p ACE  toneed SooklotSobtio

uT.mepicaL  Gaseous State
e s

1. (c)

pT |
Il
I

-V
Boyle’s law PV = constant
=nRT
As TT constant also increases. And graph shifted upwardi.e. T, >T, > T,

2. @

v LT
I

P, =21atm V, =50L
P, =7atm V, =V +50L
Boyle’s law PV, =RV,
21x50 =7x(V+50)
V =100L
3. (©)
At constant temperature PV, =P,V,
P=P,V,=V
P,=?, V,=0.95V
PV, _ V.
27V, 095
P, =1.0526P
% increases in P =5.26%
4. @)
At constant pressure
Vl _ V2
TOT,
Vi=V T, =
V, =11V T,="?
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_VT LIV
vV, V
T, =1.1T

% increases in T =10%

T,

(a)

Charles’s law

V
at constant ? = K(constant) =V =KT

(d_Vj K
dT ),
(b)
V, =100mL T, =100'C =373K
V, =200mL T,=?
Constant P ﬁ — ﬁ
T T,
T, - V,T, _ 200x373 746K
\A 100
T,=746-273= 473°C
(©
T = 27°C =300K P, =12atm
T,=? P, =14.9atm
At constant V ﬂ — i
T T,
T, - P, T, _ 14.9x 300 _3725K

Pl
T, =372.5-273=99.5'C
(©)

Ideal Gas Law
Both flasks have equal size

No. of moles of H, :gzl

No of molecules of H, =N,

No. of moles of N, = i = i
28 14

No of molecules of N, = % N,

No. of molecules in flask A> No. of molecules in flask B

(d)

No. of molecule of S, = ﬂ
RT
723
P= ﬁatm , V =0.780L, T = 450+ 273
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10.

11.

12.

13.

=723K
723x0.780

n= =0.0125
760x0.0821x 723

No. of moles = 32 —— =0.0125
Molecular weight
3.2

0.0125

Molecular weight = =256

If x atom in one molecule of Sx then molecular weight = 32x =256

X=8
SB

(@)

\ _ NRT _ 4x0.0821x 295x 760

=25.565L
P 4x720

(d)
P, =2P,,V, =2V,,T, =2T,

M, =M,
mg=X,m, =?
PAVa _ PeVs - PAVaAM A _ PeVsMg
nATA r]A-I-B mATA mBTB
2P, (2Vy )M, AN
ma(2T,)  X(Ty)

=>m, =2xg

(@)
P, =3atm

T, =500K

V, =275L

V, =200L

P, =2.50atm

PV PV, o _PVT,
T, T, PV,

~ 2.50x200x500

3x275
=303K

T2

_ 5.40x300x 2 _798
0.14x 290
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14.

15.

16.

17.

18.

19.

(d)
PV =nRT

PV:%RT:PM:ERT:PM:dRT
Vv

PM
X=—-

RT
Value of M is large, density large (at constant P & T)
MCH4 =16, MC2H2 = 26, MC2H4 = 28’ MCSHS =44

n,T, 2n,(300)
n2 n2
T, =600-273=327'C

nT,=n,T,=T,= = 600K

(b)
nT, =n,T,
T, 400 4
3
ng——-N
Fraction of molecule of air goes out n4 =
1

A

(@)
Y Y
C.H, +(X+ZJOZ —> XCO, +EHZO

0.2 0.8 1

AV _ PV, RV RY, =V, =4V, i.e. four times of initial volume
Tl T2 Tl 2(2Tl)

(b)
RV _ RV,

anl I"IZTZ
300V, 300V,
y(r) 2(T)
V, =2V,

Now separation removed volume V,; =V, +V, =3V,
n,=1+2=3

[Tl :TZ]
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20.

21.

22,

23.

24,

25.

RV, _RV,
Nt nglg
300V, _ Py(3V1)

T =T
1(T)  3(T) o
P, =300mmof Hg
(©)
PV=nRT:>PM=dRT:T=%
9
e

ox0. X

T=2x10"K

(d)
PV =nRT = PV = " RT = v = MRT
M PM

The gas which has highest value of M, have the least volume i.e. HI

(b)

PM =dRT

for same gas m= constant
T=constant

A _Ph_p_P [d, =2d,]
d d, d 2d,

p, = 2P, = 2atm

(b)
PM =dRT

For same gas ; higher, density higher. i.e. 0°C(273K), 2atm

(a)
Tl
T
p1 ?

d—
RT,
M

P=

For same gas T higher, F:n—T higher, slope increases

T>T,

(©)

Partial pressure will depend upon no. of moles of each gas. As mass of each gas is equal, partial

pressure will depend upon relative molecular mass.
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26.

217.

28.

29.

30.

31.

(©)
Delton’s Law of partial pressure
P, =latm,P; =1.5atm,m, =2gm, m; =3gm

Py =P; —P, =1.5-1=0.5atm

Pa_Xa_Da _2
P Xz ng mgmg 05
M,_ 2 1
s 2(3) 3
(@)
Po, = Xo,Pr =0.21x750
Po, =157.5mm of Hg
(©
n —ln —ﬂ—ln —l—l n —ﬁ—i
Moot Tte28 47 32 4

22 4
The gas having highest mole fraction i,e, highest no. of moles, will have highest partial pressure, i.e.
He

(@)
N = 0.10+0.05+0.20+n,,

ntotal = 035 + nCO2

PV

PV = I'-]totalRT = ntotal = ﬁ

0.35+n,, =—290 (359
* = 0.0821x 300

Neo, =0.389-0.35=0.039 ~ 0.04

(b)

Graham’s Law
V K

rate=—=——

t JM
4 — ,% :>tHe:\/Ex5:7sec,tco:\/]jx5=18.7sec

t2 2

by _ My, _ /A_F_z
t,, Mo, V32 V16 4

t,, =4t, =4x5=20sec

'[CO2 =@x5

= 23.45sec

(a)
The gases having the same molecular mass diffuse at the same rate
i.e.CO, &N,O
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32.

33.

34.

35.

36.

37.

38.

39.

40.

(©
L
r2

(©)

0 [m, 232 24
n,\m 1V2 11

The gas having less molecular mass will travel more distance than other

My, =17

M, =36.5

i.e white fumes of NH,CI will formed towards HCI and (Point C)

(a)

Ratio of molecular mass is large gas can be easily separated

U™F, _ [352
U™F,  \349
)

(a
fon, _ |_M, =2
rx l\/ICH4

= M, =4x16 =64

(a)

Mo, _\/E_ﬁ CD, _ [20 c“m_\/@
H, 2 'V\CH, \16'\C”H, \16

Gases having same molecular mass cannot be separated by diffusion.

(a)
M

B _§

M

0,

Il
oo, . Ma _ 5723

'y M 0,

(a)

Moist air diffuse outside and balloon will colapse

(©)

rSOZ _ X

r n/60 \ 64

X

= (0)

(d)

n/20 _ |m,

Conceptually inside pressure decreases on steaming hot and when it cool, a vacuum will be created
which will help to seal the jars.
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(©)

Veo +Veo, +Vy, =200m/
Volume of CO, =X
Volume of CO=Yy

Volume of N, =200-x -y

COJFEO2 —CO,
2
Initial y y
z
Final 0 0 y
Contraction = [y +%j —y= % =40m/(
y =80m/(
Remaining volume =X+y+200—Xx—y
=200m/

On passing KOH all CO, will be absorbed.
Contraction in volume =X+Yy

X+y =100

X =20m¢

Voo, =20m(, V, =80m¢,V, =100m/

(c)

X

NXOy(g)+yH2(g)——>yHZO(€)+ENz(g)

Initial 10 30 - 0
y 30
_:_:3 =
110 =y=3
X_10 1 xo2
2 10
N203
(a)

Vo2 = X’VN2 =Y, Ven, =2
CH,(9)+20,(g9)——CO, (g)+2H,0(¢)
For the maximum heat volume of O, should be two times of volume of CH,. And as per given

condition volume of N, should be four times of volume of O,.
VOZ No, X

=% _9
VCH4 nCH4 XCH4
VNZ _ Ny, _XNZ 4
VOz No, Xo,
Ve, =2V, =2Z,V, =8Z
v _Z_ 1 2z 2
11z 1177% 11z 11
82 8
N 117 11
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44,

45.

46.

47.

48.

49.

(a)

Constant volume & temperature P, =X,P.,, =Y
Pon

CH, (g)+%02 (g)——>2C0, (g)+H,0(¢)

Initial x %x o] -

Final O 0] 2X -
C,H, (9)+50, (9)——>3C0, (g)+4H,0(¢)

Initial y Sy O -

Final O @) 3y -

X+Yy=80,2x+3y =230
X =10mm,y =70mm

(©)
By KTG

E, =SRT=2pv
2 2

~pv=2E,
3

= (0)

(a)
KE=2RT
2

=§X2XT=3T
2

(d)
T, =273K,T, =?
Vrmsl _ Tl 1

Vrmsz T2 2

T, =4T, =4x273=1092K
T, =1092-273=819'C

(b)
\/rms (HZ) :\/rms (02)
\/BRTHZ \/3RT02 T, T
= = =
M,, Mo, M, M,

M, 2
T, =T, x—1 =273x = =17K
M 32

H,
0,

(b)
KE.«cT
As T doubled K.E. also doubled.
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50.

