Chapter

States of Matter

Topic-1: Intermolecular Forces, Cas Laws and Ideal Gas Equation

1421, 373K
( —>)T(K)

=)
—,;;} ] T e 4. At 100 °C and 1 atm, if the density of liquid water is
=a e e 1.0 g em™ and that of water vapour is 0.0006 g cm™>, then
1.  The ratio of the rate of diffusion of helium and methane the volume occupied by water molecules in 1 litre of steam
under identical condition of pressure and temperature will at that temperature is [2000S]
be [20058] (a) 6cm’ (b) 60cm®
(a) 4 b2 (1 (@05 (©) 0.6em’ (@ 0.06em?®
2.  Positive deviation from ideal behaviour takes place 5. A gaswill approach ideal behaviour at[1999 - 2 Marks]
because of \ 4 _,[2“{_]351 (a) low temperature and low pressure.
(a) Molecular interaction between atoms and PV/inRT=> 1 (b) low temperature and high pressure
(b) Molecular interaction between atoms and PF/nRT< | b : ;
SRR . (c) high temperature and low pressure.
(c) Finitesize ofatoms and PV/nRT> 1 : 2
(d) Finitesize of atoms and PV/nRT< 1 @) high temperature and high pressure. o
3. Which ofthe following volume (V) - temperature (T) plots 0~ X'mL of H, gas cffuses throPgh ahole In a container in 5
represents the behaviour of one mole of an ideal gas at seconds. The time taken for the effusion of the same
one atmospheric pressure ? [2002S] \FDluT‘U‘E nf the gas specified below under identical
conditions is : [1996 - 1 Mark]
(L) (38.8L, 373K) (a) 10 seconds : He (b) 20seconds: O,
@ (4L (¢) 25seconds:CO (d) 55 seconds 1Cf)2
273K) 7. Onemole ofN,0,(g) at 300 K is kept in a closed container
L under one atmosphere. It is heated to 600 K when 20% by
>1R) mass of N,O, (g) decomposes to NO,(g).The resultant
ML) : pressure is ; " [1996 - 1 Mark]
(28.6L, 373K) (a) 12am (b) 24am (¢) 20atm (d) 1.0atm
(b) (224L, 8. Atconstant volume, for a fixed number of moles of a gas
273K) the pressure of the gas increases with rise in temperature
TK) due to . [1992 - 1 Mark]
(a) Increase in average molecular speed
ML) (b) Increased rate of collisions amongst molecules
30.6L, 373K) (c) Increase in molecular attraction
© (24L, (d) Decrease in mean free path
273K) 9.  The density of neon will be highest at [1990 - 1 Mark]
TK) (@ S.T.P (b) 0°C,2atm
(c) 273°C,1atm. (d) 273°C,2atm.
(L) 10. The rate of diffusion of methane at a given temperature is
twice that of a gas X The molecular weight of X is
(d) (224L, [1990 - 1 Mark]
273K) (a) 640

(b) 320 () 40  (d) 80



H2O TECH LABS
Rectangle

H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Chapter
States of  Matter


A22

11, A bottle of dry ammonia and a bottle of dry hydrogen
chloride connected through a long tube are opened
simultaneously at both ends. The white ammonium chloride
ring first formed will be [1988 - 1 Mark]
(a) at the centre of the tube.

(b) near the hydrogen chloride bottle.
(c) near the ammonia bottle.
(d) throughout the length of the tube.

12. Rate of diffusion of a gasis :

(a) directly proportional to its density.

(b) directlyproportional to its molecular weight.

(c) directlyproportional to the square root of its molecular
weight.

(d) inversely proportional to the square root of its
molecular weight,

13. Equal weights of methane and hydrogen are mixed in an
empty container at 25 °C. The fraction of the total pressure

[1985- 1 Mark]

exerted by hydrogen is : [1984 - 1 Mark]
b i e
520000 oy =1 fgesigune iy Oy

14. The temperature at which a real gas obeys the ideal gas
laws over a wide range of pressure is
(a) Critical temperature
(c) Inversion temperature

[1981 - 1 Mark]
(b) Boyle temperature
(d) Reduced temperature

15. A closed tank has two compartments A and B, both filled
with oxygen (assumed to be ideal gas). The partition
separating the two compartments is fixed and is a perfect
heat insulator (Figure 1). If the old partition is replaced by
a new partition which can slide and conduct heat but
does NOT allow the gas to leak across (Figure 2), the
volume (in m®) of the compartment A after the system
attains equilibrium is [Ady. 2018]

3m’, 1 bar, 300 K
B

Figure 1

n

Figure 2

16. The diffusion coefficient of an ideal gas is proportional to
its mean free path and mean speed. The absolute temperature
of an ideal gas is increased 4 times and its pressure is
increased 2 times. As a result, the diffusion coefficient of
this gas increases x times. The valueof xis ~ [Adv. 2016]

17. Toan evacuated vessel with movable piston under external
pressure of | atm, 0.1 mol of Heand 1.0 mol of an unknown
compound (vapour pressure (.68 atm. at 0°C) are
introduced. Considering the ideal gas behaviour, the total
volume (in litre) of the gases at 0°Cis close to  [2011]

1m’, 5 bar,
400 K
A

4 Numerie /New Sidny Basod Qubstions TR

18, The figure below is the plot of potential energy versus
internuclear distance (d) of H, molecule in the electronic
ground state. What is the value of the net potential energy
E, (as indicated in the figure) in kI mol ', for d = d at which
the electron-electron repulsion and the nucleus-nucleus
repulsion energies are absent? As reference, the potential
energy of H atom is taken as zero when its electron and the
nucleus are infinitely far apart. [Ady. 2020]
Use Avogadro constant as 6.023 x 10* mol™.
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19. The degree of dissociation is 0.4 at 400 K and 1.0 atm for
the gaseous reaction PCl, === PCl, + Cl,. Assuming
ideal behaviour of all gases, calculate the density of
equilibrium mixture at 400 K and 1.0 atmosphere, (Relative
atomic massof P=31.0and C1=35.5) [1998- 3 Marks]

20. For the reaction, N,O,(g) = 2NO,(g) + 0.5 O( g), calculate
the mole fraction of N,0,(g) decomposed at a constant
volume and temperature, if the initial pressure is 600 mm
Hg and the pressure at any time is 960 mm Hg. Assume
ideal gas behaviour. [1998 - 3 Marks]

21. Atroom temperature, ammonia gasat 1 atm pressure and
hydrogen chloride gas at P atm pressure are allowed to
effuse through identical pin holes from opposite ends of a
glass tube of one metre length and of uniform cross-section.
Ammonium chloride is first formed at a distance of 60 cm
from the end through which HCI gas is sent in. What is the
value of P ? [1982 - 4 Marks]

22. A straight glass tube has two inlets X and ¥ at two ends.
The length of tube is 200 cm, HCI gas through inlets X and
NH, gas through inlet ¥ are allowed to enter the tube at the
same time, White fumes appear at point P inside the tube.
Find distance of P from X. [1980]

23, Calculate density of NH, at 30°C and 5 atm pressure. [1978]

24, The value of PV for 5.6 litres of an ideal gasis .. o (615
atN.T.P. [1987 1 Mark]
25, Therate ofdiffusion of gasis ........... proportional to both

++eurerr @nd square root of molecular mass. [1986 - 1 Mark]
26. C C, foranideal gasis ... [1984 - 1 Mark]

F]

A mixture of ideal gases is cooled upto liquid helium
temperature (4.22 K) to form an ideal solution.
[1996 - 1 Mark]
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28. The correct option(s) related to adsorption processes
is(are)
(a) Chemisorption results in a unimolecular layer.
(b) The enthalpy change during physisorption is in the
range of 100 to 140 kJ mol ™.
(c) Chemisorption is an endothermic process.
(d) Lowering the temperature favors physisorption
Processes. [Adv. 2022]
29, Refer tothe figure given: [2006 - 5M; 1]
Which of the following statements is wrong?

