I Real Gases

Section (A) : Experimental Observation and critical state
Thl Critical constant of a gas:
When pressure increases at constant temperature volume of gas decreases

P.r
P
P, Ta>Tec>T3>T2>Ta
T, (T.>T)
< -+ isoth
pl_ T,5T, isotherm
g
3
§ 30.98°C
ES (To)
: !
vV, V, \Z
Volume —— >
Isotherms of CO, at various temperatures
AB — gas
BC — vapour + liquid
CD — liquid

Critical point: At this point, all the physical properties of liquid phase will be equal to physical
properties in vapour such that density of liquid = density of vapour

Tc or critical temp: Temperature above which a gas can not be liquified

Pc or critical pressure: Minimum pressure which must be applied at critical temperature to convert the
gas into liquid.

V¢ or critical volume: Volume occupied by one mole of gas at Tc & Pc.



Section (B) : Vander waal equation and virial equation of state

Th2 Real Gases:
) Real gases do not obey the ideal gas laws exactly under all conditions of temperature and pressure.
) Real gases deviates from ideal behaviour because
O Real gas molecules have a finite volume.
{Since on liquefaction real gases occupy a finite volume}
O Inter molecular attractive forces between real gas molecules is not zero.
{Real gases can be converted into liquid where as ideal gases cant be}

® Deviation of real gases from ideal behaviour can be measured by using compresibility factor: (Z)
A
F1 z= PVea (PV)igeal = NRT
(PV)igeal Real gas
Y PV Ideal gas
F2 z=—- =""m, g
nRT RT ®
Vw is volume of one mole of gas or molar volume. g
o
F3 7= Vm real
Vm dea < — >
0 Volume ——»
Variation of Z with pressure at constant temperature :
CO
CH,
H,
He
721 Ideal gas
0 P —

Variation of Z with pressure at different temperature (for same gas ) :

P
Conclusions :
Z =1 for ideal gas ; Z > 1 at all pressures for He/H>
Z <1 at low pressure (for all other gases) ; Z > 1 at high pressure (for all other gases)

Th3 Vander Waal Equation of real gases:
The ideal gas equation does not consider the effect of attractive forces and molecular volume.
Vander Waal's corrected the ideal gas equation by taking the effect of
(a) Molecular volume (b) Molecular attraction



Der.l e Volume orrection :
Ideal gas equation :
Pi Vi = nRT; In the equation Vi stands for the volume which is available for free movement of the
molecules.
Videal = VOlume available for free movement of gaseous molecule
Hence, Vi =V — {volume not available for free movement}
For an ideal gas Vi =V {V = volume of container}
But for a real gas Vi = V, as all the volume is not available for free movement

Molecules have finite volume :
4
Excluded volume per molecule = % {gn(Zr)e‘} = Co-volume per molecule.

The volume that is not available for free movement is called excluded volume.
let us see, how this excluded volume is calculated.
—

=

Excluded volume
(not available for free momement)

For above example, the entire shaded region is excluded, as
its centre of mass cannot enter this region.

If both molecules were ideal, then they would not have
experienced any excluded volume but not in the case, of real
gas as the centre of mass of ‘2’ cannot go further.

Hence for this pair of real gas molecules, excluded volume per molecule = % {%n(Zr)g} = 4{27”3}

F4 Excluded volume per mole of gas (b) = Na x 4 x {gnr3} =4 x Na x Volume of individual molecule

for n moles, excluded volume =nb
Vi=V-nb volume correction

® Pressure correction or effect of molecular attraction forces :

S

N |
MolecJIe in the middle of container

Due to these attraction, speed during collisions will be reduced

Momentum will be less

Force applied will be less

Pressure will be less.

Pigeal = P + {correction term}

Correction term a no. of molecules attracting the colliding molecule oc (n/v).

Correction term a density of molecules o« (n/v).

. . n
no. of collision a density of molecules o (—]
v

2
. n) (n an
F5 net correction term o [V) [—) = —

v v2

‘a’ is constant of proportionality and this is dependent on force of attraction
Stronger the force of attraction greater will be ‘a’ (Constant)
2
Pi=P+ an_

V2




Th4

F6

F7

Vander waal’s equation is

{P+aV—nZZJ (v—=nb) =nRT

VERIFICATION OF VANDER WAAL'’S EQUATIONS:

Variation of Z with P for vander waals' equation at any temperature.

Real gas
z=1 vé

Vander waal equation for 1 mole
( )
LP+12) (Vm—b) = RT
Vm

Vm = volume of 1 mole of gas

® AT LOW PRESSURE (at separate temp.)
At low pressure Vm will be high.

. - a .
Hence b can be neglected in comparision to Vm. but —- can't be neglected as pressure is low
m

Thus equation would be
( )
P 2 J Vo =RT
Vm
PV + vi =RT

m

PVq, L2
RT V,RT
Z=1-— a Z<1
V,RT

Real gas is easily compressible as compared to an ideal gas.

® At high pressure (moderate temp.)
Vm will be low
so b can't be neglected in comparision to Vm

but 12 can be neglected as compared to much higher values of P.
m

Then vander Waals' equation will be

P(Vm—Db) =RT

PVm—Pb =RT

PV _ Pb N

RT RT

z=Pb 4 Z>1)
RT

If Z> 1, then gas is more difficult to compress as compared to an ideal gas.

® At low pressure and very high temperature.
Vm will be very large

a :
Hence ‘b’ can't be neglected and v can also be neglected as Vm is very large
m

PVm = RT (ideal gas condition)



— Solued Evamples

Ex-1.
Sol.

©)

Ex-2.
Sol.

Ex-3.
Sol.

Ex-4.

Sol.

® For Hz or He a ~ 0 because molecules are smaller in size or vander Wall's forces will be very weak,

these are non polar so no dipole-dipole interactions are present in the actions.
P(Vm—Db) =RT o) Z:1+P—b
RT
® ‘a’ factor depends on inter molecular attractive forces.

Q ‘a’ factor for polar molecule > ‘a’ factor for non polar molecule.

Arrange following in decreasing 'a’ factor (H20, COz, Ar)

H20 > CO2 > Ar

Polar

For non polar molecules: Greater the size or surface area, greater will be vander waals' forces, so
greater will be ’a’ constant.

Gas a, liters? atm mole™ b, liters mole™
He 0.0341 0.0237
H2 0.244 0.0266
N2 1.39 0.0391
(ef@] 1.49 0.0399
Ar 1.35 0.0330
02 1.36 0.0318
CHa 2.25 0.0343
CO2 3.60 0.0427
NH3 4.17 0.0371
n—CsHi2 19.01 0.1460
CH3OH 9.52 0.0670
CCls 20.4 0.1383
CeHs 18.0 0.1154
H20 5.46 0.0305

Arrange following gases according to ‘a’ (He, Ar, Ne, Kr).
akr > AAr > ANe > AHe
@) More ‘a’ factor means high boiling point.
o liquification pressure (LP) : Is the pressure required to convert gas into liquid.
For easy liquefaction  aT and LPY
When Z<1, Vm<Vmitea = easily liquifiable
Z>1, Vm>Vmidea => more difficult to compress.

Arrange the following according to liquification pressure (n-pentane; iso-pentane, neo pentane).
An-pentene > Aiso-pentane = Aneo-pentane

liquification pressure = LP

LPn-pentene < LPiso-pentane < LPneo-pentane

() b is roughly related with size of the molecule. (Thumb rule)

4 3
b=Nad{—mnr
A {371}

Two vander waals gases have same value of b but different a values. Which of these would occupy
greater volume under identical conditions ?

If two gases have same value of 'b' but different values of 'a’, then the gas having a larger value of 'a’
will occupy lesser volume. This is because the gas with a larger value of '‘a' will have larger force of
attraction and hence lesser distance between its molecules.




Ideal gases Real gases
; an _
® Zero volume @ Corrected equation (P + )(V -nb) =nRT

® Zero attractive force @ non-zero volume

® PV = nRT ® some intermolecular force
®z=1 I | |
(+)ve (-)ve
07> 07 <1
® Repulsive forces ® Attractive forces
® Difficult to compress ®Easy to compress
® Difficult to Liquify ® Easy to Liquify

Correction term for

intermolecular attraction ~ Correction term for

molecular volume

(P +av”;) (v - nb){nRT

Der.2 Virial Equation of state: It is a generalised equation of gaseous state. All other equations can be
written in the form of virial equation of state.

. . . . (1)
Z is expressed in power series expansion of P or LV_J
m

Z:1+E+£+£+

Vo VE Vi
B — second virial coefficient, C — third virial coefficient, D — fourth virial coefficient.
The coefficients B, C...depend on the temperature but not the density and are known as virial
coefficients. Both B and C are negatige at low temperature and positive at high temperature.
The virial coefficients are determined by the intermolecular potential.
B represents the effects of interactions between pairs of molecules, C interactions among triplets of
molecules, and so forth.

Vander waals' equation in virial form:

(P+\%J (Vm—b) =RT

p= RT a
(Vm - b) Vnzq
_ PV, Vi a 1 a

RT  (V,-b)  V,RT (@-b/V,) V. RT

1
—— =14+X+x2+x3+
1-x

(b b2 b ) a 1 a b2 b
Z= 1+—+—2+—3+ ......... J — =1+ —|b-—— +— e
L Vin V5 V. V. RT Vi, RT Vs Ve

comparing vander waals equation with virial equation
B=b- >, C=b?D=b?
RT

At low pressure : Vm will be larger

1

Hence —, — s can be neglected




If [uuijzo - at T=-2. z=1
RT

SoatT= % , gas will behave as an ideal gas (or follows Boyles law)

. o . a
But at constant temperature, ideal gas equation is obeying Boyles lawas T = —,

Rb
so the temperature is called Boyles' temperature.
T
! T.
7 Z =1 (ideal gas)
(T,<T)
P—
F8 Te= >
Rb
z=1- -2
V. RT
For a single gas, if we have two graphs as above, we must conclude T2 < Tx.
At Boyles' temperature ‘a/RT’ factor is compensated by 'b' factor, so Z = 1.
Der.3 Critical constant using vander waals' equations :
( )
LP+%) (Vm—b) = RT
Vm
(PV2 +a) (Vm—b) = RT Vin2
PVm3 + aVm — PbVm2 —ab — RTVm2=0
Vm?’—Vm2 [b-l—ﬂj + EVm— a—b =0
P P P
Given equation is cubic, hence there will be three roots of equation at any temperature and pressure.
At critical point, all three roots will coincide and will give single value of V = Vc
At critical point, Vander Waals' equation will be
Vim® — Vm? [b-ﬁ-RTCJ + iVm— ﬂ =0 (1)
But, at critical point, all three roots of the equation should be equal, hence equation should be:
Vm® = 3Vm? Ve + 3VmVc?2 = V2 =0 ..(2)
Comparing with equation (1)
b+ RIc = 3vc )
PC
F9
a
2 =3Ve2 -
P c ()]
0 V.=3b
a
—— =Vc3
P c ...(iii)
F10 Pc= iz On substituting value of Vc Pc= Lz =2 5
3V¢ 3(3b) 27b

by (i) Rpi =3Vc-b=9b-b=8b
C




8a

F11 Tc=
27Rb
At critical point, the slope of PV curve (slope of isotherm) will be zero
(0P ) 0
s
At all other point slope will be negative 0 (zero) is the maximum value of slope.
0 (oP) 0 (i
av Lav
{Mathematically such points are known as point of inflection (where first two differentiation becomes
zero)}
a
)
Using the two, Tc, Pc and Vc can be calculated by Ve Tc & Pg,
I
U
a
By any two a can be calculated but a calculated by Vc and Tc and a calculated by Tc and Pc may differ
as these values are practical values and Vc can’t be accurately calculated. So when we have Vc Tc &
Pc given, use Pc & Tc to deduce ‘a’ as they are more reliable.
Der.4 Reduced Equation of state:
Reduced Temp : Temperature in any state of gas with respect to critical temp of the gas
Tr= l
TC
P
Reduced pressure : Pr= —
PC
Vm
Reduced volume : V= —&
VC
, (. a)
Vander waals' equation, LP + _2J (Vm—=b)=RT
Vm
. ( a )
Substitute values : LPrPC + ﬁ} (V\iVe-Db)=RTr Tc
Vr VC
Substitute the value of Pc, Tc and Vc
a a )
P—+———| (3bVi—b)=RTr
L "27b%  VZ(3b)? J ( ) 27Rb
{5 i] 3Vvi-1)= 3Rk
3
(. 3) .
F12 LPr v J BVi—1)=8T: (Reduced equation of state)
r

Above equation is independent from a, b and R, so will be followed by each and every gas,
independent of its nature.




