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CHAPTER

Gaseous
State

EXERCISE | (JEE MAIN)

Gaseous Parameters and Gas Laws

The pressure outside a jet plane flying
at high altitude falls considerably below,
atmospheric pressure at sea level. The dir
inside the cabin must therefore be piess
surized to protect the passengers/What
is the pressure (in atmosphere) iw' the
cabin if the barometer readihg/is, 688 mm
of Hg?

(a) 0.905 atm

(b) 6.88 atm

(¢c) 9.05 atm

(d) data, insufficient

Dibutylphthalate is often used as a mono-
meter fiiidnIt has a density of 1.047 g/ml.
Hofv many torrs are represented by 1 mm
of this"fluid?

(a) 0.077 torr (b) 1 torr
(c) 12.98 torr (d) 760 torr

A liquid of density 1.70 g/ml is filled in
the barometer, in place of mercury. What
should be the length of liquid column, if
another barometer filled with mercury, is
measuring 75 cm pressure?
(a) 75cm

(¢) 9.375cm

(b) 600 cm
(d) 6000 cm
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A barometer i1s placed in open space of
laboratory of weather bureau. If the level
of mercury in the barometer falls consid-
erably, it will represent

(a) normal weather

(b) very slow speed of wind after some
time

(c) very high speed of wind after some
time

(d) very high atmospheric pressure

At a constant temperature a gas occu-
pies a volume of 200 ml at a pressure of
0.720 bar. It is subjected to an external
pressure of 0.900 bar. What is the result-
ing volume of the gas?

(a) 160 ml
(c) 80 ml

(b) 320 ml
(d) 400 ml

A volume of 2.5 1 of a sample of a gas at
27°C and 1 bar pressure is compressed to
a volume of 500 ml keeping the tempera-
ture constant, the percentage increase in
pressure is

(a) 100%
(c) 500%

(b) 400%
(d) 80%
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When we inflate cycle tubes, the volume
of tube as well as the pressure of air
inside tube increases

(a) Itisan exceptional case of Boyle’s Law.

(b) It happens because air is not ideal
gas.

(c) It happens because mass of air is not
constant.

(d) It happens because external force is
applied in inflating the tubes.

The value of Boyle’s Law constant (in S.I.
unit) for 200 ml of gas at 1.2 atm is about

(a) 240 atm-ml (b) 0.24 atm-1
(c) 2437 (d) 0.241]

In the outer space, the pressure recorded
is 5 x 10 torr. How much outer space
could be compressed into 1 dm’ box at a
pressure of 1 atm?

(a) 1.52% 10" dm’
(b) 4.56 x 10" dm’
(c) 2.28 x 10° dm’
(d) 1.14x 10" dm’

What is the increase in volume, when the
temperature of 600 ml of<€aif increases
from 27°C to 47°C under constant

pressure?
(a) 50 ml (b) 60 ml
(c) 80 ml (d) 40 ml

The temperaturg of a certain mass of a
gas increasedMrom 37°C to 38°C. The
volume/of, the gas

(a) Wwill'decrease by L of its volume at
° 273
37°C
(b) will increase byL of its volume at
273K 3

(c) will increase by L of its volume at
310K 3
(d) will remain the same.

At 4°C, a gas occupies 200 ml and the
same amount of gas at the same pressure
occupies 300 ml at 144°C. The absolute
zero from this data is
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(a) —273°C
(c) 276 K

(b) —276°C
(d) -3°C

When a definite mole of different gases
are heated from 20°C to 40°C at constant
pressure, their volume

(a) becomes double

(b) increases in the ratio of their molecu-
lar masses

(c) increases by the same extent

(d) decreases by the same extent

A sample of gascat 35°C and 1 atmos-
pheric pressur€ ocCupies a volume of
3.75 1. At what temperature should the
gas be kept7if it is required to reduce the
volumette.3)0 | at the same pressure?
(@)=52676°C (b) 0°C
(CN3.98°C (d) 28°C

A toy balloon can occupy 500 ml at 27°C.
The maximum stretching capacity of
the balloon is three times of the volume
at 27°C. The temperature above which
the balloon will burst, if pressure of the
balloon does not change
(a) 300 K

(c) 625°C

(b) 900 K
(d) 225°C

One day, when the temperature and pres-
sure were 300 K and 760 mm, a mass of
gas had a volume of 1200 ml. On the next
day, the volume had changed to 1218 ml
while the pressure was the same. What
was the temperature on the next day?

(a) 546 K (b) 304.5K
(c) 315K (d) 300 K

If the pressure of a certain amount of a
gas increases by 1% on heating by 1°C at
constant volume, its initial temperature
must be

(a) 100 K (b) 100°C

(c) 250 K (d) 250°C

A gas has a volume of ¥V cm® at 10°C. If
the pressure is doubled, at what tempera-
ture will the volume still be ¥ cm™?
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(a) 273°C
(c) 283°C

(b) 300°C
(d) 293°C

A quantity of 10 g of a gas at 1 atm pres-
sure is cooled from 273°C to 273 K keep-
ing its volume constant, the final pressure
of the gas will be

(a) 273 atm
(c) 0.2 atm

(b) 0.5 atm
(d) 0.1 atm

A pre-weighed vessel was filled with oxy-
gen at NTP and weighed. It was then
evacuated, filled with SO, at the same
temperature and pressure, and again
weighed. The mass of oxygen will be

(a) the same as that of SO,
(b) half that of SO,

(c) twice that of SO,

(d) one-fourth of SO,

According to Avogadro’s hypothesis,

equal volumes of all gases under the same

conditions of temperature and pressufe

will contain

(a) the same number of molecules

(b) different number of molecules

(c) the same number of molegtles only if
their molecular masses arévequal

(d) the same number.ofunolecules if their
densities are equal

Four 1-1 flasks dreseparately filled with
the gas hydsdgern; helium, oxygen and
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ozone at the same room temperature and
pressure. The ratio of total number of
atoms of these gases present in the differ-
ent flasks would be
(a) 1:1:1:1
(c) 2:1:2:3

(b) 1:2:2:3
(d) 1:2:2:1

Reducing the pressure from 1.0 atm to
0.5 atm would change the number of
molecules in one mole of{ammonia to

(a) 75% of initial value
(b) 50% of initial value
(c) 25% of initiakvalue
(d) None of.these

A closed confainer contains N molecules
at P atm~dnd 7 K. If the absolute tem-
pexrdture is doubled,

(a)sniumber of molecules present in the
container will become 2N

(b) number of molecules present in the
container will become N/2

(c) gas pressure become 2P

(d) gas pressure become P/2

Reducing the pressure from 1.0 to 0.5 atm
would change the number of molecules in
one mole of ammonia to

(a) 75% of initial value
(b) 50% of initial value
(¢) 25% of initial value
(d) None of these

Ideal Gas Equation
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Under what conditions will a pure sample
of an ideal gas not only exhibit a pressure
of 1 atm, also a concentration of 1 mole
litre '?

(a) AtSTP

(b) when V'=22.41

(c) when T= 12K

(d) Impossible under any condition

The temperature of an ideal gas can be
raised by

28.

(a) decreasing the volume but keeping
the quantity and pressure fixed

(b) decreasing the quantity but keeping
the pressure and volume fixed

(c) decreasing the pressure but keeping
the quantity and volume fixed

(d) decreasing the pressure and volume
but keeping the quantity fixed

The approximate length of the side of
a cube containing 850 million gas mol-
ecules at 0°C and 1 atm would be
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(@) 3.15x 10* cm
(¢) I mm

(b) 3x 107 cm
(d) 5.25x 10 cm

The pressure of interstellar space is about
4.0 x 10 atm. If the temperature is 3 K,
how many molecules are present per litre?
(R =0.08 I-atm/K-mol)
(a) 2430

(c) 845

(b) 1420
(d) 1002

The molar volume of CO, is maximum at

(a) 273 K and 1 atm
(b) 546 K and 1 atm
(c) 273 K and 2 atm
(d) 546 K and 2 atm

The volume occupied by 1.8 g H,O at 4°C
and 760 mm pressure is
(a) 1.81

(c) 2.271

(b) 1.8 ml
(d) 2.98 ml

If air is pumped slowly but continuously
into a metallic cylinder of strong wall, what
would happen to the air inside the cylindet?

(a) temperature of air would increase

(b) pressure of air would increase

(c) pressure of air would decrease

(d) temperature and pressue’ of air
would increase

V' vs T curves at*different pressures P,
and P, for an idealgas are shown below.
Which one of thé.following is correct?

(a) P,>P,
(b) P, <=
(©) (P, =2,
(d) Relation between P, and P, depends
on the gas.
Py
T Py
N
T—

At which of the following four condi-
tions, the density of an ideal gas will be
maximum?
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(a) 273 K and 1 atm
(b) 273 K and 2 atm
(c) 546 K and 1 atm
(d) 546 K and 2 atm

A vessel contains 1 mole of O, gas at a tem-
perature 7. The pressure of the gasis P. An
identical vessel containing 1 mole of He
gas at a temperature 27 has a pressure of
(a) PI8 tb) P

(c) 2P (d) 8P

A 101 bulb contains an‘ideal gas of molar
mass 81 at 27¢C\Some gas is removed
from the bulb wntil the pressure of gas
decreasedi\by/082 atm. The mass of gas
remoyed\is
()=27g

(ch40.5¢g

(b) 81¢
(d) 54¢

A bulb with chlorine gas at ambient pres-
sure contains 3.55 g at #°C. When the bulb
1s placed in a second thermostat at a tem-
perature 30°C higher and the stopcock of
the bulb temporarily opened (and closed
again) to restore the initial pressure, the
bulb is now found to contain 3.2 g of
chlorine. What is the value of °C?

(a) 2.81°C (b) 8.21°C
(c) 8.12°C (d) 1.28°C

If the absolute temperature of an ideal
gas having volume V' cm’is doubled and
the pressure is reduced to half, the final
volume of gas will be

(a) 0.25V (b) 0.50V
(c) 2V? (d) 4V

A 0.5 dm’ flask contains gas A and 1 dm’
flask contains gas B at the same tempera-
ture. If density of A is twice that of B and
the molar mass of A is half of B, then the
ratio of pressure exerted by gases is

(a) P,/Py=2 (b) P,/Py=1
(c) P,/P,=4 (d) P,/P,=3
Density of a gas is found to be 5.46 g/dm’

at 27°C at 2 bar pressure. Its density at
STP will be
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(a) 1 g/dm’
(c) 3 g/dm’

(b) 2 g/dm’
(d) 4 g/dm’

A student forgot to add the reaction mix-
ture to the round-bottomed flask at 27°C
but put it on the flame. After a lapse of
time, he realized his mistake. Using a
pyrometer, he found the temperature of
the flask as 477°C. What fraction of air
would have been expelled out?

(a) 5/3 (b) 3/5

(c) 2/5 (d) 372

Pressure of 1 g of an ideal gas A at 27°C
1s found to be 2 bar. When 2 g of another
ideal gas B is introduced in the same
flask at same temperature the pressure
becomes 3 bar. What is the relationship
between their molecular masses?

(2) 2M, = M, (b) My=M,
(c) My=4M, (d) My=2M,

A compound exists in the gaseous phase
both as monomer (A) and dimer (B). The
molecular mass of A is 48. In an exXperni-
ment, 96 g of the compound was ¢cofifined
in a vessel of volume 33.6 1. @nd heated to
546 K. What is the pressuréxdeveloped if
the compound exists as dimerto the extent
of 50% by weight under these conditions?
(a) 2 atm (b) 4 atm

(c) 3atm (d) 0.5 atm

A 2.24 1 cylinder of oxygen at 0°C and
1 atm igfouind to develop a leakage. When
thefleakage was plugged, the pressure
dropped to 570 mm of Hg. The number
of moles of gas that escaped will be

(a) 0.025 (b) 0.050
(c) 0.075 (d) 0.09

A container contains certain gas of
mass m at high pressure. Some of the
gas has been allowed to escape from the
container. After some time, the pressure
of the gas becomes half and its absolute
temperature two-third. The amount of
the gas escaped is
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(a) 2ml3
(c) ml4

(b) mf2
(d) ml6

A perfectly expandable balloon filled
with helium gas at 27°C and a pressure
of 720 mm of Hg has a volume of 100 L.
The balloon rises to an altitude where the
pressure is 420 mm of Hg and the tem-
perature —53°C. What is the.change in the
volume of the balloon?

(a) 161 (b) 25.71

(c) 481 (d) 15.71

There is 10 1 of & gas at STP. Which of
the following changes keep the volume
constant2*")

(a), 273"K=and 2.0 bar pressure
(b)=3546K and 2.0 bar pressure
(ch946 K and 0.5 bar pressure
(d) 273 K and 0.5 bar pressure

A certain mass of an ideal gas at 9 atm
and 30°C is first heated to 131°C at con-
stant volume and then the amount of the
gas is increased by 50% at constant vol-
ume and temperature. The final pressure
of the gas becomes
(a) 9 atm

(c) 18 atm

(b) 4.5 atm
(d) 13.5atm

A quantity of 10 g of an ideal gas is
expanded at constant temperature until
its pressure becomes half of the initial
pressure. The quantity of 1.25 g of the
rarefied gas occupies 50 ml at the same
final pressure and temperature. The ini-
tial volume of the gas was

(a) 200 ml (b) 400 ml
(c) 800 ml (d) 25 ml

One mole of N,O,(g) at 300 K is kept in
a closed container under 1 atmospheric
pressure. It is heated to 600 K when
20% by mass of N,O,(g) decomposes to
NO,(g). The resultant pressure is

(a) 1.2 atm (b) 2.4 atm
(c) 2.0 atm (d) 1.0 atm
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Dalton’s Law
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Which of the following mixture of gases
at room temperature follows Dalton’s law
of partial pressure?