51.

52,

53.

54.

55.

(d)
V. o€ L at constant T

N

The gas having lowest molecular mass has highest rms speed. i.e CO

(@)

Vrms = ﬂ
\j M

™ - |— =1.086

Vavg 8

(b)

Fraction

of

molecule

V
mgpeed mP

T, > T, Fraction of molecule has acquired most probable velocity decreases.

(@)

moleculg

V. U->

mp
As Temperature increases V,, increses.i.e. curve shifts to higher velocity. Pressure & volume
doesn’t effect the curve.

(@
3
Total KE = EnRT

XzEle150
2N

A

_3 N

2X Rx300

A
= N=N;

(©)

Vrms(HZ): MH2 XEZ @xgzl
Vrms(OZ) My T, 2 800
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56.

57.

58.

t+ 273
=V, = /
HZ
3R 2t+ 273+ 273
Vrms = =
\/ M My,

2
_ PR(+213)2
= —_— = 0

T, =27°C =300K
V. V. V. ocT

ms? Ymp? Vav

Vrms2 _ L
Vrms1 Tl
5 300+ x
300
4=300+X _900°C
300
(b)

With increase in temperature most probable speed increases but fraction of molecules decreases.

(d)

I molecules make elastic collisions with each other and with the walls of their container.

II. Average K.E. doesn’t depend upon molecular mass.

I11. Molecules of a gas are in constant random motion.

IV. Different molecules have different K.E, but average K.E. of molecules(gas) remains constant at
given temperature.

Vis CH“ at constant temperature
rms

rms ’_ 2 82

rms 2

(b)
Vavg (SOB) _ MNe _ 20

V,,(Ne) Mg, V80

v (so):;v (Ne)

avg avg
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

(©)
Temperature, pressure & volume of both vessel is same i.e same no. of moles and same number of
molecule.

K.E. remains constant at constant temperature density is different as mass is different in both flask.

(d)
VrmS(OZ) — MCH4 z\/Ezi
V,.(CH,) M, V32 141
(b)

As kinetic molecular theory of gases pressure rises due to collision of molecule with the container
walls, more frequently.

(b)
The number of molecular impacts per unit area increases at a higher temperature.
(b)
KEoc T
(©
(d)
1
Uoc—
Jm
(©)
K= 3 PV
2
= K = 3 P
vV 2
(©)
Uoc T
(b)

The speed distribution curve becomes sharper and is more peaked at lower temperature.

(b)
Z =1 for ideal gas

(©

He has weak attraction forces. i.e. we can neglect a.

(P+Va ](vm ~b)=RT

m2

P(V,—b)=RT
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74.

75.

76.

77,

PV —-Pb=RT
PV, Pb PV Pb

m

=
RT RT RT RT

(b)
No force of attractioni.e. a=0

Z:1+—PR
RT

i

P—>

X
Zy

P—>
For both He &H, no attraction force i.e. a=0

Z=1+P—b
RT

B for H, is greater than for He.

(@)

N—

X — Hydrogen
y — Helium

(©

N
-

P—

As T increases, Z increases, so graph moves upwards.

T,>T,>T,

(@)

For non-zero value of force of attraction

2
[P+i/L2jV=nRT

2
Pv+ & _nRT
Y,

2
PV =nrT-12
Y,
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(d)

There is low attraction force in H, means least value of ‘a’.

(d)
The force of attraction is maximum in the case of NH, because of Hydrogen bonding i.e. maximum
value of ‘a’.

(@)

‘a’ depends on size & shape, but ‘b’ depends onlu upon size of molecule.

(b)
The value of ‘a’ higher, gas can be easily liquefied i.e. NH,

(a)

Real gas shows maximum deviation at high pressure & low temperature.

(b)

a : . . .
Va term is responsible for intermolecular attraction.

(a)
Pressure of real gas is less than the pressure calculated for an ideal gas.
(a)
Real gas equation
P+ |(V-b)=RT
\
P+ _iz = _R—T
\V; -b
P+ iz = _R—T
\V; V-Db
_RT _a
V-b V/’
PV V a

(b)

A=1,B=(b—ij
RT

Temperature at which gas behave like an ideal gas is Boyle’s temperature.
ie. Z=1(B,C....... are negligible)
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87. (©
At Boyle’s Temperature real gas behaves like ideal gas for a range of pressure.

88. (c)
At temperature higher than Boyle temperature, 2>1.

89. (b)

90. (c)
Due to polar nature HCI will have considerable intermolecular force.

91. (©)
Z:1+O.34p—@:1
T
= T=470K
92. (©)
93. (©)

B oos ) I

1. (d)
Gaseous do not have fixed volume.

2. (©
Vapour pressure of any liquid depends only on T.

3. ()

Dalton’s law does not holds for reaching gases.

4. (@
At sea level pressure is max
So, volume minimum hence density maximum

5. @)
PV =nRT =Kk
Soslope=0

6. (d)
Steam distillation is based on partial pressures

7. ()
M, =16M,, =64

8. (d)
Ko T
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10.

11.

12.

13.

14.

15.

16.

17.

18.

(b)
TP
T =8x300=2400K =2127°C

300
n,=n,x——=0.4n
2 1X75O 1

(d)
d="M
RT
d;
d,

800x300 _,

= - =
750320

(b)
6_T

14 273

(b)

Gaseous state has highest kinetic energy due to least intermolecular forces.

(d)

JsRT;:ZZJSRTg
M M

= T, =4T,

Pa TaVe ,. 2

A 4x—=8
P Tg V,u 1

=T, =312K=39°C

(b)

C, is most probable speed

So, C =,/2ﬂ
M

(©)

Since, moles of N2 & O are equal, so on removing pressure will become half.

(a)
PocV?2

rms
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19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

(d)
Ve =30

(d)
‘a’ depends on intermolecular attraction.
‘b’ depends on volume of molecules.

(d)

At high pressure repulsive forces dominate

(c)
Real gas behaves like as an ideal gas at high T & low P.
(c)
When repulse forces dominate Z > 1
(a)
1x0.0821x 300
\/ideal =
24

=1.025

7= 0.9 <1
1.025

= Negative deviation
(a)

Critical temperature is lesser than Boyle’s temperature, so at low to moderate pressure Z < 1.
Hence, attractive forces are dominating.

(b)

For liguefaction of gases high pressure & low temperature is required.

(©)

If Z > 1 repulsive forces dominate hence it is difficult to compress real gas.

(b)

At critical point there is no difference between gaseous and liquid state, so meniscus vanishes.

(b)
_ 8a
€ 27Rb
_ a
€ 27p?
T_8 _ ,_RT
P. R 8P,
V,=3b= 3RTe g1
8P,
(b)

At low P, b can be neglected

(p+%}(v):4m
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31.

32.

33.

34.

35.

36.

37.

pv+108 _4pT
v

PV=4(RT—ﬁj
Y

PV,

rT-4
v

(a)

According to KTG no forces at on gaseous molecule, hence they move in a straight line between to

successive collision.

(b)

ZBCI3 +3H, - 2B+ 6HCI
21.6
10.8
Moles of H, =3

V= 3x 0.08121>< 273 _679L

Moles of B = 2

(©)
KE=2RT
2

KEz3k 313

(©)

As temperature is increased the peak of velocity distribution graph shift to a lower height.

(d)

1
Pox ., x 3
16 32
1
S0, Po, =P

5 | total
3

(d)
_3170x10°°

Ny o = ——-——=1.27x10"% mol
©8.314x300

(@)

1
The mean free path , A = ————
P ﬁnaz N
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1 .
Or ka—z, where a= molecular diameter
a

.. Smaller the molecular diameter, longer the mean free path, Hence, H, is the answer.

N eooss o

1. (48)
P, =96cm P, =76+20sin30" =86
96x43=86xI
= | =48cm
20 cm 5
S
Gas 43 cm
2. (5)
15= P> 60 = P =6.25atm (Same in both vessels)
1
— %300
12
E: 50 =n :E: 2.5moles
n (15-n) 6
3. 9)
B (1—0.04)>< 20

Ny, = =0.05moles;
* 0.08x300

Py, =1-0.04 =0.96atm
0.90x20

n =——— =0.75
(M2+02) 0,08 x 300

H,O0——H, +%O2

amoles

:>oc+%:0.75

= a=0.50r9gH,0

4. (1327)
T =4x400 =1600K =1327 C

5. 3)
0.2L/mol,Z=0.75
6. 4)
400 60

Ix—=2x—=>M=4
40 M

7. (810)
P, =760+90—40 =810
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10.

11.

12.

13.

14.

15.