— Solved Examples

Ex-5.

Sol.

Ex-6.

Sol.

Ex-7.

Sol.

The vander waals constant for HCI are a = 371.843 KPa.dm® mol-2 and b = 40.8 cm3 mol! find the
critical constant of this substance.

3 9
The critical pressure, P¢ = a 5 = 371'843: 10 5 = 371.843 x 120 =8.273 x 108 Pa = 8.273 MPa
27b 27 x (40.8)° x 10~ 27 x (40.8)
The critical pressure, Tc = 8a
27Rb
R =8.314 KPa dm3 K- mol-!
8a 8x371.843

Tc =324.79=3248K

~ 27Rb  8.314x27x40.8x1072
The critical volume, Vc =3b =3 x 40.8 =122.4cm?3

The vander waals constant for gases A, B and C are as follows:

Gas | a/dm® KPa mol-? | b/dm® mol-!
A 405.3 0.027
B 1215.9 0.030
C 607.95 0.032

Which gas has

(i) Highest critical temperature

(i) The largest molecular volume

(iii) Most ideal behaviour around STP ?

Tc Since, R is constant, higher the value of a/b, higher will be critical temperature.

27Rb
Vc = 3b and Vc « Vn (for a particular gas) therefore higher the value of Vc, higher will be molar volume
of the gas.
If the critical temperature is close to 273 K, gas will behave ideally around the STP. Let us illustrate the
result in a tabular form.

Gas | a/dm®KPamol? | b/dm®mol™? Tc Ve a/b
A 405.3 0.027 534.97 K 0.081 1.501 x 104
B 1215.9 0.030 1444.42 K 0.09 4.053 x 104
C 607.95 0.032 677.07 K 0.096 1.89 x 104

(i) B gas has the largest critical temperature.
(i) C gas has the largest molecular volume.
(iii) A gas has the most ideal behaviour around STP

Under critical states of a gas for one mole of a gas, compressibility factor is :

(A) 3/8 (B) 8/3 ©)1 (D) 1/4
For 1 mole of gas Z = % (Under critical condition)
C
a 8a
But, Pc= ——,Vc=3b, Tc=
27h? 27Rb
[ a j 3b 27Rb 3
= | — X — X = —
27h? R 8a 8

Hence, Ans. (A)
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Bl Exercise-1 |

= Marked questions are recommended for Revision.

w Fifed g S arg ueE 2

PART - 1: SUBJECTIVE QUESTIONS

A1 -1 ; fA9ITH® Y99 (SUBJECTIVE QUESTIONS)

Section (A) : Experimental Observation and critical state

QU (A) : YIRS WeToT T wifad Srawen

Commit to memory :

Critical point : At this point, all the physical properties of liquid phase will be equal to physical
properties in vapour such that density of liquid = density of vapour.

Tc or critical temperature : Temperature above which a gas can not be liquified.

Pc or critical pressure : Minimum pressure which must be applied at critical temperature to convert
the gas into liquid.

Vc or critical volume : Volume occupied by one mole of gas at Tc & Pc.

IS @A 7Y

it g : 59 fog W 59 s@wen & & 9N o1, a9 & HIfde o1 & RER B 8, 9o 59
FT T = I HT TG

Tc 32qal Hifad a9 : 98 I e SR 7o 19 gdiga T80 o o1 Fad 2

Pc 31T HIFI® 19 : HIf<IH q19 IR AT 71 I8 <[AaH <19 Sl I B g9 # 98t < 7|

Ve AT HIfRIDH AT : T TA Pc R 9 & o Al §RT YT fhan 131 Simaa=

A-1xm

Identify true and false statements for fixed amount of gas in following isotherm of real gas.
(i) From point P to point S volume is constant and temperature is increasing.

(ii) From point S to point Q pressure is constant and temperature is decreasing.

(iii) Through path P, S, Q we can convert gas into liquid through continuity of state.




Pressurée —m0m2 —mm——

VeV, Vi
Volumg —mM8M8 —
Isotherms of CO: at various temperatures

s T & = gaadt 7 I @1 FiRea qen 3 99 90 Il $UAT B usa
() i P A S T& amga ReR & 1 919 98 @ & |
(i) S5 S Q T& I ReR & TAT AU o< &l B |
(i) P, S, Q UV RT &H N9 &1 %d ¥ 3[aRT 1 FAqal gRT YRAfid & Fhd 2 |



VvV, V, V,
>

KIEGE]
faff=1 IroEE R CO2 &1 FHATIT a5
Sol. ()T (i) T (i) T

Section (B) : Vander waal equation and virial equation of state

g (B) : 9IS dfcl GHIBRYT 1 Iaeen 3 faRge a«ievor

Commit to memory :
Critical point : At this point, all the physical properties of liquid phase will be equal to physical
a 8a
Ve =3b Tc=
57b2 ¢ ©~ 27rRb

properties in vapour such that Pc =

Z = 1 for ideal gas; at all pressures for He/Hz (Z = % +1); Z <1 at low pressure (for all other gases)

a ) ; Z > 1 at high pressure (for all other gases) (Z = Pb +1)
Vi RT RT

(Z:]__

2
Vander waal’s equation is LP + %} (v —nb) = nRT; Boyles' temperature Ts = %
s

W'\’Eﬁ%@
i fag @ 98 fag R R 53 yawen & @it 90 Tored are gazen 3 e qurest & w99 81 B |
a 8a

Ve = 3b Te=
72 = 27Rb

amﬁﬁw@f@qz=LHaHﬁ%%qwﬁamquz=g%+1yqaawqq2<1(wwﬂﬁfmfﬁﬁm

a . _P_b
VmRT).WWWZ>1(WWﬁW$W)(Z_ o +1)

4 UbR Pc =

Z=1-




o ( anz\ - a
gosy e FHIARYT | P+ — | (V—nb) = nRT; d¥a a9 Tg = —
P+ Rb

B-1.

Ans.

Ans.

B-2.

Ans.
Sol.

B-3.»=

Ans.

Sol.

Explain the physical significance of van der waals parameters.

e a1 Urad & Wifae arefedr B aHssy |

Significance of constant ‘b’. The constant ‘b’ is called co-volume or excluded volume per mole of a
gas. Its units are litre mol-! The volume of ‘b’ is four times the actual volume of the molecules.
Significance of constant ‘a’. The value of constant ‘a’ gives the idea of magnitude of attractive forces
between the molecules of the gas. Its units are atm L2 mol2. Larger the value of a, larger will be the
intermolecular attraction among the gas molecules.

‘b’ Rerim & wrRiwar : b Rerid & T & ufd Ald & aug saffferd smaas a1 dgemadd &8d & |
SAD! THIS wlck AL 8 | TAT ‘D’ BT AR Y] & Kb ATATT BT AR AT Bl & |

‘a’ ReRrip P \ried : ‘o’ ReRi® &1 919 T & el & #ed MHYV gl & YRHAT BT ATYH BT ¥ |
SHBT 3PS atm L2mol2 2 | fIa+1 a &1 A1 Sea 81, 19 & AU & Hey AThY0T go A1 Afdes 81 |

The critical temperature and critical pressure of a gas are 31°C and 728 atmospheres respectively.
Calculate the constants 'a' and 'b'.

Th T & Hifdd d™ g HIfdd a1d HH: 31°C 921 728 atm 2 | 9 & forw fSdie 'a' @ 'b' &1 o1
PITT?

a = 0.36 atm litre2 mole=2, b = 4.28 x 1073 litre/mole
Tc=273+ 31 =304 K, Pc =728 atm
8a a

Tc= d (qm Pc =
o 27Rb and (T2m) c 72

Tc _ 8  27b° _8b

Pc 27Rb a R

On substitution (TIfcReNAT B WR) 304 _ _8b
728  0.082
- 304x0.082 _ 4.28 x 1072 litre/mole
728x 8
8a
Now, 31d Tc =
©~ 27Rb
-3
a= 27RDbTc _ 27x0.0082x4.28x10"" x304 _ 0.36 atm litre? mole=2 Ans.
8 8
. . PcVe 3
Calculate the volume occupied by 2.0 mole of N2 at 200 K and 8.21 atm pressure, if R = 3 and
c
Ve 224,
TI'
. PcVe _ 3 . RV, .
2mK@smamamwzoﬁammﬂmwmmmmamwmuﬁiﬁ—=§® T=Q4ﬁ|
C r
36L
PVi _ PVm Tc _ PVm RTc
T Pe Ve T RT PcVe
Z= PVm _ 2.4 x (Ej
RT 8
SO Vmreal = M x09=18L

8.21
so volume of two moles = 3.6 L.




Sol.

B-4.

Ans.

Sol.

B-5.»

Ans.

Sol.

B-6.

Ans.

Sol.

PVi _ PV Tc _ PV RTc
T, PV, T RT "PcVe

2= 2pax (3

RT 8
XS EQ Vm,mﬁm:% x 0.9 =1.8 dIc}

3T &1 AT BT I = 3.6 oflex

Using the van der Waals equation, calculate the pressure of 10.0 mol NHs gas in a 10.0 L vessel at
27°C.
27°C @19 WR 10.0 @cXx & Urd H 10.0 Ardd NHs & 1@ @1 T[0T BTG ? (qmexdTel FHIHRT & SYART

PR g )

[P +n? %] (V-nb)=nRT a=4.2L2 atm/mol b =0.037 L/mol
21.37 atm.

( n? x 4.2\
kP+ (10)2 J (V=nb)=nRT

( 2,42)
LP+(10)—X24'2J (10 — 10 x 0.037) = 10 x 0.082 x 300
(10)

If density of vapours of a substance of molar mass 18 g at 1 atm pressure and 500 K is 0.36 kg m3,
then calculate the value of Z for the vapours. (Take R = 0.082 L atm mole1 K1)

afe & uered, I® U Al &1 W= 18 UM B, @ a9 &1 ¥9cd 500 K Ud 1 atm <&@ W 0.36 kg
m3% 79 39 s & fog (F=irsaan qonids) Z &1 AF @1 81 2 (R = 0.082 L atm mole! K-1)

50

41

. 1
Volume of one mole of given vapour = % L=50L

volume of one mole of an ideal gas = % = %5500 =41L

V,
sovalue of, z= —mreal _ 50
Vmjdea 41

éﬁﬂﬁamzﬁwﬂﬁazﬁrw:%Lzsosﬁa

amefﬁvzﬁwq‘famw:g:mzmsﬁa

Safy Z &1 9 = Yo _ 50
Vi 41

One litre gas at 400 K and 300 atm pressure is compressed to a pressure of 600 atm and 200 K. The
compressibility factor is changed from 1.2 to 1.6 respectively. Calculate the final volume of the gas.

Tdh offlex ™ BT 400 K | 200 K d& Ta7 300 atm ¥ 600 atm I @¥ifed fear siar 2 | afe g=difegan
TN 1.2 9 1.6 IF HA: aRafdd e 8 @ I & 31f~a¥ maa &1 T & |

1.
= litre
3

m and Z> = w

71 =
T RT RT,



B-7.

Ans.

Sol.

ﬁ:ﬂxkxﬁ szllitre
Zy Py T1 V, 3

Reduced temperature for benzene is 0.7277 and its reduced volume is 0.40. Calculate the reduced
pressure of benzene.

g9 & fou g|a 9™, 0.7277 dAT S9GT FHMIG 3MId, 0.40 8| gwoid & \HId S19 B IOl

BIFTY |
10.358 atm

(Pr+ %] @BVi-1)=8T,

PART -1l : ONLY ONE OPTION CORRECT TYPE

R -1 ; Dad UP Al fddHed UHR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Experimental Observation and critical state

Qug (A) : YIRS YeToT G hifad rae

A-1.