2 —

(a) Forgas 4, a=0and Zwill linearly depend on pressure

(b) For gas B, h=0and Zwill linearly depend on pressure

(c) Gas C is a real gas and we can find ‘a’ and *b’ if
intersection data is given

(d) All van der Waal gases will behave like gas C and
give positive slope at high pressure

According to Graham'’s law, at a given temperature the

ratio of the rates of diffusion r /r, of gases 4 and B is

given by [1998 - 2 Marks]

@ (P PYM/M)?  (b) (M /M)(P /P

© (PJPYMYM)' (@) (M/Mp) (PP
(Where P and M are pressures and molecular weights of
gases A and B respectively.)

31. Equal weights of ethane and hydrogen are mixed in an
empty container at 25 °C. The fraction of the total pressure
exerted by hydrogen is [1993 - 1 Mark]
AT B M W S R 5 T £ T S . RS

32. Ifagasisexpanded at constant temperature :

(a) the pressure decreases [1986 - 1 Mark]
(b) the kinetic energy of the molecules remains the same
(c) the kinetic energy of the molecules decreases
(d) the number of molecules of the gas increases

33. When an ideal gas undergoes unrestrained expansion, no
cooling occurs because the molecules : [1984 - 1 Mark]
(a) are above the inversion temperature
(b) exert no attractive forces on each other
(¢) dowork equal to loss in kinetic energy
(d) collide without loss of energy

B~ Compreiensign/Proses Based Queshiond "

X and };re two volatile liquids with molar weights of 10 g
mol~! and 40 g mol™' respectively. Two cotton plugs, one

30,

A23

soaked in X and the other soaked in Y, are simultaneously
placed at the ends of a tube of length L = 24 cm, as shown in
the figure. The tube is filled with an inert gas at | atmosphere
pressure and a temperature of 300 K. Vapours of Xand Y react
to form a product which is first observed at a distance d cm
from the plug soaked in X, Take X and ¥to have equal molecular
diameters and assume ideal behaviour for the inert gas and the
two vapours.

L=24cm
+ —
e
]
,G ,lk
Cotton wool - Cotton wool
soaked in X d " Initial formation soaked in ¥

of the product
34. The value of d in cm (shown in the figure), as estimated
from Graham’s law, is [Adv. 2014]
@ 8 (b) 12 @© 16 @ 20
35. The experimental value of d is found to be smaller than the
estimate obtainedusing Graham's law. Thisis dueto [Adv. 2014]
(a) Larger mean free path for X as compared to that of I’
(b) Larger mean free path for ¥ as compared to that of X'
(¢) Increased collision frequency of ¥ with the inert gas
as compared to that of X with the inert gas
(d) Increased collision frequency of X with the inert gas
as compared to that of ¥ with the inert gas

) e

36. The density of the vapour of a substance at 1 atm pressure
and 500 K is 0.36 kg m™. The vapour effuses through a
small hole at a rate of 1.33 times faster than oxygen under
the same condition. [2002 - 5 Marks]
(a) Determine
(1) molecular weight,  (ii) molar volume,

(iii) compression factor (Z) of the vapour and

(iv) which forces among the gas molecules are dominating,
the attractive or the repulsive?

(b) If the vapour behaves ideally at 1000 K, determine
the average translational kinetic energy of a molecule.

37. One mole of nitrogen gas at 0.8 atm takes 38 s to diffuse
through a pinhole, whereas one mole of an unknown
compound of xenon with flourine at 1.6 atm takes 57 s to
diffuse through the same hole. Calculate the molecular
formula of the compound. [1999 - 5 Marks]

38. The pressureexerted by 12 g of an ideal gas at temperature t°C
in a vessel of volume Flitre is one atm. When the temperature is
increased by 10 degrees at the same volume, the pressure
increases by 10%. Calculate the temperature ¢ and volume V.
(Molecular weight of the gas = 120.) [1999 - 5 Marks]

39. Anevacuated glass vessel weighs 50.0 g when empty, 148.0
g when filled with a liquid of density 0.98 gmL~! and 50.5 g
when filled with an ideal gas at 760 mm Hg at 300K.
Determine the molar mass of the gas.  [1998 - 3 Marks]

40. A mixture of ethane (C,H,) and ethene (C,H,) occupies 40
litres at 1.00 atm and at 400 K. The mixture reacts completely
with 130 g of O, to produce CO, and H,0. Assuming ideal
gas behaviour, calculate the mole fractions of C,H, and
C,Hy in the mixture. [1995 - 4 Marks]
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41,

42.

43,

44,

45.

The composition of the equilibrium mixture
( Cl, == 2C] ), which is attained at 1200°C, is determined

by measuring the rate of effusion through a pin-hole. It is
aobserved that at 1,80 mmHg pressure, the mixture effuses
1.16 times as fast as krypton effuses under the same
conditions. Calculate the fraction of'the chlorine molecules
dissociated into atoms. (Relative atomic mass of Kr=84.)
[1995 - 4 Marks]
A 20.0 cm? mixture of CO, CH, and He gases is exploded by
an electric discharge at room temperature with excess of
oxygen. The volume contraction is found to be 13.0 em®. A
further contraction of 14.0 cm® occurs when the residual
gas is treated with KOH solution. Find out the composition
ofthe gaseous mixture in terms of volume percentage.
[1995 - 4 Marks]
A4 : 1 molar mixture of He and CH,, is contained in a vessel
at 20 bar pressure . Due to a hole in the vessel, the gas
mixture leaks out. What is the composition of the mixture
effusing out initially? [1994 - 2 Marks]

‘An LPG (liquefied petroleum gas) cylinder weighs 14.8 kg

when empty. When full, it weighs 29.0 kg and shows a
pressure of 2.5 atm. In the course ofuse at 27 °C, the weight
of the full cylinder reduces to 23.2 kg. Find out the volume
of the gas in cubic meters used up at the normal usage
conditions, find the final pressure inside the cylinder.
Assume LPG to be n-butane with normal boiling point of
0°C. [1994 - 3 Marks]
At 27 °C, hydrogen is leaked through a tiny hole into a
vessel for 20 minutes. Another unknown gas at the same
temperature and pressure as that of H, is leaked through
the same hole for 20 minutes. After the effusion of the
gases the mixture exerts a pressure of 6 atmosphere. The
hydrogen content of the mixture is 0.7 mole. If the volume
of the container is 3 litres, what is the molecular weight of
the unknown gas? [1992 - 3 Marks]

46‘

47.

48,

49,

50,

51,

52,

Atroom temperature the following reactions proceed nearly
to completion : [1992 - 4 Marks]
2NO+ 0, -»2NO, -»N,0,

The dimer, N,Q,, solidifies at 262 K. A 250 mL flask and a
100 mL. flask are separated by a stop-cock. At 300 K, the
nitric oxide in the larger flask exerts a pressure of 1.053 atm,

and the smaller one contains oxygen at 0.789 atm, The gases
are mixed by opening the stopcock and after the end of the
reaction the flasks are cooled at 220 K. Neglecting the
vapour pressure of the dimer, find out the pressure and
composition of the gas remaining at 220 K. (Assume the
gases to behave ideally).

Calculate the volume oceupied by 5.0 g of acetylene gas at
50°C and 740 mm pressure, [1991 - 2 Marks]

A spherical balloon of 21 ¢m diameter is to be filled up with
hydrogen at N, T.P, from a cylinder containing the gas at 20
atmospheres at 27 °C. If the cylinder can hold 2.82 litres of
water, calculate the number of balloons that can be filled
up. [1987 - § Marks]

Oxygen is present in 1 litre flask at a pressure of 7.6 x 10710
mm of Hg. Calculate the number of oxygen molecules in the
flaskat0°C. [1983 - 2 Marks]

When 2 g of a gas 4 is introduced into an evacuated flask
kept at 25 °C, the pressure is found to be one atmosphere.

