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2.6

2.185

2.186

2.187

2.188

2.189

PHASE TRANSFORMATIONS

The condensation takes place at constant pressure and temperature and the work done is
pPAV
where AV is the volume of the condensed vapour in the vapour phase. It is

Am
= —RT = 1206 J
pAV o R
where M = 18 gm is the molecular weight of water.
The specific volume of water (the liquid) will be written as V' Since V', > > V', most of
the weight is due to water. Thus if mr, is mass of the liquid and m, that of the vapour then
ms=m+m,
VeamVi+m,V, or VemV;=m (V -V)

V-mV,
Vv_vl

So m, = = 20 gm in the present case, Its volume is m, V', = 101

The volume of the condensed vapour was originally V; -V at temperature I'= 373 K.

Its mass will be given by
Mp(V,-

p(Vy-V)= %RT or m= Mp(Vo-V)

RT = 2gm where p= atmospheric pressure

We let V', = specific volume of liquid. V' = N V' = specific volume of vapour.
Let V= Original volume of the vapour. Then

\ 4 |4 |4
M%T- m+m, = NV, or = (m; + Nm ) V',
1y vV mV, n-1
So N-1)mV, = V(l—n)-n(n—l} ofr M= et T

In the case when the final volume of the substance cormesponds to the midpoint of a
herizontal poriion of the isothermal line in the p, v diagram, the final volume must be

Vv
(1+N) —z—l per unit mass of the substance. Of this the volume of the Jiquid is V', /2 per unit

total mass of the substance.
1
n= 1+N
From the first law of thermodynamics
AU+A=Q=mqg

where g is the specific latent heat of vaporization

Now A=p(Vv—-V,)m=m%

Thus AU=m(q—%§)

For water this gives = 2:08 x 10° Joules.

Thus
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2192
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Some of the heat used in heating water to the boiling temperature
T= 100°C = 373 K The remaining heat
=Q-mcAT
(c = specific heat of water, AT= 100 K) is used to create vapour. If the piston rises to
a height & then the volume of vapour will be = sh{neglecting water). Its mass will be

Ppsh Py shMq
RT * M and heat of vapourization will be —RF To this must be added the work

done in creating the saturated vapour m p, sh. Thus

Q-chT-poSh(1+%{) or h= =BT ohm

gm
pos(1+ Rj;]
mc(T-Tp)

A quantity ———== of saturated vapour must condense to heat the water to boiling

point T= 373°K
{Here ¢ = specific heat of water, T, = 295 K = initial water temperature).

The work done in lowering the piston will then be

mc (T-Ty) RT
'"'""—"q—x—l"l— = 251,

since work done per unit mass of the condensed vapouris p V = %'

Bt
G']vanP-&.zg- &xﬂg- L—ﬂz
pr Pidnpwnv-MV
4oM
or d=
P RT

For water o= 73 dynesfem, M = 18gm, p;= gm/ce, T= 300K, and with ny= 0-01, we
get
dm 0-2um

In equilibrium the number of "liquid" molecules evaporoting must equals the number of
"vapour" molecules condensing. By kinetic theory, this number is

Xl'l(\r') Xinx Eﬂ
nxy nxgnxV oo

[74 m
u-mx"xnx\/an'nnkTVanx
- -\/_ﬂ.__ , 2,
=M"PV 3. RT 035 g/om” s.

where p; is atmospheric pressure and T= 373K and M = molecular weight of water.

Its mass is
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2.194 Here we must assume that p is also the rate at which the tungsten filament loses mass
when in an atmosphere of its own vapour at this lemperature and that 1 (of the previous

problem) = 1. Then
P VM = 09 nPa

M
from the previous problem where p = pressure of the saturated vapour.

2.195 From the Vander Waals equation
RT a
P=v 52
where V= Volume of one gm mole of the substances.

For water V= 18 c.c. per mole = 1-8 x 10~ Ztitre per mole

litre?

a= 5-47 atmos - 3

mole
If molecular attraction vanisbed the equation will be
.. RT_
PTVoe
for the same specilic volume. Thus

a 5‘47 4 4
= = - 1 i
A V2 T8x 18 e 10" atmos = 1-7 x 107 atmos

2.196 The internal pressure being Faz- the work done in condensation is

v
&

a a

Lave 2L W2

VV2 V, v, v

i

This by assumption is Mg, M being the molecular weight and V,, V, being the molar
volumes of the liquid and gas.
2 Mﬂ
Thos P=yim Ty, Pe
where p is the density of the liquid. For water p; = 3-3 x 107