A-2.

A-3.

A-4 =

Consider a real gas placed in a container. If the intermolecular attractions are supposed to disappear
suddenly which of the following would happen ?

(A) The pressure decreases (B*) The pressure increases

(C) The pressure remains unchanged (D) The gas collapses

TP 99 H qrafdd 9 SURd g Ife 31} 3N 3meyvl 9ef Bl 3@Hd gel © ol 74 § | &7 gfed
EHuill

(A) T19 Tl B | (B*) ¥ 9T © |

(C) T MRafid ar 2 | (D) i Ted B

The pressure of real gases is less than the pressure of an ideal gas becuase of :

(A) Increase in number of collisions (B) Finite size of molecule

(C) Increases in KE of molecules (D*) Intermolecular forces of attraction
Jrafdes 19 P 19, IS 49 & &9 A HH il 2 |

(A) TFRRI B FE 7 gfg (B) apsii &1 fAfRed emaR

(C) 3rvgsii & KE # 3fg (D*) JraRRNfda® 3Byl g

The critical temperature of water is higher than that of Oz because the water molecule has
(A) Fewer electrons than Oz (B) two covalent bonds

(C) V-shape (D*) dipole moment

Sl Bl BI<Ih 9 Oz ¥ Afdd & Fifdh ST BT A :

(A) O2 B T H HH Solg= I B | (B) T WEAISTH 98 3Tl © |

(C) V-3afar v@rar 2 | (D*) faga smegel <w@an 2|

Select incorrect statement :

(A) we can condense vapour simply by applying pressure

(B) to liquefy a gas one must lower the temperature below Tc and also apply pressure

(C) at critical point there is no distinction between liquid and vapour state hence density of the liquid is
nearly equal to density of the vapour

(D*) However great the pressure applied, a gas cannot be liquified below it's critical temp.

AT BT BT AT P |

(A) I T9 qGTHY &H I B FEAT R FHd & |

(B) 9 &1 Sfad &= &, A9 Bl Tc ¥ HH TGHR, &9 BT 9 IgMT TS |

(C) wifad fIvg W &a M AW, ARy § PIg AR ol I5dl | 3 G &1 O, a9 & =@ B T FHM
& B |

(D*) U@ T & 39D Hifvad ad A HH d19 W, I9 qTHR SaIqgd T8 B qhd |




Section (B) : Vander waal equation and virial equation of state

@US (B) : qIUSY dfct THIPHROT O eyl B faRaa T e

B-1.

Sol.

B-2.»

B-3.

B-4.

Sol.

B-5.

Sol.

B-6.

A real gas obeying Vander Waal's equation will resemble ideal gas, if the :

(A*) constants a & b are small (B) ais large & b is small
(C)ais small & b is large (D) constant a & b are large
e s I, S arexdareq AHIGRY BT UTed Bl 2, Jfed I & AgY BRil § o ¢
(A*) fFrIdid a @em b B B R | (B) a 9T BIdT & TAT b BIeT Bl ¥ |
(C) a ®IeT BT & AT b 97 81T & | (D) fgdi® a @M b QM S B1J & |
[ an?)
kP+—2) (V —nb) = nRT.
\%

The correct graph to H2 gasi it :

a A 7 N

<—H, gas < Ideal <H.gas
(A% ldeal (B Hgas (©) (D) All of these
Ideal
2V ——*V Ly
H 9 %ﬂ HE I ©
P“ P“ PA 'ﬁ?:[
<H, ¥ < aref <H,
(A%) arest (B) H, ©) (D) SWRIET w4t
SR
—*V —V —

If temperature and volume are same, the pressure of a gas obeying Vander Waals equation is :

(A*) Smaller than that of an ideal gas (B) Larger than that of an ideal gas
(C) same as that of an ideal gas (D) none of these

Ife T AT AMITH FAM &, I AT qTed FHIHRYT BT Ul B dTedl T BT qrd—
(A%) Irreet 9 |/ HH BRI | (B) arreet i1 | &1fdrw grm |

(C) arreel 9 & A BN | (D) SWRIFT H A B3 e

At 273 K temperature and 9 atm pressure, the compressibility for a gas is 0.9. The volume of 1 mili-
mole of gas at this temperature and pressure is :
273 K 19 d1 9 atm S W, U& 19 &1 FUreaal Joid 0.9 8| 39 d¥ 9 &@ R 1 - 9 &1

IMIAH B

(A) 2.24 litre (B) 0.020 mL (C*) 2.24 mL (D) 22.4 mL
_ PV ; V= 0.9x0.0821x273 _ 2 24 litre/mol
nRT 9

Volume of 1 mili-mole of gas = 2.24 mL

For the non-zero values of force of attraction between gas molecules, gas equation will be :

9 AUl & 419 SMHYY 91 B A B B oIy, T4 |HIBRo1 7 BT

2
(A%) PV = nRT — % (B)PV=nRT+nbP  (C)PV=nRT (D) P = \r/lRTb
(P) (V—nb) =nRT
p= nRT
V-nb

Compressibility factor for H2 behaving as real gas is :

Ho @ forg Sdifaar qones ot arafas 9 @ avg &Rl aRar © -

b @kZ e




Sol.

B-7.

Sol.

B-8.»

Sol.

B-9.

Sol.

B-10.

Sol.

B-11.

Sol.

PV = Pb + RT
PV Pb
—_ = 1 + —
RT RT

At low pressures (For 1 mole), the Vander Waal’s equation is written as
{p + iz} V=RT
\Y

The compressibility factor is then equal to :

[ @ W (1 91 & forg), aevareq FHIeR0 B 59 TSR foran I 2 |
{p+%}V:RT
T9 FhfeTar qone 1 & SRR B |

o (122 ® (1-°Y] © (122 © (1-2Y]

(P+%] (V) =RT

Pv+ 2 =RT
Y

PV _,__a

RT VRT

Calculate the radius of He atoms if its Vander Waal's constant ‘b’ is 24 ml mol-1.
(Note: 1 ml =1 cubic centimeter)

He =AY &1 froan uRefora @ISy, afe swa1 arsvaied] Fadie ‘b’ 24 mlmolL 5 |
@ 1 ml = 1 FTHed)

(A%) 1.355 A (B) 1.314 A (C)1.255 A (D) 0.355 A

4X%RT3XNA:24

In vander Waal's equation of state for a non ideal gas the term that accounts for intermolecular forces
is:

& e 9 & foy arvexdiey] HIaR # 98 ug Sl iifvdd 9o Pl Sl © -

(A) nb (B) nNRT (C*) n2a/V? (D) (NRT)?

Factual question

TATHAS UL B |

The values of Vander Waal's constant "a" for the gases Oz, N2, NHz & CH4 are 1.36, 1.39, 4.17, 2.253
L2 atm mol-2 respectively. The gas which can most easily be liquified is:

02, N2, NHz @I CHs & fog arexdleq faais “a" @& a9 sk 1.36, 1.39, 4.17, 2.253 L2 atm mol2 2 |
™ forae! 999 I 9 gf9d fan <1 |@aar g, 98 ®© ¢

(A) O2 (B) N2 (C*) NHs (D) CH4

Ease of liquification a.

SBRT B AT I BT a.

The correct order of normal boiling points of O2, N2, NHs and CHas, for whom the values of vander
Waal's constant ‘a’ are 1.360, 1.390, 4.170 and 2.253 L2. atm. mol-2 respectively, is :

02, N2, NH3 T CH4 & foIT ATT=I 992 &1 &1 o BT 82 Sidfd g oIy drexareq Hadie ‘a’
%W 1.360, 1.390, 4.170 ToI 2.253 L2, atm. mol-2 & :

(A) O2< N2< NH3< CHg4 (B*) O2< N2< CH4< NH3

(C) NH3<CHa<N2< 02 (D) NH3< CHa < O2 < N2

Boiling point « a

FqID fdg o« a




B-12.

Sol.

B-13.

B-14.

B-15.

A gas obeys the equation of state P(V — b) = RT (The parameter b is a constant). The slope for an
isochore will be :

(A) Negative (B) Zero (CHR/(V-Db) (D) RIP
TH TG faRe FHIHRY P(V — b) = RT &1 UTed &xell 21 (b ReRi® B 1) T |H mad=l & gTol &8I |
(A) FOTHS (B) T (C* RI(V - b) (D) RIP

RT

_ R
P= [(V—b)]T+O

If v is the volume of one molecule of a gas, then van der Waals constant ‘b’ is : (No = Avogadro’s
number)
I T & TH Y FHT MIAT v B @ AR dfed i bt B | (No = SIARTST |ee)

4V

NO *
(A) M (B) 4V © Vi (D*) 4VNo

In van der Waal's equation of state for a non-ideal gas, the term that accounts for intermolecular forces
is :

Qa;mm?ﬁvzﬁf%ﬂm@aﬁa{wﬂmﬁagwﬁaﬁﬁmﬁwzﬁmﬁm%:
(A) (V-D) (B)RT (€Y [FW%] (D) (RT)™

On heating vapours of Sg(g) decomposes to S2(g). Due to this, the van-der Waal's constant ‘b’ for the
resulting gas

(A) increases (B*) decreases (C) remains same (D) changes unpredictably
Sg(g) B ATH B T FRA W Sp(g) # faafed &1 Sk |39 HRor aRom T & forg aveR dfew fadie
‘b
(A) 9T B | (B*) TedT & | (C) 9 B | (D) uRac rFaa & |

B-16.w= What is the compressibility factor (Z) for 0.02 mole of a van der Waals’ gas at pressure of 0.1 atm.

Assume the size of gas molecules is negligible.

Given : RT = 20 L atm mol and a = 1000 atm L? mol-?

0.01 atm S§ W 0.02 dIl dfvex d1ed I & foly Fiifeaan qone w1 2 | A1 /9 & J(9Rll &1 MHR
Tog 2| f&Am ™1 § 0 RT =20 L atm mol-2 @21 a = 1000 atm L2 mol-2

(A) 2 (B) 1 (C) 0.02 (D*) 0.5

B-17.w The van der Waals parameters for gases W, X, Y and Z are

B-18.

T W, X, Ydarz s fru divsr dareq urare f= 8

Gas (/) | a(atm L2 mol-2) | b(L mol-?)
W 4.0 0.027
X 8.0 0.030
Y 6.0 0.032
Z 12.0 0.027

Which one of these gases has the highest critical temperature ?
S 9 STadd Hifad g9 W@ 8 2
AW (B) X QY (D*) z

One way of writing the equation of state for real gases is PV = RT {1+%+..} , where B is a constant.
An approximate expression for B in terms of the van der Waals constant ‘a’ and ‘b’ is :
qrefds 19 & I srawen gfeRe PV = RT[1+%+..1 2, oef B Rerie g | dfvex dred fadie ad b
% Ul § B & foy Sfua aasias & |

b a a b
A)B=a- — BYB=b- — C)B=RT - — D)B- —
Q) = (8) = (©) : (D) B~ —




PART - lll : MATCH THE COLUMN

AT - 11 DI BT GATIT DI (MATCH THE COLUMN)

1=

Ans.

Ans.

B B

Match the column : [DRN1354]
Column-I Column-lI
(A) | Hzgas at NTP (p) | Molar volume =22.4 L
(B) | Oz gas having density more than g g/L at NTP (q) | Molar volume >22.4 L
. . 20 More compressible with respect to
(C) | SOz gas at NTP having density more than 7g/L n ideal gas
. . 1 Less compressible with respect to
(D) | He gas at NTP having density less than 56 g/L (s) ideal gas
fr=foiad eie™ &1 A BIfoy |
Hie-| PicH-1I
(A) | NTP®R H, ¥ (p) | ATeR amadd =22.4L
(B) NTP‘NOzﬁHWW%QIL@W%ﬁW%I (q) | AR mgaT > 22.4 L
eE W B A Iffdd AR
(C) |[NTP™ Sozﬁva?r‘a:lc—ch?—og/L@fsﬁé’cﬁs‘faT%l (n '

eel 1 B |uer HH I B

(D) | NTP W He i &1 g9 5—169/LQ§EFH%‘IFH§I (s) N
A -as; B)-r; (C)-r; (D)-as
Match the column :
Column-I Column-Il
(A) | Atlow pressure (p) |Z2=1+ pb
RT
a
i Z=1-
(B) | At higher pressure () VoRT
(C) | Atlow density of gas (n gas is more compressible
(D) | For Hz and He at 0°C (s) | gasis less compressible
fr=foRaa afam &1 e iy |
DicH-| PicH-lI
pb
A e WX Z=1+ —
(A) | =T () RT
a
Z=1-
(B) SiZESIEREN (a) Vo RT
(C) | TN & <A g W (N | 9 s FdeT B |
(D) | H2TeM He & folg 0°C W | (5) | i1 &9 943 & |

(A)-ar (B)-ps;(C)-ar ;(D)-ps



Bl Exercise-2
= Marked questions are recommended for Revision.

