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Chapter- 2
Gaseous State

dra aradr

Q. 1. Comment on the statement mean free path depends on
eollsion frequency and molecular diameter.” 2002,2014,2013

50w or fEwel wRa oftwa gaw ury il wear ¥ TEe
s 3T anfvers s Wl

or , -
Write short note on collisien frequency. [2016, 2011]
Sclutien @ ' :
_ ,,Mm_&a}h is one of the important quantity in kinetic theory of
pases. It in denoted by A. It is defined as the mean distance travelled by a
pas molecule between two successive collision.
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It has been seen that

A a-l
P
Mean free path inversly propotional to pressure. If pressure will be
increase the A will be very small. At one atm pressure value of A in very
little. In good vaccum where pressure is of the order 107 atm, a simple
calculation show that A is very small. |
The mean free path related to collision diameter by following relation

1

J 2n‘rrc72
n = no. of molecules per cm’
o = collision diameter
Mean free path depend upon collision frequency and collision diameter,
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Q. 2(i). Write Vander Wall’s equation and derive expression relating
critical constant with Vander Wall’s constants .

wwwmwmwﬁ&mﬁ%vmw

TreT Tegtient sl sgaa=1 &ifdagl  [2002, 04, 05,06,16,13,16,17)
Solution: Vander Wall’s equation is——

ST GTed SYET 8—

P+-——(v-b)=RT e (i)
V2

Pv+ — -Pb- -—E—-RT=O

: v v .
Multiplying by v* of equation (ii)
T (i) B v:H IOT FH T
PV’ +av—bPv? —ab - RTV’ =0
eq. (3) dividing by P
o (3) T PJ 9T 3] W

vV . 2 b RTv?

B e S =0
Y . P P

RT b '
o - (b+——-)v2+——v—-——=0 ersesnrioesmerns (iv)
P p P o
All the three roots are same at critical temperature, So—

G Gl = sifas ard 9 9HHE B 8, 379

(V - Vc) =0

prandlng eq. and wrltmg decreasing powcr of v this become

v —3v?v, —3Vclv—ve’ = 0 (V)

Vander waal equation of states at critical temperatue and critical
pressure.

shifaer aTq ST S 9T ST S WHIO
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Y = (b+8—19)v2 +-—-v-—+l2-=0 (vi)
Fc Pc Pc
Both eq. (v) and (vi) are public equation with variable v. comparing
difference of various power, we get. IO (v) 3R (i) Hffass wfio &)1 <=l
R GEAT A U

<3Ve =- (b + BI‘-’-J .............. (vii)
Pc
RTc
3Vce= b+ -
and
3vel=— e (viii)
Pc
ved = —-t-)- (ix)
e
Dividing eq. (ix) by eq. (viii)
v03 _ b ” Pc
3y 02 Pc
Vec=3b

Substituting the value of Ve in eq. (ix)

FHIO (ix) = Ve ¥ 917 3
b

3b)’ = —
G Pc

Pc =

27b2
Substituting the value of Ve in eq. TR 4 1§
0 (vii) B Ve B 7T TW@H W
3x3b=b+ RTc

RT
8b=

Pc

bxP

then (6<l) Tc = ol
Te= ————  eeeeseecenees X)

27bR =

Q. 2(il). Write note on virial equation of state.
arerear gato aT feugoft ferfan 12002,17]

Solution:
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Virial eq. f state may be expressed as. faRTer evren whio ¥ @@
fegrar ST TesaT &
PV n n? r33

——== 1+ —=B(T)+ —— )+ =P (1) e (1
nRT v v 3 W

The co-efficient B(TY, C(T) and D(t) are calied second, third end fourin
virtal co-efficient respectively. The co-efficient are function of temperature.
The above cquation may be written as.

U B(T), C(T) 3 Dy 20T = Bdy d?ﬂ?l ayl 9gd @fae "{LUT{'T‘”
‘f%xnuna'wq%w%m §1 3utse wfo a%fvfrmm@ﬁw
THAT B

Pv

nRT

B’, C’ and D) ctc. are also cailed virial co-efficient. For a ideal gas, the
virial co-efficient, are all zero except first which is unity. The magnitude of
virial co-efficient depends upon the nature of forces between molecules.