(a) NH,, HCI

(b) H,, 0,

(c) NO, O,

(d) All the above

The partial pressures of N,, O, and CO,
in a vessel are 38 cm of Hg, 190 torr and
0.5 atm, respectively. The total pressure
of the mixture at the same temperature is

(a) 0.96 atm
(b) 1.02 atm
(c) 1.64 atm
(d) 1.25 atm

Assume that air 1s 21% O, and 79% N,
by volume. If the barometric pressure is
740 mm, the partial pressure of O, is clos*
est to which one of the following

(a) 155 mm (b) 310mnt
(c) 580 mm (d) 740aum

Equal masses of ethane and\ydrogen are
mixed in an empty container at25°C. The
fraction of the total*pressure exerted by
hydrogen is
(a) 1:2

(c) 1:16

(b) 1:1
(d) 15:16

A mixturg’of hydrogen and oxygen at one
bar preSstire contains 20%, by weight, of
hydrogen. The partial pressure of hydro-
gen will be
(a) 8 bar
(c) 4 bar

(b) 0.8 bar
(d) 6 bar

Quantities of 16 g of oxygen and 14 g
of nitrogen are contained in a closed
bottle. The pressure inside the bottle is
4 atm. Now, 8 g O, gas is removed from
the bottle. What will be the new pressure
inside the bottle?
(a) 2 atm

(c) 6 atm

(b) 4 atm
(d) 3atm
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The mass of pure CH, gas to be mixed
with 70 g of pure CO so that the partial
pressure of CO is equal to the partial
pressure of CH,, is

(a) 40 g (b) 70 g
(c) 16 ¢ (d) 28¢

A box of 1 1 capacity igdivided into two
equal compartments.by a thin partition,
which is filled with 2%g.hydrogen and 16 g
methane, respectively. The pressure in
each compagtent is recorded as P atm.
The total pressure when the partition is
removed, will be
(a)

(). P2

(b) 2P
(d) Pl4

A closed vessel contains equal number
of nitrogen and oxygen molecules at a
pressure of P mm. If nitrogen is removed
from the system, then the pressure will be
(@) P (b) 2P
(c) P2 (d) P

A vessel is filled with a mixture of oxygen
and nitrogen. At what ratio of par-
tial pressures will the mass of gases be
identical?

(a) P(O,) =0.785 P(N,)

(b) P(O,)=8.75 P(N,)

(c) P(O)=114P(N,)

(d) P(O,)=0.875 P(N,)

The volumes of the two vessels are in
the ratio of 2:1. One contains nitrogen
and the other oxygen at 800 mm and
680 mm pressure, respectively. Determine
the resulting pressure when they are con-
nected together.

(a) 760 mm
(c) 1140 mm

(b) 670 mm
(d) 1480 mm

What will be the pressure of the gas mix-
ture when 0.5 1 of H, at 0.8 bar and 2.0 1
of oxygen at 0.7 bar are introduced in a
1 I vessel at 27°C?
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(a) 3 bar (b) 1.8 bar
(c) 1 bar (d) 18 bar

A quantity of 4 g H, reacts with 9x 10 CI,
molecules and forms HCI gas. If the total
pressure of the system after reaction is
700 mm, what is the partial pressure of
HCI? Assume complete reaction.

(a) 200 mm (b) 350 mm
(c) 300 mm (d) 600 mm

A vessel has N, gas saturated with water
vapours at a total pressure of 1 atm. The
vapour pressure of water is 0.3 atm. The
contents of this vessel are completely
transferred to another vessel having one-
third of the capacity of original volume,
at the same temperature. The total
pressure of this system in the new vessel is

(a) 3.0 atm (b) 1 atm
(c) 3.33 atm (d) 2.4 atm

There 1s some liquid in a closed bottle.
The amount of liquid is continuouSly
decreasing. The vapour in the remaining
part

(a) must be saturated

(b) must be unsaturated

(c) must be super saturated
(d) there will be ne vapeur

A sample of air ontdins only N,, O, and
H,O. It is safurated with water vapour
and pressuse 18640 torr. The vapour pres-
sure ofrwater is 40 torr and the molar
ratid6 offIN,:0, is 3:1. The partial pressure
of Nsifi the sample is

(a) 540 torr
(b) 900 torr
(c) 1080 torr
(d) 450 torr

Oxygen gas is collected by downward
displacement of water in a jar. The level
of water inside the jar is adjusted to the
height of water outside the jar. When the
adjustment is made, the pressure exerted
by the oxygen is

68.
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(a) equal to the atmospheric pressure

(b) equal to the vapour pressure of
oxygen at that temperature

(c) equal to atmospheric pressure plus
aqueous tension at that temperature

(d) equal to atmospheric pressure minus
aqueous tension at that temperature

At 20°C, the vapour pressure of water
is recorded as 22.57 mbat\What will be
vapour pressure of waterin the apparatus
shown after the piston i1s Towered, thereby
decreasing the yolume of the gas above
liquid to half.ef, the original volume

(a) 45.14 mbar
(b) 22.57 mbar
(c)nI11.28 mbar
(d)“between 11.28 and 22.57 mbar

<~——— Water vapour

R B Liquid vapour

If the concentration of water vapour in
the air is 1% and the total atmospheric
pressure equals 1 atm, then the partial
pressure of water vapour is

(a) 0.1 atm
(c) 7.6 mm Hg

(b) 1 mm Hg
(d) 100 atm

A volume of 190.0 ml of N, was collected
in a jar over water at some temperature,
water level inside and outside the jar
standing at the same height. If barom-
eter reads 740 mm Hg and aqueous ten-
sion at the temperature of the experiment
is 20 mm Hg, the volume of the gas at
1 atm pressure and at the same tempera-
ture would be

(a) 185.0 ml
(c) 195.0 ml

(b) 180.0 ml
(d) 200 ml
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Graham's Law
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If helium and methane are allowed to
diffuse out of the container under the
similar conditions of temperature and
pressure, then the ratio of rate of diffu-
sion of helium to methane is

(a) 2.0 (b) 1.0

(c) 0.5 (d) 4.0

An unknown gas ‘X’ has rate of diffusion
measured to be 0.88 times that of PH, at
the same conditions of temperature and
pressure. The gas may be

(b) CO

(d) N,O

A quantity of 2 g of hydrogen diffuses
from a container is 10 min. How many
grams of oxygen would diffuse through
the same container in the same time
under similar conditions?

(@ 5¢g (b) 4¢
(c) 6¢g (d) 8¢

A gas with formula C Hy sdiffuses
through the porous plug dtd rate one-
sixth of the rate of diffusién’ of hydrogen
gas under similar conditions. The for-
mula of gas is

(a) C,H
(© CH),

(b) CyHy,
(d) CH,

A class consists’ of 7 rows. The teacher
release$ langhing gas, N,O from the front
row, andl a mischievous student releases
a tear gas of molecular weight 176 from
rear most. The student of which row
from the first will weep and smile simul-
taneously

(a) fifth (b) first

(c) second (d) third

A balloon is filled with N,O is pricked
with a sharp point and quickly plunged
into a tank of CO, under the same pres-
sure and temperature. The balloon will

77.
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(a) beenlarged

(b) shrink

(c) remain unchanged in size
(d) collapse completely

A certain gas diffuses from two different
vessels A and B. The vessel /A has a circu-
lar orifice while vessel B hassquare orifice
of length equal to thesadius of the orifice
of vessel A. The ratig of the rates of dif-
fusion of the gasfrom vessel A to vessel
B, assuming same temperature and pres-
sure is

(a) m (b) 1/m

(N (d) 2

A'volume of 180 ml of hydrocarbon takes
15" min to diffuse. Under the same con-
ditions 120 ml of sulphur dioxide takes
20 min. The molecular weight of hydro-
carbon is
(a) 16

(c) 48

(b) 32
(d) 64

In a glass tube of 1 m length and uniform
cross section, NH,(g) from one end and
BF,(g) from the other end are sent at a
time. The distance from the ammonia end
where the addition compound, BF,-NH,
will first formis (B=11; F=19)

(a) 66.67 cm (b) 33.33cm
(¢) 50.00 cm (d) 60.00 cm

For 10 min each, at 27°C, from two iden-
tical holes nitrogen and an unknown
gas are leaked into a common vessel of
3 1 capacity. The resulting pressure is
4.18 bar and the mixture contains 0.4
mole of nitrogen. The molar mass of the
unknown gas is
(a) 112 gmol
(b) 242 g mol™
(c) 224 g mol™
(d) 422 g mol™
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The ratio of root mean square speed of
H, at 50 K and that of O, at 800 K is

(a) 4 (b) 2
© 1 (d) 1/4

If only one gas molecule is taken in a con-
tainer, the correct relation between average
speed, ¢, root mean square (RMS) speed,
u, and most probable speed, o, becomes
(a) a<c<u (b) a=c=u
(c) c<u<a (d) u<e<a

The average speed of an ideal gas mole-
cule at 27°C is 0.3 m/s. The average speed
at 927°C will be

(a) 0.6 m/s
(c) 0.9m/s

(b) 0.3 m/s
(d) 3.0m/s

The molecules of a given mass of a gas
have RMS speed of 200 m/s at 300 K and
1,00,000 bar pressure. When the absolute
temperature is doubled and the pressure
is halved, the RMS speed of maolgcules
will become

(a) 200 m/s (b)2400/m/s
(¢) 100 m/s (D 20072 m/s

At STP, the order. of, the RMS speed of
molecules of H,, N, O, and HBr gases is
(a) H, >N, >0,&/HBr
(b) HBr > O5>N, > H,
(¢) HBr3Hy>O,> N,
(d) N,%0,>H,>HBr

Two'gdses X and Y have their molecular
speed in ratio of 3:1 at certain tempera-
ture. The ratio of their molecular masses

MM, is
(a) 1:3 (b) 3:1
() 1:9 (d) 9:1

At what temperature will the total trans-
lational kinetic energy of 0.30 mole of
He gas be the same as the total transla-
tional kinetic energy of 0.40 mol of Ar at
400 K?
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(a) 533K
(c) 300 K

(b) 400 K
(d) 266 K

The translational kinetic energy of N
molecules of O, 1s x J at —123°C. Another
sample of O, at 27°C has translational
kinetic energy of 2x J. Thedlatter sample
contains

(a) N molecules of O,

(b) 2N molecules,of '©4
(c) N/2 molecylesof O,
(d) N/4 molecules of O,

Helium @tont is two times heavier than a
hydrogen molecule. At 298 K, the average
kirtetic energy of a helium atom is
(a)“two times that of hydrogen molecule
(b) same as that of a hydrogen molecules
(c) fourtimes that of a hydrogen molecules
(d) half that of a hydrogen molecule

The translational kinetic energy of 10%°
molecules of nitrogen at a certain tem-
perature is 0.63 J. The temperature is

(a) 23°C (b) 31.3°C
(c) 30.1°C (d) 43.3°C
Consider three identical flasks with differ-
ent gases:

Flask A: CO at 760 torr and 273 K

Flask B: N, at 250 torr and 273 K

Flask C: H, at 100 torr and 273 K

In which flask will the molecules have the
greatest average kinetic energy per mole?
(a) A (b) B

(c) C (d) same in all

Maxwell and Boltzmann have shown
that the actual distribution of molecular
velocities in all molecules in a given gas
depends on

(a) temperature and pressure

(b) temperature and molecular mass
(c) volume and temperature

(d) pressure and molecular mass
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A gas container observes Maxwellian
distribution law of speed. If the num-
ber of molecules between the speed 5.0
and 5.1 km per sec at 298 K is N, what
would be number of molecules between
this range of speed if the total number of
molecules in the vessel are doubled?

(a) 2N (b) N

(c) 2N? (d) N2

If X is the total number of collisions
which a gas molecule registers with other

9s.

molecules per unit time under particular
conditions, then the collision frequency
of the gas containing N molecules per
unit volume is
(a) XIN
(c) 2NX

(b) NX
(d) NX2

Which of the following gas molecule has
the longest mean free pathyat the same
pressure and temperature?
(a) H,
(c) O,

(b) N,
(d) Cl,

Real Gases

96.

97.

98.

99.

Consider an ideal gas contained in a
vessel. If the intermolecular interactions
suddenly begin to act, which of the fol-
lowing happen?

(a) the pressure decreases

(b) the pressure increases

(c) the pressure remains unchanged

(d) the gas collapses

A real gas obeying van/der{“Waal’s
equation will resemble ideal, gas if the
constants

(a) a and b are smali
(b) ais large and is sthall
(c) ais small and/byis large
(d) a and b ate large

The behawiour of a real gas is usually
depiCted../ by plotting compressibility
facter.Z versus P at a constant tempera-
ture. At high temperature and high pres-
sure, Z is usually more than 1. This fact
can be explained by van der Waal’s equa-
tion when

(a) the constant a is negligible and not b
(b) the constant b is negligible and not a
(c) both constants a and b are negligible
(d) bothconstants@and b are not negligible

The van der Waal’s equation for (%2) mole
of a gas

(a) P+%)(V—b): RT
) [P+ |(v-2]=EL
4y 2)” 2
a V-b
P+ L Y
© 72 )\ 2
d [ P+-L V=b)_orr
a2 )\ 2

100. The numerical value of a, the van der

Waal’s constant is maximum for
(a) He (b) H,
(©) O, (d) NH,

101. The molecular radius for a certain gas

=1.25 A. What is the reasonable estimate
of the magnitude of the van der Waal’s
constant, b, for the gas?

(a) 0.98 x 107 litre/mole
(b) 1.43 x 107 litre/mole
(c) 1.97 x 107 litre/mole
(d) 3.33 x 107 litre/mole

102. What is the pressure exerted by 32 g of

methane in a 250 ml vessel at 300 K
using van der Waal’s equation. Given
a=2.253 atm I'mol > and 5 =0.0428 I mol'
(a) 227.54 atm (b) 299.64 atm

(c) 72.096 atm (d) None of these



103.

104.

van der Waal’s constant b for a gas is
0.0391 I mole '. What is the radius of the
gas molecule?

(a) 3.8765 A
(c) 8.3675A

(b) 1.5708 A
(d) 5.8075 A

When there is more deviation in the
behaviour of a gas from the ideal gas
equation PV =nRT

(a) at high temperature and low pressure
(b) at low temperature and high pressure

105.

