Real Gases ﬂ—

SOLUTION OF GASEOUS STATE (REAL GASES)

EXERCISE # 1
PART — | (HTT - 1)
B-2. Tc=273+31=304K, Pc=728 atm
Tc= Zslib and (2) Pc = 276;2

Tc _ 8a x27b2_8b

Pc 27RDb a R

On substitution (IR & W) =—— Chi
728 0.082

= M = 4.28 x 1073 litre/mole
728 x 8

8a
27RDb

—3
_ 27RDTc _ 27x0.0082x4.28x107°x304 _ (oo oo

Now, 3Id Tc =

B-3. = SRS CRSEE L G

SO Vmreal = M x09=18L
8.21

so volume of two moles = 3.6 L.
sol. PV - PVm To PV RTc
T Pe Ve T RT PcVe

.0821x 2
EXS EQ Vm, qreafae = 0088 2>:<|. oo x 0.9 = 1.8 cilex

39feIU &1 A BT AT = 3.6 oflex

B-4. (P ”(12)4 ZJ (V—nb) =nRT
(
\

+

)
P4 (10) x 4. ZJ (10 — 10 x 0.037) = 10 x 0.082 x 300

(10)?

B-5.  Volume of one mole of given vapour = % L=50L

volume of one mole of an ideal gas = g = m =41L

Vm,real - @
Vm,ideal 41
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Real Gases
Bl ﬁnﬁw%w%ww:ol—;Lzsoaﬁa

1

V
afeIT Z o1 A = e 50
Vin s 41
B-6. Zi= PV and Zy= PV
RT, RT,
ﬁ:ﬂxT—zxﬁ szllitre
Z, P T Vv 3
B-7 P 3 ) (BVr=1)=8T
-7. +— r—1)=8T:
V)
PART — Il (HTT - 11)
[ an?)
B-1. LP+—2J (V — nb) = nRT.
Vv
B-4. Z-= ﬂ; V= el g = 2.24 litre/mol
nRT 9

Volume of 1 mili-mole of gas = 2.24 mL

B-5. (P) (V-nb) =nRT
_ nRT
V —nb

B-6. PV=Pb+RT
PV Pb
— =1+

RT RT

B-7. |P+2 | (V)=RT
P+ W

Pv+ 2 =RT
v

PV 2

RT VRT

B-8. 4 x %nr?’x Na =24

B-9.  Factual question
B-10. Ease of liquification a.

B-11. Boiling point o< a

B-12. P(V-b)=RT; P= (VR_Tb)
_ R
P= [(V—b)jT+0
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Real Gases
EXERCISE # 2
PART — | (HIIT - 1)
1. I- Slope of isotherm below critical point < 0.

II -

I —

-

I -

a
Tcoc —
““b

Slope of isotherm above critical point < 0.
Slope of isotherm at critical point = 0.
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 liquification.
When gas is below critical temperature. It is 'liquid' so vander waal equation of state is not valid.
So, Answer (B).
Hifdes g & = FEal 9% &1 &l < 0.
Hifds g & IR FHAAMT 956 BT el < 0.
3rct: Hifde g R FAAT 9% H1 T AfHaA B 2 |

Tc =

Meraion

8a

27Rb
Tcoxca
Tc® Af¥® 79 &1 3f 8 6 1 & gdiorRe @ v au 4 &7 $H mays 2| 3 N S=
a9 R A gdGd 8 Fadt 7| o I A 9 gdigd @l o wad 2
ST N Hifded 9™ @ D B, 99 T 99 IfaRAT H Bl ¥ SAfAY AART BY AU} dfed THIBROT
ygad Tl Bl & |
gafery, fiwen (B) W& & |

Tc=

/\
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Real Gases

Sol.

