.1?1’ ot (i) Q2 T, R v
& log, =2 =—1log,
T, Cy °V,
C,-C
==X loge Vl
Cy Vs
To _{Ch Vi
or .ﬁ, log, ?12 = (-—CTV— — 1) log, -1 v,
7, Vi
or loge ?1' = (Y 5 | ) IOge V2
E 'Y_.]_
o
Ve
¥-1
or I3 = (ZLJ ...(a11)
T, \Vy
or T,V =T, Vv)=1
TV = constant (F=aiw)
»Vi = RT,

and psVse = RT,, by Eq. (iii)

PVy/R — Vi .
Vi /R Vs
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or ps_(M)
P \Vy)
Fvr \Y
oF - P_(N
Py \Vz)
VY = pVy ...(av)
pV7¥=constant (fais) (Proved)

From Eq. (iii) and (iv)
p 7 T =p; " T

1Y _(p)
- W

Work done in Reversible Isothermal Expansion
IEHATTE AHATHT voR § fRar = @t

Let its pressure be p, which in equilibrium state is equal to the external
pressure on the piston, constant temperature = 7', an infinitesimal amount

of pressure = dp.
A e e feafa wrameea # € fies feg a9 W Sed g9 % R =7,
YEHTH |l = dp '
An infinitesimal increase in volume = dV.
&S el § g W SAAT = dV
During this isothermal reversible expansion is,
9 HEAE % S SShHTHY SR
dW=(p—dp)dV
= pdV —dp.dV (dp.dV = neglecting)
dW = pdV
Since this step is reversible, the value dW corresponds to the maximum
work.

- Jfh, 9% Ug ShuviE B, 31: dW 1 9 sifasan €
Va

W = jvl p.dW

V; = volume at initial state

V5 = volume at final state
For one mole of an ideal gas

T A aney AW ¥ g,
pV =RT =>p=¥
w=-rRT[{22Y _ _ RT10g V2

WV v,
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I'or an ideal gas Eq. (3Tes #9 & faq wiiewwor), p,V; = p.Vs
"W ==RTIn (—p—l)
P2
I'or 7 moles of ideal gas 3T€¥l 19 F (n) AT & fog,
V.
W=-nRTIn|-2
e [VJ
or W =-nRT, In (—1?1-)
Py
@ 4. Prove that pV"' = constant, for an adiabatic process.
HAdt hH % fag fag Sk pvr= fHadis|
Ans. We know that 89 SFa €, &F
c., =AE
VAT
CyAT = AE =-W =—pAV . (@)
For infinitesimally small quantities, Eq. (i) becomes
siftrgest A & farg o+t ()
CydT = —pdV =—RT %"i ¢ pV =RT)
dT dVv
cy, & - _p&Y
or y v T v
v ¢ aT Ve, dV
o by ="l By
7 V. V; ..
or Cy log, —1—,13= —Rlog, -f/f = Rlog, —‘}-1; ... (i1)

; C
We know that (4 SHd ®) C »—Cy =Rand —£ =y, Eq. (i) becomes

\ C
it Gi) 9 F v
T. R Vv,
Yo, 22 5 Yom L

® CV "2
T, (C \ 74
log. 22 =] =2 _ 1|10 —L
o e 7 [CV ) e Ve
T. V;
log =2 = (v—1)log. -1
or og, T, (y—1)log, v,

v-1
e f)
2
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. -

or 13 = Vi . ...(1i1)
T Vs . '

or | VY =Tvi™? .

= TVY! = constant (i)

pVa /R _ [ v, ]”‘1

pVi /R \V,
—1+1
' P \Vs
F 2 V2
AL P2Vg

pVY = constant ( @i )

Q 5. Explain what do you understand by enthalpy? Show that
enthalpy change is equal to the heat absorbed, when
reaction is carried out at constant pressure.

Or What is meant by enthalpy of a system? Derive the
expression. )
AH = AE + pAV '
TR ¥ T T T 2 Rraree R ReR I W a5 wded |
IRET ST T I = Brell B

1oy el o F TR § A A @7 Swise e
AH = AE + pAV
Ans. Enthalpy The thermodynamics quantity E+ pV is called the

“heat content” or “enthalpy”. The system is represented by H and shows
the total energy contained in the system.