Gaseous State = 3.11
(c) at high temperature and high pressure
(d) at low temperature and low pressure

The PV-P isotherms of 1 mole of differ-
ent gases at 273 K, if the limit of pressure
tending to zero, converge to a value of
PV =

(a) 11.2 1-atm

(b) 22.4 I-atm

(c) zero

(d) 22.41

Liquefaction of Gases

106.

107.

108.

Only the vapours of a liquid exist
(a) below boiling point

(b) below critical temperature

(c) below inversion temperature
(d) above critical temperature

van der Waal’s constants b and the cof-
responding values of critical tempgfas
ture for three gases P, Q and R, arg<givén
below ’

Gas Critical vamder Waal’s
temperature constant b
P —200°€ 0.03 1/mol
Q —100°€ 0.02 I/mol
R F50°€ 0.01 1/mol

Which ofi the gases are liquefiable at a
temperature —110°C by application of
increasing pressure?

(a) QR

(b) P,Q

(c) QR

(d) None of them

For a certain gas obeying van der Waal’s
equation, the critical temperature is
305.5 K and the critical pressure is
48.2 atm. The critical volume is

(a) 0.0981 (b) 0.1951
(c) 0.2311 (d) 0.3211

109.

110.

111.

The vanyden Waal’s parameters for gases
W, X, ¥/and Z are

Gas a (atm 1*/mol®) b (Ilmol)
w 4.0 0.027
X 8.0 0.030
Y 6.0 0.032
Z 12.0 0.027

Which one of these gases has the highest
critical temperature?
(a) W
() Y

(b) X
d) Z

The critical constants P. and 7. for four
gases are

Gas Critical Critical
temperature pressure
o, 153K 50 bar
Cl, 417K 76 bar
H, 339K 13.5 bar
He 512K 2.2 bar

The gas with smallest value of van der
Waal’s constant b is
(a) O,
(c) H,

(b) Cl,
(d) He

Under critical conditions, the compress-
ibility factor for a gas is
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113.
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(a) 3/8 (b) 8/3

(© 1 (d) 1/4

The behaviour of temporary gases like

carbon dioxide approaches that of per-
manent gases such as nitrogen, oxygen,
etc., as we go

(a) below critical temperature

(b) above critical temperature

(c) above absolute zero

(d) below absolute zero

The van der Waal’s constants for three
gases R, S and T are given below

114.

115.

The correct sequence of placing the easily
liquefiable gas last and the one difficult to
liquefy first is
(a) R,S, T
(c) T,S,R

(b) S, T,R
(d S, R, T

The correct order of the values of critical
temp, 7; Boyle temp, 7, and inversion
temp, 7; of a real gas is
(@) T.<Ty<T
) T,<T.<T,

(b) T,<T.<T.
(d) T.<T,<T.

The critical tempé€rature and critical pres-
sure of a gasfobeying van der Waal’s
equation aré\30°C and 73 atm, respec-

Gas a (atm L’/mol’) b (I/mol) tively. Its'wan der Waal’s constant b (in
52 0.420 litres o)) is
S 3.8 0.038 (@~0:300 (b) 0.060
2.3 0.032 (c)N0.265 (d) 0.128
Answer Keys - Exercise |
Gaseous Parameters and Gas Laws
l.(a) 2.(a 3.() 44 )5 (@ 6.(b) 7.(¢) 8 () 9. (@ 10. ()
11. (b) 12. (b) 13. (c) 144y 15. (c) 16. (b) 17. (a) 18. (d) 19. (b) 20. (b)
21. (@) 22. (¢) 23. (d) 24.*(c) 25. (d)
Ideal Gas Equation
26. (¢) 27. (b) L285(a) 29. (d) 30. (b) 31. (b) 32. (b) 33.(a) 34 (b) 35. (c)
36. (@) 37. (dY\38. (d) 39. (c) 40. (c) 41.(b) 42. (c) 43. (a) 44. (a) 45. (¢)
46. (b) 47b)™ 48. (c) 49. (a) 50. (b)
Dalton’s.Law
51. (b) 52.(d) 53.(a) 54.(d) 55 (b) 56.(d) 57. (a) 538.(a) 59.(c) 60. (d)
61. (a) 62. (b) 63.(d) 64. (d) 65 (b) 66.(d) 67.(d) 68. (b) 69. (c) 70. (b)



Graham'’s Law
71. (@) 72. (d) 73. (d)

Kinetic Theory of Gases
81. (¢) 82. (b) 83. (a)
91. (d) 92. (b) 93. (a)
Real Gases

96. (a) 97. (a) 98. (a)

Liquefaction of Gases
106. (d) 107. (c) 108. (b)

Gaseous State = 3.13

74. (c) 75.(d) 76.(c) 77.(a) 78.(a) 79.(a) 80. (c)

84. (d) 85.(a) 86.(c) 87.(a) 88.(a) 89.(b) 90. (b)
94. (d) 95. (a)

99. (b) 100. (d) 101. (c) 102. (c) 103. (a) 104\¢b) 105. (b)

109. (d) 110. (d) 111. (a) 112. (b) JT3(c) 114. (a) 115. (d)
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EXERCISE Il (JEE ADVANCED)

Section A (Only one Correct)

A manometer is connected to a gas
containing bulb. The open arm reads
53.3 cm whereas the arm connected to
the bulb reads 15.6 cm. If the barometric
pressure is 763 mm mercury, what is the
pressure of gas, in atm?

(a) 1.05 atm
(c) 0.51 atm

(b) 1.5 atm
(d) 1.91 atm

A diver ascends quickly to the surface
from the bottom of a lake of depth
H metre. During this period, he neither
exhales nor inhales air. Assuming con-
stant temperature, what would be the
fractional increase in volume of his lungs?
The atmospheric pressure is 7H metre of
water.

(a) (b)

|0 o —
G| — 0|

(c) (d)
A thin tube of uniform cross,section has
trapped air columns of. Jengths 46 and
44.5 cm above and ‘below a middle pel-
let of mercury 5,€m n length (see figure)
when held at am@igle of 60° to the ver-
tical. Whenplaeed horizontally, the col-
umns arg'equal in length. The tempera-
tureas 27°C. The pressure of air columns,
in ¢ém Hg, when the tube is horizontal, is

46 cm
60° Scm
44.5 cm
(a) 76.0 cm (b) 71.7 cm
(c) 73.2cm (d) 754 cm

4. A 2 mlong tube closed at one end is low-

ered vertically into water until the closed
end is flush with the water surface. See fig-
ure. Calculate the water level height in the
tube. (Barometric pressut€= [*atm = 10 m
of hydrostatic water Kead: Temperature
= 25°C, Density of sater 1.00 g/ml.
Neglect water vapeur pressure)

Nl
(a) 1_.OI n_1 _______ (;3)_0.29 m
(¢) 1.7 m (d) 0.92m

For which state of matter, the coefficient
of cubic expansion is independent to
chemical composition?

(a) solid
(c) gas

When the volume of a fixed mass of a gas
(Y—axis) is plotted against temperature,
in °C, (X-axis), at constant pressure of
5 atm, the graph is straight line with slope
0.08 1/°C cutting the volume axis at V.
The value of ¥ is

(@) 0 (b) 0.08

(c) 19.041 (d) 19.04 ml

At 0°C and a pressure of 1000 mm,
a given weight of nitrogen occupies a
volume of 1.0 1. At —100°C, the same
weight of gas under the same pressure
occupies a volume of 0.6 1. What is the
value of absolute zero in degree celsius?
(a) —250°C (b) 250°C
(c) —273°C (d) 273°C

(b) liquid
(d) all
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9.

10.

11.

An ideal gas is initially at temperature T
and volume V. Its volume increases by AV
due to an increase in temperature of A7,
pressure remaining constant. The quan-

. AV . .
tity 0 = varies with temperature as
VAT

(a) ¥ (b) 7,
T 7
) ) /
B ~l—o—¢7
O Trsar X O Trsar X

Temperature K Temperature K

(© v, (d) r
' N
0 X

TT+AT X O T T+AT
Temperature K Temperature K

A sample of gas has a volume of V| 1 at
temperature #,°C. When the temperatuge
of the gas is changed to 7,°C at cOhs
stant pressure, the volume of the gas\was
found to increase by 10%. The percéntage
increase in temperature (in 2C)is

(a) 10% (b), (FO2730¢, )
(c) 37.3% @\OT+¢,")

Two flasks A and_B of.T I capacity each
contains SO, and’B#, gases, respectively,
maintained at 340 K and pressure of
1.5 atm. If number of Br, molecules in
flask BaswV, the total number of atoms in
flask A will be

(a) M (b) 2N

(c) NI2 (d) 3N

A volume of 1 litre of N, and 7/8 1 of O,
at the same temperature and pressure
were mixed together. What is the relation
between the masses of the two gases in
the mixture?

(a) My, =3M,

(b) My, =8M,,

() My =M
(d) My, =16M,,

12.

13.

14.

15.

16.

Gaseous State = 3.15

The diameter of a balloon filled by
8 moles He gas is 10 cm. If 7 moles He
gas effuses out in the night, what should
be the diameter of balloon in the next
morning? Assume constant pressure and

temperature for the gas.
1/3
(b) (%) Scm

(d).20 cm

(a) S5cm

(c) (g) Scm

A quantity of 22 g dry'ice is taken in an
open bottle of enslitre capacity and the
bottle is thensclosed properly. If tempera-
ture of bottléss maintained at 27°C for
long tinie, inWwhich all the CO, is sublimed,
the\ptessure in bottle is (Ambient condi-
tionNs 1 atm and 27°C)

(a)"13.315 atm
(b) 12.315 atm
(c) 11.315 atm
(d) 1.0 atm

The volume of a filled balloon of mass
20 g is 40 1. The density of gas filled in the
balloon is 0.6 g/L and the density of air is
1.3 g/L. The balloon

(a) will not lift upward

(b) will lift upward with pay load zero
(c) will lift upward with pay load 6 g
(d) will lift upwards with pay load 8 g

If the intermolecular forces vanish away,
the volume occupied by the molecules
contained in 4.5kg water at 0°C and
1 atm will be given by

(a) 4.5m’

(b) 5.6 m’

(c) 11.2m’

(d) 11.2 litre

A mixture of CO and CO, has a density of
1.5 g/l at 27°C and 760 mm pressure. If 11
of the mixture is exposed to alkali, what
would be the pressure of the remaining
gas at the same volume and temperature?

(a) 533 mm (b) 473 mm
(c) 335 mm (d) 595 mm
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By what factor does water expand when
converted into vapour at 100°C and 1 atm
pressure? The density of liquid water at
100°C and 1 atm is 0.96 g cm *?

(a) 815 (b) 2000

(c) 1630 (d) 500

The circulation of blood in human body
supplies O, and releases CO,. It results
the variation in concentration of O,
and CO, in the body. But on an average,
blood contains 0.32 g of O, and 0.88 g of
CO, per litre. What should be the volume
occupied by O, and CO,, as gas, at 1 atm
and at body temperature 37°C, assuming
10 litre blood in human body?

(a) 2.5451,2.5451
(b) 5.091,2.5451
(c) 2.5451,5.091
(d) 2.5451,7.6351

A bottle of cold drink has 200 ml of
liquid in which concentration of CO,.Is
0.1 M. If CO, behaves as i1deal gas{“the
volume of CO, at 0°C and 1 atm équiva-
lent to the one in cold drink is

(a) 0.2241 by 07448 1
(c) 0.1121 @) 4.481

A plot of the density\versus the pres-
sure for air at 27°€ has the limiting slope
= 1.2 x 10° kg-"Pa'. The composition
of air (contaws.only N, and O,) in volume
ratio of N, and O, is (R = 8.0 J/K-mol)
(a) 80:20 (b) 90:10

(c) %50:50 (d) 60:40

A quantity of 4 g of oxygen occupies 10 1
at a particular pressure and temperature.
If the pressure of gas is doubled and
absolute temperature is halved, in order
to maintain constant volume

(a) 3 g gas should be removed from
container

(b) 3 ggasshould be added in the container

(c) 16 g gas should be added in the
container

(d) 12 g gas should be added in the
container

22.

23.

24.

25.

26.

If at top of a hill 2000 m above sea level,
the atmospheric pressure is 50 cm of Hg
and at the sea level the atmospheric pres-
sure is 74.5 cm of Hg, and you need as
much oxygen to breath at sea level as on
the top of the hill, how much faster need
you breathe on the hill top?

(a) 2.44 times (b) 1.49 times
(c) 5 times (&), 7 times

At 0°C the density of fitfogen at 1 atm is
1.25 kg/m’. The nitregén which occupied
1500 ml at 0°C and,1‘atm was compressed
at 0°C and 575satm and the gas volume
was observedito be 3.92 ml, in violation
of Boyl€’s law. What was the final density
of t¢his non-1deal gas?

(a) 278 kg/m’

(b)*378 kg/m’

(¢) 478 kg/m’

(d) 578 kg/m’

A spherical air bubble is rising from the
depth of a lake when pressure is P atm
and temperature is 7' K. The percentage
increase in its radius when it comes to the
surface of a lake will be (Assume tem-
perature and pressure at the surface to be
respectively 27 K and P/4)

(a) 100%
(c) 40%

(b) 50%
(d) 200%

An ideal gas expands according to the
law P’V = constant. On expansion, the
temperature

(a) decreases

(b) increases

(c) remains constant
(d) none of these

The ratio of universal gas constant and
molar mass of gas is called molar gas
constant. The value of molar gas con-
stant is greater for

(a) He

(b) N,

() H,

(d) same for all



27.

28.

29.

30.

31.

32.

The pressure exerted on walls of a 3L
flask when 7 g of N, is introduced into
it at 300 K should be (assume ideal
behaviour of gas)

(a) zero

(b) 2.05 atm

(c) 4.10 atm

(d) 207.85 atm

An amount of 1 mole of a gas is changed
from its initial state (20L, 2atm) to final
state (4L, 10atm), respectively. If the
change can be represented by a straight
line in P—V curve, the maximum tempera-
ture achieved by the gas in the process is
(R=0.08 L-atm/K-mol)

(a) 900°C (b) 900 K
(c) 627K (d) 1173°C
The drain cleaner, Drainex contains
small bits of aluminium which react

with caustic soda to produce hydrogens
What volume of hydrogen at 27°C and
0.831 bar will be released when 0.15/8of"
aluminium reacts? (Al = 27)

(a) 250 ml (b) ;156-ml
(c) 500 ml (d) J25 ml

A vessel of 5.0 1 capacity,contains 1.4 g
nitrogen at 1800 Ke. AsSuming that at this
temperature, 40%¢0f, molecules are dis-
sociated into atoms and the gas is ideal,
what is the gas\pressure?