2197 The Vandar Waal’s equation can be written as (for one mole)

RT a
pV)= VTIJ—F

2
At the critical point (92) and (ﬂ—% vanish. Thus
aVv r v R
- RT + 2a or RT - 2a
vV-b V°  (V-bF V°
2RT 6a RT 3a
“woer V¢ T e Vv
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Solving these simultancously we get on division
2
V-b= 3 V, V=3bwV,,
This is the critical molar volume, Putting this back

RTey 24, _ 8a_
452 27h3 Cr 27bR

RTc,-_a_4a__a_ a
Vicr=b Vi, 27b% 9b° 27b°

Finally Po =

PoVue  a/9b 3
From these we see that chr T 8a/27b 8

Po, as27b® 1
RT, 8a/27b 8b
Te, 0082 x304

Thus b=R T = TT3x8 - 0 -043 litre/mol
(RT.Y  6da 27 s atm Jitre?
and = a= —(RT.Y/p. = 359 ———
PC,. 27 64 ( C'r) PCr (mol)2

Specific volume is molar volume divided by molecular weight. Thus

Vi,  3RTe, 3% 082 x 562 litre cc
VC?’- - - — 4.71..—.-.
M SMp,, 8 x 78 x47 g
p+—=|(V,-b)= RT
Vi
+ a
i _‘}Z Vm_b 8 T
or b4 [ Je—
PCr VMCr 3TCr
or T+ x|v - b =§-1:
PC,V,,z, VMCr 37
v
where J'|:=---2-—,vu _...f'_—,‘p T
Cr VMCr TCr
or :"I:+27b2 'V—-];-g-'t or :n:+—3— _l-§-|;
va 3] 3™ 2 3" 3
1 3 1 3
When =12 and v = 2,1:-8><24><6--2

(2) The ciritical Volume V,,, is the maximum volume in the liquid phase and the mimimum
volume in the gaseous. Thus
V. - 1000

max 18

x 3 » 030 litre = 5 litre
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2202 T,

2.203

2.204

2.205

(b} The critical pressure is the maximum possible pressure in the vapour phase in equilibrium
with liquid phase. Thus
. _a _ 547
Prax 2752 27x-03x03

= 225atmosphere

_8a_ 8 362 _
Cr 27bR 27 -043 x -082

Per= 35 ™ 3543

304K

gm/cc. = 0-34 gm/c.c.

The vessel is such that either vapour or liquid of mass m occupies it at critical point. Then
its volume will be
v 2 Voger = 3Mem
Cr— M MCr g Per M

The corresponding volume in liquid phase at room temperature is

y=Z
p
where p = density of liquid ether at room tmeperature. Thus
V 8 Mp Cr

= —= = (254
" Voo 3RIgp

using the given data (and p = 720gm per litre)

We apply the relation (7= constant)

1§ ds-§ av+d pav

to the cycle 1234531. 2
Hee § ds=-§ au=o
So f pdV=0

This implies that the areas I and IT are equal.
This reasoning is inapplicable to the cycle 1231,
for example. This cycle is imeversible because
it involves the irmreversible transition from a
single phase to a two-phase state at the point 3. >V

When a portion of supercool water turns into ice some heat is liberated, which should
heat it upto ice point. Neglecting the variation of specific heat of watcr, -the fraction of
water turning inot ice is clearly

where ¢ = specific heat of water and g ~ latent heat of fusion of ice, Clearly
f=1ats=-80C
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2.206 From the Claussius-Clapeyron {C-C)equations

dar T (VZ - V’l '
ap 912
qyois the specific latent heat absorbed in 1 — 2 (1 = solid, 2 = liquid)

v, -V,
AT= M Ap = _273x-091  atmxem’xK

2 333 joule

3 05N x 107 % m?
atm x cm m?

Joule . Joule

= 107!, AT= - 0075 K

2.207 Here 1 = liquid, 2 = Steam
TvV,-Vv,
AT = AP
q12

412£_2%0 09 3,
or V, - TAp__373 32 % x10 3 m’/g= 17m’/kg

2.208 From C-C equations

d£= q1n - qz
- TWV,-vy TV

Assuming the saturated vapour to be ideal gas

1 _m Mq
Vz RT,Thus Ap= szAT

and p™py (1 + I%‘qi A T) = 104 atmosphere

2.209 From C-C equation, neglecting the voolume of the liguid

d) q M.
“5-' Ivl-z R_I%p' (@ = g5}

- dp _ Mgdl
p RTT
m - MpV
Now pv MRT or m="r for a perfect gas
So T Efpﬂ z —-(V is Const = specific volume)

Mq 18 x 2250 H-
(RT l)r (83x373 ~lix 3 A%
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2.210 From C-C equation

..9 M,
ar TV, R71?