» e v99 M IFT 9 B
PART -1: ONLY ONE OPTION CORRECT TYPE
YAT- | . Daddl U Ga) fdded TPR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : Experimental Observation and cirtical state
GUS (A) : YRS Y&To7 e pifad rawe
1w Which of following statement (s) is true
I — Slope of isotherm at critical point is maximum.
IT — Larger is the value of Tc easier is the liquification of gas.
III — Vander waals equation of state is applicable below critical temperature at all pressure.
(A) only I (B 1&I1I C) &l (D) only 1
1 % & P gae 9 B |
1 — S1f<ad TT9 TR A I BT STt 3ifSrhad eial 2 |
11— Tc &1 79 a1 &ifdd 21 8 a1 & T &7 gfiexor amarl & & € |
I — 3FERAT PI qTSRATR] FAIDHRYT T &1d TR HIIP 10 A -I1d YFad B Sl 2 |
(A) ®ad 1 (B*) 1 II (C) 11 Qe 11 (D) g I
Sol. I- Slope of isotherm below critical point < 0.
Slope of isotherm above critical point < 0.

Slope of isotherm at critical point = O.
So slope of isotherm at critical point is maximum.

Meraion

8a
27Rb
Tcxa
Larger value of Tc It means less decreases in temperature is required to liquifly the gas. Gas
will liquify at higher temperature. So, easier'll be liguification.
III—-  When gas is below critical temperature. It is 'liquid' so vander waal equation of state is not valid.
So, Answer (B).
gA:  I- Fifad g & - FA a9 B T < 0.
Hifde g & IR FHAMT 956 HT e < 0.
A wifad g R I ask H1 gTal AfAHTH BNl 2 |

I - Tc=




Sol.

KRV

Meraion

_ 8a

~ 27Rb
Tcoxca
Tc® 3Mf¥® 79 @1 3f 8 6 19 & gdiorRe @ forw au d &7 $H emavys 2| 3 N Sw=
a9 R A gdGd 8 Fadl 2 | 3 T M | gdigd @ o wad 2

- <9 39 $ifds a9 & < 8, 99 T 99 [aRAT H Bl & AN a7 P afvsR dfdd FHIHRIT
Tgad el Bl B |
safay, fdwen (B) W& 2 1

Consider the following statements: If the van der Waal’s parameters of two gases are given as
a (atm lit2 mol?) | b (lit mol?)
Gas X [6.5 0.056
GasY [8.0 0.011

then (i) : Vc (X) <Vc (Y) (ii) : Pc (X) < Pc (Y) (i) : Te (X) < Te(Y)

Select correct alternate:

(A) (i) alone (B) (i) and (ii) (C) (i), (ii) and (iii) (D*) (i) and (iii)

1 BUAT BT 3raAIBA HINTY, IR 7 T & arvevareq A (parameters) 741 ToR & G T & |

I - Tc

a (atm lit2 mol2) | b (lit mol?)

™M X |65 0.056

MYy |80 0.011
ar (i) : Ve (X) < Ve (Y) (i) : Pc (X) < Pc (Y) (i) : Tc (X) < Te(Y)
FE fawen g |
(A) DI (i) (B) (i) T2 (ii) (C) (i), (ii) o (iii) (D*) (ii) T (iii)
Tc a

b

For a real gas the P-V curve was experimentally plotted and it had the following appearance. With
respect to liquifaction. Choose the correct statement.

A

P
50 atmp---1--3
;. T, =500 K
20atmyp--; T =300 K

\%
(A) At T =500 K, P =40 atm, the state will be liquid.
(B) At T = 300 K, P =50 atm, the state will be gas
(C) At T <300 K, P > 20 atm, the state will be gas
(D*) At 300 K < T <500 K, P > 50 atm, the state will be liquid.

TP URHIVGS qRdfdd 19 & fv P-V I &1 YIS w0 I RRId fhar oram & den s9 799 yoR 9
ST T B | SAIR0 & AW H HEl B B gAY |



Sol.

50 atm .
20 atm}--- L

T, = 500 K
T=300K

>

Vv
(A) T =500 K, P = 40 atm TR, 3d=ell &9 &I |
(B) T =300 K, P =50 atm T, 3ra=e =4y 2t |
(C) T <300 K, P> 20 atm W, 3raxer IR 81 |
(D*) 300 K < T <500 K, P > 50 atm TR 3a=e gdia 8rft |

T id
P
50 atm} - AR5
% C X' P \_ T, =500 K
20 atm } - -

(@) at T =500 K, P = 40 atm corresponds to 'a’ substance - gas
(b) at T = 300 K, P = 50 atm corresponds to 'b' substance - liquid
(c) at T <300 K, P > 20 atm corresponds to 'c' substance - liquid
(d) at T <500 K, P > 50 atm corresponds to 'd' substance - liquid
So, Answer (D)

Section (B) : Vander waal equation and virial equation of state

W(B) IS dfcl GHIBRY ql IR @1 faRae &=

Sol.

Sol.

6.2

A real gas most closely approaches the behaviour of an ideal gas at -

(A) 15 atm and 200 K (B) 1 atm and 273 K (C*) 0.5 atm and 500 K (D) 15 atm and 500 K
U IS I U aneet T I waER 6 uRRuftal & @99 sarer gieh

(A) 15 atm Tm 200 K (B) 1 atm @2 273 K (C*) 0.5 atm @M 500 K (D) 15 atm T2 500 K
High T, low P

Iza a9 T, =1 g9 P

Calculate the compressibility factor for CO2, if one mole of it occupies 0.4 litre at 300 K and 40 atm.
Comment on the result.

(A) 0.40, CO:2 is more compressible than ideal gas (B*) 0.65, CO:2 is more compressible than ideal gas
(C) 0.55, CO:2 is more compressible than ideal gas (D) 0.62, CO:2 is more compressible than ideal gas

CO. & Ty AYISHA Tois URSied HITY, e $AST T Al 300 K T21 40 atm WR 0.4 &Iex BRdl 2,
IR R gamer AR |
(A) 0.40, CO2 e 9 &1 3rven Mfdd FAUEa gl 2 |
(B*) 0.65, CO, 3meel 9 &Y ver 31fde Juisid sl 2 |
(C) 0.55, CO, 3mget I @Y 3rver 3ifdd TSI &l ® |
(D) 0.62, CO, 3meet 9 &I ver 3rfdrs AR gl & |

- (Pv)real

(Pv)ideal

Consider the following statements:
The coefficient B in the virial equation of state
(i) is independent of temperature



Sol.

Sol.

8.»a

Sol.

(i) is equal to zero at boyle temperature PVm = RT k1+ VE + %Jr .......... )
m Vm

(iii) has the dimension of molar volume

Which of the above statements are correct.

(A)iandii (B) i and iii (C*) i and iii (D) i, ii and iii
1 FFl BT aATH BN |

3faRen B farel qHieRel § B Ol

() a9 W R & B B

(ii) I 9 W Y D KRR T PVm:RT(1+V£+V%+ .......... J

(iii) AR I P famr B

SRIF H ¥ P HAF & & —

(A) i e i (B) i T iii (C* i qer i (D) i, i T iii
It is factual question

IE Tg JMTRA UeH 2 |

At Boyle's temperature, the value of compressibility factor Z = (PVm / RT = Vreal/Videa)) has a value of 1,
over a wide range of pressure. This is due to the fact that in the van der Waal’s equation

(A) the constant 'a’ is negligible and not 'b'

(B) the constant 'b" is negligible and not ‘a’

(C) both the constant 'a' and 'b' are negligible

(D*) the effect produced due to the molecular attraction compensates the effect produced due to the
molecular volume

I AU W I B AP W B g FUSRAT ONH Z = (PVin / RT = Varafrs/Varest) T A9 1 BIAT B,
BT HRYN JreRdleq THIGIU § 71 HRE &1 81 8—

(A) fFadie 'a' og ® afdd b T8

(B) fFraai® 'b' 90T & offdhd 'a’ e

(C) fraai®s 'a’ d@er 'b' ]l v &

(D*) JMfPTSH MHYT & BRI Id~ Y@ AT0TH IMITT & HRUT Ia GHTd BT Hford Bl 2 |

It is factual question

IE T IMARA UL 2 |

The critical density of the gas CO:2 is 0.44 g cm~2 at a certain temperature. If r is the radius of the
molecule, r3in cm? is: (N is Avogadro number)

e MREd a™ 9 CO2 19 &1 Hif<ad g 0.44 T cm=2 2 | AfE 319 &1 331 r 81 4, 13 (cm3 #H) B8R |

(NIRRT )
25 100 6 o 25
A — ® —5 © ® N

Vc=3XNX%nr3XO.44

The curve of pressure volume (PV) against pressure (P) of the gas at a particular temperature is as
shown, according to the graph which of the following is incorrect (in the low pressure region):



O%eh,

H,

He

Ideal gas

PV —>

o p—

(A) Hz and He shows +ve deviation from ideal gas equation.

(B) CO, CHa4 and Oz show negative deviation from ideal gas equation.

(C*) Hz2 and He show negative deviation while CO, CH4 and Oz show positive deviation.

(D) Hz and He are less compressible than that of an ideal gas while CO, CH4 and Oz more
compressible than that of ideal gas.

frdl MREd a0 R SE—dd (PV) @ 19 @ 319 (P) & A& 9% A QA1 2| 3N & IJER 71 3§ 4
DI IFA B | (A 9 T )

CO%H,

H,

He

Ideal gas

PV —>

o p—

(A) Hz g He 3rmeel N9 IHIadRvT 9 o9 faeres e 8 |

(B) CO, CH4 @ O 313l 1 AHIdRvl | TS fade™ <2d 2 |

(C*) Hz2 @ He T 0TTcH® fae™ dem CO, CHa @ O, 99T faae wefdid &vd 2 |

(D) Hz2 @ He 3TTa®l 19 &1 3UeT &9 ISy ©, STaidh CO, CH4 T O 3Ta% 19 &1 3Uen 31 Hursy ¢ |

Sol. If Z>1 positive deviation
Z <1 negative deviation
Sol. 3afkz>1 gD faerer

Z<1 FUNCHD Taerel

PART - Il : SINGLE OR DOUBLE INTEGER TYPE
HIT - 11 : bl I %—TTTE HI YPIR (SINGLE OR DOUBLE INTEGER TYPE)

Section (B) : Vander waal equation and virial equation of state

@US (B) : qIVSY dfel GHIDHRYT T 3/aw) 31 faRger afidror

1. The vander waals constant ‘b’ of a gas is 4n x 10~* L/mol. The radius of gas atom can be expressed in
scientific notation as z x 10~° cm. Calculate the value of z. (Given Na = 6 x 10%3)
N o fog qwer dfeq MA@ b, 4n x 104 Lmol § | 319 9=A] &1 351 &1 d91e Jad z x 10° cm
% WU H Fqd FIA 8|z BT 94 A1 BIorg | (AT T B Na = 6 x 1023)

Ans. 5

Sol. b= 4NA(§M3)

(4n x 104) x 103 = 4 x 6.0 x 102 [%nr:”j



2.3

Ans.

Sol.

1078
r==——m
2
r=5x10"°cm

z=5

For a fixed amount of real gas when a graph of z v/s P was plotted then at very high pressure slope
was observed to be 0.01 atm-1. At the same temperature if a graph is plotted b/w PV v/s P then for 2
moles of the gas ‘Y’ intercept is found to be 40 atm-liter. Calculate excluded volume in litres for 20
moles of the real gas.