(a) 2.07.atm
(c) A~05.atm

(b) 1.476 atm
(d) 2.67 atm

A steel rigid vessel of volume 1 1 is filled
with a mixture of methane and oxygen ata
total pressure of one atm at 27°C. The gas
mixture is exploded. What would be the
final pressure of the products at 127°C?
Aqueous tension at 27°C = 0.04 atm.

(a) 3.13 atm (b) 1.33 atm
(c) 1.28 atm (d) 2.08 atm

A gaseous mixture of three gases A, B
and C has a pressure of 10 atm. The total
number of moles of all the gases is 10. If
the partial pressures of A and B are 3.0

33.

34.

35.

36.

Gaseous State = 3.17
and 1.0 atm, respectively, and if C has
molecular mass of 2.0, what is the mass
of C, in g, present in the mixture?
(a) 6 (b) 8
(c) 12 (d) 3

A quantity of 5.0 g of a mixture of He
and another gas occupies a volume of
1.51at 300 K and 750 mm«Hg. The gas
freezes at 270 K. At 15 K the pressure of
the gas mixture 1s 8 min Hg (at the same
volume). What is the molecular mass of
the gas?

(a) 103.8
(c) 495

A voldgme=0f 10 ml of ethane gas is mixed
witlnd0"ml oxygen gas in an eudiometer
tube’at 30°C and fired. When the result-
ing gases are cooled to 30°C, the volume
of eudiometer becomes 26 ml. What is
the vapour pressure of water at 30°C?
Neglect the volume occupied by liquid
water. Pressure i1s 1 atm and constant
throughout.

(a) 1atm

(b) 29.23 mm Hg

(¢) 26 mm Hg

(d) 32.55 mm Hg

(b) 4.0
(d) 82.24

On a certain day the vapour pressure is
24 mm of Hg for water vapour in air at
300 K. The saturated vapour pressure is
26.463 mm. How many moles of water
vapour per litre of air would be required
to saturate the air at this temperature?
(a) 1.0 (b) 0.01

(c) 0.1 (d) 10.0

A volume of 50 I of dry N, is passed
through 36 g of water at 300 K. After
passage of gas, there is a loss of 1.20 g
in water. The vapour pressure of water at
300 K is

(a) 0.033 mm Hg

(b) 24.96 mm Hg

(¢) 16.05mm Hg

(d) 38.73 mm Hg
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Suppose the inhaled air has partial pres-
sure of water vapour of 5 mm Hg and
exhaled air is nearly saturated at body
temperature (310 K) with water vapour.
The mass of water lost per day by a
person assuming that the normal man
breaths 10,000 litre per day. Saturated
vapour pressure of water at 310 K is
45 mm Hg.

(a) 20.68 g
(b) 37223 g
(c) 418.76 g
(d) 46.53 g

If saturated vapours are compressed
slowly and isothermally to half of the
initial volume, the pressure exerted by the
vapours will

(a) become four times
(b) become double
(c) remain unchanged
(d) become half

Vapour is injected at a uniform.(tfate
in a closed vessel which was  itutially
evacuated. The pressure in the vessel

(a) increases continuously

(b) decreases continuously

(c) first increases and<then decreases

(d) first increasessand then becomes
constant

Some liquidssitaken in an evacuated ves-
sel and the vessel is sealed. Which of the
following Jeraph will correctly represent
thetachievement of equilibrium of liquid
with its vapour at constant temperature?
(r, = rate of evaporation, r, = rate of
condensation)

(a)

Rate T

41.

42.

43.

(b)

Rate T

(©

Rate T

(d)

r
Rate T \

Time —

The rate of diffusion of two gases X and
Y is in the ratio 1:5 and that of Y and Z
in the ratio of 1:6. The ratio of the rate of
diffusion of Z with respect to X is

(a) 30/1 (b) 1/30

(c) 5/6 (d) 6/5

At room temperature, NH,(g) and HX(g)
are passed into a 1m long tube from two
opposite ends at the same pressure. The
formation of NH,X (s) will be closest
from the injection of HX end when HX is
(a) HF (b) HCI1

(c) HBr (d) HI

At 20°C, two balloons of equal volumes
and porosity are filled to a pressure of
2 atm, one with 14 kg N, and other with
1 kg of H,. The N, balloon leaks to a
pressure of half atm in 1hr. How long will
it take for H, balloon to reach at pressure
of half atm?
(a) 1h

(¢c) 16 min

(b) 30 min
(d) 3.74h
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45.

46.

47.

48.

Which among the following has rate of
effusion less than the moist air?

(a) He (b) Dry air

(c) NH, (d) heavy hydrogen

A mixture of CH, and HBr, in a vessel
are allowed to effuse out through a small
hole at the same temperature. What is the
mole fraction of CH,, if the initial rates
of effusion are the same for both gases?
(a) 0.31 (b) 0.44

(c) 0.5 (d) 0.16

In a glass tube of uniform cross section,
a mixture of HCI and He gases are sent
from one end and a mixture of NH, and
Ar gases are sent from the another end, at
the same time. The white fumes of NH,Cl
will appear first

(a) at the middle of the tube
(b) closer to NH, end

(c) closer to HCl end

(d) at the NH, end

If Avogadro’s number were to tend, to
infinity, the phenomenon of .Browhian
motion would

(a) remain completely unaficeted

(b) become more vigerous than that
observed with«the,present finite value
of Avogadro’smumber, for all sizes of
the Browntarparticles

(c) become™mere vigorous than that
observedvwith the present finite value
of Avogadro’s number, only for rela-
tively large Brownian particles

(d) become practically unobservable, as
the molecular impact would tend to
balance one another for practically
all sizes of Brownian particles

A sample of gas in a closed container of
fixed volume is at 250 K and 400 mm of
Hg pressure. If the gas is heated to 375 K,
its pressure increases to 600 mm of Hg.
By what factor will be the average speed
of the molecules increases?

49.

50.

51.

52.

Gaseous State = 3.19
(a) 1.22 (b) 1.50
(c) 2.25 (d) 2.00

The RMS speed of oxygen molecules in
a gas is V. If the temperature is doubled
and the oxygen molecules dissociated
into oxygen atoms, the RMS speed will
become
(a) V

(c) 2V

) 2V
) 47

Three closed vesselsAsB and C are at
the same temperaturé“and contain gases
which obey th€¢ Mdxwellian distribution
of velocitiessVessel A contains only O,, B
only N,, and Cha mixture of equal quanti-
ties of@yand N,. If the average speed of
the ©,'miolecules in vessel A is V|, that of
the N, molecules in vessel B is V, the aver-
age speed of the O, molecules in vessel Cis
(@) (V,+ V)2

® 7,

(©) JWV,
(d) B3KTIM

where M is the mean molar mass of the
mixture.

When temperature is increased, the dif-
ference between most probable velocity,
RMS velocity and average velocity

(a) increase

(b) decrease

(c) remain the same
(d) none of these

Two flasks X and Y have capacity 1 and
2 1, respectively, and each of them con-
tains 1 mole of a gas. The temperature of
the flask is so adjusted that average speed
of molecules in X is twice as those in Y.
The pressure in flask X would be

(a) same as thatin'Y

(b) half of thatin'Y

(c) twice of thatin'Y

(d) 8 times of thatin'Y
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When 1 g of an ideal gas A is introduced
into an evacuated vessel at 300 K, the pres-
sure was found to be 1 atm. Two grams of
another ideal gas B is then added to A and
the pressure is now found to be 1.5 atm.
What is the ratio between the average
speeds of A and B at the same temperature?
(a) 2:1 (b) 1:2

(c) 1:4 (d) 4:1

For two gases, A and B with molecular
weights M, and M, it is observed that at
a certain temperature, 7, the mean velocity
of A is equal to the root mean square veloc-
ity of B. Thus the mean velocity of A can
be made equal to the mean velocity of B, if

(a) A is at temperature, 7, and B at T,
T>T

(b) A is lowered to a temperature 7" < T
while Bisat T

(c) both A and B are raised to a higher
temperature

(d) both A and B are placed at lowet
temperature

The number of gas molecules-efflsing
per second unit area through an orifice

W1
on the wall of the container ISZ.N u,,

where N* is the number'of molecules per
unit volume. What\is' this number under
STP conditiods¥or nitrogen gas?

(a) 1.53 xA0™Mm s

(b) 1.03%%0” m™s™"

(©)(3.0I%10” m™s™

(d) ¥21 x10”° m™s™

The RMS speed of a sample of ozone
1s ‘v’ m/s at 27°C. When the tempera-
ture is increased to 327°C, all the ozone
molecules are dissociated into oxygen
molecules. What is the RMS speed of
new gas sample?

(a) /= v m/s v m/s

b
(b) \/—
(d) 3v m/s

(c) Lv m/s

V2

57.

58.

59.

60.
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Which of the following gas will have the
highest value for translational K.E. per g,
at the same temperature?

(b) helium

(d) same for all

(a) methane
(c) nitrogen

If for two gases of molecular weights
M, and M, at temperature 7, and T,
T M, = T;M,, then which=property has
the same magnitude for Both the gases?

(b) pressure
(d) RMS speed

(a) density
(¢) KE per mole

At what temperature does the average
translational\KEE of a molecule in a gas
becomesg equal to the K.E. of an electron
accelefated through a PD of 3 V?
(@232K (b) 2320K
(cN23,200 K (d) 2,32,000 K

‘Which of the following statements is not
true?

(a) The ratio of the mean speed to
the RMS speed is independent of
temperature

(b) The square of mean speed of the
molecules is equal to the mean square
speed at the same temperature.

(¢) Mean kinetic energy of the gas mol-
ecules at any given temperature is
independent of the mean speed.

(d) The difference between RMS speed
and mean speed at any temperature
for different gases decreases as larger
and yet larger molar masses are
considered.

The number of collisions of Ar atoms
with the walls of container per unit time

(a) increases when the
increases.

(b) remains the same when CO, is
added to the container at constant
temperature.

(c) increases when CO, 1s added to the
container at constant temperature.

(d) decreases, when the average kinetic

energy per molecule is decreased.

temperature
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The ratio of the RMS speeds of CH, at
T, and SO, at 300 K is 4:1. The average
kinetic energy per mole of CH, is

(a) 3600 cal (b) 1200 cal
(c) 900 cal (d) 2400 cal

How many times the average speed of the
molecules in a gas becomes when the tem-
perature is raised from 27°C to 159°C?
(a) 1.2 (b) 1.44

(c) 5.89 (d) 243

In a closed flask of 51, 1.0 g H,1s heated
from 300 to 600 K. Which statement is
not correct?

(a) pressure of the gas increases

(b) the rate of collisions increases

(c) the number of moles of gas increases
(d) the energy of gas molecules increases

When the temperature of an ideal gas is
increased at constant pressure,

(a) collision number increases

(b) collision frequency increases

(c) mean free path increases

(d) number of molecules per unit Volume
increases

Modern vacuum pumpsspermit the
pressures down to 4.N<"10"* atm to be
reached at roomy “temiperature (27°C).
Assuming that the gas exhausted is nitro-
gen, find thesmean distance between the
gas molecules'rémained at this pressure.
(a) Lx(d0%m

(b)(1 x [0 °cm

(c) 001 cm

(d) 100 cm

A vessel contains only two gas molecules.
Which of the following relation is cor-
rect for RMS speed (u), average speed (c¢)
and most probable speed (o) for the
molecules?

(a) a<c<u
(b) ¢ <u, oo cannot be predicted
(¢) ¢=u, o cannot be predicted
(d) a=c=u

68.

69.

70.

.

Gaseous State = 3.21
Average velocity of molecules of a gas in
a container, moving only in one dimen-
sion, is

8RT 1 [8RT

b) —..[—

(a) M (b) 3\ s
(c) Zero (d) Infinite

The most probable kinetic energy of gas
molecule is
(a) kT2
(c) kT

(b) 3kT2
(d) kT/4

The assumptionsof the kinetic theory
of gases are(Most likely to be incorrect
for gases,tuader which of the following
conditions?

(a)\High' temperature and high pressure
(b) High temperature and low pressure
(c) Low temperature and low pressure
(d) Low temperature and high pressure

Which of the following graph is correct
for hydrogen gas at 0°C?

@ Ideal gas
18
Hy
PT @1 gas

V—
(©)
H,
PT Ideal gas
(d) . Ideal gas
7|
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Which of the following graph is correct
for real gases other than hydrogen and
helium, at 0°C?

(a)
Ideal gas
PT \Qal gas

V—

Real gas
PT . Ideal gas

V—

Ideal gas

/Real gas

V—

.—Real gas
7|
Idealgas

V—=

In the case ofl pesitive deviation from an
ideal gas

> 1

(a) anterag¢tions in molecules,
n

(b) interactions in molecules, <1

nRT

> 1

(c) finite size of molecules,
n

(d) finite size of molecule, <1

n

n moles of He gas is placed in a vessel of
volume V' L at 7' K. If V, is free volume
of He, then the diameter of He atom is

75.

76.