If3 g of another gas B is then added to the same flask, the
total pressure becomes 1.5 atm, Assuming ideal gas
behaviour, calculate the ratio of the molecular weights
M, : M [1983 - 2 Marks]

1 litre of mixture of CO and CO, is taken, The mixture is
passed through a tube containing red hot charcoal. The
volume now becomes 1.6 litre, The volumes are measured
under the same conditions, Find the composition of mixture
by volume. [1980]

3.7 g ofa gas at 25 °C occupied the same volume as 0.184 g
of hydrogen at 17 °C and at the same pressure, What is the
molecular weight of the gas? [1979]

Topic-2: Kinetic Theory of Cases and Molecular Speeds

1.

2

A closed vessel contains 10 g of an ideal gas X at 300 K,
which exerts 2 atm pressure. At the same temperature, 80 g
of another ideal gas Y is added to it and the pressure
becomes 6 atm. The ratio of root mean square velocities of

X and Y at 300 K is [Ady. 2024]
@ 242:3 ®) 2v2:1
© 1:2 (@ 2:1

Ifthe distribution of molecular speeds of a gas is as per the
figure shown below. then the ratio of the most probable,
the average, and the root mean square speeds, respectively,
15 [Adv. 2020]

L

Fraction of

molecules
]
|

\
I O A

speed
@ 1:1:1 (b) 1:1:1.224
(© 1:1.128:1224 (d) 1:1.128:1

The root mean square velocity of one mole of a monoatomic
gas having molar mass M is u, _ .. The relation between
the average kinetic energy (E) of the gas and u

LIS, 18

[20048]
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4.  Theroot mean square velocity of an ideal gas at constant
pressure varies with density (4) as [2001S]
@ 4> () d © Jda @ via

5. Therms velocity of hydroger is /7 timesthe rms velocity
of nitrogen. If T'is the temperature of the gas, then [2000S]

(@) TH,)=TN,) (b) TTH,)>TN,)
(¢) TH,)<TIN,) (d TH)=,7 10N,

6.  Theratio between the root mean square speed of H., at 50
K and that of O, at 800 K is, [1996 - 1 Mark]
@ 4 ® 2 © 1 d 14

7.  Longest mean free path stands for : [1995S]
(@ H, (b) N, © O d G,

8. According to kinetic theory of gases, for a diatomic
molecule [1991 - 1 Mark]
(a) the pressure exerted by the gas is proportional to
mean velocity of the molecule
(b) the pressure exerted by the gas is proportional to the
root mean velocity of the molecule
(c) the root mean square velocity of the molecule is
inversely proportional to the temperature
(d) themean translational kinetic energy of the molecule
is proportional to the absolute temperature.
9.  The average velocity of an ideal gas molecule at 27 °C is
0.3 m/sec. The average velocity at 927 °C will be:

[1986 - 1 Mark]
(a) 0.6m/sec (b) 0.3m/sec
(¢) 0.9m/sec (d) 3.0m/sec

10. Helium atom is two times heavier than a hydrogen molecule.
At 298 K, the average kinetic energy of a helium atom is
[1982 - 1 Mark]
(a) two times that of a hydrogen molecule.
(b) same as that of a hydrogen molecule.
(c) four times that of a hydrogen molecule.
(d) halfthat of a hydrogen molecule.
1.  Theratio of root mean square velocity to average velocity
ofa gas molecule at a particular temperature is
[1981- 1 Mark]
(@ 1.086:1 (b) 1:1.086 (c) 2:1.086 (d) 1.086:2

a1 ;
12. At 400 K, the root mean square (rms) speed of a gas X
(molecular weight = 40) is equal to the most probable
speed of gas Y at 60 K. The molecular weight of the gas Y
is [2009]

13. The average velocity of gas molecules is 400 m/sec.
Calculate its rms velocity at the same temperature.
[2003 - 2 Marks]

&1
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14. Eight gram each of oxygen and hydrogen at 27 °C will have
the total kinetic energy in theratio of .............

[1989 - 1 Mark]
15.  The total energy of one mole of an ideal monoatomic gas
at27°Cis............... calories. [1984 - 1 Mark]
{ i@: 5
16. Kinetic energy of a molecule is zero at 0 °C.

[1985 - 12 Mark]

17.  Agasinaclosed container will exert much higher pressure
due to gravity at the bottom than at the top.

[1985 - ¥4 Mark]

18. Which of the following statement(s) is (are) correct
regarding the root mean square speed (U, ) ofamolecule
in a gas at equilibrium? [Adv.2019]
(a) E,_ at a given temperature does not depend on its
molecular mass

(b) U, isinversely proportional to the square root of its
molecular mass

(¢) U, isdoubled when its temperature is increased four
times

(d) E, is doubled when its temperature is increased four
times

19.  According to kinetic theory of gases

(a) collisions are always elastic

(b) heavier molecules transfer more momentum to the
wall of the container

(c) onlyasmall number of molecules have veryhigh velocity

(d) between collisions, the molecules move in straight

; lines with constant velocities

£7 o Asertion tnd Reson Statenient Fype Questions

Each question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason). Each question has 4 choices (a), (b),

(c)and (d) out of which ONLY ONE is correct. Mark your answer

as

(a) If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -2.

(b) If both Statement -1 and Statement -2 are correct,
but Statement -2 is not the correct explanation of the
Statement -1. )

(c) IfStatement -1 is correct but Statement -2 is incorrect.

(d) IfStatement-1 isincorrect but Statement -2 is correct,

20. Read the following statement and explanation and answer
as per the options given below :

Assertion : The pressure of a fixed amount of an ideal gas

is proportional to its temperature.

Reason : Frequency of collisions and their impact both

increase in proportion to the square root of temperature.
[2000S]

[2011]
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21. A gasbulbof1 litre capacity contains 2.0 x 10! molecules
of nitrogen exerting a pressure of 7.57 x 103 Nm2. Calculate
the root mean square (r.m.s) speed and the temperature of
the gas molecules. If the ratio of the most probable speed
to the root mean square speed is 0.82, calculate the most
probable speed for these molecules at this temperature.

[1993 - 4 Marks]

22. Theaverage velocity at 7K, and the most probable velocity
at ,K of CO, gas is 9.0 % 10 cm secL. Calculate the value
of T, ahd T,. [1990 - 4 Marks]

23. Caiculate the root mean square velocity of ozone keptin a
closed vessel at 20 °C and 82 cm mercury pressure.

; [1985 - 2 Marks]

24. Calculate the average of kinetic energy, in Joules of the
molecules in 8.0 g of methane at 27°C. [1982 - 2 Marks|

Topic-3: Deviation from Ideal Gas Behaviour, Liquefaction of
Gases and Liquid State

1

1.  The qualitative sketches I, II and I1I given below show
the variation of surface tension with molar concentration
of three different aqueous solutions of KCl, CH;OH and
CH3{CH2}“ SO, Na' atroom temperature. Thc correct
assignment of the sketches is [Adv. 2016]

I I 111

Surface tension
Surface tension
Surface tension

. > +

- & - .
Concentration Concentration Concentration

(@ I:KCII:CHOH  III: CH,(CH,), 0SO, Na’
() 1:CH(CH,),0SO;Na© II:CHOH II:KCl
(¢) I:KClII:CH,(CH,), 080, Na" I : CH,OH
(d) 1:CH,OH T:KCI' Il CH,(CH,),,080, Na’
2. For one rnole of a van der Waals gas when b = 0 and
T=300K, the PVvs, 1/V plot is shown below. The value of
the van der Waals constant @ (atm. liter? mol2) s : [2012]