Jrafds ™ @ ffdad a1 & ol 99 29 P @ weg oG fhan & a1 @1fd S=a @ W g 0.01
atm-1 YT<T g7 | §HF d19 IR AT PV P & A& IR STeiRad fhan S 8 1 99 'Y' & &1 91 & foig
F=<IFUS 40 atm oilex H UT< g3 | aR<ifde 149 & 20 A & o1y afsia imaa= i &Y |

4

-+ Very high pressure (31fad 3za am) .. neglect Y (a)
L z=1+ 10 (1)
RT

comparing above equation withy =mx + ¢
JIRIF FHDHROT BT oIl BT TR y=mx + ¢
b

T m= —
RT

= % =0.01 (given (f&=1 a1 ) m = 0.01)

b=0.01RT .2
7 = (PVreal
(PV)ideaI

Z= % (given for f&am T/ ® : n =2, PV = 40)

_ 40
2RT
20

Z=— ..(3
RT 3)
Pb

as,Z=1+ —
RT

from equation (3)
20 Pb
—_ = 1 + —
RT RT
10=RT +Pb
Pb=20-RT ...(5)

(PV)reaI =40 =ZnRT = [1+ P—bj 2RT
2RT

=40 = (1+ ZO_—RT] 2RT
2RT

40 =2RT +20-RT

20 =RT ..(6)

From (2) & (4)

b=0.01x20

b=0.2

excluded volume for 20 moles (20 A & forg f@Te a1 SMmIa)
nb =20 x 0.2

nb=4

(4)




Ans.

Sol.

Ans.

Sol.

Ans.

Sol.

6.2

Ans.

Sol.

If C & D are the third & fourth virial coefficients. If % = VTC then find the value of x.

U%E:V—;ﬁcaDWaagﬁﬁﬁwgvﬁm%aﬁaaxaﬂﬂﬁaﬁaﬁﬁﬂl

C
3
D =03 C=Db?
D_b _ _Ve_V
C b 3 X
X =3.

Calculate molecular diameter for a gas if its molar excluded volume is 3.2 = ml. (in nenometer). Give
the answer by multiplying with 10. (Take Na = 6.0 x 102%)
™ forg nfdas e ([AAeR) i Iy afe s Aok afsfd maas 3.2 nml & | U1 IR 10 9

oM HRS < | (AR Na = 6.0 x 10%)
2

4N %nre’ =32xnx10°

4x 6 x 1023 x %nrs =3.2n x 106

r#=10"m
r=0.1 nm
d=2r=0.2nm

If the ratio of PVm & RT for a real gas is % at a temp where [ oP | = 0. The find value of 10x.

N
waﬁ{;Tp} :Oweﬁ?mﬁmﬁvzﬁmPvmaRTEﬂW%%lleEﬂHﬂ?ﬁWl
m

90
.'.Zc=§; §=L;x=3><3;x=9.
8 8 24
1 mole of CCls vapours at 77°C occupies a volume of 35.0 L.If van der Waal's constant are
a=20.39 L2 atm mol2 and b = 0.1383 L mol-%, calculate compressibility factor Z under,
(a) low pressure region (b) high pressure region
Report your answer as nearest whole number of (a + b) x 10.
CCls &1 1 Al 77°C WR 91fYd 816 35.0 L &1 MIa+ wRal 8 | Il arvexdia faaid a = 20.39 L2 atm

mol-2 @21 b =0.1383 L mol-1 8 a1 =1 uRRefodi § w=if$adn [one Z & 7o & |

(a) ¥ 9 IR (VEIEEACIERNE]
U IR (a + b) & Fdcaq quie x 10 d w4 H dfY |
20
(a) Under low pressure region, V is high
(V=b)~V (P+izjV:RT pv+ 2 =RT
V V
RT RTV RT RTV
Z=1 20.39 =0.98

~ 0.0821x 350 x 35
(b) Under high pressure region, P is high,
a

[P+W]zp P (V-b)=RT



Sol.

Ans.

Sol.

PV Pb _

PV -Pb=RT — - ==
RT RT
Z:ﬂ:1+P_b
RT RT
z7=1+2 21491888 1 0004=1.004
v 35
o PV P 1
by approximation [-:—:1, — = —j.
Y 8pp RT RT V
(a) 9 T19 W § V AfH BIar g |
(V—b)~V [P+%jV:RT pv+ 2 =RT
v v
&+i:l Z:&:[_i]
RT RTV RT RTV
Z=1- 20.39 =0.98
0.0821x 350 x 35
(b) 1feF 19 TR | P 3Afd® Bar 2 |
[p+izjzp ©  P(N-b)=RT
v
PV —Pb =RT PV _Pb_
RT RT
Z:ﬂ:l+P_b
RT RT
7=1+2 2149138 1 0004=1.004
v 35
e (21, P 1)
"RT 7' RT VvV /'

To an evacuated 504.2 mL steel container is added 25 g CaCOs and the temperature is raised to 1500
K causing a complete decomposition of the salt. If the density of CaO formed is 3.3 g/cc, find the
accurate pressure developed in the container using the vander Waals equation of state. The van der
L% —atm L

———,b=0.04—. (Ca-40,C-12, O - 16). Report your

waals constants for CO2(g) are a = 4 .
mol? mol

answer as nearest whole number.

UH 504.2 mL & faifdd e @ a9 § CaCOs @ 25 UM &1 @M M1 AR d9AM B 1500 K A W)
U B Ul faAareE @ oar B afe AT CaO @1 w9@ 3.3 g/cc B W@l , A1 aIve}diel 3faRel
TGO BT SUANT HR g9 H IA Fal @ DI TET R | COx(g) & forg arexata adie a =

2 .
4L—thrn,b:0.o4ﬁ 21 (Ca-40,C-12, O - 16) U1 IR Fdecaq e & wd 9 g |
mo

62 atm.

CaCOs (s) —2—5 CaO (s) + COx(g)

Moles of CaCOs used = é
100

Moles of CaO formed = % = moles of CO2 formed

Mass of CaO formed = % x56g=14¢g

Volume occupied by CaO = % cc~4.2mL



Sol.

Volume available for CO2(g) =504.2-4.2mL =0.5L
Now applying the vander Waals equation of state

{p+ﬁJ (v—=nb) =nRT
v

4%(0.25)
{p 0.5

4% (0.25)?
0.5)?

} [0.5-0.25 x 0.04] = 0.25 x 0.082 x 1500

= p=62.83 - =61.83 atm.

CaCOs(3M) —2 5 CaO(e) + CO»(T)

25
CaCO: & I YA & forw v =100

CaO & Hret a3 = 20_5 = CO, @ Aret 4

CaOWﬂﬂ’\f—E x 56 UM = 14 9™
100

Ca0 & gRI O- 7 3MId- = %cc~4.2mL

CO2(g) & oy Suerer sy =504.2-4.2mL =0.5L
qrsxdidd THIHROT YA R TR

n2)
p+ J (v—=nb) =nRT

(
|
{ | 4x(0.257

[0.5—0.25 x 0.04] = 0.25 x 0.082 x 1500
(0.5

4% (0.25)?

- p=62.83-
(0.5)?

=61.83 atm.

PART - 1ll : ONE OR MORE THAN ONE OPTION CORRECT TYPE

HIT - 11 . Uh gT U J e TE fadvey yoR (ONE OR MORE THAN ONE OPTION CORRECT TYPE)

Section (A) : Experimental Observation and cirtical state

Us (A) : YIRS Yeqor qen pifas saven

1.

2.

Which of the following statements are correct ?

(A) It is not possible to compress a gas at a temperature below Tc

(B*) At a temperature below Tc, the molecules are close enough for the attractive forces to act and
condensation occurs

(C*) No condensation takes place above Tc

(D*) Boyle's temperature always greater than Tc.

71 9§ 9 I U 9 B

(A) If<T® d19 Te & -1 I &1 ddred G99 781 2 |

(B*) wIf<dds A9 Tc & 1 3M] SMHYY I & PRV AfAS UrA—UTd 3 O 8| $H UHR FADT FAA
B 2

(C*) Tc A0 & HUR FE=- =&l el 2|

(D*) STt ATIATE 899N Te W 31fdd &Iar 2 |

Which of the following is correct for critical temperature ?

(A*) It is the highest temperature at which liquid and vapour can coexist

(B*) At a certain point on isotherm graph, slope is zero.

(C) At this temperature, the gas and the liquid phases have different critical densities




(D) All are correct

Hifsad A" & fog 791 9 | S soF 98 2

(A*) T8 Segdq a9 & f R 59 9 TS0 He—1et W&l 2 |
(B*) SHAMIT INE W el g oR gat g B 7|

(C) 39 a9 W, A T 9 Yraxel A= wifsdd a9 &l 2 |
(D) SR a4 I B |

Section (B) : Vander waal equation and virial equation of state
YUE (B) : ISR dAfe FHIHRYT dqAqT IR &1 faRae Tiie=ur

3xn The vander waal gas constant ‘a’ is given by
Jrsvare 9 aaie a gR1 e T 7

212
1 2 1RT¢c 27 R°T¢E
A) =V B*) 3P:V, C) =—= D*) == C
(A) 5 Ve (B%) 3PV © 5 ®) 61 pe
2
Sol. Pc = a > Tc? = LZZ
27b 27 x 27R“b
2 2 2
Ve = 3b TIc _ 64a22X27b
Pc  27x27R%b a
212
Te= 8a Q= 27R“TE
27Rb 64Pc
4, Which of the following are correct statements ?

(A*) vander Waals constant ‘a’ is a measure of attractive force

(B*) van der Waals constant ‘b’ is also called co-volume or excluded volume

(C*) ‘b’ is expressed in L mol~

(D*) ‘a’ is expressed in atm L2 mol-2

71 3 9 |8 HoUF AT © 7

(A*) areRaier] Fadies ‘a’ AMHYT ge1 B AYT HRCT & |

(B*) arsxdiey] Madia ‘b’ &1 We—MIa+ 3fefal AfFferd mad= (FaTell 11 SraH) W ®ed 2 |
(C*) ‘b’ @1 L mol1¥ =& &d 8

(D*) ‘@’ B atm L2 mol2# &ad &_d & |

5. Select the correct statement(s) :
(A*) At Boyle’s temperature a real gas behaves like an ideal gas at low pressure
(B) Above critical conditions, a real gas behave like an ideal gas
(C) For hydrogen gas ‘b’ dominates over ‘a’ at all temperature
(D*) At high pressure van der Waals’ constant ‘b’ dominates over ‘@’
AL B/ HAA BT T DI |
(A*) 919d ¥ R IS 19, A I WR SR I Pl ARE FI8R BT B |
(B) wifs uRRfAl & SWR arxfdd 19, e 77el I & dRe IIegR Bl ¢ |
(C) ErggIoE 19 & forg aifde qrode R dfver ared fardia ‘b, ‘@’ TR gTdl BiaT B |
(D*) S=d T WX dvs dTedd (i ‘b, ‘a’ UR YHTdY BT 2 |

6. Select incorrect statements for real gas.
(A*) In low pressure region repulsive forces dominates
(B*) Volume of gas particles is not negligible in low pressure region
(C*) Gas behaves idealy at low pressure & low temperature
(D*) In high pressure region attractive forces dominates

IS 9 B g ToAd HUF BT FI9 DI |
(A*) =9 <19 &5 § ufawder 9o g B § |
(B*) <A T19 &3 § A9 U HT IMIAH 0 TS BN B |
(C*) =g T19 9 <A AIHM WR I eyl FaeR HRl 2



7.5

(D*) S=d G &3 H AMHY g GHT! Il 2 |

Compressibility of real gas will be less than ideal gas when (T = temp. of gas Tr = Boyle's temperature
of gas

(Ag At) very high pressure when T > Ty (B*) At very high pressure when T < Tp

(C*) At low pressure when T > Ty (D) At low pressure when T < Ty

rdfas T o FeENfsTdn, anest I @ g &9 Bl § 9

(S8 T = &1 dYAM Tp = A9 BT STel AYAT)

(A*) 31 S @ R S T>Th (B*) 31 S @ R 91 T<Th

(C*) =1 &9 R Od T>Th (D) A &9 WR 5 T < T

PART - IV : COMPREHENSION

HRT - 1v : BT (COMPREHENSION)

Read the following passage carefully and answer the questions.