Tedt SR 0 E + pV B S 91 Fehe #l el FEa T IR W H |
TR 1§, ora: Fre ol e/ ww B 2 -

H=E+pV (D)

Let the volume changes from V,, to V3 at constant pressure p . The work
done (W) by the system will be given by

T Rt o= B eTere ufads e | WX foRan Stran €, @ Sueh S TR 9 (p)
WV, F Vg O 5Tl §, 31 =1 g1 foman wan s (W) 9 e g

W=pVp-Va) ... (i)
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According to first law of thermodynamics,
WTfaeRt o MO FREgER, AE=Q-W ...(iid)
Ho, by Eq. (ii) and (iii) we get, .
pafeTe, T (iii) 99n (i) S gH _
AE =Q-p (Vg—V,)
Eg-E, = QR-p (Vg—-Vy)
Q =(Ep+pVp)—(Es+DpPVy) .-(1v)

H=E+ pV

So, E, p and V are definite properties depending upon the state of the
nystem it follows. H is also a definite property depending upon the state of
nystem. From Eq. (iv) therefore,

ol E, p 3R V @ #it e & SuR W Ffeem ot €1 S ywR H ot 7 &t
sTae & IuR w® Ffyem o R, 1A it (iv) 3N
Q=Hp—H,=AH .. (V)

According to Eq. (v), the change in enthalpy is equal to the heat absorbed,
when the change is carried out at constant pressure.

Wév)%mﬂ,ﬁmmwaﬁaﬁ@ﬁﬁqﬁaﬁq, STt S ¥ TR
arar 2l '
From Eq. (ii), (iii) and (iv), we get

AE=(Hpg—Hy)-p V-V,

AE =AH — pAV

AH = AE + pAV

or AH=AE+W .. (vi)
-+ According to first law of thermodynamics,
SHAITR % 999 FRTER, AE=Q-W ...(vii)
From Eq. (vi) and (vii), AH =Q
Here (I=T), p = constant (F=IdH)

AH =Q,

Enthalpy change of a system is equal to the heat change absorbed or
evolved at constant pressure.

foraa <= W fRE e @ el uftads e ¥ 21 9 ulted, sTaeifya A gee
o ¥ e Aar 2
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(5 Short Answer Type Questions

Q 1 Differentiate between system and surrounding.

ﬁmﬁmwmﬁa&"mwﬁwwl

System (7-)

Surrounding (HTHWWT)

The system is the part of the universe being The rest of the universe, which

studied, while the surroundings are the rest
of the universe that interacts with system.

g @ 98 Af¥=a w=n, < 9w favg 9 s

AP T | JUP B, T PEA! 8

might be in a position to exchange
matter and energy or both with the
system is called surrounding.

ol R W) a7 & T S,
Hefa a1 F & S-S HRaAT

The system is classified in three part
(a) Isolated system (b) Open system
(c) Closed system

= &9 Wl | aeffea g

(a) faafa o= (b) < T (c) ol T

It is not classified.

sa®@! Flieeer &l gar Bl

thermodynamics process.

‘2. Differentiate between reversible and irreversible

ICHHUIT WhH & STIGHAUNA UehH H 3= Sarsdl

It is imaginary as it assumes the presence

Reversible (G'c?ﬁquﬂ?l) Irreversible (TgapaoN)
it takes place in infinite number of It takes place infinite times.
infinitesimally small steps and it would Ig ff¥=a (aRfae) w953 2 Bl

take finite time to occur.
g o ab HR-R aHT oan 8 1A
=1 9% ff=a ww g o 2

of frictionless and weightless piston.

It is real and can be performed
actually.

I8 HTAHE B | O US e gividw a8 awafde @ik e W@ waar ®
3R HRET & 8l Bl e
It is in equilibrium state at all stage of the It is in equilibrium state only at the
operation. initial and final stage.

ug A Afhar & e ot sraven # Ogaw g orwl Utk & paa uRfMeE 3N
%) Rerfy & <gar B f™ sraven a@ w=Iford e 8l
All reversible process remains theoretical. It is not theoretical.

it Sopadfi wma Jgitas 8 B Iy Agifxre A8 gar Bl

The work done by a reversible processes  The work done is lesser than that in
is maximum. the reversible process.