2.5

(a) 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)

High T, low P

Sz a9 T, 91 g9 P
_ (V)
(PV)

real

ideal

It is factual question

g Ty IMEIRT U ® |

It is factual question

g Ty IEIRT U ® |
4
Vc=3><NX§TcI’3><O.44

If Z>1 positive deviation
Z<1 negative deviation

e Z>1 g1 d faue
Z<1 ZREUTHSD A

PART — Il (4T - II)
b =4NA(gnr3j

(4m x 1074) x 103 = 4 x 6.0 x 102 [ganJ

1078
r= —

2
r=5x10"°cm

z=5

* Very high pressure (31 3z dm) .. heglect T7vY (a)
Pb
wZ=1+ — -1
RT @)
comparing above equation withy = mx + ¢
JURIF FHDHROT B ol S W y=mx + ¢
b b

~m= — = — =0.01 (given (f&a1 /=1 &) m = 0.01)
RT RT

/\
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Real Gases
b=0.01RT

7 = (PV)real
(PVideal

(2

7 = —(PVR)[I‘fa' (given for f&am =T 8 : n = 2, PV = 40)
n

_ 40
2RT
20
Z=— ...(3
RT ®
as,Z=1+ P—b
RT
from equation (3)
20 _, . Pb .(4)
RT RT
10=RT + Pb
Pb=20-RT ..(5)
Pb
(PV)rea =40 = ZnRT = | 1+ —— | 2RT
2RT
= 40 = [1+ 20_$T] 2RT
40 =2RT + 20— RT
20 =RT ...(6)
From (2) & (4)
b=0.01x 20
b=0.2
excluded volume for 20 moles (20 Al & forg fReTen &1 Smas)
nb=20x0.2 ; nb=4
3. D =bs3, C=b?
D_b _pVe_Vo
C b 3 X
o x=3.
4
4, 4N gnr?’ =3.2xmx10°
4
4 x 6 x 1028 x 57"3 =3.2n x 106
r3=10"1m
r=0.1nm
d=2r=0.2nm
5 nze=3, 3. X . -3x3:x=0.
8 8 24
6. (a) Under low pressure region, V is high
(V=b)~V [P+12]V:RT
\%
&4—1:1 Z:&:[l_ij
RT RTV RT RTV
Z=1- 20.39 =0.98
0.0821x 350 x 35

PV+ — =RT
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Real Gases
(b) Under high pressure region, P is high,
a
(P+szp P(V-b)=RT
PV —Pb =RT PV _Pb_y
RT RT
z=PV _,,FPb
RT RT
z7=1+2 21491388 1 6004=1.004
\% 5
. . PV P 1
by approximation [':—=1 , — = — ] .
yapp RT RT \%
Sol. (a)®H I@ W | V Af&® BNl 2|
a
&+i:l Z:&:[l-i}
RT RTV RT RTV
Z=1- 20.39 =0.98
0.0821x 350 x 35
(b) 1% 19 TR | P 1% Bl 2 |
a
(P+$]:P o P(V-b)=RT
PV —-Pb=RT B UeE
RT RT
Z= & = P_b
RT RT
Z=1 + 2 =1+ genes =1+0.004 =1.004
Vv 35
eemaw (oL, £ 1)
"RT °' RT V
7. CaCOs (s) —2—5 CaO (s) + CO2(g)
Moles of CaCOs used = 25
100

Moles of CaO formed = % = moles of CO2 formed
25
Mass of CaO formed = 0 x56g9=14¢

Volume occupied by CaO = % cc=4.2mL

Volume available for CO2(g) =504.2-42mL =05L
Now applying the vander Waals equation of state
( 2)
kp+%J (v—=nb) =nRT
%

{ | 4x(0.25)°
(0.5)°

4 x(0.25)?
(0.5)?

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

= p =62.83 - =61.83 atm.

pv+ & =RT
Vv
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Real Gases
Sol.  CaCOs(@M) —2 - CaO(3) + COL(I)

Cacoaemaqaﬁw%mw_%

CaOEﬁﬁrErEﬁ—ﬁ—COzfﬁ o 99

CaOEb"HTI’\TZE x 56 UM = 14 9™
100

Ca0 & gRI B-1 7 3MId+ = %cc~4.2mL
CO2(g) & oy Suerer smds =504.2-4.2mL =05L
qrexardd FHIHROT YA R R

n2)
p+—J (v—nb) = nRT

{
{ 4x(0.25) :l [0.5-0.25 x 0.04] = 0.25 x 0.082 x 1500

(0.5)%
2
= p=62.83— w = 61.83 atm.
0.5)
PART = Il (81T - 1II)
2
3 Pc = a 2 TC2 = 64—8.22
27b 27 x 27R°b
T2 64a° 27b
Vc=3b < = 55 X
Pc  27x27R%b a
212
.- 82 o2 2TRTE
27Rb 64Pc
PART - IV (HTFT - IV)
1. 0] Z=1 - Ideal behaviour.