®3)
5 o AXT 46X

10

X=3

)
Skt
2

1.6x107"
~ 1.5%x1.38x10 %300
1.6x107"

Average KE = eV

(8)

1.2 atm

20 litre 1atm

0.5 litre
Cylinder Bulb

1x0.5 1x20 1.2x20
XX+ =
RT RT RT

(800)

3 =821 — =3
27b
8.21

=52
3
a

¢ _3
27 x bx%

3
8a 3x8 8.21

27Rb  0.0821 3
= TC

(40)
hx3.4=10x13.6 = h =40

(7)
3
M = 0.0013x10 >]<-0.0821>< 273 2913
X><32+(1—X)><28
7
25

=X =

(8)

Iy,
n, 8 2\2

(3)

P, =90-63=27cmof Hg

=2.-03
N2 90
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SECTION-I

N (¢)

r.m.s. velocity Vs = FRWT

e M_ L

vV, \T,

5x10° 1 [T,

10x10° 2 \T,

~T,=4T,
2. (d)

Molecules move very fast in all directions in a straight line by colliding with each other but with
different velocity.

3. (©
C*-BC :\/ZRT :\/BRT :\/3RT
M i\ M
=1:1.128:1.225
4. (b)
At low P, b can be neglected.
S0, Z=1-—>
VRT
5. (b)
Number of moles of O, = %
Number of moles of N, = dm_m
28 7
.. Ratio of moles or molecules = m;m =7:32
327
6. (d)
fBRT
Vims = ™
Vims (OZ) =Vims (HE)
.1, =309%32_ 5400k
2 4
7. (9

According to Boyle’s law
Vi B, 750 360

V, B'V, 840
V, =1750 mL =1.750 L
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10.

11.

12.

13.

(b)

According to Graham’s laws of diffusion:

n_ d—zoriz m, ['._d:Mol.wt}
I d P my 2

Vol. of gas diffused (V)

Since rate of diffusion =

Time taken for diffusion (t)

Lh Vi/ty or izvl/tl — /ﬁ
o V,/t L V,/t, m

_ 2060 _, /? 0,30y, 141

"V, /30 460V,
(a)
2
Given p= nRT —-a n
V —nb \Y

Which can also be written as,

2
{p+%}(V—nb) =nRT

: a . .
At low pressure and high temperature, the effect of — and b is negligible, hence PV =nRT
\/

(©)

According to KTG no intermolecular forces act between gas molecules.

(a)
C, Hy+[x+%j02 = xCOz+%HZO(C)

15 ml 15(x+%}ml 15x ml

375x 20 _15( x4 Y
100 4

X+X=5
4

15x+300=345 = x=3
= y=8

(b)
PV N PV _ p¢V N PV
RT, RT, RT, RT,

2p;

p; = T _ 6l
£+i T +T,
LT

(a)

3RT
rms = ,/—
M
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14.

15.

16.

17.

18.

3RT

rms for N,,u=,[—
28
After dissociation, u'= 3Rx2T
14
u_ 1:l;u':Zu
u' 4 2
@

According to van der Waals equation for one mole of gas.

a
(P+WJ(V—b)=RT
At very high pressure, P >> %

So, % is negligible.

P(V-b)=RT
PV-Pb=RT
On dividing RT on both sides

S Z=1+ ;—_tl)_ compressibility factor.

(b)

The real gases show deviation from ideality at low temperature, high pressure and low volume.

(©
2xM 4% 28
=2x

Rx300  Rx300
M =112

© |
From ideal gas equation-
PV =nRT

So, PV=mRT/M;P=mRT/ MV

P=dRT/M

-+ At constant temperature and pressure , d oc M
~d,/dy=17/365:d,/d, =0.46

(b)

At 27 "C or 300 K, number of moles of an ideal gas =n,. At T,K, number of moles of the ideal gas

= n2
2n,
Number of moles escaped = =

2n, _ 3,
5 5
PV=nRT(ldeal gas equation)

1
nec—;n,T,=n,T
T 171 272
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19.

20.

21.

22,

23.

5

T,=T1 o, =LXT1=§X300=500K

an,
5

2

(a)
2RT
Vo= [
mp M
1

T )2

From curve ,
(Vm )| (Vmp Il <Vm )m
m

<
(Vo)

p
p
(v

mp

()

\ p
400 300
mp)oz oc \/3:2;(Vmp)H2 oc —~

<
)N <(Vmp)o <(VmP)H (under given condition)

If values of ‘b’ for two gases are same but values of ‘a’ are different, then the gas having a larger
value of” a’ will occupy lesser volume. Since, it will have larger force of attraction, therefore, lesser
distance between its molecules. If values of ‘a’ for two gases are same but values of ‘b’, are different
then the smaller value of ‘b’ will occupy lesser volume, therefore, will be more compressible.

(@)

Critical temperature =

Kr=2-51Xe=2-082
b b

27Rb
a a

Ar=—-=04:Ne=>—-=0.12
b b

Value of % is highest for Kr. Therefore, Kr has highest value of critical temperature.

(b)

Compressibility factor is given by
PV

Z=—
RT

. Z_A _ PaVa

h ZB IDB\/B

Given Z, =3Z5;V, =2V;

3Z5 _Pax2Vg :>3=P—Ax2

Zg Pg x Vg Pg

(d)

Ideal gas equation: PV =nRT
After putting the values, we get

200x10=(0.5+x)xRx1000 (total no. of moles =0.5+Xx)
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24,

25.

M:0.5R+xR:>2= l+x R:>3=1+x
1000 2 R 2
4-R
=>X=—
2R
(@

Noble gases such as Ne, Ar, Xe and Kr found to deviated from ideal gas behaviour.
Xe gas will exhibit steepest increase in plot of Z vs p.
Equation of state is given as:

RT

= V —-b)=RT

v-p "V

pvV —pb=RT = pV =RT+ pb

ﬂzl_i_p_b

RT RT

As, Z:ﬂ
RT
pb

S0, Z=1+— = y=Cc+mx
RT

The plot z vs p is found to be

p—
The gas will high value of b will be steepest as slope is directly proportional to b, b is the van der
Waals’ constant and is equal to four times the actual volume of the gas molecules. Xe has possess the
largest atomic volume among the given noble gases (Ne, Kr, Ar).
Hence, it gives the steepest increases in the plot of Z (compression factor) vs p.

(©)

In isothermal expansion, pV,, = K (constant)
This relation is plotted in graph ‘C’

Likewise, p = K
Vm

This relation is plotted in graph “A”.

Thus graph B and D are incorrect.

For them the correct graphs are:

o for graph 8 and U

— [

v

i ¥

for graph D

—
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26.

27.

28.

29.

30.

31.

32.

33.

@)
NgasRT

P..=
gas Vv
Asn, Tand V are constant, so, B, =P, =P, =2atm

S0, Prow =Pu, +Po, +Pye =6atm
(m
rms average
\/3RT \/8RT \/ZRT
(a)

Critical temperature indicates the ease of liquefaction of gas more the critical temp. of gas more
intermolecular attractive forces and greater is the ease of liquefaction hence greater is the adsorption.

(b)
According to ideal gas equation
PV =nRT = PV:%RT

P—Exd
M

=>Poxdand Px<T

(d)

Mass liquid =135—-40=95¢g

Volume of liquid = masjs :ﬂmL 100mL =0.1L
density 0.95

Mass of ideal gas =40.5—40g =0.5¢g

PV =nRT
0.82x0.1= ((I)\/l5jx0082><250:>M 125

(a)

For 1 mole of real gas

PV = ZRT

From graph PV for real gas is less than PV for ideal gas at point A
Z<1

z-1-_2

V, RT

m

(a)

Adsorption oc Vander Waal attraction forces

Z. =§ for all real gases

(a)
Extent of adsorption decreases with decrease in critical temperature.
Thus, the correct orderisD >C >B > A.
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34.