SEpIvIg UHH H B iffreaH g gl TR B IEpHvIE THH W 9 RN

2l
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Q 3. Explain first law of thermodynamics and write the
mathematical expression of this law. -

SR & TuH o &t s SISt qer 39 = v o= 9

iglicil
Ans. First Law of Thermodynamics The first law of thermodynamics,
also known as law of conservation of energy, states that “energy can
neither be created nor destroyed, although, it can be converted from one
form to another. It is now known that the energy can be produced by the
destruction of mass according to Einstein’s expression.
FETTeht T 9| FFrom Ssarifaent & 9om fram 61 St et Afantymar <6t fam
it Fed T, 3% STTER, ‘el B T A S FHAT S Feben R T D TR, Wg T TS
Y 4 TR ®9 ¥ wRafda fran w1 wwar 271 35: mﬁagam@m?,ﬁ—ﬁﬁﬁ
SSAHA ht B | ot STE~=tT WHIhT0T o STJHR 374 {1 ST Hehdl 81

2

E=mec
The total mass and energy of an isolated system remains constant.
ot foafia o= =i ot ol q91 SeaHE fer @ B

Mathematical Expression of the First Law Let £, and Ez be the
energy of the system in state 4 and Brespectively. Suppose a system while
undergoing change from state A to B absorbs heat @ from its surrounding
and also performs some work W either mechanical or electrical. On

checking the amount of heat supplied and work done, we find that @ is not
equal to W. According to first law of thermodynamics, the total energy
must remain constant. In order to balance, we say that energy equivalent
to (@ — W) is stored in the system. It means that
ST % waw o @t iy istes T R 9 S teee A 9w B §
il AN E, 991 Ep B 96 91 A 9 B 19l ¥ uftafia 99 w9 S 9§
Q FeR} IOHT STAYIT HLal © G991 F© HEd W Hidl @1 I8 Fid aif=eh s1eran faga of
Bl Fehal © 314l @A W AE B ® R Q o W aHF 7€) @1 Samfaent & wuw e %
ITIER, T H T Sl (R @l |1 27a: 30 a9 & 1gER,
@ — W = Energy of the system in its final state — energy of the system in its
initial state
Q — W = Af<a s1aTen ¥ 9= &l el — AR 19 ¥ G it Sol

: Q=W+ Eg—E =W+ AE

or AE =Q-W ...(d)
When small changes are involved, Eq. (i) may be written as

e geq qfted oY, a9 it (i) 1 Fret s foren S gk @

dE =dQ —-dW ...(i1)

Eq. (i) and (ii) are the mathematical statements of the first law of
thermodynamics. '

it () 9 (i) S % g99 fam ¥ e w9 21
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Q 4. What are the limitations of the first law of
thermodynamics?

SRR & 99H e = g 9
Ans. Limitations of first law of thermodynamics are as follows

(i) This law shows relationship between the heat absorbed and work
performed by a system in a given process. Thus, it should be possible
to cool ice to a low temperature and use this heat for warming water,
but experience shows that transfer of heat from a lower to higher
temperature is possible only by expenditure of energy. We know that
heat flows from a higher temperature to a lower temperature
spontaneously.

(i1) According to the first law, the energy of an isolated system remains
constant, when specified change of state takes place. The law fails to
say whether a specified change (or even chemical reaction) can occur
spontaneously, i.e. it is at all feasible. i

(11i) The first law states that an equivalent amount of energy can be
converted from one form to another form, but it fails to tell that heat
energy cannot be completely converted into an equivalent amount of
work without producing some changes elsewhere.

ST & TgH 5w H dd fesy ger S
() 7 T QU 71e wohw & b7 510 sTaeifve s ik Sw% gRT feg w5 &
G Tl @1 39 YR 9% @l iy am g svel s g @ sk sg
frresmTiad St <t srein, it =t T % % fore S €1 W ety Tt 2 fe
FeA1 1 7 A9 Q=9 a9 N AR el % =@ ¥ fe g Tl S ey
ST € T SO 1 wae SS9 a9 ¥ Fre qg w1 SR = e S
(i) Hmﬁm%m@n,mmwwﬁﬁmwﬁaﬁq@m%ﬁr@ﬁm%m
Soil oo Tt 21 e Frem 9% 76 e 2, s 1 fafre oftads e @ &
& A9 a7 IRedw T st & 91 54
(i) et 7o =% s 2 o6 ot =1 we w9 o1 afed TR ©Y i qeeli e A @
mé,mwﬁmﬂgwﬁﬁmmﬂﬁ%ﬁsmmﬁmwﬁaﬁmﬁ
Iodish S # a9 9% w9 T R, 59 9% o1 91 uiadT T 8

@ 5. What is the change in internal energy, when an ideal gas
expands isothermally?