The virial co-efficient can be expressed in term of Vander Waal’s
constant by arranging Vander Waal’s equation as.

B', c'mb'wﬁﬁﬁﬁuawm%‘: araet g ¥ forg wgq TuiiE
mwwﬁ%%lmqwmﬁmw%ﬁaawmwmmm
F g o A Ta )i s 2

faRear uiss @ aret ae Ruts & w9 A fo@ wd €1

=1 +BIP+CP*+DP*+ veveeeseraeenen @

_ RT 3)
v-b 2 :
RT
Pv= V - 4)
v-b A4
PV
- - 1__b._ o P— (5)
RT v-b RTV \Y RTV
*b b2 b3 .
= [ + — +

1 b* b’
=1+ —| b- +
v( RT) VERRVE
On comparing wites eq. (2) for n = 1

egetB(T) =b- —

We get B(T) =

C(T)—b"

D(T) = b’ etc.

gto (2) ¥ WY gEFT FE W, n=1 & g
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B(T)=b- —
- RT

C(M=b"

D(T) =t

The correspondmg co-efficient in eq. (1) not (2) are related as.

FREIET ulis §8 Fr Tafed 21

B;:,____(_I)_ dﬁ'{C'—“C (T')" (n

¢}, 30). If Pe .md b 0! a vander waal’s gas are 150 atm and S5.000 x

107 dm® mol™” respectne gscalculate its critical temperature.
a[%rxa*mrmm ' & Pe Ud b o TN HHY: 150 atm

we 5.10% 1072 dm® mel? Bl W FEFH WIAEH AU Tl TUE
I {2003}
Solution:

Pe = 150 atin
b= 102 dm® mol™
Toe=19

24150 120010~

314 %10~ 2 314 x10" 2

1200
e == 44,34 K
314

Q. 4. Describe the law of corresponding state..
v evaeen foraw @ quia & [2003, 05, 11,14,16]

or
Deduce the reduce equation of state and state its opplicability?
wHHEQ wmmﬂmwaﬁsgmﬂaﬁmmrmmmﬂa

ez o2

%10~ 2

Te ==

-

Solution:
Vander waal’s introduce critical terms in its equation such that—
wm#ﬁaﬁmﬁh«mﬁmﬁaﬁzﬁwﬁﬂf&ﬁw
P=nPc
T= € Tc
V= ¢ Ve
Where SI&1
n = Reduced pressure 9T 31 <=
0 = Reduced temperature 2T 3T 19
¢ = Reduced volume 9T g3 3HAH
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=4 ST T T

Vander waal equation for one mol gas.
a0 A
TS AT 19 & T anes< arer o —

P+— (v-b)=RT
Y,

Substituting the value
9 qfAEig i @@
P=mnPc,V=¢Vec, T=0Tc

[*rP: oy J(@Vc —b)=R6Tc¢

We know that V¢ = 3b, P¢c = -

27b2
Tce= ———
27Rb
[“2 5 (3¢b—b) = kil
27b< ) ¢“9b~ 27Rb
(Tl' 1) &
—5 | 5 +—= |p(Be-1)=—r-
op2 K 3 27b
1T 1 9b
— 4 (B —1) = .
3 Q;Z((P ) 27b
m 1
RIS NS | i 11; O, | g

This equation is known as reduced equation of state.

59 "o i g1 REgTs aifishtor s8d £

This equation does not contain any constant. Thus it is equally

applicable both to gases as well as liquid.

If two or more substances have the same value two reduced variable the
third one will also be the same. Thus, if two substance have the same
reduced volume and reduced temperature they must have the same reduced
pressure. This statement is called principle of corresponding state. Two or
more substance is called in the corresponding state it their reduced variable

arc same.