(d)

Value of van der Waal’s constant ‘@’ is measure of magnitude of intermolecular attractive within the

gas and is independent of temperature and pressure.
The value of van der Waals’ constant ‘@’ are as follows

Gases van der Waal’s constant ‘a’
(L? atm mol~)

Ar 1.35

CH, 2.25

H,O 5.536

CeHg 18.57

SECTION-II

(750)

At constant temperature and number of moles

PVi =PR,V,

P, = 48x10bar; V, = %n(3)3 'V, = gn(12)3
o _ PV, _ 48x107° x(3)°
v )

_ 48x10°°

=7.5x107* = 750x10 " bar

1)

P(Vm—b)=RT:>PVm—Pb=RT

:>PVm :1+P—b:>Z:1+P—b
RT RT
(az] bx1

= —=| === Sx=1
oP); RT

(26)

PV =nRT

PV
Mass = — x molar mass
RT

B 1x4x10°

= x16=25.7x10°g = 26x10°g
0.083x 300

(70)

Using: P = Constantﬂ = P
T Tl T2

40x300 _ 545 ggK

=T, =

~T,=69.96 C~70°C
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(150)
6.4

Number of moles of CH, = - 0.4
8.8
Number of moles of CO, = - 0.2

Total number of moles of the mixture = 0.6
NRT _ 0.6molx8.314] mol 'K " x 300K
- 10L

Now, P =

149.65Nm

103m?®

=149.65)xL =

=149.65x10°Pa [-.-1Pasca| = ﬁz;u = N.m}
m

~ 149.65x10°
1000

kPa =150kPa

(22)
At 27°C, moist gas pressure,
(p; ) +v.p. of water =4

or, (pg )1 =(4-0.4)atm = 3.6atm

After doubling the volume at constant T,(p; )2 =1.8atm

. The new pressure of the moist gas =(1.8+0.4) atm

—2.2=22x10"tatm

(1655)
Moles of C;Hg = __weight 11 _ 0.25moles
Molarmass 44

Assuming ideal gas equation
PV =nRT

—2x10°x2x107° =0.25x8.3x T
— T =1927.710K =1927.710—-273.15=1654.56 C

(152)

Assuming ideal behaviour pV =nRT

pv=TRr o m=MRT_dRT

M v P P

760mmHg = latm

P= %atm,T =257+273=530K,d =0.46gm/ L

So, M = 2:40x0:082x530 205 157 939 ~152g
100

(4)

Using the ideal gas equation pV =nRT

1.5x416 = %x 0.083x300;M =3.99~ 4
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10.

11.

12.

13.

14.

(32)

A_P

Tl T2

30 _ P _p 30 a1g-3
300 318 300

(80)

Protal = 25bar; pye = 20bar

Pne = XNe X Prota = 20=XNe x25
20 4: Nye _4

j— ==
e =25 5 Nroa
200/20 4 .5 50

n Total

50 x 200 50
S = T 5 50 4

=

80g

8
PV=n_ RT
N o_06x125

M 0.083x300
Let mole of He =Xx; Moleof H, =3-x

4x +2(3-x)=10;x =2mol

(25)
Real gas equation =P(V—nb)=nRT
Or, ﬂ:1+p—bor,Z:1+P—b
nRT RT RT
When Z = 2,P—b =1
RT
Or, b= g = % Lmol~t = 0.25L mol ™

=25x10"?Lmol™*

(555)
Py = xPr
0.6

20
=06 o045~'%0

7+7
20 45
Py =555 mm Hg
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15.

16.

17.

(2)
At

[sotherm

pt ¢ \f-r Critical

(a) > COz exist as gas

(b) — liquefaction of CO starts
(c) — liquefaction ends

(d) > CO- exist as liquid.

Between (b) & (c) — liquid and gaseous CO> co-exist.
As volume changes from (b) to (c) gas decrease and liquid increases.

(392)
From compressibility factor :
[PV =ZxnxRxT]

or, n= ﬁ
ZRT
For same gases, number of moles will be same
PV _ PVo

Z\RT, Z,RT,
100x0.15 300V,

1.07xRx500 1.4xRx300
100x0.15x1.4x3

2 1.07x5x300
—0.03925 dm®

or [392x107* dm?®]

©)
From ideal gas equation,
pV =nRT

For CH,, pCH4VCH4 =Ncy, RT
2x2= NcH, RT
NcH -2
4 RT
For CO,, Pco,Veo, =Nco,RT
4x3=nco,RT
Nco =22
2 RT
For Ne, pneVie = NNeRT
3x4 =npRT
NNe = £
RT
= Total moles (ny)
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28

=NcH, +Nco, +NNe = RT

= Total pressure (py)=

N RT

Vy

28 RT_28

RT Vp Vp
28

(2+3+4)~

EXERCISE - 2 [A]

(c)

M 04 /16 _4

b, 06V4 3
3

% CH, = 100 =43%

(@
Charle’s law : V oc T(K)

(B) is the correct graph.
(@) is wrong graph.

(d)
Since Piston is conducting T, =T, & frictionless moving piston so P, =Py
P,V Py x3V,
nA - B == A
RT, RTy
So, ng =3n,
3
TKE, = n.RT,
3
TKEg =~ ngRT,
So, TKE, =3TKE,
(b)
n, = AV, and n, = RV,
1 RTZ
M2 100=2Y21 4 100-16.66%
r]l Pl\/lTZ
Change = 83.33%
(a)
Pys = 75—-10-10=55cmof Hg
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10.

(@)
Py, =860—24 =836 mm of Hg

w _8%6 100 28
N2 760 11x1000 0.08x 250
=0.014
_ 0.014

%

5 %100 =3.33%

(b)

20% mass = 20% by moles too.

t=0 1 —
t=1 1-0.2 0.4
NRT 1.2xRx600

N,0, —>2NO,
} ntotal :12

P= =
\ n,RT,
Pl
=2.4atm
@
Yy y
C,H, +| x+ 2 0,——>xCO, + 5 H,0(9)
a ax+ﬂ ax ay
4 2

a+ax+%=6oo & ax+%=700

Solving, x=3 ; y=2

C3H8
@
4 4
v, _3™ _PT, _Px2T _g
V, 4m? PRI P -
4
I‘2 1/3 .
= 2=(8)" =2 = 100% increase.
r.1
(©
POAC on Br
"Br,x2="BrF, x1
423x2 42 .
(22400><423 (80+19n)
273
n=>5

Website: www.iitianspace.com

online.digitalpace.in


http://www.iitianspace.com/

11.

12.

13.

14.

15.

(b)

Viasmix =150mML =V, ,
Py =161mm = Vapour pressure + Po,

. Py, =161-28 =133mm Hg.

1
(150_VH3O) no,RT 0.001x5x300

V. =
© 1000 P, ( 133 )
760

Vo ~10mL

(@)

n

total

=n,+N,+n,
or I:)total Vtotal —

— Plvl + P2V2 + P3V3

RT RT RT RT
PV, +PR,V, + PV,

F)total = V

total

=1.412 atm

(a)
PV W
RT mol. wt.
W xRT
PV

i.e. mol. wt. =

0.4429% + x373
12
743

(760}(0.1153)

=120.32g

(b)

8RT  [3RT
M, M,
= 8MB:%EMA

= Mg >M,
So to equate their mean speed
Tg>T,

(d)

At low P attractive force dominate
At high P repulsive force dominate
So, (D)
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16.

17.

(b)
5.6x3
ntot P
0.082x273
ny, =05
So, n, =0.25

= m,=4m, =112

ExERcioE -2 5. I

(a b, c)
P>R
Since T is increasing & V is decreasing
R=P

Since V — T graphs is straight line through origin.

(b, d)
(b), (d) are wrong.
84
N
critical K . % 8
21 R i

Atzero K, KE,,, = g RT per mole = Zero.

(b)
Here, Z < 1.
Attractive tendency is shown.

(a b, c)

Rate o i

N

Hence, (), (b), (c).
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10.

11.

12.

(c. d)

Time:i rate oc i or 1

rate JoIM UM
o time oc VN
Time is same. That is, V, /M, =V2«/M2

- (C), (D) [32@ =27.3J44 = 22.62\/6_4]

(ac)
- .. Pb
() When ‘a’ is negligible, Z = 1+ﬁ

(c) When ‘a’ and ‘b’ are negligible , Z =1

(a, b, d)
,ZRT ) 1
V. _=.,]—ie V T and ««c—
mp M mp o(:\/_ oC v

. (a), (b) and (d) are right.

(b, c)
(c) is wrong.

1
rPCOCF

P.=—— 0
¢ 27b?

(b, c, d)

For liguefaction

T<T.,P>P:

(a c,d)

@ Z,,=1

(c) Z for real gas depend of attractive & repulsive forces.
(d) Zz<1= V_, <V, = attractive tendency.

real ideal

ideal

(b, c)

(b) Uy, = /ZRVT =>Th U, T

(c) Maxwellian distribution.

(a c,d)
(@ 'a'=0 and Z=1+P—b
RT

(c) ‘a’and ‘b’ can be found out.

, Pb
d) AthighD, Z=1+—
(@ Athig e

Slope = b >0 for all gases.
RT
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13.

14.

15.

(a, b)
(@) T is constant
VT =Pl

(b) KE,, = g KT

Since ‘T’ is constant.

(a b)
(@ Veo=x Vo, =Y VCOZZJ.OO—X—y

co + Lo, »>co,
2

initial X y
If CO limiting reagent x <2y

) X
Final 0 -— X
y 2

On passing KOH all CO; absorbed.
100—-x-y+x=80
100-y=80 = y=20m
(b) if O2 limiting reagent x > 2y
CO+ lO2 — CO
2
initial X y
final x-2y O 2y
100-x—-y+2y =80

100—-x+y =80
(a, C)
0 CxHy(g)+(x+%jOZ(g)——>XC02(g)+%HZO(I)
Initial Vic Vo, 0 -
Final 0 Vo, —[x%)vm XV,

Contraction = V. (1+%)

Vo (1+ ZJ
4 100=25%

ne T Vo,

From option answer (a).