2464
WIS
21.6-
5201 :
£ ; :
E . :
s
1/Wimol liter )
a 10 () 15
(c) 45 (d) 30

3.  The term that corrects for the attractive forces present in a
real gas in the van der Waals equation is [2009 - 3M; —1]

an- an
(a) nb (b) > © —7=
Ve V

(d) —nb

4.  When the temperature is increased, surface tension of water
(a) increases [20028]
(b) decreases
(¢) remains constant
(d) shows irregular behaviour

5.  The compressibility of a gas is less than unity at STP.
Therefore, . [2000S]
(@) V,>224]litres (b) V,<224litres
(¢) V,=224litres (d) V,=4428 litres

6. The compressibility factor for an ideal gas is

[1997 - 1 Mark]

@ 15 (b) 10 (¢ 20 (d) oo

7.  The values of van der Waals constant ‘a’ for the gases O,,
N,, NH, and CH, are 1.360, 1.390,4.170 and 2.253 L?atm
mol 2 respectwely The gas which can most easily be

liquified is : [1989 - 1 Mark]
@@ O, (b) N,
(©) NH, (d) CH,

8. Invan der Waals equation of state for a non-ideal gas, the

term that accounts for intermolecular forces is
[1988 - 1 Mark]

(b) RT
@ ®RD!

@ (V-0

© (P+%]

9. A gas has a compressibility factor of 0.5 and a molar
volume of 0.4 dm® mol ! at a temperature of 800 K and
pressure x atm. Ifit shows ideal gas behaviour at the same
temperature and pressure, the molar volume will be y dm’

mol'. The value of x/y is [Ady. 2023]

[Use: Gas constant, R = 8 % 102 L atm K-! mol™']

10. Calculate the pressure exerted by one rnole of CO2 gas at
273 K if the van der Waals constant a = 3.592 dm® atm
mol 2. Assume that the volume occupied by CO, molecules
isnegligible. [2000 - 2 Marks]




2
In the van der Waals equation LP +”?-2‘3J (V —nb) = nRT

the constant ‘a’ reflects the actual volume of the gas
molecules. [1993 - 1 Mark]

12.

13.

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

gas is given by [Adv. 2015]
)
4 s
e
V)
0 r
(®)
W)
0
© S
Vi)
0 =
o T
A gas described by van der Waals equation —
[2008- 1 Mark]
(a) behave 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.

has the pressure that is lower than the pressure
exerted by the same gas behaving ideally

@

1%

y 7)o .“_7_ _

Match gases under specified conditions listed in Column
1 with their properties/laws in Column II. Indicate your
answer by darkening the appropriate bubbles of the

4 x 4 matrix given in the ORS. [2007]
Column I Column IT
(A) Hydrogen gas (p) Compressibility
(P=200atm, T=273K) factor = 1
(B) Hydrogen gas (q) Attractive forces
(P~0,7=273K) are dominant
© CO,(P=1atm,I'=273K) @) PV=nRT
(D) Real gas with verylarge (s) P(V—nb)=nRT
molar volume
Arrange the van der Waals constant (a) for the gases:
[1995S]
I CHyg) A 0217
I CgHs.CHylg) B 5464
I Ne(g) C. 18000
V. H,0(g) D. 24060
(a) I-A,II-D,II-C,IV-B (b) I-D,I-A,III-B,IV-C
(c) I-C,I-D,II-A,IV-B (d) I-B,I-C,II-A,IV-D

510
Each Eluestion contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 4 choices (a), (b), (c)

and (d) out of which ONLY ONE is correct. Mark your answer as

(@)
(b)
©

(d)
16.

If both Statement -1 and Statement -2 are correct, and

Statement -2 is the correct explanation ofthe Statement -2.

If both Statement -1 and Statement -2 are correct,

but Statement -2 is not the correct explanation of the

Statement -1.

If Statement -1 is correct but Statement -2 is incorrect.

If Statement -1 is incorrect but Statement -2 is correct.

Read the following statement and explanation and answer

as per the options given below :

Assertion : The value of van der Waals’constant ‘a’ is

larger for ammonia than for nitrogen.

Reason : Hydrogen bonding is present in ammonia.
[1998 - 2 Marks]

17.

18.

19.

A graph is plotted between PV, along Y-axis and Palong
X-axis, where ¥, is the molar volume of a real gas. Find the
intercept along Y-axis. [2004 - 2 Marks]
The compression factor (compressibility factor) for one
mole of a van der Waals gas at 0 °C and 100 atmospheric
pressure is found to be 0.5. Assuming that the volume ofa
gas molecule is negligible, calculate the van der Waals
constant a. [2001 - 5 Marks]
Using van der Waals equation, calculate the constant, ‘a’
when two moles ofa gas confined in a four litre flask exerts
a pressure of 11.0 atmospheres at a temperature of 300 K.
The value of ‘4" is 0.05 L mol. [1998 - 4 Marks]
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Topic-1 ; Innermolecular Forces, Gas Laws and Ideal Gas Equation

(b) 2. (9 3. (© 4. © 5 (@ 60 7@® 8 @ 9. (b) 10. (a)

G 12. @ 130 14 0 15 @216 @ 17. () 18. (-524242) 19.

04) 21. (2197) 22. (852) 23. (342) 24. (025) 25. (Inversely time) 26. (R)  27. (False)
@d 29. ® 30. (0 3L (0 32. (ab) 33 (b) 34 (0 35 (d

Topic-2 : Kinetic Theory of Gases and Molecular Speeds

@ 2 (b 3. (© 4@ -5 © 6 © 1@ 8 .9 (@ 10

@ 12 4  13. 434) 14. (1:16)15. (900) 16. (False)17. (False)18. (ab.c) 19. (ab,c,d)
(@

Topic-3 : Deviation from Ideal Gas Behaviour, Liquefaction of Gases and Liquid State
@ 2. () 3. (b) &4 ® S5 B 60 T 8 @© 9. (100) 10
(False) 12. (c) 13. (a.c) 14, ((A)—(p)and(s); (B)-(r);(C)—(p)and(q); (D)—(r)) 15. (¢) 16

(4.53)

(b)

. (0.99)
. (a)




Hints & Solutions

ﬁ—:\ Topic-1: Intermolecular Forces, Gas Laws

1.

E—J

and ldeal Gas Equation

(b) Use Grahams’ law of diffusion

Nie “MCH4 16

reng ¥ Mue N -
(c) For positive deviation: PV'=nRT+ nPb
PV S Pb
nRT RT

Thus, the factor nPb is responsible for increasing the PV
value, above ideal value. b is actually the effective volume
of molecule. So, it is the finite size of molecules that leads to
the origin of b and hence, positive deviation at high pressure.
(c) Find the volume by either

V=RT/P(PV=RT) oL PV =P, ¥, and and match it with
the values given in Qraph w find correct answer.

Volume of 1 mole of an ideal gas at 273 K and 1 atm is 22.4
L and that at 373 K and 1 atm pressure is calculated as ;

V=§§:@§2l"ﬂ=3o.58L=3o.6L

(¢) Massof 1 L of vapour = volume x density
=1000 = 0.0006 =0.6 g

mass 0.6
— =— =(.6cm?
density 1
(¢) For an ideal-gas behaviour, the molecules of a gas
should be far apart. The factors favouring this condition
are high temperature and low pressure.

ranT

(b) Under identical conditions, —

V of liquid water =

> VM
As rate of diffusion is also inverscly proportional to time,
3 I M
wewillhave, 2= =2  [A =2ands,=5]

4 My

4
(@) Thus, ForHe, t, = \g(sg;) =525 #10s :

(b) ForO,, ¢, = 1V.'I:J’—_)z-(Ss) = 20s (as given)

2
"fé(Ss) #25s :

(¢) ForCO, t; =\|, 5

44
(d) ForCO,, 1y = \/;(55) # 55s

7.