(D) 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 () Z=1 - JATee TR |

(I z>1 > T T WR AT HH Bl B |

m  z<1 - N W 9 gdgd g g |

(V) e W, Z > 1 i 19 et FaER @) 3R R Bl B |

PV

2, Z= >1
PV, _ 1x22.4
RT RxT

At same pressure = 1 atm.
1x Vpy S 1x22.4
RT RxT

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

Bdl. Z= % >1
PV, _ 1x22.4
RT RxT

HHE g9 IR = 1 atm.
1x Vpy S 1x22.4

RT RxT
= STP R Ir«fdd i & fog, Vim > 22.4 L

grafad N B AT, Vi = 22.4 L &8 <19 931 987 |

3. On moving from region (Il) to region (1), pressure tends to zero. So, Z — 1.
FA &3 ()W () W A W TG YI $I IR IR BT & | 3AMMY, Z - 1]
4, At critical point,
Hifds fog W,
P 05-2c B _3C 5 __RTe+ 22 5€ -0 = RTV2n—2BVm+3C=0
Nm Vim Vi Vim Vin Vim
Bz
as equation will have repeated root then D =0 = Tc = 3RC
2
3rq: FHHRY B YENIGH ol U BT & D:0:>Tc:3EI;—C g
5. Pc, Vc and Tc are given hence ‘a’ and ‘b’ should be calculated using Pc and Tc as it is more reliable.
Pc, Vc A1 Te &1 919 &1 T/1 € 9 Pc dl Tc &1 SUAM X 'a’' 3R 'b' &I 01 H Il 2 |
Pe = a R 8a
27b2 27Rb
Pc _ R y _300x1/12 _ 1
c 8b 8 x50 16
. [ 3 )1/3
2567tNa
6.
At 100 K and pressure below 20 atm it may have liquid or gaseous state depending on the pressure.
100 K d19 OR oI 20 atm & 1§19 R I8 9 AT AT S7aef] 7@ §hdl & ol b g9 W R i |
(7-9). |Point A [T <Tb |Z<1 |more compressible
PointB [T <Tp |Z>1 |less compressible
Point C [T=Ty, [Z=1 |ideal behavior
PointD [T>Tp |Z>1 |less compressible
(7-9). [fgA [T<ToZ<1 [Pif¥s Friregar
ffgB [T<To Z>1 B4 Gyl
RgC [T=To[Z=1 B aER
gD [T>T, Z>1 &9 Fdigydl
®
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Real Gases ﬂ_

EXERCISE # 3

1*

Sol.

3.*

PART — | (|17 - )

The vander waals equation of state is : (for 1 mole of gas)

([ a)
kP-F—ZJ (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

P _,_ 8

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.

e} dfdd FHIBR, (1 At I & forv)

Z=

( a)
LP+—2J (Vm—b) = RT
Vm
ST9 'a’ vy B, d9
7= % =1+ L P
RT RT

Pagd & WY Z ¥ dedl 2|
9 b TUg R 99
Z:%:l_i
RT VRT
p 98 UR VEHeHl & Sl fh a/VRT &I deIdl & fa Z & A9 #§ &+ el 2 |
Ik IV AR &N I A B qIOEE Hifad a9 B GHY § IR S Sfd B |

g4y (A), (B) @ (C) Wel 2 |

(A) For Hz gas at high pressure Z > 1.

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

(C) For COz 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) He 19 & foTy S=a g9 R Z > 1 81T B |

(B) forxil Mt 9 & foIw P~ 0 IR Z ~ 1 erriq| oreel @aeR BIar 2 |

(C) CO T @& forg AMT=I Q19 9 A9 WRZ < 1 BT B |

(D) fodlt W T & foy AreR maas 98a s 8 W JFIfq P~0 R I &1 @a8R A B & 31iq
Z~1.

(A) At very large molar volume P + 12 ~Pand Vm—b =Vm.
m
(C) According to van der Waals equation 'a' and 'b' are independent of tempt.