% contraction =

VA
() CXHyOZ(g)+(x+%—EjOZ (9)——>xCO, (g)+%HZO
Initial Vie Vo, 0 -
Final 0 Vo, —(x +%—§jVHC XVye -
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16.

Contraction =V,,. (1+ y _Ej
4 2

V. (1+Z_;]
Contraction % = %100 = 25%
HC +V02

Answer (C)
(a, b)

C;H, (9)+50, (g)—>3CO, (g)+4H,0(1)
Initial X y 0 B
Final 0 y — bx 3x
If C,H, limiting

Contraction = (x+y)—(y—2x)=3x=45

x=15ml

X+y=100ml = y=85ml
Answer (a)
If Oz limiting

C;H, (9)+50, (g)—>3C0, (g)+4H,0(1)
Initial X y 0 B
Final Y 0 3y -

> 5

Contraction = (X + y)—(x + 2—5yj =45

= 3_y=45
5

y=75ml, x=25ml
Answer (b)

Comprehension Type :

PASSAGE-1
1. @)
PV =nRT

. (@] _@(@] _—nRT.(@] _mR
\er), vier), pP* \oT) P
2p2  p2
.. Product :Bx nRZT xB :-@ :i2 (for one mole)
vV P2 P P P

(©
V(s
P

logV =log (%j +logT
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y-intercept =log (?) =log (%j for 1 mole.

3. @

Verp :nx22.4L:%x22.4 L=224L

4. (a)

U, - \/SRT _ \/3><8.314><_3300 _3.42%107

M 64x10
5. (©)
3R x300 100R
U =3JR= =3, |—
=R = RS0 g 00

— M=100
PASSAGE-2
6. (b)

WhenV =0,P =1
— Pe=1=2xCx500 = C=1L

000
7. (@)

i (;_/ijT = Slope= % B 10§0e
8. @

(PV)C
nC RT
P:(e\//ij: P= eVT T

PASSAGE-3
9. (©)
N=3_ 12200 i aight line)
3-2 200-300
or n-3=—1 12
100
or n:5—l
100
10. (b
y_RT V=(5_Ljﬂ
P 100) P
2
But, P=1 .. V:5RT—RT
100
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11. (b
v _2RT
a7 100
= T=250=-23°C

0= +5R =0

2. ()
Putting T = 250,
V =B5Rx 250 1 %250
100

=1250R -625R = 625R

PASSAGE-3
13. (b)

At critical temperature point of inflection occurs.
14, (d)

T. = %;b . Greater is Tc, greater is deviation from ideal behavior.
15. (b)

Zcritical = § = 0375

8

PASSAGE-5
16. (a)

Obvious. All H20 freezes in B at —70°C.

7. (b)
PV _ (564/760)x1
RT  Rx298
(219/760)><1( 1,1 ]
R 298 203
=0.02906
"H,0=0.0013

"H,0+"CO,+"N, = =0.0303

"N,+"CO, =

18.  (d)
All COz: freezes over at ‘C’. Only N2 remain as gas.
Hence (D).

19. (b
33.5/760)x1
nsz( / )X 1 + L +i
R 298 203 83
=0.0109
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20. (©
"CO, =0.02906-0.0109 = 0.018

PASSAGE—-6
21. @
As CO, comes out its KE decreases, so T is lowered.

22.  (b)
i, 365  [M., \/36.5
e BC  \My, 17

. BC=24.909 ~25cm

PASSAGE — 7

23. (d)
Obvious. Flask 2 is at lower temperature Flask 1 when connected overall temperature lies between
that of flask 1 and 2.

24.  (b)

Obvious. A is faster and lighter than B.

25. (©
(c) can be said for sure.

PASSAGE -8

26. (c)

Lower molecular weight than air (29) and hence lower density (d = %j

27.  (b)
Same molecular weight as He.

28. (b)
Payload = W, — W,

gas, He *

_PM _1x(0.8x28+0.2x32)

Dair 1
RT %300
12
=1.152g/L
D, = 11X4 ~0.16 g/L
— %300
12

Payload = Vballoon (dair _dHe)
~100(1.152—0.16) ~100g
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Passage — 9

29. (d)
After combustion N2 remains and when it reacts with excess hydrogen, NHs produced.
Answer (d)
V,c ml alkane

V02m| )}
10— Vi = Vo, ml N2

CXHy(g)+(x+%j02(g)——>xC02(g)+%HZO(I)

Initial Vi Vo, 0
Final 0 0 X Ve
Contraction in volume on passing KOH = VVolume of CO
2 _x (i)
Vie
All O reacts with alkane, The only gas remain is N>.
VHC(X+%j:VOZ (i)
30. (b)
N, + 3H, —— 2NH,
Initial ~ 10-V,c =V, 0
Final 2(10- Ve - Vo, )

2(10-Vye — Vo, ) =8
Vie +Vo, =6 (i)
Vy, =4ml

31. (c)
Volume of O after first combustion = 0 ml

32. (1)
From equation (i), (ii), (iii)
x=1
y=4
CHa

Matching Type:

1. (A)-P,S;B)-R;(C)-P,Q;(D)-P,S
(A) Ho {P=200atm, T=273 K}
At high pressure Z > 1, attraction force neglected.
P (V —nb) =nRT
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(B) P~ 0atm, gas behave as an ideal gas.

(C) CO2(q) (P=1atm), T =273 K)
Low pressure Z < 1, attraction force dominates.

(D) Large molar volume, real gas behave as an ideal gas
PV =nRT

(A)-R;(B)-S;(C)-Q;(D)-P
(A) Zforideal gas=1
(B) at low pressure

(P+12JV:RT 7=V 8

Vv RT VRT

(C) at high pressure

P(V-nb)=nRT

PV Pb

n=1= —=1+——
RT = RT

8a
D) T.=———
(®) Te 27Rb

(A)-R;(B)-P;(C)-S;(D)-Q

3RT
AV = |—
B V=
,BRT
B) V,,=.,—
( ) avg ™
2RT
©) Vmpﬂ/—M

_1mn(7)
) P=37v

(A)-P,Q;(B)-P,S;(C)-P,Q;(D)-P,Q,R
- PM
(A) Density of gas d =T

(B) K.E. :%RT

/ 3RT
C) V. =—
( ) rms M

(D) rate o« T
ocn

1

oC ——

M
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B os 0 I

Experimental Gas Laws & ldeal Gas Law

1. P, =250kPa, T =27"C =300K
P,=?, T, =1800K
ﬂ:—2:> P, :LPl
Tl T2 Tl
=P, :@x250x103

P, =1500x10°

P, =1.5x10°Pa

P, >10°Pa

i.e. cylinder blows up before it melts.

2. @) V= NRT _ 4x0.0821x 295x 760
P 4% 720
V = 25.56litre

(b) PV =nRT :>PV=%RT

J_PM __ 800x44
RT 0.0821x760x373

=1.5124gm/ litre

VRV, R R [V, =V, &M, =M, =M,]
anl n 2T2 mlTl m 2T2
P,mT, 16x3.2x273
n']2 = =
PT, 1x473

(b) pl\/l — I:)2\/2 = Pz — P1V1T2
Tl T2 T1V2
~ 750x0.500% 323

=~ 2 T 750% 288x0.400
= P, =1.383x760 =1051.4 mmof Hg

3. @

=29.55gm

=1.383atm

4, T =27"C=300K,n, =n
2

3
TZ:?,nZ:n—gn:gn

T =n,T,

~ n;x300

T, = = 750K

2
5

5. Let Ny =100, Nyo, =X

60.4 46X +92x(100-x)
100

X =68.7
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10.

11.

By Boyle’s law

v = 200750 _, 00 67mi
745

1
10(?)3 ~10x%0.908

r,=9.08cm

N_1
Il

By Boyle’s Law
P= X750 _ 3750 mm = 4.93atm

(v | |2v| 4V

I

(i)
noc V at constant temperature and pressure
Ny:iNgin.=1:2:4

(if) As temperature is different in all boxes

noc—

N o Y .2V 4V 112
ATTBTTC 3007400 600 3°2°3

NyiNg:n.=2:3:4

v, =190 258 —g9.58m
288

94 _

d,
24 T,
18 300
= T, = 400K

T
Tl

Daltons Law of partial pressure

12.

Notal =E+ﬂ+i= 2.71
28 2 32

5 _ MR _ 2.71x0.0821x300
= -

\% 1
P; =66.74atm
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13.

14.

15.

16.