10.

11.

12.

14.

b) N,O,(8) == 2NO,g)
At start 100/92 mol 0
= 1.08 mol
At equilibrium 80/92 mol 20/46 maol
= 0.86 mol =0.43 mol
According to ideal gas equation, at two conditions
At300K; P V=n,RT,
1 x =1.08 xR x 300 i)
At600K; P V=nRT,

PxV=(0.86+0.43) xR x 600 ...(ii)
Divide (ii) by (1),

B
_I=M; :ggig:mg atm, =2.4 atm,
I 1.08x300 1.08

(@) Duetoincrease in the temperature, the kinetic energy
of the gas molecules increases resultin g in an increase in
average molecular speed. The molecules are bombarded
to the walls of the container with a g:eater velocity resulting
in an increase in pressure.

PM
b) d= RT
[t means density of gas is directly proportional to pressure
and inversely proportional to temperature.
Density of neon will be maximum at highest pressure and
lowest temperature.

CH M [M
@ —=2= Foo =w—‘, or M =64
rx CH4 16

1
() Rate ofdiffusion oc [————
Molecular mass

. Molecular mass of HCI > molecular mass of NH
. HCl diffuses at slower rate and white ammonium ch oride
is ﬁrst formed near HCI bottle.

2 - o

() Pressure exerted by hydrogen will be proportional to
its mole fraction.

s
e
w w9
R + —

16 2
(b) The temperature at which a real gas behaves like an
ideal gas is called Boyle’s temperature or Boyle’s point.

Mole fraction of H.=
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15.

101
(22) P,=Sbar Py=ltar . RS
V,=1m®  Va=3m’ <. Exp. mol. wt. of PCl; or m. wt. of mixture= —-,~
T,=400K  T,=300K
) W i
XA 2 _ RV Now using, PV'= . RT for mixture
= nA — an PTB = RT
& B PR L e iy
. i =V TR 14x0082x400 o3 eflire
AT J00r B 300R ]
Let the new volume of compartment 4 and B respectively 20. (0.4 N,Os(g) = 2NO,(g) + 502 (2
bo(1 +x)and 3=x). Initial pressure 600 0 0
Fao VB Final pressure 600-P 2B P2
e ng (at cons. T'and F) P« moles when ¥ and T are constant.
(where moles equivalent to pressure P are decomposed)
(1+x) (3-x) =1 Total pressure =600 — P+ 2 P+ P/2=960 mm of Hg

16.

17.

18.

19.

= X
(5/400R) (3/300R) 9

5- (5]
V,=1+x=1% ol =922

(4) Diffusion coefficient oc A
Since }.oc% and Hc{ﬁ

40y
*. Diffusion coefficient o T—;T-
VT
: Dy 4
Dy 4TVAT (4x2)2 4 = D; 1
2P

(M) P,=1-068=032atm,n=0.1

_ nRT _ 0.1x0.0821x273 _
s s 0.32
(-5242.42) Potential energy of H-atom is taken as zero
when electron and nucleus are at infinite distance.
PE. of a H-atom with electron in its ground state
=2 % (-13.6 eV) =—27.2 eV (from Bohr’s Model)
At internuclear distance ‘d,” electron-electron repulsion

and nuclues-nucleus repulsion are absent.
PE. of two H-atom=-2 x 27.2eV=-54.4¢eV

| & 7L

. 54.4x1.6x10712 x6.023x10%

kJ/mol
1000
=_5242 42 kl/mol
(4.53) POl e PCL, 7 Cl,
Initial moles 1 0 0
Moles at eq. 1-0.4 0.4 0.4

- Total moles at equilibrium=1-04+0.4+04 =1.4

l Normal mol. wt.of PCls l o
= -+ ==
Also — g p-mol. wt.of PCl; HED

208.5
Of Exp.mol.wt.of PCls

4

21.

22

. P=240mm Hg
240
Thus, moles of N,O, decomposed = aﬁ =04

(2.197) Since the pressures of gases are different, and
the temperature is constant, the rate at which molecules of
the two gases diffuse is directly proportional to the
pressure. This rate of diffusion is also directly proportional

to the distance travelled by the gas. Hence, /o< r « LB

N
kP :
r, (of HCI gas) at pressure P = 60= —jas——s all)
kXl .
and r, (of NH,) at 1 atm. pressure =40= NE -ee(i)
From (i) and (ii)
n _60 _ kP - 7
rn o 40 365 kxl
60 365
P=— x ———— =2,197 atm
40 17

(85.2) Let NH, diffuse through =xcm
HCl diffuses through =y em
200 cm

HCl = x P v

#
Z
o=

— 1 —Se——>
HCl + NH,

NH,CI (fumes)
According to Graham's law of diffusion

x_ Mol.wtHCl
y \Mol.wtof NH;

x=1465y
x+y=200cm

36.5

TT— =./2.14 =1.465

(1)
Q)
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23,

24,

25,

26.
27.

28.

29,

30.

31.

From these equations; y=85.2 cm
Distance between P and X = y= 85,2 cm.

(3.42)
m W RT. ' RT MP
e ey
Substituting the value, we get
d=— i e
= D.082x303  rd2 eflitre

(0.25) [ 5.6]= % mole of an ideal gasj
Using ideal gas equation

PV = r_:RT:iRT =0.25RT

imeg | Lo [f2_t_ [Ma
Inversely, time; Iyr2 7 i Al

R [+ C,-C, =R]

False : Anideal gas cannot be liquefied as there exists no
intermolecular attraction between molecules.

(a,d)

(@) Chemisorption ocecurs due to the chemical bond
(covalent or ionic) formation between adsorbate and
adsorbent. Thus, it results in a unimolecular layer.

(b) In physisorption, the adsorbate is adsorbed on the
solid surface by weak van der Waals force. So, the
enthalpy of adsorption is very low, ~ 20-40 kJ/mal.

(¢) Chemisorption is exothermic, its enthalpy of
adsorption is ~ 80-240 kJ/mol.

(d) Lowering of temperature favours the physisorption
over chemisorption.

Pb
(b) ForgasA,a=0,Z=1+ T implies Z varies linearly
with pressure.

a
ForgasB,b=0,Z VRT Hence, Z does not vary

linearly with pressure.

Given the intersection data for gas C, it is possible to find
the values of ‘e’ and “b’. All van der Waal gases, like gas
C, give positive slope at high pressures.

(©)  According to Graham'’s law of diffusion for two gases
undergoing diffusion at different pressures through same hole
. My by

5 \My B

[r o« Px, /é At constant temperature}

(d Pressure exerted by H, is proportional to its mole

fraction.
W

302415

W ¥ 3216

2030

Mole fraction of H, =

32.

33.

34.

35,

36.

(a,b) At constant temp., when gas expands, the K.E. of
the molecules remains the same, but the pressure

‘.'Poc—l—
v

() No work is required to tear apart the molecules due
to the absence of attractive forces in an ideal gas.