T AR T AT YRR & TERa B 2, & satew it 3w
e erar €2

Ans. If we give g joules of heat to the system, then a part of it is usced in
increasing the internal energy of the system and a part of it is used in doing
work (W), so according to first law of thermodynamics,

A TH T Bl Q T A E, N ST $© 9T STARE St 1 @™ A bt o f
@ﬁﬂmm(W)aﬂﬁﬁlmnﬁaﬁ%nwﬁm%mﬂ,
R=AF+W
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[‘or small changes (g&¥ URad & @) dQ=dE+dW (i)
where dE = exact differential

So, it is related to changes in temperature dT and volume ¢V through the

total different equation. )

SR e et TR F Wed § A 4T 9 e 4V H aitadd | gt €
SF oL

dE = (g_‘—/‘)v dT + (—S'-‘j;)TdV .(11)

According to kinetic molecular theory, the internal energy of a given mass
of an ideal gas at constant temperature is independent of volume.

Tifrs aTfvaes fagr % SR, Fer qrawH W U ARE 19 @i i e somme S
SRR ot &) Al QWA

) -

SV )y

In the isothermal expansion, T is constant, then d7' =0
e farar W, 7 feris 2, @ d7 =0

Put these values in Eq. (11)

gt (i) ¥ I8 AE WH W, dE =0

So, the change in internal energy when an ideal gas is expanded
isothermally is zero.

TafT TR Sl & Iftadd, 9 T ey e SEiRa i S 2, @ aeardy foan
I B 2

Q7 Discuss Joule-Thomson effect. [2004]

Or Show that in Joule- Thomson effect the enthalpy of the
system remains unchanged.

G@—meﬁwmﬁﬁa&x
o7 TeaEn foh, SE-AAER ToE § 79 R T sTafafia T 2

Ans. The experimental method used by Joule-Thomson in
mathematically deriving a relation between the lowering of temperature
and the fall of pressure of a gas on expansion is shown in Fig. 1.1.

A long tube A and B made of a non-conducting material is fitted with a
porous plug G, in the middle of two piston 1 and 2. The tube is completely
insulated to ensure adiabatic conditions. Suppose one mole of a gas
occupies a volume V] enclosed between the piston and porous plug G, at a
pressure p;. It is allowed to pass slowly through the porous plug by
moving the piston 1 inwards. It is allowed to expand to volume V, at a
lower pressure p, by moving the piston 2 outward, as indicated in the
Fig. 1.1.
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A ‘ G B '

LD
AR E

: Z, :

Wil e [V

1 1 2 2

7 |

Thermal insulation

Fig. 1.1

T F A9 ht HH H R AT Ty w4fad w0 % fae e qen afwws 3 e
Teh=iteh o1 S9AIT faan, SA fo 1.1 ¥ <oiar = 1

S9Tg it Teh Tt AfTH A 3R B @ A IEF HE | U Wog W G a9l S99
a‘r:hghtﬁm 1 w1 e 2 & n e s @) Afdes 1 gofa: stamardt s fan
ST B

s 1 =l p; T IS @R G W SR F9W ¥, Ed o v, emds e # R
SEfEd ETeh T St GO ST <T@l STl @1 9% RT fied 2 f599 W & p, o g
2, 9% 9IS 72 i € q91 I w1 gad SR Y w61 ST V, W0 o s 2
External work done on the gas (system) by the piston 1 =-p,V;

External work done on the gas (system) by the piston 2 = p,V,

. Net external work done =-p,V; + p,V, = p,V,~ p,V;

As the expansion of the gas has occured adiabatically, the system is not in
a position to absorb heat from the surroundings, the system thus does work
at the expanse of the internal energy. Therefore, the internal energy of the

system falls from say Z, to E,
i N9 1 TR AT €, safee g aREaw # Q Sl sanifia T8 S "ot 21
T HEEEY T AREH Sl HH 81 S 81 791 98 St B, ¥ E, & 9t 2

= pVo—p)Vi =K, —E, E;+pV,=E,+pV;
We know that (89 SIFQ ¥, %)

E+pV=H
AH =0
Thus, an adiabatic expansion of a real gas occurs with constant enthalpy
instead of with constant energy. So J.T. expansion is an iso-enthalpy

process.