It a substance obey principle of corresponding states, the value of the

critical ratio

ZC = PCVE = Constant
Tc

For halogen Zc = 0.29
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ga wio # &g fedes a8 §1 gufery g w791 59 41 & oo ITanh

A
i & A & U ot el % oA sreafdd e e 8 ar e susiE
AT ] WHE BRI ST & weref % wwe STu=R| eTmas a1 SiueRe {aEE
Gl A ST TR W WY WHe g gt e S O oraTer fEm wEd &
A ' W e urel @ dna srawenm § wed § uft s srgufhd O
T T gl
Al vmred g oree frEW s Wem W @ A sites Wi 1 Srua
ficrer g
PcVe
ZC =
RTc
O. 4 (di). Explain V., average velocity (f’;) and most probable
velocity (Vmp). Write the ratio of V., Vmp and V',
W WA YT, IWAd GEAaren s 9 W ansnge rederRa
& e s faflam () at-wrem-ger @ e weEETR
2T (i) ST I W WIITETeH S AT [2003,2008,2013,17]

or

GG

Write short notes on -

Average, root mean squar and most probablie velocity. |2006]

sirea, ait arem e T wewrarEes 3 O Sy frunft fafaw
“olution:

We know that gas molecule move continuously in all possible direction.
During their movement they collide with one another. Due to such collision
«clocity of individual molecule are changing continuously. Althouugh, the
mverall rms velocity remains constant. It means there is a distribution of
velocity among gas molecule and this distribution is given by Jemes clark
Maxwell knownas Mexwell Boltzman distribution law.

According to this law the total no. of molecule present having velocity
between Vo and N + dv is given by.

ESIAd € 19 0] W welae fRenst § emer o wa 8wy ¥
T S W gEt | ZeRUd Wd 81 W a8 % Tl ¥ Swpsil &t Wy emar
(it et @1 grette o @l nrer ger O gum w1 era: i spsh &
il wEerdt et 81 39 ATEae (Maxwell)-areesma faaoT gy wed 81

v ATER Wit suRed swisll &1 g Vv oeen v+ dv & s F et 8

ldn_, [ WM )3/2 -—mv:f_vzd
2mR

e —

ndv

e Vv
zRT

1 dn ..
-—— = fraction of molecule
n dv
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2.0x 1074 T;,—">’T2>T,
1.5x 1074 . - 25°C
s '-I‘i
1dn,ox10°) 1000°C
n duv
0.5x 107°_] i

O .
Velocity >
The graph has following significance

(1) There is a only small fraction of molecule for which »c!m ity elther
very low or very high.

(2) There is a certain wvelocity for which fraction of meolecule is
maximum this is known as most probable velocity.

2RT

M

(3) Effect of temperature as follows—
(a) With rise in temperature the curve becomes less picked and wider.
This show that the velocity is broader now.

(b) With the rise in temperature the numerical value of most probable’
velocity rise.

mME H I weeT 3—
(1) =gd & 1] 8 Sifes IfY a1 o Sgd SRS € A1 9gd S|
(2) 3@ am v sAfeerar o10] 9 S § SR weEress 9 SEd 8
2RT
M
(3) 919 B 99T A g a—RmaE
(m)ﬁwa@%mammm@ta‘a‘mm%am?ﬁa@ amr"*i
g favar e & | sgar s @r 8
(@) A9 A T WSS 9 1 s " e 1

- ’3RT
‘Root mean squar velocity (S-HTeT e AN Vims = >

Vimp =

Vmp -
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Average velocity (3TGd ) (V)= Rl
; T
2RT

Most probable velocity (T acHE 1) Vmp B VE——!G—-

Vip s Vi Vi =1:113:1.22
). 5(). What is Ideal model of gas? '
Y &t ameet ulfawy =r 272 [2004]
wolution

Idcal gas obey Boyi's charge’s Avagadro law. It give linear line when a
ol put between PV and P for ideal gas.

Ideal gas obey gas equation i.e. PV = nRT at very low pressure all gases
low deviation from ideal behaviour.

MY AT FrEel, wed wearnsSr % AW =5 amiT sl £ % py s P %
g T & @ |

eyl T e e 39 49 W e e @ e el 21 e
d it T aest sreer | frem 5wl s &)

/ Real pas

P

1 -
).7. Derive the ideal gas equation from Py — mn\f‘2
1
Py mnv? ¥ smreet e wreftereor e ORI [2005,15
or
Write the pastulate of kinetic theory of gases. [2011)

e W vy i &t afereusr wam 2

duftons- '

Kinetic theory of gases

T'he specific application of molecuiar hypothesis to phenomenon in

reous system is known as kinetic theory if gases. The main postulate of
i theory are given below.