(¢) According to Graham’s law of diffusion, if all
conditions are identical,

1

"M

As in this question, all conditions are identical for Xand ¥, then

walMe o4 @,
v\ My 24-4 V10

= d=48-2d = 3d=48= d=16cm
(d) The general formula of mean free path (1) is

RT

decreases,

2md "N 4p

(d = diameter of molecule, p = pressure inside the vessel)
Since d and p are same for both gases, ideally their A are
same, Hence, it must be the higher drift speed of X due to
which it is facing more collisions per second with the inert
gas in comparison to gas ¥, Hence, X faces more resistance
from inert gas than ¥ and hence, covers lesser distance than
that predicted by Graham's law,

(@ d=036kgm™ =036gL

() From Graham'’s Law of diffusion

M
e 9 £133= _3.2_
rOp_ Mv M._.
3
LML= 32 5 = 18.09;
(1.33]

mol

0.36
i) Thus, 0.36g =
(i) Thus el

18.09

18.09

—T, =40,
0.36 O

Assuming ideal behaviour, the volume of the vapour
can be calculated by

V
h =E2_:,V2 =224x2% _ 410251
L T 273

Compressibility factor (Z)

k- (PV)Ubs o ]><50.25
T (PV)igear  1x41.025
Z is greater than unity, hence it is the short range

repulsive force that would dominate.
(' actual density is less than given density)

mol occupies 1 L volume, so 1 mol occupies

(1)

=1.224

(iv)
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37.

38.

39,

40.

Al103

(b) E;%KT- 3. 831 000

==x

2 6.02x10%
=2.07x10720) per molecule
( v K, Boltzmann constant = R/N)

We know that

n_[My B m h_|M A

n \Mi B%4q m \M, B
1i:8% :

or : % s M=252

ot s et —
3R 1 28 1.6

Lx=6.

Xe+(F)x =252
131+19x =252 ;

Thus, compound of xenon with fluorine is XeF, .
(I)Given P=1atm,w=12g; T=(t+273)K; V"= Vlitre
(IDIfT=¢+10+273=t+283K; V= Vlitre,

10
P=1+—=1.1atm
1+100 al

Using gas equation, PV = %RT
12

Casel. 1xV=—R(t+273) (1)
m

Casé I 1.1xV= ER(! +283) {2}
m

From(1)and (2), r==173°C or =100K
Also from (1), on substituting r and m (120), ¥=0.82 litre
Weight of liquid = 148 - 50 =98 g

98
* Volume ofliquid = —= = 100 mL = volume of vessel

0.98
It means, vessel of 100 mL contains ideal gas at 760 mm

Hg at 300 K.
Weight of gas = 50.5 — 50 =0.5g

using, PV'=nRT=—RT
m

@xﬂ=£x0.082x300

k]
760 1000 m m

Molecular weight of gas (m) = 123
Let the volume of ethane in mixture = x litre
.. Volume of ethene = (40 —x) litre
Combustion reactions of ethane and ethene are :

o) czﬂe(g)+3§ozig)—>zcoztg)+3H20m

or 2C2H6 (g)+702 (g)—?4C02(g)+6H20(1J

(i) C2Hy(g)+30,(g)—>2C0,(g) +2H,0(D)
Volume of O, required for complete combustion of ethane
Tx

5 [For x litres]

41.

42.

Volume of O, required for complete combustion of ethene
=(40-x)x3 [For (40 —x) L]

= Total volume of O, required = Ix +(40-x)3L
Calculation of number of moles ()

Al = ? +(40-x)3 L; R=0.082 LatmK-'mal';
T=400K e

e [7_;+ (40-3)3}

; 2! Tx+(40-x)6
Since n=——= L =
RT 0.082 x 400 2x0.082x 400
Tx+(40-x)6
= ———— |x32=130
Mass of n moles of O, {280-032“00}

o 1302 2H20=6x | o5
65.6
— 8528=32x+240 X 32 = 32r=848

848
=0or x=——=26.5
32

Hence, mole fraction (%) of ethane

2 %100 = 66.25%
40

Mole fraction (%) of ethene = 33.75%

Mixture Krypton
B = 1.16 Ter=
M= M, =84
We know that
i _ [ Mge o 116 _ | 84
Kr M, mi 1 M mix
84

I =i =

My 76y
Determination of the composition of the equilibrium
mixture:
Let the fraction of C, molecules dissociated at equlibrium =x
C, &= 2 Total
Initially 1 0 1
At equilibrium 1-x 2x  l-x+2x=1+x

=62.426

Normal molecular mass

Experimental molecular mass il

o 5 x=0.137=13.7%.
64.426

(i) He does not react with oxygen.

(i) KOH absorbs only CO,.

When the mixture of CO, CH, and He gases
(20 mL) are exploded by an electric discharge with excess
of 0,, He gas remains as such and the other reactions
involved are :

=l+x ..

1
CO(g) +-03(g) = CO;(g) (i)
a 2 al2 a
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43.

44.

CH4(g)+20,(g) = CO,(g) + 2H,0(1) (1)
b 2b b
Let the volumes of CO and CH, to be ‘o’ mL and ‘A’ mL in
the mixture then,
Volume of He gas = [20 — (a+ b)] mL
For the initial contraction of 13 mL,
Volume of left hand side in the above reactions — 13

= Volume of right hand side,

[20—(a +b)]+[a+%a] +(b+2b)-13
=[20-(a+b)]+a+b [neglect the volume of H,O (1)]
(Since for gases, volume o no. of moles)

1
3 ag+2b=13 or a+4b=26 L(ii)

The CO, produced above in reactions (i) & (ii), (@ + b) mL,
reacts with KOH sol for a further contraction of 14 mL,
CO,(g) + 2ZKOH(1) — K, CO4(1) + H,0(1)
(a+b)

. a+b=14
Solving (iii) & (iv) we get,a= 10mL and b=4 mL

“.CHy =2 x100=20%, CO =12x100=50%
2 2

(V)

and He=100—(20+50)=30%
Partial pressure = Mole fraction x Total pressure

4
Prie = X * P= 3 % 20=16bar

I:mole fraction of He = %]

PcH, = 20—-16=4bar
Now applying the formula
0
e _ Pre Mons 16 e g
'cH, PCOH4 Mie = gV TJZ
il e :"'C}{; =8:1
.. Composition of the mixture (He : CH,) effusing out
=8:1
Calculation of volume of gas :
Weight of cylinder with gas=29.0 kg
Weight of empty cylinder = 14.8 kg
.. Weight of gas in the eylinder = 14.2 kg

Pressure in cylinder =2.5 atm
. No. of moles () in 14.2 kg (14.2 x 10 g) of butane

Wt. of butane _14.2x 10°

"= Mol wt. of butane 58 =244.83 mol
Applying gas equation,

RT  244.83x 0.0821x 300
- . XN <2412 litres

i 2.5

45,

46.

[27°C=273+27=300K] '

Caleulation of pressure in cylinder after use,
Weight of cylinder afteruse=23.2 kg
Weight of emptycylinder = 14.8 kg

8.4x10°

. Wt. ofunused gas=8.4 kg = moles of butane

nRT _ 8.4 x10° x0.0821x 300

Thus P=
i v 58x 2412

=1.478 atm

[V=24121]
Calculation of volume of used gas at 2.5 atm and 27°C.
Weight of used gas=14.2-8.4=58kg
Pressure under normal usage conditions = 1 atm
5]
S
58
=2463 litres = 2.463 m®
Using gas equation; PV'=nRT
Total no. of moles of gases in the mixture (1)
¥ 6x3
RT ~ 0.0821x300

Thus, no. of moles of unknown gas=0.7308 — 0.7
=0.0308 mol.

nRT _ 5.8x10° . 0.0821x300
P 58 1

V=

=().7308 mol.

Now we know that

7 _ moles of hydrogen gas 0.7
ry moles of unknown gas  0.0308

Also we know that b 1{2—
" M,

2 2
5
. My= [—l] M, or My=|—T_| «2=1033
¥a 0.0308
2INO+0, =2NO,—>N,0,
Calculating the number of moles of NO and O, by applying
PV
th =
e formula, n 2T

1.053 x 0.250
Moles of NO in th e iaie 1]
oleso in the larger flask 0,082 <300 0.0107

[250mL=0.250 L]

0.789 x 0.100
0.082 % 300
[100mL=0.100 L]
The reaction takes place as follows.
N = 0L == NG
0.0107 0.0032 0

Moles of O, in the smaller flask = =0.0032

Mols before
reaction
Mole after {0.0107 - 0
reaction 2% .0032)

Moles of NO left=0.0107 — 0.0064 = 0.0043

0.0032
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47.