37q: AT T F THHaTdt FER ¥ TR e et 2 ol g Wi & st sl
S ATAET YR GE-Tded W5HT FEd 2l
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<5)Very Short Answer Type Questions

@ 1,/What is main difference between an open, closed and
' isolated system? _ [2013]

er, S a0 foefia oo % YA ST ol /7
Ans.

(i) Open System An open system is a system that freely exchange
energy and matter with the surroundings. e.g. Compound in a test
tube which can exchange heat and matter.

(ii) Closed System It is a system which can exchange only energy with
surrounding and not matter with the surrounding. e.g. Compound in
a test tube fitted with a cork.

(iii) Isolated System An isolated system does not exchange energy or
matter with its surrounding.

() AT A e a7, i a1 Sl S @ Ko a1 St S o FATE W ©, el
= el 2

(i) o 9 98 o, Fora a1 S 9H ¥ Feet St w1 Taw TE 8 SR 56 &
=€, 9 I Hheamr B

(iii) Taretfim 7=t o% o=, e o & 4, T o o T & Hehdl @ S A & wA
T, faafia o= Fean e

@ \2-Define intensive and extensive properties. Give one
"~ example of each. [2016]

Toritol qem &= 7O ) TH-TE SIS qah THAET|

Ans. Intensive Property Itis a property whose value does not depend
on the amount of the substance for which it is measured. e.g. Pressure,
density, viscosity, surface tension and refractive index.

Extensive Property It is a property which is proportional to the size of
the system or to the quantity of matter in the system. e.g. Mass, volume,
heat capacity and entropy.

2=afeR sverar fafyrse staar wger orerd 3 o7, S uad # vl | fslk w9 T
T TR Y, SAReR 319E e 0T e ol

IFTEIOT 19, TE, T 3R

TR ITHET AT 27t fatot wurerd 3 o7, S gerd ) wen w fsik @
THfa I TE, AT fadiol ot sean €

ISIEIUT 3T, T4, SHEE Al
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@ 3. The property whose magnitude is independent of amount
of the substance is called intensive/extensive colligative.
Give correct answer with suitable example. [2010]

% U, St el aaref Rt A ue sl o e, S e @
foreiol = storde o Fea €1 9 SR SaR 9 S

Ans. The property, whose magnitude is independent of amount of the
substance is called intensive property. e.g. Density, viscosity,
temperature, concentration etc. Intensive properties can be used to help
indentify a sample, because these characteristics do not depend on the
amount of sample, nor do they change according to conditions. So that
whatever the value of these properties is for 1 g of a substance that will be
also for 10 g, 50 g, 100 g.

T e, SRR aqed W A W feR T e, s e qorent ey 1
SH— e, T, A, WSl S e 07 W A e § Weren
2, i THE! foRvad TR # A W sl 98w €, o A 3 sraeenstt &
STTER SISEAt €, $T: 57 7O 61 S =4 foreht v=rel 3 1g 3 fere 9, 5/t =1 10 7,
50 U, 100 I % fag o €

Q \%;,/Deﬁne the heat capacity.
STEATENRAT sl IR Hifsrgy

Ans. Heat Capacity The quantity of heat required to raise the
temperature of the system from a lower to higher temperature divided by
the temperature difference is called heat capacity. The heat capacity of a
system between two temperatures 7; and T is given by

SHTERAT  forelt 7 o1 919 g Q SEEE w0 ¥ R s 95 stavasa St
<, SY AR |/ 907 N T A A H SN FE 1D a7, T, F S a R
FeRTIRar st e TR seR fepar e @

Q

C(Tz,ﬂ)=T2—T
1

where, C = Heat capacity

@ 5. Maximum/minimum work is obtained, when gas expands
" against. Which one is correct? Justify your answer. [2010]
s 4 et ¥ weiia St ], @ s sifermany e wre dar &