10 64

ntotal =_+__7
2 32
p, = DoaRT _ 7xB.314XAT3 _ 57 108N /m?
Vv 10x10
1
Hz(g)+502(g)—>"'zo(9)
Initial 5 2
Final 5-4=1 0 4
ntotal :5
P, = N RT :leg_eexm‘w / m?
\V/ 10x10

P,, =800—-21=779mmof Hg
779 0.1
Ng, = X
* 760 0.0821x296

v, at NTP=00, Ol
: 760 0.0821x 296

x 22400ml
=94.5ml

250x650)+(380x650
P —

\ =409.5mm
1000

S0, —>soz+%o2 Ny :1+§

1-x X X
2

S_PV_ 1«
RT  0.0821x900

094 _ 69.62

"X 0.0135

80 _ 69.62

=0.0135

X _p =03 _0265atm
1.15

Po, =1—=Pso, —Pso, =0.135atm

Graham’s Law

17.

Im
t+—>
O VT
la';‘r';']a P atm
—
0.6m
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18.

19.

20.

21.

Mhci HCl MNHs

rNH3 PNH3 MHCI

06 P |17

04 1\365

P =2.19atm

loone _ 0 ’

E B g B ozone
d,0e = 24.65

e, 100/t [M,

T 127/t \ 71

=M, =44

ol M
n

M, )?
4 1 s M,
3

1_m,( Mg |?
:> —_—
4 mg (M,

3

m, _2

mg, 3

X_A_n_A_&X%_EX(ij“

Xg Ny my, mg 3 \64
1 1
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22,

23.

24,

25.

So,&=§= M,

r,b 1 M,

:MX:%:Z
64

CXH4(g)+[x+%j02(g)—>xCOZ (9)+ 2H0(0)
Initial 10 80 0 -
Final 0 80—10(x+%) 10x i
Final volume occupied by gas = 70m/{
80—10(x +%j+10x ~70

80—10—y=70
4

y=4
Contraction in volume on passing KOH =70-50 =20m/
x 20
—=—=Xx=2
1 10
C:2H4
4
C.H.(8)+x+5 10, (8)—>xCO, (8) +5H.0(1)
Initial 7.5 36 O -
Final O 36—7.5(x+%) 7.5% i

36—7.5(x+%j+7.5x =285=y=4

7.5x =15
X=2

C,H.0 (g)+(x+z—5j02(g)—>xcoz+%H20(£)

<y 4 2
Initial 10 100 0 .
Final 0 100—[x+%—§j10 10x, -

100—(x +X—§)10+10x —90
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26.

217.

28.

Contraction in volume on passing KOH=20mL
x 20

—=—=X=2

1 10

Vapour density =23

Molecular weight =46
24+y+16z =46

y+16z=22 ... (ii)
On solving equation (i) & (ii)
Z=1y=6

C,H,O

C,H, +(n +%)oz—>xco2 +%H20(f)
i 30 200 0 0
f o0 2oo—3o(x+ﬂ 30x 0

200—-30x — 7.5y +30x = 230-45=185
75y=15 = y=2

30x=90=x=3

C3H2

yO,—>20

Initial 50 -

Final 50-x %
y

y

50—x+2—X:47 ....... (1)

y
0-x=41=x=9 ... (i1)
From (i) & (ii)
y=3
03

1
CO(g)+EOZ(g)——>COZ(g)
Initial x z,
Final 0 Z,—— X

N, =10-x-ymL

CH, (g)+20, (g)—>CO, (g)4+2H,0(¢)
Initial y Z, 0] -
Final 0 Z,-2y y -

Contraction :(x+zl+y+22)—[x+y+zl+z2 —g_zyj
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29.

Contraction on passing KOH =7mL =volume of CO,

X+y=7 (i)
X=5y=2
Veo =5ML Ve, =2ml,V, =3ml

CXHy+[x+%jOZ—>XCOZ+%HZO(€)
75 7.5(x+%j 7.5x

7.5+7.5% +7'ffy—7.5x =15

y=4

Mw =28=12x+4
=>X=2

C2H4

Kinetic Theory of Gas

30.

31.

32.

(@) Vi =

3RT _ [3RT
MmN,

~ \/ 3x8.314x 298
e 9.1x10*' x 6.023x10%
V. __=1.16x10°m/sec

rms

=1.16x10"cm/sec

8RT
bV, =, |—
(0) Vg =~
Vag (A) _ \/T_ Ms \/300“6

V,,(B) \T, M, \900x2

avg

=1.632

@ E =gRT=gx2x300:9000al

(b) Thermal Energy added = g NRAT

=§>< 3.45 x 2x100
2 18

=51.29cal

3RT Ry, = 8RT
m

U,

\/ 3RT _\/ 8R x 300
64x107° 3.14x32x107
T

T

8x300x2 _ oo
3.14x3

509-273=236"C
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33.

34.

35.

36.

PM = dRT
RT_p

M d
5
U, = /ﬂ= fﬁz /wl.%xm“‘m/sec
M d 9x10
5
@ U_ - ’B_p: /3x1.013><10 —494m/s
d 1.2504

8x1.1013x10°

3.14x1.2504

rms

2 2 2 2 2 2
U =\/ul +U," + U,  +U,” +U," + U

6
~ \/f +2.2242.6°+2.72 +3.3? +3.5°
6
=>U, . = ,/% =2.77Tm/s

U +U,+Ug+U, +Ug +Ug
avg 6
2+22+26+2.7+3.3+35
:>Uavg: 5

=U :@:2.716m/s

avg 6

U

PV =nRT
PV 1x1x6.023x10%
nR  1.03x10% x0.0821

U, :\/BRT :\/3><8.314><371.2 _9am /s
M 2x10

=71.2K

Real Gas Behavior

37.

T. =304.2K,P, =72.9atm
__8a p -_2
¢ 27Rb ¢ 27p?

T._ 8 27b* 8b b RTc

= X

:> — —
P. 27Rb a R 8Pc

b=%nr3NAx4

42PN, x4 = e
3 8P,

1/3
[ _3RT,
128N P,

_( 3x8.314x304.2 ]”3

128x3.14x6.023x10” x 72.9x1.013x10°
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38.

39.

40.

41.

42.

43.

r=0.162x10°m
r=1.62A

1/3
[ _3RT,
128N P,

r _( 3x8.314x151 J“S

128x3.14x6.023x10% x 48x1.013x10°
T, =-122+273=151K

P. = 48atm

P. = 48x1.013x10°Pa
r=0.147x10"°m

r :1.47/&

b:(%nr3Nij4

b =(volumeof onemole)x 4

b= 200.59 x4 =58.997cm®
13.6
(@) P= nRT _ 22><8.314><29i.15 2 47%10°Pa
\Y 44x0.5x10
(b) P= 0.5x8.314x298.15 0.5x0.5x363.76x10°x10°°

T 05x10°—05x42.67x10° 0.25x10°°
P = 2.589x10° —0.36x10°
P =2.225x10°Pa

z-PV
nRT
M= PVM 10.1325x10° x100x107°% x32x10°°
ZRT 0.927x8.314x273.15
m=15.4Kg

At Boyle’s temperature roal gases behave like an ideal gas.

== 0 gk
Rb ~ 0.0821x0.0318

. 8a
) To=—7
O Te=27rp
T. will be maximum if %value maximum % for gas A =15011
T, will be maximum if %value maximum % for gas B = 40530

T. will be maximum if %value maximum % for gas C=18998

i.e. T, will be maximum for Gas B
(it) larger the value of b, larger the molecular volume.
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i.e. Gas C has maximum molecular volume.
(iii) least the value of a & b, gases behave as an ideal gas. i.e. Gas A.

nRT _15x0.0821x303

44. i P= =31.1atm
12
N nRT an?
i P= -—
(i V-nb V?
B 15x0.0821x 303 3 0.2107 x15x%x15
12-0.0171x15 12x12
=21.777=0.329
P =31.44atm
45, =327.6atm
T=776.4K
d=133.2gm/L
_ PV B PM
nRT dRT
_ 327.6x18 _ 0.695
133.2x0.0821x776.4
v oY _VyM
n m d
Vv, _ 18 01351/ mol
132.2
46. PVi — P,V,
ZlTl ZZTZ
_RhViZ,T,
? ZlT1P2
~ 300x1x1.375x 273
2 1.072x473x600
V, =0.370litre

Objective Questions | [Only one correct option]

1. (©

3RT 3RT
—— forHy =+/7 for N
\ 2 2 =T 28 2

V. -I-H2 <TN2 [-I-H2 :%'TN2:|

2. (b)
Z= PV for ideal gas
nRT

As, Z <1, .. ﬂ<1 or PV <nRT
nRT

Or, 1atm xV <1 mole x0.0821L atm K™ mol™*x 273K
Or, V <0.0821x273L or,V <224L
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()

Mass of 1 L of water vapour =0.6 ¢

= Mas.s _96 _peem?
Density 1.0

(d)
U = % PV =nRT [Ideal gas Eqgn.]
or RT_PV [“RT =PV]

M M

RT p vV o1
or —=— v—=

M d M d

3P

U= —

rms d

1
Hence, at constant pressure U, o ﬁ
(c)
PV =RT (for 1 mole of gas)
or o RT _0082x373 . o
P 1

(c)
% =Z>1 = repulsive forces are dominant which are due to finite size of atom.
(@)

Average KE., E = % MUZ

2E 2E
U2 =V0rUrmS= V

rms

(b)
The _ /M :\/Ezz
f'en, M e 4

(b)
The gas equation, PV =nRT , is followed by ideal gases, however no gas is ideal or perfect, so the
behaviour of real gases is governed by the van der Waals gas equation.