48.

49,

Oxygen will be completely changed into NO, which in
turn is completely converted into N,O, which solidifies at
262 K. Hence at 220 K, the dimer is in the solid state and
only NO present in excess will remain in the gaseous state
occupying volume equal to 350 mL.

Hence, pressure (P) of NO gas left

nRT  0.0043 x 0.082 x 220

V 0.350

[Total volume=0.250+0.100=0.350L]
Applying the general gas equation

=0.221 atm

PV=nRT= — RT
S N

Here, Mol. wt. of acetylene i.e., C,H, (M) = 26,

740
P_-T-ﬁﬁatm’
T=50°C=50+273=323K
- mRT ) 5x0.082x323x760 53]
=R TS 26 % 740 e
4 & 20 oty
Volume of balloon = — 7 =—X—x[—] =485L
3 3 2

Let no. of balloons to be filled = n

.. Total volume occupied by n balloons =4.851% n
Volume of H, present in cylinder =2.82 L (given)

. Total volume of H, at NTP=(4.851n +2.82)L

P,=lam P,=20atm
V,=485xn+2.82L V,=2.82L
T,=273K T,=300K
RN _PV,  1x(4.85xn+2.82) 20x2.82
h— 5 ™ 273 =7 300
B 48504 _
4.851

In equilibrium with balloon, cylinder will hold 2.82 L of gas
(it will not empty completely).

First we should calculate the number of moles of the gas
under the given conditions by the relation PV'=nRT
Here P=7.6 % 10~ mm Hg

_7.6x107"°
760

V=1litre, T=273+ 0=273K, R =0.082 litre atm./K/mol
Putting the values in equation

atm.= 1 x 10" atm.

PV 1x107 %%
"TRT T 0.082x273
Now since 1 mole=6.023 % 102 molecules

moles

10—12

6.023 %1023 x10712
—  MOoles =
0.082 x 273

0.082x273

= 2.7 x 10'° molecules

molecules

50.

51.

52.

A105
From ideal gas equation,
PV =nRT=> PV= [ij RT or M=m2L
M PV
Let the molecular wt. of 4 and Bbe M, and M, respectively.

RT- .~ 3%KD
IxV’> 7B 05xV

ThenMA=2

iy, Vv ZRTKO.SV _2x05 1

"My P 3R 3 F g

Therefore, theratio M, : My=1:3

Following reaction takes places in tube

C+C0o,— 2CO

Volume of mixture of CO and CO, =1L

Let volume of CO, in mixture =x

.. Volume of CO in mixture = 2x

.. Original volume of CO in mixture=1—x

Total volume of gases after reaction=(1 —x)+2x=1+x
1+x=1.6(-- Itisgiven total volume after reaction=1.6 L)
- x=06L . VolumeofCO,=0.6L

Volume of CO=04L

CO,:CO=3:2

y mass
Given, moles =

mol.wt
mass of gas = 3.7g, mass of hydrogen =0.184g
T,=298K,T,=17°C=273+17=290K

Mass 0.184
Moles of H, = n, = = =0.
olesof H,=n, THE 2 0.092
M ;
Moles of gas = n, = i a:i = %
For hydrogen PV, =n RT, ... (1)
Forgas PV, =mRT, e (i1)

(" Pressure and volume of gas are same)
.. From equation (i) and equation (ii)
AW _ mRY

0.092 x 298
RV, mRT, 7 =

1, % 290

0.092x298 3.7 _ 0.092x298
290 M 290
3.7

3.7
S S R e 7= 301
ST s s

or H2=

Topic-2: Kinetic Theory of Gases and

= Molecular Speeds
1. (@ Given,
W,=10g
P,=2atm
w,=80g
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P=Puu-P, L. 2
S bein diin Upns(Hy) _| _3R(50K)/ (2gmol 1)]_ i
Upis(02) | 3R(800K)/ (32gmol ™)
a2 3RT : 1
i 7 7. (@ Themean freepath, A= —=——5—
@ € path, ﬁnazN
VY, M
( m)X = |=L or Ao —5 , where a=molecular diameter
(Vm )Y MX a 3
. P . Smialler the molecular diameter, longer the mean free
As we know, from ideal gas equation path. Hence, H, is the answer.
PV=nRT ]
If volume and temperature remains same we have. 8. (@ Pressure exerted by the gas, P= 3 f't"i,'“‘ (1)
_Wy Here, u = root mean square velocity
PyV =—XRT .
My m = mass of a molecule, n = No. of molecules of the gas
Hence, (a) & (b) are clearly wrong.
s 3RT
e Again 1= == [explained from (1)]
W Here, M =Molecular wt. ofthe gas;
My ks Hence, (c) is wrong
Py
3 i
Further, Average K.E. = — KT; Hence, (d)istrue.
Wy 2
My% == T, =27+273=300K
By . e SIBRE ST
- @ U= ar’ B =927+273=1200K
M:‘ E!-_.P_X: E i 4:.2_=2:1 300
OGms)y VB Wy V4 10 1 ‘“" J; ’120 = \/:
2. () Graph shows symmetrical distribution of speed £
therefore, the most probable and the average speed should or Uy, =0.6 m/sec.
be same in square of speeds. Higher speed will givemore 10, () Average kinetic energy depends only on temperature
contribution, therefore the root mean square speed must and does not depend upon the nature of the gas.
be greater than the average speed. (" KE.=32KD
L2
; =R =M - o [SRE" ISRT S g
3. () AverageKE=E=—Mum, 1. @ Um.qv-,/v. Wow!i. —=1.086:1
2 2B _ |2E [3RT, 2RT,
Ui = — == o ) = ¥y
rms N A 12. @) vpgyofX = M—x, Vmp Of ¥ = i,
4. @ U Sk Using ideal ti
; = 1/— sing i as equation,
RUT=CN M g Givenv,, =v, = PRT 1]
PV = nRE =5 BT, ~oe = =i where d'is th
S ABLTEPG TR, G ragu e 6 i sy oy J2RTM. 2x60x40
density of the gas ¥ 3RT, 3x400
3P 1
 Uppge™= .,/—- at constant pressure, Urms “ﬁ 13. (434) Cotas J (O 1||8R
5. © U 1/mT ,/3”“1 7 SRTNZ Selc ia /"M ) Lo O
- C, VM NERP-\S
IN, =2y, or Iy, > Ty, Cpms =1.085x C_ =1.085 x 400 =434 ms™!
6. (¢) The expression of root mean square speed is
e liash s S KEo, (3/Dmg,RT no, 8/32 1
r_ |2RT * KBy, /2my,RT my, 8/2 16
™M 3 :

Hence,




15.

16.
17.

19.

x107
900; Energy of one mole of an ideal monoatomic gas
3 —TP - .82 (given)
=~ RT ‘s
R 8314 1K ke a0 eal i ek S Upp=082 x U, =0.82 % 494.15=405.2 m/sec.
s 27°C:32?3 +27=300K 22. Average velocity = ""'Mm;:
= E=_—-%199%300=900 cal
: 2RT
3 and Most probable velocity = 7
False: K.E.= E KT, and cannot be zeroat 0°Cor 273 K. it Bor Qz |
False : The pressure exerted by the gas is the result of Average velocity at T, = Most probable velocity at T,
collisions of the molecules on the walls of the container. 9%104
(a, b, c) =9 x 10*cm/sec= 100 m/sec, =9 x 10% m/sec.
According to kinetic theory of gases, all gases at a given
temperature have same average kinetic energy. el _ | 8x8314x7
L 9x 10P= ol BT
3 3.14x44x10
E, = :,)_—RT ; E,, T (absolute temp) [Average velocity at T'K]
" Root mean square velocity is directly proportional to square and 9 x 102= 2x8314xT, ®)
oot of absolute temperature and inversely proportional to 44 %1073
square root of molecular weight of the gas. [Most probable velocity at T,K]
Urm T (absolllte teﬂ‘lp) : Urms & % On SDlViﬂg, Tl =1682.5 K, Tz = 21434K
; e M > 3RT
(a, b, ¢,d) According to kinetic theory of gases : 23, U= £ 5

20.