TE ST ST T2 IR A/ TR ot S

Ans. Minimum work is obtained, when gas expands against vacuum. If
gas expands into vacuum, then external pressure,

st g frafq & sfia € @, @ el =g wr e 21

afs A9 frafq & smfia €@ 2, & g T, ;
p=0
W =pdV =0 xdV =0
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Q ﬁ, Why is AE = 0, for an isothermal expansion of a ideal gas?
Th ey 19 % THardt YR % 1T AE =0 i @2

Ans. According to first law of thermodynamics,

Fenrfaept o S99 fFamTER,
QR=AE+W
When (S9) AE=0 . Q=W

[t is because, the work done by the gas is exactly equal to heat absorbed.

it T g fen o & srauifya o & SR 2

(i[) Numerical Problems

Q@ 1. Calculate the work done in calories, when 5 g molecules of
a perfect gas are compressed reversibly and isothermally
from a pressure of 1.5 atm to 15 atm at 27°C.

S 27°C U 5 UTH HIST A 319 H1 SSHAUIT 97 THaTd T9ie 1.5
AFHATSH ¥ 15 MPHISH R Fmar S, A fofd T e (il ) R
TOET SHifSTa)
Sol. W =2303nRT log 2L =2308 x5x2x300 x -1_2
P
= 69090 calories (Har)

Q 2. To what pressure must a given volume of nitrogen
originally at 100°C and 1 atm pressure be adiabatically
compressed in order to raise its temperature to 400°C?
(C,/Cy for nitrogen =1.4)

N, % T ST 3R ot Sl 100°C & 1 SPHATSH T T A
o H TEiE g1 foha 1 ST T ST, foh SHeHT 19 SIgehY 400°C B
SR? (N, faTy=14)
1 1 P - 1; !
Sol. pI Ty = ph 1Ty or H . (_]
1 1 2 2 D1 T2
(A -7). (log p,—log p,) =y (log 7, —log T5)
Here, I8l p; = 1,7} =373,1,=673,y=14, py = ?
(1-14) (log ps—log1)2 =14 (log373 -1og673)

log po= % (log 673 —10g373)=35 (2.8280 —2517)=0.89705

Dy = antilog 0.89705 = 7.889 atm
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@ 3. 10 litre of neon is kept at 0°C and 10 atm pressure. It is
isothermally and reversibly expanded to 1 atm pressure.

Calculate the total work done.

10 & T T STERE R 0°C WY W 10 AV T T S| ATt
ISHAUIA T H SHHT T 1 GHOSE B ST & 1w oTrad efiex

H i el S § afesfaa it
Sol. For an isothermal expansion
piVi = pVs
= 10x10=1%xV,
V,=100 L

At NTP 22.4 litre Ne =1 mol H,

At NTP 100 litre Ne =~20 mol H, n =190
224 224
Vs
W =nRT In—2
Vi
= 200 x 8314 %273 x2303 logl(E
924 10

= L.O X 8314 x273 %2303 x1

=233x%x10%J

Q@ 4. Two moles of hydrogen are expanded isothermally and
reversibly from a pressure of 3 atm to pressure of 1 atm at
50°C. Calculate the value of AE, Q and W for this process.

50°C A9 W 2 A BIEGISH I 3 AFAVSH TE F 1 STHISH S F
e Tardt oFiX SehHvia weRH gRT waia iR T 9 w3 f
AE, g 3R W ¥ |9 i 01 FHifstal

Sol. T,=T,=50°C =50+ 278=3823°K
n =2 mol,
p =3 atm, p,=1atm
For isothermal reversible process,
AE =0

W=Q = W =2303 nRT log 2L
' P2

= 2303 x 2 x 8314 x 323 1og5;"

=12369.05 x 04771
= 5901 J/mol
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@ 5. Calculate the maximum work obtained when 2 moles of
nitrogen were expanded isothermally and reversibly from

10 liters to 20 litres at 25°C.

95°C MY I 2 HIS BISH & 10 T &l 20 Fﬁawwaﬁa
ICHHUI TEIRE e § Sferas i hi TUHET shifsia)
Sol. n=2mol, V, =10 litres,
V, =20 litres,
T =25°C + 273
298 K
R=8314J

We know, W =—nRT log—g—
1

W =-2.303 nRT logE
‘ Vi

W =-2303 x2 x 8314 x 298 log;, 38

W =-2303 x 2 x 8314 x 298 log;, 2
W = -2303 x 2 x 8314 x 298 x 0.3010

W =-3434.924d