(1) Every gas consist of large no. of small particle called molecules.
iowe moves very high velocity in all nossible direction
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(2) The valume of individual molecule is negligible as compared tc
total voluine of gas. * '

(3) Gaseous molecule perfectly elastic so that thera je nn loss of kinetié
energy due to their collision.

(4) The effect of gravity on motion of the molecule is negligible.
(5) Gaseous molecules have point masses.

(6) Pressure of gas is due to impact of the gas molecule on the
container., |

(7) Average kinetic energy is propotional absolute temperature.
AR = &g e A o wfisht fug=r wwerar &1 oo

T g () e - |

(1) 5% 9 S12-Bie Tl § frer I 8 § Ry o) wed §) I T
feeneil # se3 91 F wrr R wa §

(2) T 9] 7 strre QR M & mga= & qorn 59y grar £ |

(3) el o1ty qof w7 & quea @ § Rl s orey ¥ S TR Sl
61 B9 A& g 21 \

(4) N4 219 % W e Z=aE aar &) ‘

(s)ﬁ@ﬂwa@aﬁ%a&a%Wﬁmﬁ@mwwm‘&mé
ISE AL (pressures) Hgd 21

(6) T4l & 7Y W= Twe w1 W T gEar 2

(7) T8 nfoe St WA W19 ¥ STEHAEEE S 2

Kinetic equation of gases

Suppose to be total no. of gas is n.

Mass of each molecule is = m
Average velocity = V
Y

b [ 3]

> X
Vd P o

After the impact, the molecule will be move the opposite direction with
velocity —V. Since the collision are supposed to be perfectly elastic. '

The momentum of molecule before impact to face = +mv

The momentum of molecule after the impact = -mv

Change in nomentum in each impact
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mv — (-mv)
2myv
Molecule travel distance of 21 on for striking the face A again.

. . A\
No. of collision for second = —-

21
- . Vv
I'he rate of change of momentum = -é-l- X 2mvV
mV2
4
I'orce exrted upon the side of the container by one of the molecule
mvz
¢

n : : . ,
I‘ach of the g molecules moving in each particular direction will strike

wall with this force.
I'otal force on the face A

n sz

— %

3 €

mnv‘z

37

Force
I'ressure = —————
re

Above equation is known as kinetic equation of gases.
I M=mn

A I
lhen PV = —3— mv2

e 6 e H ger el A @ = n Wel® ST9] & XS = m
NN STUT T FSIHN = m
MRS | a"’[ = \J
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TFw % A arv) faude R § <V & nfy s 2
w6 ot qol U | gued @ di—

ZHEE ¥ TEA 7] % €AW = -mv
ZHHRA B A€ WIAT = -mv

Pl HAT IR = mv ~ (-mv) = 2mv
gﬁmm'&m&nﬁwwmsﬁﬁgﬁmmmo

ufa |0 =oRd & o = —5—(;

Hav gRada &1 W = é—xzmv

mv2

¢

mv2

u ov] B W & RAER WO T 6 = e

n@aﬁg—m@sf&ﬁ&mﬂﬁgﬁ%aﬁtaﬁa%fﬂaﬁmwaﬂiﬁ

THETE T

. 2
.. D
GO AW HA TA = —

3/

mnv2

3¢
et

& 1%

mnv:2 1

Pt

3¢ . p2 N

1 mnv-2

el s A

3 v

]E =

1

PV = — mnv?
3

gfd M =mn

a% PV = --;:1\’1\12

Q.8. On the basis of motecular Kkinetic theory derive ideal gadj
equation.
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s washa fRaEra ¥ st ue ayrgy Ty wefteRver
LA TR
Sulution @

ILgquation corresponding to Boyle’s Law

1.

Va ; (at constant T))
Charl’s law
VaT (at constant )
Avogadro’s Law
Van (at constant T & P)
Comkining above equation

T
Van—

P

This is called Universal Gas Law. It is called ideal Gas law and it
pplies to all gases which exhibit ideal behaviour,

On the basis of above equation we can say that “volume of a given
amount of gas is directly proportional to the no. of moles of gas and the
(. mperature and inversely propotional to the pressure.”