1 sg0T @) eaegEs ufed den weEl & SR AR

Comprehension # 1

One of the important approach to the study of real gases involves the analysis of a parameter Z called

i PV, . . .
the compressibility factor Z = R_'Ir'n where P is pressure, Vm is molar volume, T is absolute temperature

(v, )
and R is the universal gas constant. Such a relation can also be expressed as Z = LMJ (where

m, ideal
Vm, ideal aNd Vm, rea are the molar volume for ideal and real gas respectively). Gas corresponding Z > 1
have repulsive tendencies among constituent particles due to their size factor, whereas those
corresponding to Z < 1 have attractive forces among constituent particles. As the pressure is lowered or
temperature is increased the value of Z approaches 1. (Reaching the ideal behaviour)

ITWE # 1

IR T & euye H IFBT ATl &1 & o U #E@yUl R 980 o)l © o Adid Z 3edT
W%WWW%*,Zz%HﬁPm,VmWW,TWHW R 9df® ™ Ffradis 2 59

RT
Wﬂaﬁﬁﬁwﬂﬂ@ﬁmWWQZ:(\@—W} (STET Vi, sredt Td Vi, areafaes AL AT 3R
m, ameel

RIS T BT AR AT 8). ™ REd Z > 1 89 39 3faddl 01 & 7L URISyol & ygia sl
3R TRl Z < 1 8FT IS I(aTd) U H B MBIV BT g1 I | JH & 6 HH PRI & AT A g
T ZH A 15 UgAM | (3 eel A9 @ AORE FIER FRA A7)

Choose the conclusions which are appropriate for the observation stated.

Observation Conclusion
. zZ=1 I The gas need not be showing the ideal behaviour
Il. Z>1 Il. On applying pressure the gas will respond by increasing its volume
Il. Z<1 Ill. | The gas may be liquefied.
V. Z—1lforlowP | IV. | The gas is approaching the ideal behaviour.
(A) All conclusions are true (B) Conclusions I, Il & IV are true
(C) Conclusions I, Il & IV are true (D*) Conclusions Ill & IV are true
fa T veroit & Rt 99 frspul @1 aue AT S @E (appropriate) @

yfard e
I zZ=1 . I PI AT FIBR I BT By ATTLIDHAT o1
Il. z>1 Il | 319 oW W 19 &1 M 96 SR |
m. [z<1 . | 39 gdigd 8 9o 2 |
IV. |[=EPadfimzo1 [IV. |39 e @R a6 ugd o |




(A) 9t feps T B | (B) = I, 11 Td IV &) = |

(C) frsd 1, 11 Td IV B | (D*) = 11 Td IV EE 7|
Sol. ()] Z=1 - Ideal behaviour.

{l)) Z>1 > On applying pressure, volume decreases.

(1 Z<1l - Gas can easily liquefied.

(V1) At low P, Z — 1 means gas is approaching to ideal behaviour.

g () zZ=1 - Y FIIER |
(I Z>1 - TE T W AT HH Bl B |
am z<i1 - N e 9 &digd Bl © |
(V) e W, Z - 1 i 19 et FaER @) 3R PR Bl B |

2. Forareal gas ‘G’ Z> 1 at STP, then for ‘G’ :
Which of the following is true :
(A) 1 mole of the gas occupies 22.4 L at NTP
(B*) 1 mole of the gas occupies 22.4 L at pressure higher than that at STP (keeping temperature
constant)
(C) 1 mole of the gas occupies 22.4 L at pressure lower than that at STP (keeping temperature
constant)
(D) None of the above
STPR aIfd® 19 ‘G, & ol Z2>1%8 9@ ‘G’ & foag :
/1 # 9 I FHUH TA
(A)NTP R 9 & 1 Hie &1 3Ia 22.4 flex B |
(B*) STP &I oI # IIRT I W 1 AT I/ 22.4 Sfex 1 a @M | (A9 Frad =d g3) |
(C) STP @ a1 § &¥ &d W 1 Al I 22.4 llex &1 MMaH W | (A" = w@d g3) |
(D) 3% | &1 7 |
PV,

Sol. Z=—"" >1
RT

PV, _

1x22.4

RT

RxT

At same pressure = 1 atm.

=
For,
PV,

1xVpy S 1x22.4
RT RxT

Vm > 22.4 L at STP for real gas.
Vm = 22.4 L of real gas, we have to increase the pressure.

Z=_—_"M 51

RT

PVm _

1x22.4

RT

RxT

HHTE 19 4R = 1 atm.

=

1x Vpy S 1x22.4
RT RxT
STP R Irdfdd I & foly, Vi >22.4 L

qrRafdd A & oY, Vim = 22.4 L 85 S19 991 TS |

3. Following graph represents a pressure (P) volume (V) relationship at a fixed temperature (T) for n
moles of a real gas. The graph has two regions marked (I) and (Il). Which of the following options is
true.



Sol.
el

Region (II)

Region (I)

S
cd

(A) Z < 1 in the region (I1)

(B) Z = 1 in the region (I1)

(C) Z =1 for the curve

(D*) Z approaches 1 as we move from region (II) to region (1)

Irafds T B n A B ford g g T den <@ (P) &R madH (V) @ 9 9w &1 /IR (@) e
B RG & 1 &7 (1) 3R (1) TY A 8, T8 A DI HUF 9 2 |

A

&= (II)

(A) e (INF Z <1

)&=z (IN¥ z=1

C)asm & ford z=1

DHIF A & aF (1) W (1) D AR 9ed &, Z,1 B AR I aar 2 |

On moving from region (ll) to region (1), pressure tends to zero. So, Z — 1.

&7 (II) ¥ (1) R S W 9 Y DI IR IR BAT1 & | 3AMMY, Z - 11

Comprehension # 2

Critical constant of A gas

When pressure is incerases at constant temp volume of gas decreases

AB — gases, BC — vapour + liquid, CD — liquid

critical point : At this point all the physical properties of liquid phase will be same as the physical
properties in vapour such as, density of liquid = density of vapour

Tc or critical temp : Temperature above which a gas can not be liquified

Pc or critical pressure : minimum pressure which must be applied at critical temp to convert the gas
into liquid.

V¢ or critical volume : volume occupied by one mole of gas at Tc & Pc



CRITICAL CONSTANT USING VANDER WAAL EQUATIONS :

( )
kp+in (Vm—b) =RT —  (PV2+a)(Vm—b)=RT Va2
Vm
PVmd + aVm — PbVm?2 —ab - RTVm2=0 = Vmd + Vi (b-i—ﬂ) EX - a—b =0
P Pm P
Since equation is cubic in Vm hence there will be three roots of equation at any temperature and
pressure.

At critical point all three roots will coincide and will give single value of Vm = V¢
at critical point, Vander Waal equation will be

Vind = Vim? [b+ﬂ} + ivm—a—b =0 ()
Pc

But at critical point all three roots of the equation should be equal, hence equation should be :
Vm, = Ve
(Vm - Vc)3 =0
Vm® —3Vm? Ve + 3VmVc?2 - Ve =0 ..(2)
comparing with equation (1)

b+ Rle _ 3Vc (i) 2 -3 A/ ()| ab =Vce (i)

Pc Pc Pc
From (ii) and (iii), Vc = 3b
N a . a a
From (ii) Pc=—5 substituting Pc= —— = —=
3V 3(3b)>  27b?
From (i) Rlc _3ve-b=gb-b=8b =  Tc= o2
Pc 27Rb

At critical point, the slope of PV curve (slope of isotherm) will be zero at all other point slope will be
negative
zero is the maximum value of slope.

(6P ) o [ oP)

I ( =0 (1

Lav J ® 6V Lav J ®

{Mathematically such points an known as point of inflection (where flrst two derivatives becomes zero)}
a
)
using the two Tc Pc and Vc can be calculate by Ve Tc & Pq,
y
a
ITBT #2

P I B Hifve Fadis
9 fa 919 R 19 gedl § A I &1 A "edl B |
AB — 39, BC — 919 + &4, CD->sda

i g : 59 A5 W &3 s@wen & & Wifas Tur, arw & Hifde o & ¥9F 81 § safoy



%9 U9cd = a1 T
Tc Hifd® @9 : 98 9 Rd S0 U6 I gdigd T8 31 1 Gadl 8 |
Pc HIfNI® M9 : HIFIH A9 IR ST T 98 A q19 91 19 B 99 F 991 <l 2 |
Ve ST IR & Te @ Pe™ 19 & T Aidd §)1 U<l fdban w11 a7maad

(T,>T,)
isotherm

( a\ 2
Unavy (Vm—b) = RT =  (PV2+a)(Vm—b)=RT Va2
Vim

PVm® + aVm — PbVm2 —ab — RTVm2=0 = Ve + Vm? (b-f—gj + - - — =

T A9 B & BRI I8l Bl g9 don fEAl a9 w39 e H A9 J R, Sifde ad wR [l
el A B SR T V = Ve Td & Jol o7 |
wi%mamwmmﬁwﬁwﬁwﬁrﬁl

- Rlc) , a, _ab_
Vi3 — Vim? Lb+ J PC Vm PC 0 (1)
ﬁﬁﬁaﬂﬁzﬁmwwﬂwzﬁﬁaﬁwﬁﬁaﬂ%maﬁ:wﬂwﬁwﬁﬁaﬁ%m
= Vm® = 3Vm? Ve + 3VmVc?2 = V2 =0 ..(2)
FHIHOT (1) § FoTl IRA W
RTc _ N ; ab _
b+ Pe =3Vc () Pe 3ver (i) Pe Vcd ...(iiD)
(ii) @ (i) &, Vc = 3b
i Qq’ Pc = i 'ae‘ﬁ Pc = a = i
2 °T 3 - °T3@b? 2702
i & = —b= —b= = 8a
(iy & o =3Vc-b=9%-b=8 = Te= b
Hifad qU W PV 9% &1 el (FHANUR GTdl) I 81T, 3 fdg IR T FoTd 81T, BT &l f¥dad
A YA ©
(0P ) . o ([oP) _ i}
Lav J (i) % LMJTC =0 (D))

(o w5 | 3?1 yeR & fag @1 AfuRads fag (point of inflection) & & (W&l YoM Q1 3radwa
I BT €) §7 QI BT SUANT B T, Pc TAT Ve B 0ET @ ST Fahell &)



4.3

Sol.

5n

Sol.

6.2

A scientist proposed the following equation of state P = ? - \% + % If this equation leads to the
m m m
critical behaviour then critical temperature is :
2
(A) 88 (B) B (C» B (D) None of these
27RC 8RC 3RC

W%ﬁﬁﬂ?ﬁa—mﬂaﬁwﬂwﬁPzﬂ—i+%W|ﬂﬁﬂ%@ﬂwaﬁiﬁ?ﬁmmﬁ

Vim V2 V3

gdTdT ® d9 Hifdd g &1 B |

(A s ®) ) & (D) & & T T
27RC 8RC 3RC

At critical point,

Hifds fog =),

a—pzoj—ﬂ+2—8—£:0 :>—RTc+§—£:O = RTcV?m—-2BVm+3C=0

Nm (VZ S VA SV /A

2

. . B
as equation will have repeated rootthen D =0 = Tc = 3RC

2
aﬁ:ﬂﬂﬁwzﬁwﬁrwmzﬁéaﬁD:O:Tc:;—c 2

If the critical constants for a hypothetical gas are Vc = 150 cm® mol-t. Pc = 50 atm and Tc = 300 K.
. . 1
Then the radius of the molecule is : [Take R = ' Ltr atm mol-! K-1]

I TP B 19 $ ford Hifds ReRi® Ve = 150 cm3 mol?, Pc = 50 atm @2 Tc = 300 K 8 @4 317
3 e | s [R = %Ltratm mol-t K-1 o TR]

(75 M3 (75 M3 (33 (3 )
M 28y ) ® g, © e O 256mn,)

Pc, Vc and Tc are given hence ‘a’ and ‘b’ should be calculated using Pc and Tc as it is more reliable.