(A)agaaﬁé’cﬁqﬁmeﬂmaﬂwp+%zPamvm—b:Vm
m

(C) dfvey dfct FHIARTT & AR 'a’ TAT'b' 9 | W B |

/\
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Real Gases
an?
4, Correction factor for attractive force in to the real gas is given by — -
\Y

2
Bl Wﬁmﬂviﬁmwaﬁaﬂﬁwﬁ%mmwwaﬁwmﬁwﬁl

246
PV 21.6
5. 201 !
1
I
! 0
20 1v—
0
[P + 12] (V) =RT
\%
PV +a/V=RT
PV = RT-a(v)
y = RT —a(x)
So, slope 3 @1 =a = clii=20 Y
3-2 1
6. P(V-b) = RT
= PV —Pb=RT
PV _ Pb
= — = —=+1
RT RT
= Z=1+ P—b
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)
Sol. P(V-b) = RT
= PV -Pb=RT
& — P_b +1 = Z=1+ P_b
RT RT RT
a: A qrE )R Z>1 B
oIt ufdeyor ygfy gardl Rl 99 STRURHTTd ¥ ®H Bl B |
AT IRURAVGY fa9a 1 Al FKUMHS el BIAT © olfhd $HH A<RUIATVERI Rl TR FAHAD 81 STl
2| @ SR (C) B
PART — Il (HTT - 11)
JEE(MAIN) OFFLINE PROBLEMS
1. b = 4Na x v i.e., total volume occupied by molecules of one mole of gas in motion.

8. b =4Naxv3iq Ue 19 fb T sfaven H T did & AR gRT URT T Gl 37 |

2. a
Clz 6.579 L2 bar mol-2
C2Hs 5.562 L2 bar mol-2

b
0.05622 L mol?
0.06380 L mol-!
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Real Gases

3.

[P+§ﬂ(v—m:RT

at high pressure Vi can be neglected. (3@d 319 TR % P T0g e S AHhar g 1)

2
PV —Pb=RT
PV = RT + Pb
PV Pb
— =1+ —
RT RT
Pb

Z:1+ﬁ; Z > 1 at high pressure (3@d 9 IR Z>1)

In low pressure region, vanderwaal equation becomes.

< 9 &5 H, qrvsxaTd R0 R 81 e © |

a

Z=1-
RTV,,

JEE(MAIN) ONLINE PROBLEMS

Sol.

At high pressure and low temperature, size of molecules and inter molecular forces cannot be

neglected.

Iod TG AT T AU IR SURIT BT SMMHR AT ARSI gl A0 &l B qhel 2 |

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

[P+€%yv—b):RT

at high pressure % can be neglected with respect to P,

a
P+W =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 qUsR dfdd FHIDRY B AR

&+€%%V—M=RT

Jod g6 TR %,P%ng‘fwﬁl

a
P+W:P
P(V-b)=RT
PV —Pb=RT
PV =RT + Pb
T TP RT TR A 91 <9 WX,

Z=1+P—b
RT

/\

Resonance”®

Educating for better tomorrow

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
ADVGST-RG - 11

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Real Gases ﬂ_

4,

Sol.

Sol.

Sol.

PV = ZnRT

p= ZnRT

at constant Tand mol P « é

ﬁﬁlﬁTﬁW‘ﬁﬂT\’Pm%

Pa_Za Vs (3] (1).2
P, Zs V4 (1)\2) 2

2Pa =3Ps
Tc oc (EJ
b
Z= 1+P—b
RT

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

Z= 1+P—b
RT

g TR Zvs P UT% &7 BT oc b
Xe IfBHdH 3o T@dr & T saferv JIf¥wds b ST 96T UT% S<adq I |

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
VRT RT

T AJIIC S U 'b' & A THF © 31a: 'a' Bl A1 Sed &+ dlell 9 & U Mhyur &1 g ff 1fds
BT 9T U8 HH MU dTel I B8N | 3k I C 1S 3maa+ <! 8 |
I BIAD & fog 'a' &= 98 3 19 R g 'b' &1 79 s & 98 &9 afasy gl

8_,Pb s v b ol wfuea e

z=1-—S°_+=
VRT RT

Kp= K¢(RT)An

Ang = 0 for 2C(s) + O2(g)
Ang=1

Kp= Kc(RT)An
2C(s) + O2(g)
Ang =1

2CO(9)

2CO(g) & folT Ang#0

/\
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