2

. n<a : .
The pressure correction term vz corresponds to the attractive forces among the molecules (in the

van der Waals equation).

2
The equation is (P +n—fJ(V —nb)=nRT
Vv
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(©)

Van der Waals’ equation is
a
(P+\7j(v _b)=RT
As given thatb =0
PV +2=RT or PV =RT -2
\Y, Vv
Comparing with y =mx+c

Intercept (c) = RT, slope (m) =-a

Slope = -15
Xy = Xq 3-2

Thus, a=+1.5

(b)

Graph shows symmetrical distribution of speed therefore, the most probable and the average speed
should be same. In square of speeds higher speed will give more conribution, therefore the root mean
square speed must be greater than the average speed.

12.

(d)

Given,

For idea gas X Forideal gas Y

m, =109 m, =809

T, =300K T, =300K

Py =2atm p, =6atm
Vrms (x ) _9
Vrms (Y)

Substitute the given values in ideal gas equation,
pV =nRT

(where, symbols have their usual meaning)

For gas X,

2xV zﬂx RT (I)
My
.. o mass
' molar mass
4x\ :ﬂx RT (II)
|\/IY

Divide Eq. (ii) by Eq. (i)

2=80><MX N M :1

My %10 My 4
Now, we know that, Vs = %
So Vrms(x)_ My N fzg
Vrms(Y) My 1 1
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Objective Questions Il (One or more than one correct option)

1.

(b)
From the graph it is clear that the value of Z decreases with increase of pressure. We can explain it as
follows:

At high pressure, when P is large, V will be small and one cannot ignore b in comparison to V,, .

a . T . : .
However, the term vz may be considered negligible in comparison to P in van der Waals equation.

m

a Pb
P+— |(V,—-b)=RT,P(V,—b)=RT or, Z=1+—
Here Z is greater than 1 and it increases linearly with pressure.
Hence statement (b) is false.

(a c)

van der Waals’ equation is given as
n’a
(P +V—2J(V —nb) = nRT

and van der Waals coefficient a and b are independent of temperature.

(a,c,d)

(©)

P(V—b)=RT:>PV—Pb=RT

:ﬂzp—b+1:>2 :1+P—b
RT RT RT

Hence Z >1 at all pressures.

This means, repulsive tendencies will be dominant when interatomic distances are small.

This means, interatomic potential is never negative but becomes positive at small interatomic
distances.

(a b, c)

According to kinetic theory of gases, all gases at a given temperature have same average kinetic
energy.

E, = g RT;E,, « T (absolute temp)

Root mean square velocity is directly proportional to square root of absolute temperature and
inversely proportional to square root of molecular weight of the gas.

Uis oc [T (absolute temp.) U ms € !

N

Assertion and Reason

(a)
a refers to the magnitude of attractive forces among the gas molecules which increases in ammonia
because of H-bonding.
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Match the columns

1. (A)>P,S;B)—>R;(C)—>P,Q;(D)—>R
(A) For H: gas, the value of a is negligible.
PV Pb
P(V—-nb)=nRT or — =7 =1+—
nRT RT
Therefore compressibility factor of H: is always greater than 1.
(B) At extremely low pressure, real gas (H2) behaves almost ideally, hence for H> gas at 0 atm,
PV =nRT .
(C) COz2 at room temperature, and van der Waals’ force of attraction dominates.
Since P is 1 atm, Z will be less than 1.
an®

(D) (P +V—2J(V —nb): nRT
If Vis very high, PV =nRT

Fill in the Blanks

1. (1:16)
3
I<EO2 EnOZ'RT n ,
K.Ep, §nH RT M,
2 2
_§32_1 ri:16
8/2 16
2. (Less)
Average Kinetic energy
3

K.E. :ERT or E>T

True/ False

1. False
K.E.= g RT,0°C=0+273 or 273 K and at this temperature, K.E. = gx Rx 273

2. False
The gas pressure is due to collision of gaseous molecules on the walls of the container.

3. False

In van der Waals equation ‘@’ refers to the intermolecular force of attraction between the gaseous
molecules.

Comprehension

1. (d)
As the collision frequency increases, molecular speed decreases.

2. (o)

According to Graham’s law, I o L

M
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As all conditions are identical for X and Y,
Iy My d /40

= = =
r, (M,  24-d \10
d=48-2d = 3d =48 or d =16cm

Integer Answer Type Questions

, 2RT,
ms Of X = SR, }Vimp OF Y
Given Vypg =Vy, = , ,

ZRTM 2><60><4O
y = 3RT,  3x400

1.

=

2. (7)
For any ideal gas, PV =nRT
For He, P =1-0.68 = 0.32 atm
0.32xV =0.1x0.0821x 273 = V =7 litre

,l,lat'_m

S
=

FETTFEEEEFErTETEIrsi
He + X

For He, n = 0.1, P=0.32 atm,
V=T 273K
(Unknown compound X wil not follow ideal gas equation)

3. 4)
Diffusion coefficient oc Ap

Since kocTE and poc T

TT

D, P 1 1 D 4
1

Thus — = = =—0r—=
D; 4T4T (4x2)/2 4 D

2P
4, (2.22)
P, =5bar Pg =1bar
V, =1m? Vg =3m®
T, = 400K Ty =300K

=N, = PF’:_:_/A and ng = FI):'\I'/B
A B

11

nA:—andnB:ﬁ:x:g

400R

Website: www.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

Va =1+x=1+1—1=(§j=2.22
9 9

(100)

Given, compressibility factor (Z) = 0.5
Molar volume (V,,,) = 0.4dm® mol ™
Temperature (T) = 800 K

Pressure (p) = x atm

Gas constant (R) =8x1072
We know that,

Z — me
RT
xx0.4

D=

0.08x800
For ideal condition, Z = 1 and molar volume will be ydm>mol .
PV _ ,__ 80xy

X =80

Using Z=—=" =
RT 0.08x800
y=0.8
Now, X ﬂ =100
y 0.8

Subjective Questions:

1.

In the evacuated bulb we have a mixture of oxygen and another gas in 1 : 1 ratio and the total
pressure due to both is 4000 mm.
Since they are in equal molar ratio, so the pressure of each gas is 2000 mm.
Change in pressure
= (2000 — 1500) mm of mercury = 500 mm of mercury
After 74 minutes, pressure of oxygen

— 2000 222" _ (2000 - 787.2)mm =1212.8 mm

Since, the rate of diffusion of gas is inversely proportional to the square root of the molar mass of the
gas, therefore

Rate of diffusion of unknown gas |32

Rate of diffusion of O, 79
Now, at constant T, L= (M2, Bt
I M, R
Pressure drop of the other gas will be
2
787.2)" x32
- % —~501.01 mm

Thus, pressure of the other gas
=(2000—501.01) mm =1498.99mm

1498.99

Hence molar ratio 1.236

i.e.theratiois 1.236: 1
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Total number of moles of gases mixture, n= %

6x3

~ 0.082x300
Number of moles of unknown gas in the mixture

= (0.7308—0.7) mol =0.0308 mol

. I M
Since L= [—2
I 1

2
I I
or JM,=2xxM; or M,=| 1| xM
2 r, 1 2 (rzj 1
', _ Amount of hydrogengas _ 0.7
r, Amount of unknown gas 0.0308

=0.7308 mol

Also

0.7 \
MZ:(;j x2 [+ Mol. Wt. of H2 = 2]
0.03

Or M, =1033
Molecular weight of unknown gas = 1033

(Dimer)

Now, PV =nRT or n:ﬂ
RT

Moles of NO in the larger flask
_1.053x0.25 _ ) 5107 moles
0.082x300
Mole of O2 in the smaller flask

= M =0.0032 moles
0.082x300

Therefore, moles of NO reacting completely with 0.0032 moles of O, =2x0.0032 = 0.0064 moles

Hence, moles of NO left unreacted
=0.0107 — 0.0064 = 0.0043 moles

Oxygen will be completely converted into NO2 and NO2 will then be completely converted into
N204 (dimer) which becomes solid at 262 K; hence at 220 K, N20s is in solid state and only NO is
present in gaseous state. Thus the whole volume (250 + 100 = 350 ml) of 350 ml is occupied by NO

that has been left unreacted.