V=Rn—
P

Where, R = Gas constant
PV =nRT
I‘'or n mol gas
PV =RT
tnit of R
PV
nT
Force

R =

-x re xlength
__re

moles x degree

Force xlength Work

—

molesxdegree  molesxdegree
~ ) Mol degree™ -
et <hr e .
1

!’a-F; (Fraa 99 W)

et = s
VaT ,_ (ffraa a9 99)
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Van (Frra a7 3fit E™ )
IqGad wiET & faend «)

T
Van,—

= . o

5 Ffader T o fraw we §) ¥ o=y @ fraw wed €1 g Wil
i sy Rear s ousar 21 ’ ‘

SulE gfaeT F ITER 89 %7 Wahd § o “fml R g @ s
qF Al 3 €0, AraHd % SEREATIUE G /9 % SuhuRIR T 2

V=Rnl

5 .

SEf R = 19 Ryl

PV =mR

n W 19 & fae

PV =RT

R % UHSH

R = ——
nT

= J mol™ degree’
Q. 8 (ii). Vander Waal's constants for given gas are a = 4.10 atm litrj
and b = 400 m! mol”'. Evaluate the critical temp. pressare
and volume.

et & g T aresT 9 Redss W% A a = 4,10 <
fero? T b = 4.00 Brehh W™’ ¥ v g ¥ Wl W@y,
T AT & |/ il

Solution :

Given that fear % &S

a= 4.10 atm Litre?

b =4 mL mol

=4 % 10 L mol?
R = 0.082 L-atm k'mol

x4.10
Tc = =

27Rb 27 x0.0 2x4x10™3
Te = 3.703 x 10°

Pc=

27b2
4.10

27x16x10" 16
 Pc=94x10"
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Vc=13b
=3 x4x 107
: 12 % 107
J.9. Draw and explam the PV isctherm of CO,
- CO, % PV WRWUT &t {aifea &y st i
Soludion

PV isotherm for Co, gas  given be;low Increase the pressurc PV
decreases first, passes through

Pv e L L L L T T T T AT S~ TR AP T VLG 1 A P 4 Y T e v YO R e Sy
\\\-‘ Tooui pas
® hata SN

A >

Minimum and then increase with further increase of pressure.
IHorigontal line represent the ideal gas. For ideal gas PV increases with

murcases pressure of the gas. There is some correction for real gases. For

roal gases, gas equation is

PV =ZRT
Where Z = correction factor.
PV
" RT
For ideal gas z = 1. Highly soluble and most easly liquefiable gases

how maximum devmtlon
W&mepvmﬁaﬂmw%amaﬂﬁwﬁpvm

1 (TR e FgM Ol ggd Tl 21
Aifers T ereyl i it weltfa e 21 oEel i % e pv-gHardt e
tog g @) arEfas 19 % i w guw e a8
PV = ZRT
PV

RT |
sﬂ?&f?mr?k%z~lwﬁﬂasm§%ﬂzﬁmﬁq3ﬂﬁza€%amqaﬁh

lh” b

(). 13(i). Show that Vandcr Waal’s equation. Explains the deviation in
real gases.




FreaTETeT & gHiERer awatas fat ® e @t snsan

AT ¥ gYigw 2007, 2009,2010,2014,17

Solution : Vander Walls modified the ideal gas equation by appling the:
two correction in ideal gas equation. .;
(1) Correction due to finit volume.-——Since the molecule of gases have.
finit volume at the higher pressure the actual space available for their
movement is less the total volume of gas container. Therefor the correct or

ideal volume. ‘
S e @@ W Td e fraa @an @1 gafTg el & g &
foTu Sig o SR § A it 21 Wi TR wr SRt s
Ve=V-—-ub
Where b is excluded volume
STEf b ST I SR 2

------------------------------------------------------- 1 \
a
.
-
.
-

< fan ;

Let us two molecules are coming together. They will not come closer!

distance of 2r(d). Where r is radius of one molecule. If' we draw a sphare-of’
radius 2r. Its volume will be the excluded volume. _ .