Pc, Ve T Tc &1 A9 a1 a1 8 d9 Pc d2l Tc &1 SYANT &R 'a’' 3R 'b' & J0HT B el § |

a 8a
Pc = ,Te=
T 5m2 ¢ 27RDb
Pc _ R 300x1/12 _ 1
—~ = = b= ——— = —
Tc  8b 8 x50 16
1/3

4><i7cr3.NA=i = rz[L]

3 16 2567nNa

Identify the wrong statement related to the above graph :

(A) between 50 K and 150 K temperature and pressure ranging from 10 atm to 20 atm matter may have
liquid state.
(B) zero is the maximum value of the slope of P-V Curve



Sol.

(C) If vander waal equation of state is applicable above critical temperature then cubic equation of Vm
will have one real and two imaginary roots.

(D*) At 100 K and pressure below 20 atm it has liquid state only

IWRIFT NG A TR TAd B Bl USRI BHIRIY |

AR
(A) ST9 a9 50 K @1 150 K & &9 dor 19 W19 10 atm ¥ 20 atm T& 81 d9 U1 §9 sfaRey 7@ qahdl
2|
(B) P-V IT% & T &1 AfAHaH A I B |
(C) If divexdlct FHIARUT I Hifdd AU & FUR ITINT foa1 SR T4 Vi @1 g |aHliexor 4 a4,
arfads qel /1 e, Hleafied I B g |
(D*) 100 K AT TR T 20 atm & 1 G164 TR T8 Hadel 59 3MaRAT & B |
P

20 atm | {1
10 atm

At 100 K and pressure below 20 atm it may have liquid or gaseous state depending on the pressure.
100 K @79 TR oI 20 atm & 1d G4 U= U8 <4 I1 IRA raveyl 3@ Adhal & o {6 g9 w® AR &l |

Comprehension # 3

Answer Q.7, Q.8 and Q.9 by appropriately matching the information given in the three columns of the
following table.

For a hypothetical real gas Z (Compressibility factor) v/s pressure curves are given at different
temperatures, (To = Boyle's temperature & T¢ = Critical temperature)

P
Column-1 Column-2 Column-3
() Point A (i) T<To P |z=1
(1 Point B (i) |T>To Q) |z>1
(1 | PointC (i) | T=To (R) |Zz<1
(IV) | PointD (iv) | T=Tc (S) | Zis negative

ATBE #3

T & TR <ga & A piewl H UG AT B SUGF < H A B U Q.7, Q.8 AR Q.9 B IR
AR |



Sol.

Sol.

UFh HIAHe ardfad 19 (2) (@eaar ons) vis 6 &1 g =1 am = 791 ger & g,
(To = S A9 & T = HifcId M)

P
Pied-1 [ e B4 e -3

(1) g A () [T<To P) |z=1

(y |fgB (i) [T>To Q |z>1

my |fRgc (iy | T=To R) |z<1

(v) |fegD (iv) | T=Te (S) | ZFoTHS & |

Select correct combination when gas is more compressible than ideal gas

S99, ameel 9 @ g § «fde wriead @ § a9 9E A © |

A" 1()R (B) I (i) R (©) 1 (i) P (D) I (iv) P
Select correct combination when gas is less compressible than ideal gas

99 1 arreel T @1 g H BH ARSIl § a9 del GAIod ©

(A) Il (i) R B% 11 () Q (C) IV (iii) Q (D) IV (ii) S
Select correct combination when gas behaves ideally

19 )9 JeE N A FAER HRAT 8 a9 98l GAei §

A IR (B*) 1 (iii) P (RIXOXe; (D) iv (i) Q

Point A [T <Tp |Z<1 |more compressible

PointB [T<Ty |Z>1 |ess compressible

PointC [T=Tp |[Z=1 |ideal behavior

PointD [T>Ty [Z>1 |ess compressible

g A [T<TZ<1 piled aeiigad

g B [T<Ty Z>1 [0d TSIl

RgC T=T|Zz=1 pIe A@ER

gD [T>To Z>1 [®9 Tdisyd
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PART - 1: JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

T - | : JEE (ADVANCED) / IT-JEE (UBat aul) & g

* Marked Questions may have more than one correct option.

* fifeed we o 9 I wE e a v B -
1* Figure displays the plot of the compression factor Z verses p for a few gases [JEE-2006, 5/184]

v
I /
i

I

Which of the following statements is/are correct for a van-der waals gas :

(A*) The plot | is applicable provided the vander waals constant a is negligible.

(B*) The plot Il is applicable provided the vander waals constant b is negligible.

(C*) The plot Il is applicable provided the vander waals constants a and b are negligible.

(D) The plot IV is applicable provided the temperature of the gas is much higher than its critical
temperature.

o N & foy Ieieaar qone 2 dM J6 p & 78 NG I T B | [JEE-2006, 5/184]

v
[ /
I

II

91 | | B/ PIN U qrosared ™ @ forg HE '

(A*) IIRE 1 A= ® iy faan 8, f arvsvdfta fadie a w707 2 |

(B*) 3w || A9 &, afs f&an g & arvsdia aais b 7vg 2 |

(C*) R\ (1) 717 8, Ife faan 8, & avsvdidd fadie aden b & 999 g |

(D) 3™ (IV) 711 2.3 f&an 2 f& 9 &1 v, 9 ifds ag o gorn § 989 1w 2 |

Sol. The vander waals equation of state is : (for 1 mole of gas)
([ a)
kP+—2J (Vm=b)=RT
Vm
When a is negligible, then
Z= % =1+ L P
RT RT

that is Z increases with increaser in p.
when b is negligible, then

-\ PR O

RT VRT

increasing p implies decrease in V, which is turn, implies increase in the value of a/VRT and hence
decrease in the value of Z.
The curve IV is applicable provided temperature of the gas is near but larger than it’s critical
temperature Hence, the choice (A), (B) and (C) are correct.

Sol.  dTex dfdl FHIHRY, (1 ¥t 19 & forg)



(P+\%J (Vm—b) = RT

519 'a’ Yy B, 99
Z:%:1+1P
RT RT

Pdaed @ @Y Z 4 gqgal 2|
SER UL T

Z:%:l_i

RT VRT

p o™ WR VEed ® Ol fF a/VRT &I derdl ® o Z & A H HH 3mel &

ash IV SR 8N I 3 &1 qIIHE shifad 919 @ FHY § IR SEY w2 |
safay (A), (B) T (C) W& & |

2. Match gases under specified conditions listed in Column-I with their properties / laws in Column-II.
[JEE-2007, 6/162]

Column-I Column-Il
(A) | Hydrogen gas (P =200 atm, T =273 K) | (p) | compressibility factor # 1
(B) | Hydrogengas (P ~0, T =273 K) (q) | attractive forces are dominant
(C) | COz2(P=1atm, T=273K) (n PV =nRT
(D) | Real gas with very large molar volume (s) P(V —nb) = nRT

D1 3§ [l srarensii 4 & 18 41 31 Biew-1 I g TN/l @ gafaa S|

JEE-2007, 6/162]
PicH-| PicH-|
(A) | H2i9 (P =200 atm, T = 273 K) (p) | UTST OTH = 1
(B) |H2¥¥ (P~0, T=273K) (q) | 3THYT g AT B |
(C) | COz2(P=1atm, T=273K) (n PV = nRT
(D) | arIfa® 9 R Aok MM ™S 8 | (s) | P (V—nb) =nRT

Ans. A-p,s;B-r;C-p,q;D-r
Sol. (A) For Hz2 gas at high pressure Z > 1.

(B) Foranygas at P ~0, Z ~ 1 i.e. ideal behaviour.

(C) For CO:2 gas at normal pressure and temperature Z < 1.

(D) For any gas at very large molar volume i.e. P ~ 0, Z ~ 1 i.e. ideal behaviour of gas.
A (A H M & oY 8= @ wZ > 1 8ar g1

(B) foft ft 9 & forg P~ 0 IR Z ~ 1 3rerf| anesf agR & 2|

(C)CO. ¥ & foly WM T4 @ A9 R Z < 1 BT B |

(D) fodlt N T & foy AreR Jmaas 98d 31 89 WR eI P~0 R I &1 @a8R AR BT & 31U
Z~1.

3.* A gas described by van der Waals equation [JEE-2008, 4/82]
(A*) behaves similar to an ideal gas in the limit of large molar volumes
(B) behaves similar to an ideal gas is in limit of large pressures
(C*) is characterised by van der Waals coefficients that are dependent on the identity of the gas but are
independent of the temperature.
(D*) has the pressure that is lower than the pressure exerted by the same gas behaving ideally
Correct Answers : JEE Source iitg.ac.in AC or ACD
U 19 qiveR dfd (van der Waals) SFHI6RvT gRT afofd &1 ol 8 — [JEE-2008, 4/82]
(A*) 31 ATeR 3maas &1 A1 # aneel I & FHM FAER IR B |
(B) 31fd <@ o AT H et N & FHE AIER BRA B |
(C*) qTusR dfdl I[ONd! §RIT e el & Wl b 19 IR ik axd & IReg doeH o) R 181 ad |
(D*) 1 BT 9 3 9 B el araRen # Uiy I@ W HH B |




Sol.

Sol.

Sol.

(A) At very large molar volume P + 12 ~Pand Vm—-b=Vn.
m

(C) According to van der Waals equation 'a' and 'b' are independent of tempt.

(A) 954 A% AR ATFTT W P + % ~P @A Vim—b = Vn
m
(C) dfvex dfcdt FHIARTT & AR 'a’ TAT'b' 9 | WA 2 |
The term that corrects for the attractive forces present in a real gas in the vander Waals equation is :
[JEE-2009, 3/80]
Jrafds ™ @ ford arsx dfad (vander Waals) |HIaRoT #, Sl g 3M&YU §df (attractive forces) &1
NI P18, T8 B [JEE-2009, 3/80]

an2 an2

(A) nb 89 2 ©- 2 (D) -nb
\Y V

2
. . . o an
Correction factor for attractive force in to the real gas is given by — -
\Y

2
arafdd I B g gy dfe wiieRe § A ug e 9ol Bl ARG BRal

V2
For one mole of a van der Waals gas when b = 0 and T = 300 K, the PV vs.1/V plot is shown below.
The value of the vanderWaals constant a (atm.liter? mol-2) : [JEE-2012, 3/136]
9 b=03R T=300K 2 @@ U& Ald dgiexdrel (van der Waals) 1 & fog PV @en 1/V xaiferm i
e a1 ¥ | gis}arel ReRid a (atm.liter2 mol-2) &1 714 ¥ : [JEE-2012, 3/136]
2461
23.14
c 21.6~
g 20.1-
£
©
2
>
o
0 20 3.0
1/V(mol liter™)
(A) 1.0 (B) 4.5 (Cv 15 (D) 3.0
24.6 \\\

216 ——===>

PV :
201 o ___ LoD

1

1

1

1

1

PV +a/V=RT
PV = RT-a(v)
y = RT —a(x)



Sol.

Sol.

_21.6-201 _ 15 _

So, slope 31 @lcd = a = =15
3-2 1

One mole of a monoatomic real gas satisfies the equation p(V — b) = RT where b is a constant.
The relationship of interatomic potential V(r) and interatomic distance r for the gas is given by

TFh Al (HURATYS aRdfdd I/ FHIEHR0 p(V — b) = RT &1 9] &l 2, 5T8f b Ua fadie 21 39 14

 IIRTIRATYS (interatomic) fa9a (potential) V(r) TT FRRTIRATS 3 r & 41 HT T6H & |
[JEE(Advanced)-2015, 4/168]

V(r) V(r) V(r) V(r)
A O = B 0O . cyn 0 . o) O T

P(V-b) = RT
= PV -Pb=RT
PV _ Pb
RT RT
= Z=1+ i

RT
Hence Z > 1 at all pressures.
This means, repulsive tendencies will be dominant when interatomic distance are small.
This means, interatomic potential is never negative but becomes positive at small interatomic distances.
Hence answer is (C)

P(V-b) = RT
= PV -Pb=RT
PV _ Pb
- = — 4+ 1
RT RT
= Z=1+ P—b

RT

= +1

=

A WY gl R Z>1 B

I By ygfal g9l Bl 99 A<RURHATYR ¥ HH BRI B |

AT FRURAVGY fa9a 1 A1 FKUMHS &1 BIAT & olfhd $HH JF<RURATIGRI GRIAT TR FAHAD 81 STl
g1 3 IR (C) B
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Sol.