Integrating Inp= constant - %l%

Mg(l 1
This is reasonable for |T - ;| << T, and far below critical temperature.
2.211 As before (2.206) the lowering of melting point is given by

AT= - T AV

P

The superheated ice will then melt in part. The fraction that will melt is

CTAV
n= Tz p =03

2.212 (a) The cquations of the transition lines are

1800
T

%1—{?—1 Liquid gas
At the triple point they intersect. Thus
490 490
227 = T_w or T, =555= 216K

corresponding p,, is 5.14 atmosphere.

logp =905 - : Solid gas

= 678 -

In the formula log p= a -!’T—, we compare b with the corresponding term in the equation

in 2.210. Then
Inp=ax2303- 2288 g 2303. ¥4
T R
or . 2303 14%:}0 X831 _ 031 em
iy = 2202 1;410 X831 _ g0 /0m

Finally ¢,y igug= 213 J/gm on subtraction

IZ
2.213 aT  mq L.g
AS fch+T2~m(c1nT1+T2
Tl

s 373 2250
= 10 (4 23 373

18 In ==+ -—-—) =~ 72ki/K
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T I; g,

2214 AS= T—1+Cln'T—+-T;
333 373 o
= 2731-418]11283—856]/1(

2.215 ¢ = specific heat of copper = 0-39-g.LK-Suppose all ice does not melt, then

heat rejected = 90 x 0-39 (S0 - 0) = 31597

heat gained by ice = 50 x 209 x 3 + x x 333

Thus x=85gm

The hypothesis is correct and final temperature will be 7= 273K.
Hence change in entropy of copper piece

273
= mcln 363 = - 10J/K.

2.216 (a) Here 1, = 60°C. Suppose the final temperature is ¢ °C. Then

beat lost by water = m, ¢ (t,- 1)

heat gained by ice = m, g, +m, c(t -1}, if all ice melts
In this case m; g, = m, x 418 (60 ~ 1}, for m, = m,
So the final temperature will be 0°C and only some ice will melt,
Then 100 x 4-18 (60} = m'; x 333

m'y = 753 gm = amount of ice that will melt

. 333 213
Finally ASw» 753 % 3t 100 x 418 In 133

m'lq"'+ clnﬂ
r, TN,

= c———(Tz_Tl)—m lnE
m2 Tl 2 TI

AS:

T2
2= 88I/K
Tl

T

T,
=mC|7--1-In
1

(b} If m,ct,>m, g, then all ice will melt as one can check and the final temperature
can be obtained like this
myc (=T} = myqu+mc(T-T,}
mT+mT)c-m qm-(m¥+n:9) cT
) Gy

myTy+m, T - c
or T s 280 K
my +my

m, q T T,
and AS = T, +C(’"1‘“T1“m21“ T]' 19)/K
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maq I, Mq,
2217 ASw= - T2 -mcln 1,1 +—j;l‘—-
where Mg, ,=m (q2 +c(l,-T) )

1 1 T )
-qu[T 1,,2]+1'm:(i,,,1 i~ T,

= (02245 + 02564 =~ 0-48J/K

2.218 When heat 40 is given to the vapour its temperature will change by d7T, pressure by dp
and volume by 4V, it being assumed that the vapour remains saturated,

Then by C-C equation

4
ﬁ - vT%,-(V“m > V'), or dp= f%,—dT
on the other hand, pV' = %
So pdV' +Vidpm= Edl,
R _ g
Hence pdv’ ( M T) dar
finally dQ = CdT = dU + pdV’

T . q
-CVdT+(M T)dT C,dr-dl

(CP, C, refer 10 unit mass herc). Thus

1
C= C,- T
For water C, = Ry 1 with y= 1-32 and M= 18
y-1 M
So C,= 190J/gmK
and C= -413)/gm°K = - 74J/mole K

2.219 The required entropy change can be calculated along a process in which the water 1s
heated from T, to T, and then allowed to evaporate. The entropy change for this is

T, gM
- 2.9
AS Cmn*n

where g = specific latent heat of vaporization.