1
K] T
a
@ 27tNAnJ
1
2nN ,n
1
_ 3
© (8=
N\ n
1
3
(@) 6“]
TN 1

One mole of\edch gases A, B, C and D
with vanrder-Wdal’s constant (atm I* mol ™)
1.348( 6.823, 4.390 and 2.438, respec-
tively, dte kept separately in four different
vessels of equal volumes at identical tem-
perature. Their pressures are observed
to be P,, P,, P. and P, respectively. On
the basis of this data alone, the order of
pressure of gases is (assume other van der
Waal’s constant to be nearly same for all
gases)

(@) Py,<Py,<P.<P,

(b) Py<P.<P,<P,

(¢c) Py<P,<P.<P,

(d) P.<Py<P, <P,

Van der Waal’s constants for neon and
helium are (a,, b,) and (a,, b,), respec-
tively. The maximum moles of helium
which will form a homogeneous mixture
with one mole of neon at 7K and P atm
pressure, is

4Pb;

a,

(a)

2
) 2P

a,

4PK]

(©
q

(d) Infinite
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When the pressure of a sample of gas is
increased from 0.50 to 100 atm at con-
stant temperature, its volume decreases
from 2.0 I to 13 ml. What could cause the
deviation from Boyle’s law?

(a) Volume of the gas molecules is a sig-
nificant fraction of the volume of
container at higher pressure.

(b) The force of attraction between the
gas molecules is greater when the
pressure is higher.

(c) The molecules are dimerized at the
higher pressure.

(d) The collision of the molecules on the
walls of the container are no longer
elastic at higher pressure.

At 320 K and 16 atm, the molar volume
of ammonia gas is about 10% less than
the molar volume of an ideal gas. The
reason the actual volume is less than the
1deal volume is that

(a) the force of attraction betwéén
ammonia molecules is significant at
this temperature and pressure. (J~

(b) the volume occupied by the}ammo-
nia molecules themsely€s\is a signifi-
cant fraction of,the‘\volume of the
container at this\temperature and

pressure.
(c) ammonia __moJ€cules move more
slowly .than predicted by the

kineti€ “theory at this pressure and
temperature.

(d)fat 6.0 atm, ammonia molecules no
Iohger move randomly.

The equation of state for a van
der Waal gas can be expressed as

Z:1+V£+%+.... If the van der Waal

constants @ and b are 1.344 litre* atm/mol’
and 0.03 litre mol ', respectively, then the
value of second virial coefficient (in litre/
mol) for oxygen gas at 0°C is

(a) —0.03 (b) +0.03

(c) —0.09 (d) +0.09

80.

81.

82.

83.

84.

Gaseous State = 3.23
The equation of state for a gas is
P(V —nb) =nRT, where b and R are con-
stants. If the pressure and temperature are
such that V =10 b, what is the compress-
ibility factor of gas in this condition?

10 9

- b) =
@ 3 (®)

11 10

l N —
© 1 ST
Under what pressurg=will’carbon dioxide
have the densityyof 22 g/litre at 300 K?
For CO,, a #£9% atm I’ mol” and
b=0.05 mol' I\

(a) 1.23atm)
(c) 2A6atm

(b) 1.28 atm
(d) 0.64 atm

Thesvirial form of van der Waal’s gas
. . B
equation 1s PV = RT(1+—+%+...)
VoV

=RT (1 + BP+ CP + ..). The sec-
ond virial coefficient of argon gas at
262.5 K is -1 1 mol". What is the den-
sity of argon gas at 262.5 K and 1 atm?
Neglect all the terms after second term in
the virial forms, under these condition.
(R=0.08 L-atm/K-mol, Ar =40)

(a) 2.0 g/l (b) 1.905 g/l
(c) 1.818 g/l (d) 1.964 g/l

Dieterici’s  equation of  state s
P-e’"® (v — b) = RT, where V is the
molar volume of gas. What is the pressure
exerted by the gas in a vessel of 410.5 1
capacity at 27°C, if P — 0?

(a) 0.06 atm (b) zero

(c) 60 atm (d) 6x10° atm

One mole of a gas occupies 0.5 1 at 27°C.
The compressibility factor of gas at this
temperature is 0.8. If 5=0.04 /mol ', what
1s the value of van der Waal’s constant a
for the gas?

(a) 3.44 atm I’ mol
(b) 2.87 atm 1> mol
(c) 4.14 atm I’ mol
(d) 3.82 atm 1> mol
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At moderate pressure, the compressibility
factor for a gas is given as: Z=1+0.35P

- % .P, where P is in bar and 7T is in

Kelvin. What is the Boyle’s temperature
of the gas?
(a) 168 K
(b) 480 K
(c) 58.8 K
(d) 575K

Above Boyle’s temperature, a gas

(a) may be liquefied by suitable pressure.

(b) shows positive deviation at all
pressure.

(c) shows negative deviation at low pres-
sure and positive deviation at high
pressure.

(d) shows positive deviation at low
pressure and the deviation continu-
ously increases with the increase in
temperature.

The expression for compressibility facter
for one mole of a van der Waal’s gas at
Boyle temperature is

b’ b’
a) 1+ ——— b) 1+—
@ Ly ) 1+
b b’
(C) 1+ ; (d) 1——2
For an ideal gasithe critical temperature is
(a) 0°C
bV K

(c) Tmfinite
(d) Unpredictable

Critical temperatures of for NO, CO, and
CCl, are 177 K, 304 and 550 K, respec-
tively. Which gas is more close to ideal
behaviour at 300 K?

(a) NO

(b) CO,

(c) CCl,

(d) Unpredictable

90.

91.

92.

93.

Gases do not liquefy above the criti-
cal temperature because above critical
temperature

(a) the gases become ideal.

(b) the intermolecular attraction vanishes.

(c) the kinetic energy of molecules
become so large that the attractive
forces become unable to hold the
molecules together.

(d) the repulsive forcesdeminates in the
molecules.

At critical temperature, which of the
following graphis.is correct?

(a) ¢
PVTK"]L
P—-
(b) I
124
P—
()
124
P—
@ | 7
pvt
P—

CO, and CH, have critical temperatures
of 304 K and 190 K, respectively. P for
CO, =72 atm and P for CH, = 45 atm.
The ratio beq, : bey, 18
(a) 2:3
(c) 2:1

(b) 1:1
(d) 3:2

A gas can never be liquefied at
(a) T=T.and P= P,

(b) T<T.and P= P,

(¢c) T<T.and P< P,

(d) T>T.and P>> P,
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Consider the following statements:

1. Molecules of different ideal gases have
the same translational kinetic energy
at a given temperature.

2. The total translational kinetic energy
for two moles of an ideal gas is equal
to 3RT.

3. At critical temperature, the intermo-
lecular forces between gas molecules
vanishes.

4. The gas with a larger value of the ratio
of critical temperature to critical pres-
sure will have larger value of excluded
volume.

9s.

Gaseous State = 3.25
(a) 1,3 and 4 are correct
(b) 1, 2 and 3 are correct
(c) 2,3 and 4 are correct
(d) 1,2 and 4 are correct

The critical pressure and temperature of
a van der Waal gas are 41.05 atm and
128 K, respectively. The critical volume
of the gas is

(a) 0.096 1/mol
(b) 0.192 I/mol
(c) 0.683 1/mol
(d) 0.118 I/mol

Section B (One or More than one Correct)

1.

2.

3.

The value of Boyle’s law constant for
an ideal gas at a certain temperature,
depends on

(a) pressure of the gas
(b) volume of the gas
(c¢) amount of the gas
(d) temperature of the gas

Two identical containers, ‘€aeh of volume
V', are joined by a smdll pipe of negligible
volume. The containets’ contain identical
gases at temperdtute’ 7 and pressure P,.
One containgris heated to temperature 27,
while majntaining the other at the same
temperdtore, 7. The common pressure of
thefgas i"P and 7 is the number of moles of
gas ifr€ontainer at temperature 27, then
(a) P=2P,

(b) P=4P )3

(c) n=2P V /3RT,

(d) n=3P_V_J2RT,

A vessel of volume 10 1 is evacuated by
means of a piston air pump. One piston
stroke captures the volume 1 1. The pro-
cess is assumed to be isothermal and the
gas ideal. The initial pressure of gas in
the vessel was 24.2 atm. Select the correct
statement(s):

4.

(a) The pressure of gas remained in the
vessel after first stroke is 22 atm.

(b) The pressure of gas remained in the
vessel after second stroke is 20 atm.

(c) The number of strokes needed to
reduce the pressure in the vessel m

times is )
Inl.1
(d) The pressure of gas remained
in the wvessel after ‘n’ strokes is

24.2 % (1—0) atm.
11

As a gas (insoluble in liquid) is bubbled
through a liquid, part of the liquid vapor-
ises and these vapours are carried off with
the gas. As a sample of dry nitrogen gas
1s bubbled through a liquid, it is found
that under identical conditions of tem-
perature and pressure, a definite volume
of wet nitrogen gas weighs more than the
equal volume of dry nitrogen gas. Hence,
the liquid through which dry nitrogen gas
was passed, may be

(a) Water
(c) CCl,

(b) Benzene
(d) Heavy water
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A vessel contains a mixture of H, and D,
gases. If a pin hole is made in the vessel,
then

(a) mole fraction of H, in the gas remain-
ing in the vessel will increase with time.

(b) mole fraction of D, in the gas remain-
ing in the vessel will increase with time.

(c) the average molecular weight of gas
remaining in the vessel will increase
with time.

(d) the partial pressure of H, in the gas
remaining in the vessel will increase
with time.

One mole of helium and one mole of
neon are taken in a vessel. Which of the
following statements are correct?

(a) Molecules of helium strike the wall
of vessel more frequently.

(b) Molecules of neon apply more average
force per collision on the wall of vessel.

(c) Molecules of helium have greatér
average molecular speed.

(d) Helium exerts higher pressure thap feon.

A container (cylindrical, /base. area
= 821 cm’) fitted with frictiorless, mass-
less piston consist of five yalves — I, 11, I11,
IV and V. The distanée 0fwvalves from the
initial position of ‘piston is 15, 30, 40, 45
and 50 cm, respeetively. The initial height
of piston front"the’base of container was
60 cm. These\valves open automatically
if pressuie,exceeds over 1.5, 2.2, 2.5, 4.4
and.8atm, respectively. Under the given
conditions (shown in the diagram), the
system is in state of equilibrium. Piston
is now compressed (moved downward)
slowly and isothermally. Neglect the
volumes of valve connectors.

=1 atm

T=300K —=Valve-II

—F—Valve - IV

8.

9.

10.

11.

Select the correct option(s):

(a) only the momentum of the molecules

(b) only the frequency of collision of
molecules

(c) both momentum and frequency of
collision of molecules

(d) neither momentum nor frequency of
collision of molecules

Which of the following does not change
during compression of ajgas at constant
temperature?

(a) density of argads

(b) moleculaf“distance

(c) averagespeed of molecules

(d) numbemof collisions in a gas

The RMS speeds of the molecules of two
gases A and B are in the ratio 0.866: 1 at
27°C for A and 127°C for B. Gases A and
B may be

(a) N,and CO

(b) O,and N,H,

(¢) N,O and CO,

(d) SO, and SO,

The volume of a gas is held constant
while its temperature is raised. The pres-
sure the gas exerts on the walls of con-
tainer increases because

(a) the masses of the molecules increases.

(b) each molecule loses more Kinetic
energy when it strikes the wall.

(c) the molecules collide with the wall
with relatively greater momentum.

(d) the molecules strikes the walls more
often.

Which of the following graphs are correct
for ideal gases?

1 (dN
(a) R'(WN
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1 (dN
(b) @'(WN

1 (dN
5l ¥

1 (dN
(@) E.(W)[
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Which of the following statement(s) is/are

true?

(a) Rise in compressibility factow with
increasing pressure is due’to#:

(b) Average speed of molécules of an
ideal gas in a containef_moving only
in one dimension, willbe zero.

(c) The fraction ef “\molecules having
speeds in th¢ range of u to u + du of
a gas of fmolatr mass M at tempera-
ture 748 thésame as that of the gas of
mojar'mass M/2 at temperature 77/2.

(d)/NearCritical condition, gases behave
ideally.

At very high pressure, the compressibility
factor of 1 mole of a van der Waal’s gas
can be given as

bP V
Z=1+ 2= b) Z= ——
@ RT T
V+b a
L= ——- d Z=1-
(©) % (d) URT

N, gas behaves ideally at its Boyle tem-
perature in the pressure range from 0 to
50 atm. The critical temperature of N, gas

15.

16.

17.

Gaseous State = 3,27
1s —177°C. Assume that the gas obeys van
der Waal’s equation in the entire range of
pressure and temperature. Which of the
following statement(s) must be incorrect
regarding the molar volume of the gas at
the given conditions?

(a) 9.61at0.821 atm and —177°C

(b) 401at 0.821 atm and 127°C

(c) 310 ml at 82.1 atm and SWC

(d) 32.4 ml at 0.821 atprand 51°C

Van der Waal’s coenstant ‘a’ can be
expressed as
ORT.V,
(@) ch\ (b) 3PV
P V RZT 2
(N C @ =L &l
8¢ T, 64" P.

Fhe critical temperature and pressure of
a gas are 340 K and 42 atm, respectively.
The gas can be liquefied at

(a) 340 K and 45 atm
(b) 340 K and 40 atm
(c) 350 K and 100 atm
(d) 320 K and 42 atm

The van der Waal’s equation for a real gas
may be rearranged to give
ab

8 —(b+E)an Ly Doy
P P P
where V_ is the molar volume of the gas.
Indicate the correct statement(s) amongst
the following:

(a) Attemperature greater than 7, there
are three values of V_, one real and
two imaginary

(b) At temperature 7, the three real
values of V_ are identical.

(c) At temperature less than 7, there are
three real values of V.

(d) At any temperature, there are three
values of V_, one real and two
imaginary.
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For a real gas (van der Waal’s gas), behav-
ing ideally, the pressure may be

(@) abV, by Lo
a-b

a b
d) ——
V. -b @ aVv

m

(©

If the Van der Waal’s equation for 1 mole

. P
of the gas is represented as Z = £ =1

+ B’P+ C’'P2 + ..., in place of Z = £r

RT

=1+ — + — +..., the correct relation(s)
VoV

is/are
(a) B=B'RT
(b) B=PB/RT

(c) C=B+ C(RT)
(d) C’'=CI(RTY

20.

Which of the following statement(s) is/are
correct?

(a) The physical state of the system at
critical condition cannot be defined.

(b) All the physical properties of liquid
and gaseous state of a substance
become identical at critical condition.

(c) For a gas, there is no distinction
between liquid and yapeur state at
critical condition.