In vander Waal's equation of state of the gas law, the constant ‘b’ is a measure of :[AIEEE-2004, 3/225]
(1) Intermolecular collisions per unit volume (2) Intermolecular attractions

(3*) Volume occupied by the molecules (4) Intermolecular repulsions

reR Il P 3[aRAT FHIHIVT H i ‘b’ fddt 79® 2 | [AIEEE-2004, 3/225]
(1) 9T SHIE MITH B Ir<Ii0ad cqdx (2) er=aifoas amadmyor

(3*) SI3iT ERT ORI AT 37T (CAESNIECEARIRER B

b = 4Na x v i.e., total volume occupied by molecules of one mole of gas in motion.

b= 4Na x v 31T T 319 & TRHAE s@ven § U dld & 370[3l §RT BRT 1 fe 1A |

‘a’” and ‘b’ are vander Waals’ constants for gases. Chlorine is more easily liquefied than ethane
because: [AIEEE-2011, 4/120]
(1) a and b for Cl2> a and b for C2He

(2) aand b for Cl2< a and b for C2He

(3) aand Clz< a for CzHe but b for Clz > b for C2Hs



Sol.

Sol.

Sol.

(4*) a for Clz2> a for CzHe but b for Clz < b for C2He

4l & fo ‘@’ Ja1 b’ aTveR aTed ReRT® T | TIF @ 3fell FAR BT SdIhRYl AfH AT BT ©
TP - [AIEEE-2011, 4/120]
(1) Clo® 'a' AT 'b' @ A >CoHe & a AT b & a9 A

(2)CL® 'a' @M 'b' & A <CoHe & a T b & A9 A

(3)Cl2 & a® W <CoHe® a ® A fbg Clo & b &1 A1 >CoHe & b aE 4

(4 Cl2 & a & A > CoHe & a Pl A fdb] Clo & b &1 A9 < CoHe® b A 4

a b
Cl 6.579 L2 bar mol-2 0.05622 L mol*
C2Hs 5.562 L2 bar mol-2 0.06380 L mol-?

The compressibility factor for a real gas at high pressure is : [AIEEE-2012, 4/120]
Ied T WR TP KD A9 B FUreadl qoNd o : [AIEEE-2012, 4/120]
(1) 1 + RT/pb 21 (3*) 1+ pb /RT (4) 1 —pb/RT

a

(P+Wj (V-b)=RT

at high pressure % can be neglected. (3=d T19 TR 12 P T e S dHhar g 1)
Y Y

PV - Pb =RT
PV =RT + Pb
PV Pb
- :1+ -
RT RT

Z:1+%; Z > 1 at high pressure (3= Q4 R Z > 1)

If Z is a compressibility factor, vander Waals equation at low pressure can be written as :
[JEE(Main) 2014, 4/120]
i Z s oI &1 Al $H I UR aisvarcd] FARGRY HI forar 51 |abar 3 [JEE(Main) 2014, 4/120]

RT a Pb Pb
1)Z2=1+ — 29Z2=1- —— HZ=1- — 4)72=1+ —
@ Pb o VRT ®) RT “) RT

In low pressure region, vanderwaal equation becomes.
A I9 &3 H, arve}dard FHIdRY 9 81 S & |
a
RTV,

Z=1-

JEE(MAIN) ONLINE PROBLEMS

2
Vander Waal’s equation for a gas is stated as, P = nRT —a[ﬂ) .
V —nb \Y

. . . nRT
This equation reduces to the perfect gas equation, P = ~ when,

[JEE(Main) 2014 Online (09-04-14), 4/120]
(1*) temperature is sufficiently high and pressure is low.
(2) temperature is sufficiently low and pressure is high.
(3) both temperature and pressure are very high.
(4) both temperature and pressure are very low.

Uh 19 & o ars¥ a1l FHiol, P = nRT —a[ﬂj BT 2 |
V -nb Vv

%WWWWWW,P:$WWWW:

[JEE(Main) 2014 Online (09-04-14), 4/120]
(1*) a9 gA Ied BN AR IE A BAT | (2) 99 gITE =gF ERM SR <@ I B




Sol.

Sol.

Sol.

(3) AU iR 19 AT 95T S B | (4) A9 3R 19 A1 98T YA BT |

When does a gas deviate the most from its ideal behaviour ?
[JEE(Main) 2015 Online (11-04-15), 4/120]

(1) At low pressure and low temperature (2) At low pressure and high temperature

(3*) At high pressure and low temperature (4) At high pressure and high temperature

9 U N9 39D IMSY IIER ¥ Waidd fdafed 8kt 87 [JEE(Main) 2015 Online (11-04-15), 4/120]
(1) =1 <19 Qe /=1 Qg W) (2) /91 <19 QAT = AU W

(3*) S=a qE a1 /9 dU W) (4) S=a ]I qAT =g dY TR

At high pressure and low temperature, size of molecules and inter molecular forces cannot be
neglected.
Io J19 qAT =1 A0 UR ITU[3T HT IMHR TAT IARIAV[G g T9F &1 8l Fhd @ |

At very high pressures, the compressibility factor of one mole of a gas is given by :

[JEE(Main) 2016 Online (09-04-16), 4/120]
P =@ IA W T & TP Ard B FRSIar e 1 gIRT I S @

[JEE(Main) 2016 Online (09-04-16), 4/120]

b @1- 2

1M1+ —
(VRT) RT

pb
RT
According to Vander waal's equation for one mole of gas

(P+%)(V—b):RT

@2 (3)1-

. a .
at high pressure vz can be neglected with respect to P,

P+ % =P
P(V-b) =RT
PV -Pb=RT
PV =RT + Pb
divided on RT on both side,
Z=1+ P_b
RT
TS Al I/ B qveR dfd FHISR S AR

(P+%j(V—b)=RT

Jod g W) %,PE%WWE‘IW%l

P+% =P
P(V—b) =RT
PV — Pb=RT
PV = RT + Pb
T TR% RT TR A 917 29 WX,

Z=1+ Pb

RT
The volume of gas A is twice than that of gas B. The compressibility factor of gas A is thrice than that of
gas B at same temperature. The pressures of the gases for equal number of moles are :

I AP IMITT 19 B AT &1 &1 A1 21 T &1 ad R 9 A &1 Fdisadl o 19 B & ddsgd
UM B Ja § A A1 2 | Al B FAE G B forg AT 1 <19 B

[JEE(Main) 2018 Online (12-01-19), 4/120]
(1*) 2Pa = 3Ps (2) Pa=2Ps (3) 3PA =2Ps (4) PAa=3Ps




Sol.

Ans.

Sol.

AnNs.

Sol.

Sol.

PV = ZnRT
p= ZnRT
\%

at constant Tand mol P « é

ﬁﬂﬁTleﬂ?’rq'\fPoc%

Pa_Za Ve _(3)[(1)_3
P, Zg Vi \1)1(2) 2

2PA=3Ps

Consider the van der Waals constants, a and b, for the following gases.
Gas Ar Ne Kr Xe

a/(atm dm® mol-2?) 1.3 0.2 51 4.1

b/(10-2dm3 mol?1) 3.2 1.7 1.0 5.0

Which gas is expected to have the highest critical temperature ?
[JEE(Main) 2019 Online (09-04-19)S1, 4/120]
fr=foRaa 1 & aTrsvared ReRi® a dan b W AR HIRY -

™ Ar Ne Kr Xe
a/(atm dm® mol-?) 1.3 0.2 5.1 4.1
b/(10-2 dm?3 mol-1) 32 17 10 50

fr=foRaa 9 @ feas forg wifas ag @ waifdes 8@ & F9ra-r 8ef ?

[JEE(Main) 2019 Online (09-04-19)S1, 4/120]
(1) Kr (2) Xe (3) Ne (4) Ar
1)

e [3)

At a given temperature T, gases Ne, Ar, Xe and Kr are found to deviate from ideal gas behavior. Their

. L RT . . . -
equation of state is given as P = VA atT. Here, b is the van der Waals constant Which gas will exhibit

steepest increase in the plot of Z (compression factor) vs p ?
[JEE(Main) 2019 Online (09-04-19)S2, 4/120]
feg & au TR g8 9 1 f& Ne, Ar, Xe @ Kr 1 aneel 1 @ger 9 faafea - &1 S50

TRy AHIHRY 39 UHR f&ar ® Pzﬁaﬁ.w b arer ReRi® 2 | & A TN Z (AdeTdRS) e p

P W ¥ Faie TSI ghg yaRid H?
[JEE(Main) 2019 Online (09-04-19)S2, 4/120]
(1) Xe (2) Ar (3) Kr (4) Ne
1)
Z=1+—

At constant T, slope of Zvs P graph o b
Xe has the maximum radius, maximum b & hence its graph will be steepest.

Z=1+—

fFRIG TR Zvs P UTH &1 I o b
Xe 3IfSpdH f3rear g1 & U7 341y IfHad b 3N SHBT U STadd 81T |

Consider the following table :
Gas al/(k Padm®mol?) b/(dm3 mol?)
A 642.32 005196



Ans.

Sol.

Sol.

Ans.

Sol.

B 155.21 0.04136

C 431.91 0.05196

D 155.21 0.4382

a and b are van der Waals constants. The correct statement about the gases is :

[JEE(Main) 2019 Online (10-04-19)S1, 4/120]
(1) Gas C will occupy more volume than gas A; gas B will be more compressible than gas D
(2) Gas C will occupy more volume than gas A; gas B will be lesser compressible than gas D
(3) Gas C will occupy lesser volume than gas A; gas B will be more compressible than gas D
(4) Gas C will occupy lesser volume than gas A; gas B will be lesser compressible than gas D

e arfere R AR #ifvg -
™ a/(k Pa dmé mol-Y)  b/(dm3 mol?)

A 642.32 005196

B 155.21 0.04136

C 431.91 0.05196

D 155.21 0.4382

a g b grsxdred Rerie 21 19 @ favy § 98 %9 B ¢

[JEE(Main) 2019 Online (10-04-19)S1, 4/120]
(1) T C I APl a1 H SAT&T a2 ; I B, 19 D 1 g1 H a1 wdeg gl
(2) T C I AP a1 H SATeT 3T oA ;I B, 9 D #1 g § HH AUy s8R
(3) T CI A I H $H A v ;I B, 19 D &1 oI H SaTel |qulsy gl
(@) CI AP a1 § 9 g w1 B, I’ D &1 o 6 B9 ddrey sl

1)

For gases A & C, 'b' value is same so gas having higher value of 'a' i.e. higher force of attraction will
have lesser volume. Gas C will have higher volume.

For B & D, 'a’ value is same, so gas having higher value of 'b" will be less compressible

a Pb ) .
Z=1-——+— .. gas B will be more compressible

T ATAIC D foIU'b' & A1 A ® 31 'a’ &I A9 Sod & dlell 19 & U sy &1 9o 1fds
B TAT I8 HH G drell 1 BN | 31 T C 31fdd mdT Ee B |
M BdND & g 'a' &1 §9F 2 31 19 s fog 'b' &1 A9 19 © 98 &¥ arasd sl

a Pb

Z=1-——+— .. 3@ ™ B 1% affasa it
VRT RT

In which one of the following equilibria, Kp # Kc?

o foe T 9= H Kp = Ke 87

[JEE(Main) 2019 Online (12-04-19)S2, 4/120]

[JEE(Main) 2019 Online (12-04-19)S2, 4/120]

(1) 2NO(9)
(2) 2C(s) + O2(9)
(3) NO2(g) + SO2(9)
(4) 2HI(g)
2

Kp= Kc(RT)4"

Ang # 0 for 2C(s) + O2(qg)
Kp= Kc(RT)4"
2C(s) + O2(g)
Ang=1

N2(g) + O2(g)
2CO(9)

NO(g) + SO3(g)
Hz(g) + 12(9)

2CO(9)

2CO(g) ® foIU Ang =0
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