S oqup gy MY A1 F 20(d) ¥ AR 9 AE o wHAl STl r YL

fram 1 4y g9 2r o AW o s qen e @ gueE SeE uel gl

agad 2l

s S 370iEi & I =eT g3 Argad



B.Sec. Part-1, CHEMISTRY | Paper-I :Physical Chewmistry | 29

gﬁ(zrﬁ

4
P e— .7:'8:‘3
3

I'be excluded volume per molecule.
< 1 4 3
J 370] % faw 92T ger Srge = =575 Z8r”

D

C 4 {i{ 717‘3) A :
D

I"'xcluded volume rer molecule.

HEIT T 3T = 4V’

I'scinded volume for mole = 4NV’

TR WS ST RN SMHA =

Where N = A»dgddro Number

Siet TERTET o

N Yolume of one mole
W A & AR

I'xcluded volump per mole b = 4NV’

T&IE AT F T wer g3 enwa

(b) Correction for Intermojeculasr Attraction
et us consider molecule A in the interior of gas. This molecule is

acted by many other molecule and net force of attraction acting on the
oo lecuie will be zero.

Y ",
T o "
€= Q () Wi, () s

l

O

F=
I'his molecule will more without any influence of any external force.
I ot us consider anothers molecule striking the wall of the container.
Ihis molecule will be experience an inward pull due to surrounding
rolecule, Therefore, this molecule will be strike the wall of the container
i desser momentum. There is decrease in the pressure and ideal pressure

¢ )

mlffEB'Q:'q‘;ffHBTU\IA 21 % 81 o§ 21v] ok = sl ¥ 2% wy ¥
T AR YT BT B 3707 faar B araft wer R wems W o S
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@umﬁm@m@?ﬂwmwaﬁaﬁ?aawm @I
g iR a7’ ¥ oI AW orv] 0 wiwd ¥l gufeny we A e & dar 9
HH TN W TFHFQINT| ST T T2 I I T (Pe)

Pc=P+P

Where P = Obqer\ ed pressure

Stef ST TR

P = Decrease in the pressure

T 3 =
Decrease in the pressure dcpend upon two factors—
(1) The no. of mclecules striking the wall of the container Per anit time.

- : n
This is prepotional to —
Vv

(i1) The no. of molecules present in the immcdiate vicinity of the strking

.. : n
molecule. This is also propotional to —
Vv

(i) TEF G99 H g9 % GO O U4 arel sl @y dwsmr S -—dﬁ
QHTATER erdr 2 Y

awﬁmﬁmaa@ﬁqwa}m% ol i dem aw A
FHETR S 2l

Nn n
P'a—x—
v V

'
]
1
1

-y

< |3

=P
V2
Where,
a = Another Wander Wall costant.
This is change into ideal gas & new equation was obtained.
o8 eyl i wHto # ufimdw wmam wraw gHto
2
P o

(v—nb) =nRT
\Y
This is known as Vander Waal equation.
g FFSIETErS GHIEHUT FHEeTer 8l
Q. 14(3). Why the real gases deviate from ideal gas behaviour?
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Artalres Tt s sneet e sawre & e w1t dar 2 2017
Solutions: '

At high pressure and low temperature real gas can not follow kinetic
theory. ; ' . ' :
According to kinetic theory there are two assumption— -

(i) First assumption is that intromolecular force between two molecule

o zero or negiegibile.
This is only followed at high temperature & low pressure. Tn this
vondition molecule for a part. At low ternperature and high pressure, the
volume of gas is derease and gas molecule come closer to one-other. Then
Jutermolecular force could not be negligible.
| (11) Finit volume accupied by gas molecule gas molecule is instgnificant
[ cmpared to the total vohune occupied by the gas. :
At high pressure and low temperature the volume of gas is decreases
it volume of molecule is incompressible. Therefore, volume of molecule is
nat ignored compard to total volume. '

3 T AR e @ W aralas A e fasrd @ s wefvt
Al i
Fupifea Rasra & oTar & |a far v -
(2) ugen 79 =% 8 f6  owupell & e sraufras sor Ay @ar
g el I 19 AT T W ey dier #i 3w erawar § o] gy
i St AT A i ST S| W, SiEad 2 S 8 SN ST qre-ure o4
1§l g oTaEen H erauftas et v e e wean
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0, 16. Show that Vander Waals equation for one mole of a gas can
be written in the form.