(d) Easily liquefiabl€” gases have higher
Boyle’s temperatiife while the gases
difficult to {iquety have lower Boyle’s
temperature.

Section C (Comprehensions)

Comprehension |

A pumped-up bicycle tire has a voltime of about 1litre and when properly inflated, is at a total pressure
of about 8 bar. A typical hand-bicycle pump has a piston cross-section area of 4 cm’ and a stroke
length of 25 cm. The atmesphéric pressure is 1 bar. (g =10 ms™)

1.

2.

How many strokes“of the hand pump
assuming ne’ledkage or heating effects,
would befigeded to inflate the tire?

(a) 40

(b)%50

(c) 80

(d) 100

What force would have to be applied to
the hand pump to reach the final pressure?
(a) 160 N

(b) 320N

(c) SON

(d) 640 N

3.

If this force were exerted by the weight of
an object placed on the pump handle—
an unusual procedure—what would the
mass of this object have to be?

(a) 16 kg

(b) 3200 kg

(c) 32kg

(d) 64 kg
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Comprehension Il

Recent Communications with the inhabitants of Neptune have revealed that they have a Celsius type
temperature scale, but based on the melting point (0°N) and boiling point (100°N) of their most com-
mon substance, hydrogen. Further communications have revealed that the Neptunians know about
perfect gas behaviour and that they find in the limit of zero pressure, the value of PV _ is 281 — atm at
0°N and 40 1 — atm at 100°N.

4. What is the value of the absolute zero of
temperature on their temperature scale?

6. What is the volume occupied by 2 mole of
a perfect gas at 2 atm and .66:07°N?

(a) 233.33°C (b) —233.33°C (a) 361
(c) —233.33°N (d) 233.33°N (b) 24.61
. : (c) 20.01
()
5. Whatisthe value of universal gas constant? (d) 8.01

(a) 0.0821-atm /K —mol
(b) 0.121—atm /K — mol
(¢) 0.41-atm /K —mol
(d) infinite

Comprehension lll

A glass tube AD of uniform cross-section of length(100 cm contains two columns of air (assume ideal
behaviour) AB and CD, separately by a column/ofymercury (BC) of length 20 cm. When the tube is
horizontal, AB = 20 cm and CD = 60 cm. When' the tube is held vertically with the end ‘A’ up, the
mercury column moves down 10 cm.

7. Which of the following snformation 9. What will be the length of the gas column

regarding the tube is correct?
(a) Its both ends are opeh

AB when the tube is held vertically with
the end D up?

(b) Only end A is clesed (a) 30 cm

(c) Only end D isclosed (b) 10 cm

(d) Its both end§ ate’closed (c) 15.33cm
(d) 13.88 cm

8. What is therpressure of air in the air col-
umns, whien ‘the tube was horizontal?
() P g=B X P.,=37.5cm Hg
(b) Byg=P.,=37.5cm Hg
(¢) Pop=3xP,,=37.5cm Hg
(b) P,y=P.,=20cm Hg

Comprehension IV

Chemical explosions are characterised by the instantaneous release of large quantities of hot gases,
which set up a shock wave of enormous pressure (up to 70,000 atm) and velocity (up to 32,000 km/h).
For example, explosion of nitroglycerine (C;H,N,O,) releases four gases A, B, C and D.

n C;HN,O, = a A(g) + b B(g) + ¢ C(g) +d D(g)

Assume that the explosion of 1 mol of nitroglycerine releases gases with a temperature of 1727°C and
a volume of 2.9 1 at 410.5 atm pressure.
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How many moles of hot gases are released
by the explosion of 0.04 mole of nitro-
glycerine?
(a) 7.25
(c) 2.9

(b) 0.29
(d) 0.58

When the products released by explo-
sion of 0.04 mole of nitroglycerine were
placed in a 821 ml flask and the flask
was cooled to —23°C, product ‘A’ solidi-
fied and the pressure inside the flask was
4.75 atm. How many moles of A were
present and what is its likely identity?
Neglect the volume of solid formed.

(a) 0.1 mol, H, (b) 2.5mol, H,0
(¢) 0.1 mol, H,0O (d) 0.1 mol, CO,

When gases B, C and D were passed
through a tube of powdered Li,O, gas B
reacted to form Li,CO,. The remaining
gases, C and D, were collected in another

13.

821 ml flask and found to have a pres-
sure of 2.1 atm at 27°C. How many moles
of B were present and what is its likely
identity?

(a) 3.0 mol, CO,

(b) 0.12 mol, CO,

(¢) 3.0 mol, CO

(d) 0.12 mol, CO

When gases C and D wer€ passed through
a hot tube of powdeted) copper, gas C
reacted to form CuQ, The remaining gas,
D, was collectedyin,a third 821 ml flask
and found to=have mass of 1.68 g and a
pressure of 13§ atm at 27°C. How many
moles edchhof C and D were present and
what arcjtheir likely identities?

(a) €% 0.01 mol O,, D:0.06 mol N,
(b)*C:0.06 mol O,, D : 0.01 mol N,
(¢) C:0.02mol O,, D:0.06 mol N,
(d) C:0.07mol O,, D :0.06 mol N,

Comprehension V

The apparatus shown consists of thrée temperature jacketed 1.642 1 bulbs connected by stopcocks.
Bulb A contains a mixture of H,0O(g), €0,(g) and N,(g) at 27°C and a total pressure of 570 mm Hg.
Bulb B is empty and held at a température of —73°C. Bulb C is also empty and is held at a tempera-
ture of —193°C. The stopcocKks-are closed and the volume of the lines connecting the bulbs is zero.
CO, sublimes at —78°C and\l\; boils at =196°C. Neglect the volume of any solid, if formed.

14.

-

\

/

\ /
=

A

27°C

B

—73°C

C
—193°C

The stopcock between A and B is opened

and the system is allowed to come to equi-

librium. The pressure in A and B is now

0.21 atm. What do bulbs A and B contain?

(a) A:CO,(g), B:N,(g), H,0(s)

(b) A:N,(g), B:CO,(g), Ny(g), H,O(s)

(©) A:CO,(g), Ny(g), B:CO,g), Ny9),
H,O(s)

(d) A:CO,(g), Ny(g), H,0(), B:CO,(g),
N,(g)

15. How many moles of H,O are in the

system?
(a) 0.0075
(b) 0.015
(c) 0.05
(d) 0.035



16. Both stopcocks are opened and the sys-
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17. How many moles of CO, are in the

tem is again allowed to come at equilib- system?
rium. The pressure throughout the sys- (a) 0.0125
tem is 33.5 mm Hg. What do bulbs A, B (b) 0.015
and C contain? (c) 0.0225
(a) A:Ny(g), B:Ny(g), H,0(s). C:N(g), (d) 0.0375

H,0(s), CO(s)

(b) A:Ny(g), B:Ny(g), H,0(s), C:Ny(2),
CO,(s)

(©) A:Ny(g), B:Ny(g), H,O(s), COys),
C:Nz(g)’ HZO(S)s COZ(S)

(d) A:Ny(g), B:Ny(g), H,0(s), COy(),
C:Nz(g)’ HZO(S), COZ(S)

Comprehension Vi

A closed rigid bulb contains 0.01 mole of inert helium gas*and a sample of solid white ammonium
chloride, NH,Cl. Assume that the volume of the solid NEI,Cl is negligible compared to the volume of
the bulb. The pressure of He is measured at 300 K _and is found to be 114 mm Hg. The bulb is then
heated to 600 K. All the NH,Cl decomposes to-Nk,(g) and HCI(g). The final total pressure in the
bulb after complete decomposition of the solid‘is 908 mm Hg. Assume ideal behaviour for all gases.

18. The approximate mass of NH,Cl present ~ 20. The capacity (volume) of bulb is

initially in the bulb is (a) 2241
(a) 0.8 g G)16g (b) 1.6421
(© 04¢ (@n2.4 ¢ (c) 0.8211

19. The final partial preSsuretof NH, gas in (d) 3.2841
the bulb is

(a) 908 mm Hg
(c) 680 mm Hg

(b) 454 mm Hg
(d) 340 mm Hg

Comprehension VI

A quantity of 5.0 kg liquid water is poured in an evacuated room of capacity 40 m® maintained

at 300 K. Assume ideal gas behaviour for water vapour. The vapour pressure of water at 300 K is
0.04 atm. (R = 0.08 l-atm/K-mol)

21. What percentage of liquid water will  22. What should be the minimum volume of

vaporize? the room, if no liquid water is to be pre-
(@) 2.4% sent finally in the room?

(b) 24% (a) 166.671 (b) 16.671
(c) 36% (c) 166.67 m’ (d) 16.67 m’

(d) 12%
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Comprehension VIII

d
The leak rate, —d—I:, of a gas is directly proportional to the difference in pressure of the gas in the

cylinder and the external pressure. Some ideal gas is taken in a cylinder of 10 I capacity at 20 atm
and 300 K. The initial leak rate is 0.001 atm/sec. The constant external pressure is 1 atm. (In38 = 3.6,
In2=0.7,In10 = 2.3)

23. What is the pressure of gas in the cylinder  25. In what time, the pressure of gas in the

after 1 h? cylinder becomes 2 atm?
(a) 0 (b) 0.5 atm (a) 2900 s
(c) 1.5atm (d) 0.526 atm (b) 2300s
: 3 (c) 3500s
24. How many balloons of capacity 2.0 dm (d) 3200 s

can be filled at 1 atm and 27°C by using
the gas effused out in 1 h?

(a) 90 (b) 92

(c) 93 (d) 97

Comprehension IX

A tube of U-shape partly filled by mercury is taken as'Shown in the figure. The cross-section area of
closed arm is A cm’ and that of open arm is 24 _em”."A pin hole is now made at the top of the closed

P
arm by which leakage of gas starts. The leak rate _((ll_t is directly proportional to the pressure of

remaining gas inside the tube, over mercury. The proportionality constant is Ks™.

oS5 —q--——

26. Whatwill’be the expression for pressures  28. What will be the decrease in level of mer-

of gas above mercury in the closed arm at cury in the open arm at any time, ¢?
any time, ¢? (@) 38 (1 -e™)cm

(a) 1.5 atm (b) 76 (1 —e™) cm

(b) 1.5¢* atm () (1-e*)cm

(c) 1.5(*—1)atm (d) 152(1 —e™)cm

(d) 1.5(1 —e™)atm

27. What will be the increase in level of mer-
cury in the closed arm at any time, ¢?
(@) 38(1—e*)cm
(b) 76 (1 —e™) cm
() (1-e*cm
(d) 152(1-e™)cm
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Comprehension X

According to Maxwell’s distribution law, the fraction of molecules per unit change in speed
[velocity distribution function, f{c)], traveling with the speed from C to C + dC is given as:

372
flo)= %,(ﬂ) - 4n.( M ) C?.e™MEIRT (R = 8.0 J/K-mol, In 2 =0.7)

N 2nRT
29. At what temperature, the velocity distri- 33. On increasing the temperature of a gas,
bution function for the oxygen molecules the fraction of molecules _having speed
will have maximum value at the speed equal to most probablg=speed at that
400 m/s? temperature
(a) 34.9°C (b) 47°C (a) increases
(c) 320°C (d) -31.3°C (b) decreases

(c) remains ynghanged

30. At what temperature, the RMS speed of (d) increasesor decreases, depending on

hydrogen molecules exceeds their most

probable speed by 400 m/s? (v6 = 2.45) £a3
(a) 127°C (b) 108.6°C 34. On’increasing the molecular mass of gas-
(c) 400°C (d) 381.6°C eous)sample at constant temperature, the

fraction of molecules having speed equal
to most probable speed at that molecular
mass

31. At what temperature, the speeds of nitro-
gen gas molecules at C;, = 300 m/s and
C, = 600 m/s, are associated with equdl

value of Maxwell distribution function (a) increases

(b) decreases

()
Ny’ . Pa (c) remain unchanged
Ea)) 243175§CC Egi 48? %OC (d) increases or decreases, depending on
c) 64. —95.

gas
32. At what speed of the molee@lés, the value 35
of the Maxwell distribution function f{c)
for the temperature,/*will be the same as
that of the tempetatute » times higher?

What is the ratio of the number of mol-
ecules having speeds in the range of 2u,
and 2u, + du to the number of molecules
having speeds in the range of u,, and

® 3RT lin Uy, + du?
M{n~1) (a) 4.¢”
(b) e
(b) 3RT nlnn (C) 4.63
M (n-1) (d) 2

(c) RMS speed
(d) most probable speed

Comprehension XI

Three flasks A, B and C have equal volumes. A is maintained at 300 K, B at 600 K and C at 900 K.
Flask A contain H, gas, flask B contain CH, gas and flask C contain O, gas, and masses of all gases
are same. Assume ideal behaviour of gases.
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38.

39.
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Flask containing greater number of
molecules is

(a) A

(b) B

() C

(d) Same in all flask

Flask with greater number of collisions
with the walls per unit area per unit time
(a) A

(b) B

(c) C

(d) Same for all

Flask with greater mean free path for the
molecules (ry trey, 11p, =1:2:2)

(a) A

(b) B

(c) C

(d) Same for all

Flask with greater total translational
kinetic energy

(a) A

(b) B

(c) C

(d) Same for all

40.

41.

42.

Flask with greater compressibility factor
of gas

(a) A

(b) B

(c) C

(d) Same in all

Flask with greater collision number of
the molecules

(@) A

(b) B

(c) C

(d) Same in all

Flask with-greater average speed for the
molecules

(a) A

(b)~B

(cNC

(d) Same in all

Comprehension XII

RT

The equation of statefora‘gas is: P =

“ —— , where V' is the molar volume of the gas and «
V-b TV

and b are constants different than van der Waal’s constant.

43.

44.

The temperdture above which the gas
canfiot be’liquefied at any pressure, is

Sa a

(a) T (b) —
8a

© 7rb @ 27Rb

The minimum pressure needed for lique-
faction of gas at the temperature calcu-
lated above, 1S

@ 27b2 ®) 27192
aR aR
© 216b° @ 216b>

45. The molar volume of the system at the

temperature and pressure calculated
above, is

(a) 3b

(b) 2b

(c) 4b

(d) zero




Section D (Assertion — Reason)

The following questions consist of two
statements. Mark

(@

(b)

(©)
(d

If both statements are CORRECT, and
Statement II is the CORRECT explana-
tion of Statement 1.