21.

(a) Collision between the molecules as well as with the
walls of the container is perfectly elastic in nature.

(b) Momentum is defined as m: L. Hence, heavier
molecules transfer more momentum to the walls of the
container.

(c) According to Maxwell-Boltzmann distribution of
molecular speed, very few molecules have either very high
or very low speeds.

(d) A gas molecule moves in a straight line unless it
collides with another molecule or walls of the container
with constant velocities.

(a) At constant volume.

PxT (from PV=nRT)
by (BRT

ms =\ U s %NT - wncld)

Collision frequency is directly proportional to U -

Thus collision frequency o /T

Hence, on increasing the collosion, frequency, pressure
increases.

Given V=1L=10"m? P=7.57 x 10° Nm2, R=8314],
n=2 x102/6.023%10% moles

PV=nRT or 3’"=ﬂ
nRk
~3 -3 23
_757x107 107 x6.023x102 o
2x10%! x8.31
3R 3x8.314x274.13
—— = m/s=494.15m/s
U= 28x10

Given T=20°C=20+273=293K
R=8.314 x 107 erg per degree per mol
M(ofO,) =48

g J3x8314x10 x293
il B8 48
24. Total kinetic energy= n (3/2 RT)
where n = Number of moles of the gas
R = Gas constant
T'= Absolute temperature
Molecular weight of methane,
CH,=12+4x1=16
. Number of moles of methane in 8.0 g of methane

=3.9x% 10*cm sec™

R= 8314 joules’K/mole, 7T=27+273=300K

.. Total kinetic energy of the moleculesin 8.0 g of methane
at27°C=nx=3/2 RT =0.5 x3/2 % 8.314 x 300 = 1870.65
joules.

1870.65

6.023 %102 x 0.5
= 6.21 x 10-2! joules/molecule

ﬁ:} Topic-3: Deviation from Ideal Gas Behaviour
=) Liquefaction of Gases and Liquid State

L @
* A solution of CH,OH and water shows positive
deviation, from Raoult's law, it means by addms
CH,0H, intermolecular force of attraction decresses
and hence, surface tension decreases.

.. Average kinetic energy =




Al08

5.

* By adding KCl in water, intermolecular force of
attraction bit increases, so surface tension increases
by small value,

* By adding surfactant like CH,(CH,), OSO, Na",
surface tension decreases rapidly and after forming
micelleit slightly increases.

(b)

PV

a
-t

PV+alV=RT, PV=RT-a(1/V)
y=RT-a(x)

=13

So, slope=a -2
(b) Correction factor for attractive force for n moles of
real gas is given by the term mentioned in (b).
(b) Upon increase of temperature, the internal energy of
water or any system increases resulting in decrease in
intermolecular force and hence, decrease in surface tension.
Surface tension decreases with increase in mobility due to
increase in temperature,
®)  (PPouserved” PPigea <1

= Vi < Vigeus Vi <224 litre.
() The compressibility factor of a gas is defined as
PVn

RT
For an ideal gas, PV, =RT Hence Z=1
(¢) ‘a’is directly related to forces of attraction. Hence,
greater the value of ‘@’, more easily the gas is liquified.

21.6-20.1 _ 15
1

=

(c) [P + izj (V- b)=RT: Here [P + —"-] represents
v y2

the intermolecular forces,

(100)
Z=0.5,V,_=04L/mol, T=800K,P=xatm.
PV 0.4
R e Uy SR SN
RT 0.08 x 800
For ideal gas, PV_=RT
0.
= 00 st y
80
x 80
Now, —=—=100.
B

10.

11.

12.

13.

14.

15.

Chemistry

(0.99) van der Waals’ equation for one mole of d gas is

a
{P-%;f}(lf’—b):RT e
Given that volume occupied by CO, molecules, ‘6’ =0
Hence, (1) becomes P+%]V =RT or P =£___a_
& S

Using R=0.082, T'= 273K, '=22.4 L for 1 mole of an ideal
gas at 1 atm pressure,
_0.082x273 3.592

24 (224)
False : The constant *a’ reflects the intermolecular attraction
between gaseous molecules. The constant ‘5’ reflects the

actual volume of one mole of gaseous molecules.
() P(V-b)=RT = PV-Pb=RT

PV 'Pb Pb

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, ¢) Van der Waals equation is

2
pptd

y2

= 0.9922 atm,

+1= Z=1+

(V' —nb)= nRT (For n moles of a gas)

a, b are van der Waals constants.

Atlow pressure, when the gas occoupies large volume, the
intermolecular distance, between gaseous molecules is quite
large and in such case, there is no significant role played by
intermolecular forces and thus the gas behaves like an ideal
gas. Hence, (a) is correct.

Under high pressure, the intermolecular distance decreases
and the intermolecular forces play a significant role and
the gas shows a devation from ideal behaviour.

Thus, (b) is not correct.

a, bi.e. the van der Waals coefficients defined on the nature
of gas and are independent of temperature, so (c) is correct.

2

The pressure | P+ % is not lower than P so, (d) is not
V

correct.
(A):(p) and (s) Because 200 atm pressure is very large.
For H, gas, at very high pressure Z> 1.

(B):(r) Since P ~ 0, it means very low pressure,
so ideal behaviour is observed.

(O):(p)and(q) Since Pis 1 atm, Z for CO, would be less
than 1 and attractive forces will be dominant.

D):(r) In real gas with very high molar volume,

molecules will be very far apart from each
other due to which van der Waals forces
as well as actual volume occupied by
molecules will be negligible.

(c) The value of ‘a’ indicates the magnitude of attractive

forces between gas molecules.

Value of ‘a’ o size of molecule.




States of Matter

16.

17

18.

Al109

-, inert gas will have minimum value of ‘a’ followed by

H,0, C,H, and C;H,CH,

(a) 'a' indicates the magnitude of the attractive forces -

among the gas molecules, which increases in NH, due to
H-bonding.
The van der Waals equation (for one mole) of a real gas is

a a ' ab -
[PJF;}(V,, ~B)=RT, PV ~Pb+——-—=RT

m m m
a ab .
PVy=RT+Pb-—+— (1)
Yo Vi

To calculate the intercept 2 — 0, hence ¥, — « due to
which the last two terms on the right side of the equation
(i) can be neglected.
.. PV, =RT + Pb, comparing this with y=mx+c
intercept=RT

PV

Compressibility factor, Z = —
pr ty RT
100x ¥

i =m L F=0.1119L

19.

Further when volume of a gas molecule is negligible, van
der Waal's equation becomes

[P+%] (V-0)=RT

or PV=RT-2 or a=RIV - PV

Substituting the values,

a=(0.082x0.1119x273)—(100x0.1119%0.1119)
=1.253 atm L? mol

van der Waals equation for » moles of gas is,

- b |

{P+ L.

[V =nb] = nRT

VZ
Given V=4litre; P=11.0atm, T=300K;
b=0.05 litremole™!, n=2

11+ 229 |14 _2,0.05]= 2x0.082x 300
Thus, +4—2[—x.]—><. x

. a=6.46 atm litre? mol
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