wefife &8 & @ 9w A9 & aret aer @iwr B 3w
wa § feran s wwar g [2009]

PV bP g

—————

=1+ ——— +
RY RT RTV RTV2

Solution:
Vandel Waal equation for one mol gas

TF T 719 & 1T svet e 9eiepiu—
b

PV 4~ —Pb —~——=RT
v/ v

PV =RT +Pb -—-——~+—-£
v o2
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Dividing by RT

Q. 18(c). Calculate the secend & faired virial co-efficient for a gas
assuming it to be a Vander Waal’s gas
A = 3.6 litie atm mol-2
b = .04 litre mol-1 [2010]
Solution:
Vander Waal’s equation for one gas is
{ \
P+— [{(v-b)=RT (1)
. V2

(s Y RT
P+ ——r
. v2) (v-b)

P4—(v—-b)}=RT
~2V2(V )

L LI )
v-b 2

PV ~ RTV v

RT. RT(v-b) RrTv2

Z=
(v-b) RTV

)

_ (}_:_fz)_l o
y RTV

( b b2 :
Z=|1+—4—+.ueeeo. | ———
. Vv Vv RTV
X 2
z=|1+[p-- )2 2 . (3)
RT jv V2
Second virial Co-efficient = b - —
RT
= 0.04 - ?;6
0.0 T x29
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-0.107
t hird YVirial Co-efficient = b°
(0.04)
0.0016
) 19, What is unit of [h] ?
R
| l_)y_] H THE T 27 2015
U L
]| PV =RT
| =PV
R

T =8 or Kelvin
20 Linde's Method fer liquifaction of gases.
T & gellsetur & Toma fooe fafe 2015
\iy Linde's Method : Linde & Hampson developed this method
viately. Basis of this method is Joule-Thomson effect. Appratus used in
meihod in given below

f e :l,_,_,--Expansmn chamber

1+ Compressed air

l . ——

Spiral tube

_......._.._._...}
air
e Expansion chamber

Compressor

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

W EEARETLER RS —~liquid air

........

Linde's apparatus for liquefaction of air

In this method puses dry air is compresed upto 200 atmosphere.
w1t is passed into cooled pipes by refrigerating ammonia. In this pipe
i1l ol compression is given out. Now compressed air is passed into spiral
- Which has a get in lower end. On comming out of get air is freely
| pnds and fall of temprature arises. cooled air is at about 1 atmosphere
wure, and rises up in expansion chamber. The cooled air in made to pass
b through the outer tube and cools the incomuming air. In this way the
veomming air get further cooled and return back to compressor. The
cowens of compresion and expansion is repeated again and again fall the
cqmued temp (=78 for liquification air is obtained. By Joule- Thomson
11001 most of the gases become cooled but hydrogen and helium gases get
v el this process. These gases are being cooled below the inversion
o before expansion and then these gases can be cooled. Inversion temp
: - hivdrogen and helium gases are —80°C and —240°C respectively.
» 1. Describe Claude's methed of liquifaction of gases. Why is this

mcthod superior than linde's method?
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Ans.: This process is based upon the principle that when a gas expanc
adiabotically against a piston in an engine, it does some external worl
hence its interval energy falls and consequently the temp of the gaas fall
This principle, combined with the Joule-Thomson effect, has been applied |
the claude's process for the liquefaction of ajr. The apparatus used is show
n Fig.

Compressor

Liquidair

Fig. Claude's Process

The purified air i.e. air feed from carbon dioxide and water vapo!
is first compressed to about 200atm. The compressed air the passes throug
the tube T which bifurcates at the point X. A part of the air goes into tl
cylinder fitted with an airtight piston and the rest of the air that goes into tl
cylinder pushes the piston and thus does some external work As a result, tl
internal energy of the air falls and hence the temp. falls. The cooled air th
enters the chiamber D at the point Y. The air the passes through the coild
is cooled by Joule-Thomson effectas it comes out of the Jet J 1n to ¢
chamber D.The cooled air going upward in the chamber D further colls t
incoming air in the coil C. The colled air is led to the compressor and t
process is repeated a number of times till the air is cooled to such an exte
that it liquefies. The liquefied air collects in the chamber and is with drawr