If both statements are CORRECT, and
Statement II is NOT the CORRECT
explanation of Statement I.

If Statement I is CORRECT, but
Statement II is INCORRECT.

If Statement I is INCORRECT, but
Statement II is CORRECT.

Statement I: Under identical conditions
of temperature and pressure, equal num-
ber of molecules of different gases occu-
pies the same volume.

Statement II: The distance between gas
molecules is much larger than the actual
dimensions of molecules.

Statement I: The ratio of volunmiéyand
absolute temperature is constant’ for
a fixed amount of gas%at” gonstant
pressure.

Statement II: At cohstant pressure, the
volume of a given ‘mass,of a gas increases

or decreases by, % of its volume at 0°C,

for each L2C\ise or fall in temperature,
respectively.

Statemént I: At constant temperature, if
pressure on the fixed mass of a gas is dou-
bled, its density is doubled.

Statement II: At constant temperature,
molecular mass of a gas is directly pro-
portional to the density and inversely
proportional to pressure.

Statement I: If H, and Cl, enclosed sepa-
rately in the same vessel exert pressures of

Gaseous State = 3.35

100 and 200 mm respectively, their mix-
ture in the same vessel at the same tem-
perature will exerts a pressure of 300 mm.

Statement I1: Dalton’s law of partial pres-
sures states that total pressure is the sum
of partial pressures.

Statement I: On increasing the surface
area of any liquid at.'constant tempera-
ture, the rate of gvaperation increases.

Statement II: [nceease in surface area at
constant temperature increases the escap-
ing tendefiey"of molecule of liquid at
surface.

Statement I: Graham’s law is a limiting
law; 1.e., it is best applied at low pressures
for gases.

Statement II: Graham’s law is valid only
for ideal gases.

Statement I: At constant volume, the pres-
sure of a fixed amount of an ideal gas is
proportional to its absolute temperature.
Statement II: Frequency of collisions
and their impact both increase in pro-
portion to the square root of absolute
temperature.

Statement I: Absolute zero is a theoreti-
cally possible temperature at which the
volume of the gas becomes zero.

Statement II: The total kinetic energy of
the molecule is zero at absolute zero.

Statement I: In kinetic theory of gases,
the volume occupied by the gas molecules
1s considered negligible in comparison to
the volume of gas.

Statement II: The volume of an ideal gas
should be only that volume which is avail-
able for the gas molecules.
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Statement I: The average speed of gas mol-
ecules decreases with the increase in molar
mass of gas at constant temperature.

Statement II: The average kinetic energy
per mole of all the gases is same, inde-
pendent of their molar masses.

Statement I: The total kinetic energy
of vapours formed over liquid water in
closed container A and B having free
space 1 1 and 2 1, respectively, over water
at the same temperature is in the ratio 1:2,
assuming ideal behaviour of vapours.

Statement II: Vapour pressure of a pure
substance depends only on temperature.

Statement I: On increasing the tempera-
ture, the fraction of molecules possessing
most probable speed increases.

Statement II: On increasing the temper-
ature, the most probable speed of a gas
increases.

Statement I: If the intermolecular atfrac-
tion between gas molecules in a yegsel of
fixed volume vanishes at cohs§tant tem-
perature, the pressure of gasWillincrease.

Statement II: The speed at'which the gas
molecules are collididg dt the walls will
increase on disappearance of attractive
forces.

Statement I: Excluded volume or co-vol-
ume equals to (V' — nb) for n moles.
Statement I1: Co-volume depends on the
effectivt size of gas molecules.

Statement I: Critical temperature is the
temperature at which the intermolecular
attraction in gas molecules vanishes.

16.

17.

18.

19.

20.

Statement I1: At critical point, the density
of substance in gaseous and liquid states
becomes same.

Statement I: For a fixed amount of a gas,
the product PV is always constant.

Statement II: Gases deviate more from
ideal behaviour at high pressure and low
temperature.

Statement I: At 273 (K% “hydrogen and
helium gases have positive slope at all
pressure in PV ys'P graph.

Statement I1:Boyle temperature of hydro-
gen and helwiny’ gases is less than 273 K.

Statemént-1: For a van der Waal’s gas, the
constants ‘a’ and ‘b’ are independent of
temperature.

Statement II: The gases obeying van der
Waal’s equation in all the conditions of
pressure and temperature are called van
der Waal’s gases.

Statement I: At Boyle temperature, the
compressibility factor of a real gas,
Z > 1.

Statement II: All the gases tend to
approach a value Z = 1, when the pres-
sure of gas approaches to zero value at
any temperature.

Statement I: Above critical temperature, a
substance cannot exist in liquid state.

Statement II: Above critical temperature,
the average kinetic energy of gas mole-
cules is always greater than the maximum
kinetic energy of a molecule possible in
liquid state.




Section E (Column Match)

1. Match the following

Column I Column II

(A) Boyle’slaw  (P) (d_P) =_§

dv
(B) Charle’slaw  (Q) (d—V) v
dr), T

, d(PV)
(C) Avogadro’s (R) [ ] =0
law P 1y

(D) Graham’s (S) (d—V) =E

1 dn P
aw
dP k
T ——=—
M dr  +/d

2. Match Column I with Column II

Column I Column II

(A) H,gasat300 K (P) Maximum

translatiopraly,

KE per.mol
(B) CH, gas at (Q) Maximum
400 K translational
KE per gram
(C) O, gas at (R) Minimum
900 K translational
KE per mol
(D) He gasiat (S) Minimum
600K translational
KE per gram

3. Van der wall constant for three different

gases are given

Gas  a(atmP’/mol’) 5 (I/mol)

X 3.0 0.025
Y 10.0 0.030
V4 6.0 0.035

Gaseous State = 3.37

Which of the following is correctly
matched?

Column I Column II

(A) X (P) Maximum critical
temperature

B Y (Q) Maximum critical
volume

(©) Z (R) Least@eyiation from

ideal behaviour

(S) Maximum critical
pfessure

4. Match thesdescription in Column I with

graph i GQelumn II for » moles of an
1deal gas at constant temperature.

Column I Column II
(P)

(A) gvsP
Q)

(B) ; vs V

I
(R)
Vv 1
(C) F V§ F
|

(S)

P
D) —vslogP
()V g

A volume of 61 H,O is placed in a closed
evacuated room of volume 827 I at the
temperature 300 K. The density of liquid
water at 300 K is 1.0 g/ml. The vapour
pressure of water at 300 K 1s 22.8 mm Hg.
Neglect the change in volume of liquid
water by vaporization.
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Column I Column IT

(A) Mass of water P) 6
vapour formed (in g)

(B) Moles of water (Q) 18
vapour formed

(C) Approximately mass (R) 3
of liquid water left
(in kg)

(D) Total moles of atoms (S) 1

in vapour form

6. van der Waal’s constant ¢ and b for a gas
are 4.0 atm I’/mol® and 0.05 1/mol, respec-
tively. If 80 g of the gas (molecular mass
= 16) is placed in a 10 1 vessel at 300 K,
then

8. A container contains 2 moles of an ideal
gas at 27°C. It is heated to 327°C. Match
Column I (parameters) with Column II
(increases by a factor)

Column I Column II

(A) Mean free (P) 1 (at constant
path, A volume)

(B) Collision Q) L (at constant
number, Z, voltime)

(C) Collision

1
frequency, Z3 (R) N (at constant

pressure)

(S) 2 (at constant
pressure)

9. Match Column I with Column II

Column I Column II

(Pressure (Consider atmospheric pressure
exerted equal to 1 atm and density of
by gas in mercury = 13.6 g/ml, if needed)
figures)

(A) 1.50 atm (P)

Column I Column II
(A) Pressure correction (P) 0.0625
(in atm)
(B) Ideal volume of gas  (Q) 1
(in L) >
(C) Actual volume (RY 9775
occupied by
molecules (in L)
(D) Volume correction (S) 0.25

(inL)

7. Match Columin] with Column II for a
van derrWaal’s gas.

Column I Column I1

(P) Depends upon
nature of gas
(Q) Constant for a

(A) Free volume

(B) Critical

temperature particular gas
(C) Boyle’s (R) Depends upon
temperature pressure for a

particular gas

(D) Compressibility (S) Depends upon
factor the radius of gas
molecule

(B) 1.75atm (Q)

————=r—57cmHg
Massless piston

(C) 0.50 atm  (R)

(S)

(density = 2.72 gm/ml)




10.

The critical temperature and pressure
of a van der Waal’s gas is —177°C and
20 atm, respectively. At the Boyle tem-
perature, the gas behaves ideally up
to 50 atm. If 0.2 moles of this gas is
taken at the temperature and pressure
given in Column I, then match with the
expected volume of system in Column II
(R =0.08 l-atm/K-mol)

Gaseous State = 3.39

Column I Column IT
(A) —177°C, 20 atm (P) 821 ml
(B) 51°C, 6.48 atm (Q) 28.8 ml
(C) 77°C, 7.0 atm (R) 760 ml
(D) 27°C, 6.0 atm (S) 800 ml
(E) 51°C, 64.8 atm (T) 85ml

Section F (Subjective)

Single-digit Integer Type

1.

2.

A gas is confined in a graduated cylinder
enclosed by a movable piston. When the
temperature of the room is 27°C, the vol-
ume of the gas at atmospheric pressure is
found to be 45 ml. The cylinder is then
immersed in a bath containing a mixture
of liquid and solid benzene, maintained
at the normal freezing point of benzefie,
The piston moves to maintain comStant
atmospheric pressure. The volurig” of
the gas at the freezing point of benzene
i1s 42 ml. The freezing pointof benzene
(in °C) is

A swimming pool (Eigure) is conical
in shape of diameter 20 m. To measure
the depth ofiythe=pool, a pipe line hav-
ing cross séctidhal area T mm” has been
introdueed, through the base centre to
the/depth/of the pool. Other end of the
pipedinte is connected with the gas cylin-
der. When gases are passed through the
pipe line, it has been measured that the
volume of each bubble across the pipe
line at the surface of the pool is 2r mm’.
Assume the temperature of water is same
as that of atmosphere and 1 atm pressure
is equal to 10 m of water column. If the
water holding capacity of the swimming

1S

pool is V' m’, then the value of 0
T

—— Towards gas cylinder

10 m

An iron meteorite was analysed for its
isotopic argon content. The amount of
Ar®was 1.911 mm’® (STP) per kg of mete-
orite. If each Ar’® atom had been formed
by a single cosmic event, how many
such events must there have been per kg
of meteorite? If the answer is X, then

is (R = 8.4 J/K-mol,

the value of 0

N, =6.0x 10%)

What will be the temperature differ-
ence (in °C) needed in a hot air balloon

to lift 10.0 kg of mass? Assume that
8.314

the volume of the balloon is 91.0 m’,
the temperature of the ambient air is
17°C, the pressure is 1.0 bar, and air is an
ideal gas with an average molar mass of
29 g/mole.
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A vessel of volume 3.0 I contains ideal gas
at the temperature 0°C. After a portion
of the gas has been let out, the pressure
in the vessel decreases by 0.8 atm (the
temperature remaining constant). The
gas density under the normal condition
(0°C and 1 atm) is 1.25 g/l. The mass of
released gas in (g) is

Two identical vessels are connected by a
tube with a valve letting the gas pass from
one vessel into the other if the pressure
difference, AP > 2.0 atm. Initially there
was a vacuum in one vessel while the
other contained ideal gas at a tempera-
ture 300 K and pressure 4.0 atm. Then
both vessels were heated to a temperature
600 K. Up to what value will be the pres-
sure (in atm) in the first vessel (which had
a vacuum initially) increase?

A 5.0 1 box contains 28.4 g of mixture of
gases C H,; and C H,,. The pressure of the
gas mixture at 300 K is 2.46 atm. The @hal-
ysis of the gas mixture shows that Catbon
1s 84.5%, by mass. The value of 2¢is

An ideal gas, X, is taken(im &’container
connected to frictionless, massless piston.
The pressure of gas€issconstant (always
equal to the atm@spheric pressure). The
expected graph {61 the variation of vol-
ume of gas with the change in temperature
was to bedike fig: I, but the actual graph is
like fig 11. The deviation was attributed to
dissocidtion of gas as: X (g) — n X(g). If
the yield of this reaction is only 60%, the
value of 7 is

502!
o] |3l
t
t(°c) —

Fig |

10.

11.

12.

\
AY
q.
> t+20
\
IrS
t
t(°c) —
Fig Ii

A mixture of H, and"Oz+n 2:1 mole ratio
is used to prepdare water vapour by the
reaction:

2H562) S O,(g) — 2H,0(g)

The total“pressure of gases in the con-
tarmer,1s 4.5 atm at 57°C, before the reac-
tion? The final total pressure of gases
(in atm) at 127°C after reaction assuming
80% yield of water vapour is

What would be the final pressure of O,
in the following experiment? A collapsed
polyethylene bag of 30 I capacity is par-
tially blown up by the addition of 10 1
of N, at 0.9 atm at 298 K. Subsequently,
enough O, is pumped into the bag so that
at 298 K and external pressure of 1.1 atm,
the bag contains full 30L. If the answer is
x atm, then the value of 10x is

Pure water vapour is trapped in a vessel
of volume 10 ml. The relative humidity
18 40%. The vapour is compressed slowly
and isothermally. The volume of vapour
(in ml) at which first drop of liquid will
form, is

A container with a volume of 20.0L holds
N, (g) and H,O(l) at 300 K. The pressure
is found to be 1.0 atm. The water is then
split into hydrogen and oxygen by elec-
trolysis. After the reaction is complete,
the pressure is 1.86 atm. What mass (in g)
of water was present initially in the con-
tainer? The aqueous tension of water at
300 K is 0.04 atm. (R =0.08 L-atm/K-mol)



13.

14.