Therefore the pressure, P of NO gas = n\F;_T

~0.0043x0.082x 220
0.350

=0.221atm

Ums = ?::I_P
Here, P =7.57x10° Nm™ =7.57x10° kg m* 572
Density of gas,

_ Mass of 2x10°! molecules of N,

~ Volume of 2x10% molecules of N,
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Mass of 2x10%* molecules of N
 28x2x10*" 56
 6.023x102  602.3

Density = % =0.093 kg/m

=0.093¢g

Substituting these values of P and d, we get

3
U s =4 /m ms ™ =494.16ms™*
0.093

Now, PV =nRT
21
Here n= Llozg =3.32x102 mol
6.023x10

V=1L=10"m°
PV 757x10°x107°

" NR 3.32x10°x8.34
Since most probable velocity =0.82xU

. Most probable velocity =0.82x494.16 ms™ = 405.2 ms™*

K=273.39 K

Molar ratioof He : CHs =4 : 1
. Mole fraction of He = % or 0.80

Mole fraction of CH4 =% or 0.20

Total pressure of gaseous mixture = 20 bar

Partial pressure of He
= Total pressure x Mole fraction of He
= (20 x 0.80) bar = 16 bar

Partial pressure of CH4 = (20 x 0.20) bar = 4 bar

According to Graham’s law of diffusion as applicable to effusion,
i: &Xﬂ Orﬁxt_zz &Xi
I, M, PR t n MI1 P,

or ﬂ: /&xi [when t; =t,]
al —6 E—8 or8
MHe PCH 4 1

Molar ratio of mixture (composition of the mixture) effusing out initially (He : CH4) =8: 1

Weight of cylinder with gas = 29.0 kg

Weight of empty cylinder = 14.8 kg

Weight of gas in the cylinder = (29.0 — 14.8) kg = 14.2 kg

Pressure in cylinder = 2.5 atm

Number of moles (n) in 14.2 kg (14.2 x 10° g) of butane
Weight of butane

B Molecular wt. of butane
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14.2x10°
n=———-

or =244 .83 mol

Using the gas equation, PV =nRT
We have, V = ?

~244.83x0.082x300

2.5

To calculate final pressure inside the cylinder :

Mass of LPG before use i.e. initially =- 14.2 kg

Mass of LPG left in the cylinder = (14.2 — 5.8) kg = 8.4 kg
Using gas equation, PV =nRT

b_ 8.4x10°x0.082x 300

58x2409.13

To calculate volume of used gas :

Mass of gas used = 5.8 kg or 5800 g

Number of moles of butane used = % or 100 mol

=2409.13 L

=1.48 atm

Normal pressure = 1 atm

Normal temperature = 27 + 273 = 300 K
Applying gas equation, PV =nRT

We have V = 2460 L or 2.460 m®

Let the volume of ethane in mixture = x L
Then volume of ethane in mixture = (40 —x ) L
The combustion reactions are as follows :

C.Hq (9)+ 20, (9)—2C0, (9)+3H,0(g)

(ethane)

C,H, (9)+30,(g)——>2C0,(g)+2H,0(1)

(ethene)
. . . . . X
Form these equations of combustion, we find volume of O2 required for combustion of ethane = >

and volume of Oz required for combustion of ethane
= (40— x)><3
Total volume of Oz required for combustion
X X X
=—+(40—x)x3=—-3x+12=-+120
2 2 2
Total calculate the number of moles of O :

P=1atm,V =§+120, T = 400K , R = 0.082

1x| X +120
PV T2 o x+120

= = 0 - - =
RT _ 0.082x400 2%0.082x400

X+ 240
or mass of nmoles of O, =————x
2x0.082x400
X+240)x 32
<1300 (XF2A0)x32 o 82X 7680
2x0.082x400 2x0.082x400

or 130x2x0.082x400 = 32x + 7680
or  32x=(130x2x0.082x400)—7680
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(130 2x0.082x 400) - 7680

32
_ 85287680 or 848

32 32

or X=

=26.5

Hence mole fraction (%) of ethane = 2‘?(')5 %100 or 66.25 and

mole fraction (%) of ethane = 100 — 66.25 = 33.75

Graham’s law of diffusion is applicable to effusion,

So we have
Tnix _ /'V'Kr
rKr mmix
or 1.16= 84 or 1.16x1.16 = 84
mix mix
or mix :L or 62.43 amu
1.16x1.16

Determination of composition of mixture at equilibrium:
Let the fraction of Cl. molecules dissociated at equilibrium = x

Cl,=—=2ClI
Initial 1.0 0
Equi. (1-x)  2x
Total number of moles = (1 +2x—x) =1 +Xx
2X+Mg +(1—x)MCIZ

mix (1+x)
2Xx35.5+(1-x)71 —
or 62.43= 2X% +(1-x) _Tx+71-71x _ 71
1+x 1+x 1+x
or (62.43)(1+x)=71
or 1+x:l:1.137 or x=0.137
62.43

From the given data, we have,
Weight of the liquid = (148 — 50g) =98 ¢

Volume of the liquid = % =100 mL = Volume of vessel

.. The vessel of 100 mL contains ideal gas at 760 mm of Hg and 300 K.
Now weight of the gas = (50.5-50)=0.5¢
Using ideal gas equation, PV =nRT , we get

760 100 _05 16824300
760 1000 M

or M (Molecular weight of gas)
_ 0.5x0.082x300x10 1230

1
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10.

11.

12.

From the given data, we have
n=2mol; V=4L P=11.0atm

b =0.05 L mol* T=300K; R=0.082 L atm K mol?

Using van der Waals equation,

2
(P +%J(V —nb)=nRT  (For n moles)

We get

(11>< a1>;4)(4—2xo.05) —2x0.082x300 or (

or 4a=232x10 106 o0185-176=25.85
2585

or 6.46 atm L2 mol

We know, =+ =—= /
or 0.3 T &
t n, \/ 1.6 28

or M _57><57X1.6><1.6X28_252
27 38x38 0.8x0.8

Thus we have XeF, =252

or 131 +19n=252 or 19n =252 -131
or 19n=1210orn=6.3i.e. 6

Number of moles of gas = % =0.1mol

P=latm; T =(t+273)K;
Using gas equation, PV =nRT , we get

1xV =0.1x R><(273+t) (I)
Under new condition

1.1V =0.1xRx(273+10+t)

or 1.1V =0.1xRx(283+t) (i)
Divided (ii) by (i), we get

11V _0.1xRx(283+t) or 1.1 283+t

1V 0.1xRx(273+t) 273+t
1.1t+1.1x273=t+283
or 0.1t =283-300.3 or 0.1t =-17.3

or t= —07—13 or 173°C or (173 + 273)

Substituting this value of t in the equation (i),
1xV =0.1x0.082 x (273—173)
or V =0.1x0.082x100=0.821L

176 +4a

](3-9) _492
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13.

14.

15.

For one mole of real gas, we have
(P +\%j(v —b)=RT [Van der Waals Eqn.]

Since the volume occupied by CO2, molecules is negligible
So b =0, hence the above equation can be written as

(P+\%)V:RT or P:T/—T—\% = PV2—-RTV +a=0
(RT)" = 4aP
p (R _ (24 g, )

~ 4a 4x3592

(p+\%)(v —b)=RT (for 1 mole)

Since the actual volume of gas molecules is negligible so we can write

V2
The compressibility factor,

Z:ﬂ Orvzm
RT P

Substituting the value of V in (i), we get

2
p+2XP [ZRT}RT
Z°R°T P
aP
or Z |:1+ Wil :l
Now from given data, we have
T=0+273=273K; P=100atm; Z =0.5
Substituting these values, we get
ax100
2 2 2
(0.5)7(0.082)" (273)
ax100

0.5x0.082x0.082x273x273
0.5x0.5%x0.082x0.082x273x 273

100
=1.253 atm L? mol~?

(P+1J(V):RT (i)

0.5[1+ =1

or

or a=

(@) d=0.36 kgm==0.36 g/L
(i) From Graham’s law of diffusion

or M, = L =18.09

.. 0.36
ii) 0.36g=——mol
(i1 g 18.09
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16.

17.

Since, 036 mol occupies volume =1 L
18.09

. Volume occupied by 1 mol = % L or50.25L

So the molar volume of vapour = 50.25 L
(iii) If we assume ideal behaviour of vapour, we have

Vi = Ve orV, =22.4x 5;;)3? =41.025L

LI

(PV),e _ 1x5025 _
(PV),, 1x41.025

(iv) Since Z >1, hence repulsive force dominates.

(b) We know, E-3kT=3R;
2 2N

%1000 = 2.07x10%° J per molecules.

Compressibility factor (Z) = 1.225

3 8.31
= —X —23
2 6.023x10

3RT 8RT

Urms =g~ @nd Uau =
o Yms _ /BRT x /“M _ /3—“=1.085

u,, M \V8RT \ 8

or U, =1.085U,, =1.085x400 =434 ms™

For real gases, van der Waal’s equation for one mole is

{P+\%}[Vm—b]:RT

m

or PV, -Pb+ 22 _pr (i)
v, V.

For intercept of PV, vs P graph at y-axis, P =0 and thus, V,, »> «.

: ab : ..
Thus neglecting Vi and — terms in equation (i)
m m

or PV, =Pb+RT (i)
Thus, a graph between PV, vs. P will lead to an intercept RT as equation (ii) represents a straight
line equation (y =mx+c).
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