Find the number of diffusion steps
required to separate the isotopic mixture
initially containing some mass of hydro-
gen gas and 1 mole of deuterium gas in a
3 litre container maintained at 24.63 atm
and 300 K to the final mass ratio of
hydrogen to deuterium gas equal to 1:4.

The equation of state for a certain gas

is P= RT -4
V.-b V,

m

, where a and b are

15.

Gaseous State = 3.41
constants distinct from zero. Ascertain
whether the gas has a critical point or
not. Answer as 1 if the gas has critical
point and as 2, if no critical point.

The van der Waal’s constants ¢ and b
for a gas of molar mass 164.2 g/mol are
4.105 atm-L*/mol® and 0.1 L/mol, respec-
tively. The density (in kg/m?),of the gas at
2 atm and 500 K is

Four-digit Integer Type

1.

A faulty barometer has some trapped air
above the mercury column due to which
it does not give the correct reading. When
the atmospheric pressure is 760 mm Hg,
the barometer reads 750 mm Hg and
when the pressure is 800 mm Hg, the
barometer reads 770 mm Hg. The actu@l
pressure (in mm Hg), when the baromgtex
reads 760 mm Hg, is

Liquefied natural gas (LN@),i5 mainly
methane. A10.0 m® tank jsyCofistructed
to store LNG at —164°C\aqd latm pres-
sure, under which conditions its density
is 416 kg/m3. The, Velume (in m’) of
a storage tank(capable of holding the
same mass of{LNG as a gas, at 27°C and
1.642 atmepressure, is

An gihspecified quantity of an ideal gas
washatnitial pressure of 5 atm and tem-
perature of 303 K. The gas is expanded at
303 K until the volume has increased by
60% of the initial value. Next, the quan-
tity of the gas in the vessel is increased
by 20% of the initial value while the vol-
ume is maintained constant. Finally, the
temperature is adjusted at constant vol-
ume until the gas pressure is again 5 atm.
What is the final temperature, in kelvin?

A cylinder contains 64 g of an ideal
gas (M = 64) at 27°C and 3 atm.

In trapsportation, the cylinder fell down
anda\dent"was created, i.e., the effective
vélume of the cylinder decreases. But
the valve attached to the cylinder can-
not keep the pressure greater than 3 atm,
so 8 g of gas leaked out. The volume of
the cylinder before and after the dent was
al and b 1, respectively. If the valve were
pretty strong, the pressure of gas in the

. cd
cylinder after dent were - atm. Tem-
perature remained constant during this
process. The value of abed is

A vertical cylinder closed from both ends
is equipped with an easily moving piston
dividing the volume into two parts, each
containing one mole of air. In equilib-
rium at 320 K, the volume of the upper
part is 4.0 times greater than that of the
lower part. At what temperature (in kel-
vin) will the ratio of these volumes be
equal to 3.0?

An LPG (liquefied petroleum gas) cylin-
der weighs 14.8 kg when empty. When
full, it weighs 28.8 kg and shows a pres-
sure of 35.5 atm. In the course of use at
300 K, the weight of the full cylinder is
reduced to 23.2 kg. Assume LPG to be
n-butane with normal boiling point of
273 K. If
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ab = ﬁx the volume (in litre) of the gas

used up at the normal usage conditions,
and

cd = final pressure (in atm) inside the

bc = millimole of gas remaining at 200 K

d = 10 x the pressure (in atm) of gas
remaining at 200 K.

The value of abcd is

cylinder 8. A barometer tube contains a mixture
then the value of abed is of air and saturated water vapour in
the space above the mercury column. If
At room temperature, following reaction reads 70 cm when the actfial dtmospheric
goes to completion: pressure is 76 cm of K gy The saturation
vapour pressure at toom temperature is
2NO+0,—2NO, = N,0, 1.0 cm of Hg. The tube is now lowered
Dimer N,O, at 262 K is solid. A 750 ml in the reserveinr ‘gll the space above the
mercury column is reduced to half of its
flask and a 250 ml flask are separated by - !
o . original(volume. The reading of barom-
a stop cock. At 300 K, the nitric oxide , 1
. eter (in ¢my)is (Assume that the tempera-
in the longer flask exerts a pressure of .
: turetemains constant.)
1.6 atm and the smaller contains oxy-
gen at 2.4 atm. The gases are mixed by 9 . Temperature and relative humidity of
opening the stop cock. After the comple- air are 27°C and 75% on a certain day.
tion of reaction, the flasks are cooled to Vapour pressure of water at 27°C and 7°C
290 K. Neglect the vapour pressure f are 24.0 mm and 8.4 mm Hg, respectively.
dimer. (R = 0.08 l-atm/K-mol) If the fraction of the mass of water vapour
a =1 (if the gas remaining at 200 K is :ha;ovgll‘ congf nset,hlf thf temfp ?82(1)‘5(;1@ falls
NO) or 2 (if the gas remaining at 200 K is © 18 X, thenl the value o LIS
O,) or 3 (if the gas remainingat’200 K is 10. Suppose you are a manger of a fish drying

NO,) or 4 (if the gas remlaiing at 200 K
is N,O,)

unit. You have to dry 200 kg of fish con-
taining 36% water on wet basis. The drier
specification is mentioned in the figure.

— Qut let air 127°C,

Inlet air 7
227°C, RH = 20%

( RH = 80%
=" T ..
Lo ~+— Perforated trays containing 100 kg of fish
""" T N ..
Lo ~+— Perforated trays containing 100 kg of fish

Inlet air flow rate = 10 m3/min

Saturation vapour pressure at 207°C = 38 mm of Hg
Saturation vapour pressure at 127°C = 19 mm of Hg
What is the process time of the drier (in min)?



11.

12.

A diver at a depth of 10 m exhales some
air by which a bubble of air of volume
24.0 ml is formed. The bubble catches an
organism which survives on the exhaled
air trapped in the bubble. The organ-
ism just inhales the air at the rate of
0.05 millimoles/min and exhales nothing.
The atmospheric pressure is 1 atm and
the temperature of water is throughout
300 K. Density of water is 1.013 g/ml.
(R =0.08 l-atm/K-mol, g = 10 ms ™)

ab = volume (in ml) of bubble when it
reaches the surface after 10 min

cd = average rate (in 10~ mole/min) at
which the organism should inhale air so
that volume of bubble remains the same
at the depth and at the surface.

The value of abcd is

A container is divided into two parts in
the ratio 1:3, by a fixed semi-permeable
membrane (SPM), which permits moVves
ment of NO, gas only. At 7' K, compart-
ment — I contains only N,O, gas dt 20'/mm
Hg pressure and compartmént — II con-
tains small amount of liqlidwvater, but
sufficient to maintain .equilibrium with
vapours at any temperature. Now, both
the compartments are” heated to ‘1.277
K at which 50%01yN,O, dissociated into
NO,. The vapeur pressure of water at 7
K and ‘L2%F K are 20 and 30 mm Hg,
respeetively: If ab and cd are the final
pressurgs (in mm Hg) of gases in com-
partments I and II, respectively, then the
value of abcd is

V 3V

Chamber - 1 Chamber - 11

13.

14.

15.
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During one of his adventure, Chacha
Chaudhary got trapped in an under-
ground cave which was sealed two hun-
dred year back. The air inside the cave
was poisonous, having some amount
of CO (5.0%, by volume) in addition to
O, and N,. The safe limit of CO in the
atmosphere is less than 0.001%, by vol-
ume. Sabu, being huge, cétild not enter
into the cave, so in ordet\to*save Chacha
Choudhary, he startedisucking the poi-
sonous air out of the cave, by mouth.
Each time, he fills,his lungs with the cave
air and exhaled\itout in the surroundings.
In the meantime, fresh air from surround-
ing effused into the cave till the pressure
becemes’again 1 atm. If each time, Sabu
sucked out half of the air present in the
cave, how many times does Sabu need
to suck out air in order to safe Chacha
Chaudhary?

A 50 litre vessel is equally divided into
three parts with the help of two station-
ary (fixed) semi- permeable membranes
(SPM). The vessel contains 60 g H, in the
left chamber, 160 g O, in the middle and
140 g N, in the right chamber. The left
SPM allows transfer of only H, gas while
the right SPM allows the transfer of both
H, and N,. If the ratio of final total pres-
sures in the three chambers is x:y:5, then
the value of (5 X x X y) is

A very long rectangular box is divided
into N equal compartments with (N — 1)
fixed semipermeable membranes (SPM)
numbered from 1 to (N — 1) as shown in
the figure. The gases are initially present in
only first compartment and they can pass
through only those SPM whose number is
less than or equal to their subscript. For
example, gas A, can pass through only
first SPM, gas A, can pass only through
first and second SPM, and so on. If ini-
tially all gases have same moles and after
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a long time, the ratio of partial pressures
of gas A, in third compartment to that
of gas A, | in first compartment is 3, the
value of N is

A4 T T
A
Ay |
st ond (N-1) SPM
16. A volume of 100 ml of hydrogen were

17.

confined in a diffusion tube and exposed
to air and at equilibrium a volume of
26 ml of air was measured in the tube.
Again, when 100 ml of an unknown gas
were placed in the same tube and exposed
to air, 130 ml of air were measured in the
tube at the equilibrium. The molecular
mass of the unknown gas is

An argon atom is released from the sur;
face of the earth to travel upwards ‘at
300 K. Assuming that it undergoes<no
collisions with other molecules, hoWleng
(in meter) will it travel beforg coming to
rest? Atomic mass of Ar=40Q,£6=10ms",
R =8.4 J/K-mol)

18. The second virial coefficient of meth-

19.

20.

ane can be approximate by the empirical
equation:

2
B=a+be "

where @ = 0.2 bar', b = 0.22 bar ', and
¢ = 950K°. What is the value of the

Boyle temperature of methane (in K)?
(In1.1=0.095)

For a van der Waal’ssgas, the critical pres-
sure and temperature-are 73.89 atm and
27°C, respectiyely.»What is the volume
(in ml) occugpiedonly by the molecules in
a sample Of“gas, containing its 24 moles?

The density’ of a gas (in g/litre) depends
o pressure (in atm) at 300 K as:

d=4P+0.02P°+0.001P° + ...

The molar mass of gas (in g/mol) is
(R=0.08 I-atm/K-mol)

Answer Keys - Exercise Il

Section A (Only, one Correct)

1.
11.
21.
31.
41.
51.
61.
71.
81.
91.

(b) 72!
(c) N2
(d) 22.
(b) 32.
(a) 42.
(b) 52.
(b) 62.
(a) 72.
(b) 82.
(a) 92.

d) 3.
(a) 13.
(b) 23.
(c) 33.
(d) 43.
(d) 53.
(a) 63.
(c) 73.
(a) 83.
(b) 93.

(d 4.
(a) 14.
(c) 24.
(a) 34.
(c) 44.
(a) 54.
(a) 64.
(c) 74.
(a) 84.
(d) 94.

(c) 5.
(d) 15.
(a) 25.
(b) 35.
(c) 45.
(b) 55.
(c) 65.
(b) 75.
(a) 85.
(d) 9s.

(©
(b)
(b)
(©
(a)
(©
(©
(b)
(b)
(a)

16.
26.
36.
46.
56.
66.
76.
86.

(©
(©
(©
(b)
(©
(b)
(©
(d)
(b)

7.(a) 8. () 9. (b) 10.(d)
17. (¢) 18. () 19. (b) 20. (a)
27. (b) 28. (b) 29. (a) 30. (a)
37. (b) 38. (c) 39.(d) 40. (b)
47. (b) 48. (a) 49. (c) 50. (b)
57. (b) 58. (d) 39. (c) 60. (b)
67. (b) 68. (c) 69. (a) 70. (d)
77. (@) 78. (a) 79. (a) 80. (a)
87. (a) 88. (b) 89.(a) 90. (c)
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Section B (One or More than one Correct)

1. (¢), (d) 2. (b), (¢) 3. (a), (b), (), (d) 4. (b), (¢

5. (b), (¢) 6. (a), (b), (¢) 7. (b) 8. (¢)

9. (a), (b), (¢c) 10. (¢), (d) 11. (a), (d) 12. (a), (b), (¢)
13. (a), (b) 14. (a), (b), (c), (d) 15. (a), (b), (d) 16. (a), (d)

17. (a), (b), (¢) 18. (¢) 19. (a), (¢) 20. (a), (b), (¢), (d)
Section C

Comprehension |

1. (¢ 2. (b) 3. (o)
Comprehension Il

4. (¢) 5. (b) 6. (a)
Comprehension lli

7.(d) 8 (b) 9.
Comprehension IV
10. (b) 11. (¢) 12. (b) 13 (a)
Comprehension V
14. (c) 15. (b) 16. (a) 17. (¢)
Comprehension VI
18. (a) 19. (d) 20. (b)
Comprehension Vi

21. (b)  22. (c)

Section D (Assertion — Reason)

I. (a) 2+4a)"* 3. (c) 4. ()
11. (a) /12d) 13. (a) 14. (d)

Section E (Column Match)

. A PR;B>Q;C—>S;D—>T
2. A—-QR;B—>S;C—>P;D—>Q

A—-R,S;B>P,C—>Q

A->S;B->R;C—->Q;D—->P
A—-QB—->S;C—->P,D—>R
A->QB—->R;,C—>P;D—>S

A—-PS;B>Q,R;C—>Q
A—-PS;B->Q;C—>R

SOOI N W

—_

Comprehension VIiI

23. (¢) 24. (b) 25. (4
Comprehension IX

26. (b) 27. (b)y'\28. (a)
Comprehension X

29. (b)) ~30-(a) 31. (¢) 32. (b)
33. (b)\.B4. (a) 35. (a)

Compréehension XI

36. (a) 37. (a) 38.(c) 39.(a)
40. (d) 4l1. (a) 42. (a)

Comprehension XII

43. (d) 44. (c) 45. (a)

5.0 6. 7.() 8@ 9 (a 10.(a)
15. (d) 16. (d) 17. (@) 18. (b) 19. (b) 20. (a)

A—-PR,S;B—>PQ,S;C—->PQ,S;D—-PR,S

A—->QB—->S;C->P,D>R;E->T
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