CHAPTERI3: KINETIC THEORY
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NCERT EXERCISES

Estimate the fraction of mﬁé&u]ar volume to the actual volume occupied by oxygen

gas at STP. Take the &ﬁx\geter of an oxygen molecule to be 3 A.

(ideal) gas at standard

Molar volume is ghedvolume occupied by 1 mol of any
that it is 22.4

temperature ani ) dréssure (STP : 1 atmospheric pressure, 0 °C). Show
litres. ,{g\g

. 7S Ny
Figure {1:?.&"%hows plot of PV/T versus P for 1.00x10 kg of oxygen gas at two
dil'fgengt‘emperatures.
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(a) What does the dotted plot signify?
(b) Which is true: T, > T, or T, <T,2 _ fo® .

(c) What is the value of PV/T where the curves meet on thﬁ)yr’ia;ﬁﬁ?

(d) If we obtained similar plots for 1.00x10"* kg of hydrogén, would we get the same

value of PV/T al the point where the curves meet o the y*axis? If not, what mass

v pressurehigh temperature

$2.02 u, of O, = 32.0 u,

of hydrogen yields the same value of:PV/T (for, I
region of the plot) ? (Molecular mass off

R=8.31Jmol!' K1) 4

e, N

An oxygen cylinder of volume 30 litres hasia .iﬁfytial gauge pressure of 15 atm and
a temperature of 27 °C. After some o;g}gg'gfi withdrawn from the cylinder, the gauge
pressure drops to 11 atm and its ten rature drops to 17 °C. Estimate the mass of
oxygen taken out of the cylinder (R ="8 J mol! K-!, molecular mass of O, = 32 u).

rises from the bottom of a lake 40 m deep at a

An air bubble of volume 1.0:
lume does it grow when it reaches the surface,

temperature of 12 °C. Tojwha
which is at a temperature 2&35 °C ?
y -

imber of air molecules (inclusive of oxygen, nitrogen, water

Estimate the tot
at a temperature of

vapour and o?kii’;p onstituents) in a room of capacity 25.0 m3

27 °C and 1 atn:gﬁi%essure.

T

e

helium atom at (i) room temperature

[ the Sun (6000 K), (iii) the temperature
star).

Estimate the average thermal energy of a
(27 °C), (ii) the temperature on the surface o
of 10 million kelvin (the typical core temperature in the case of a

Three vessels of equal capacity have gases at the same temperature and pressure.
The firsi vessel contains neon (monatomic), the second contains chlorine (diatomic),
and the third contains uranium hexafluoride (polyatomic). Do the vessels contain
equal number of respective molecules ? Is the rool mean square speed of molecules
the same in the three cases? If not, in which case is v, the largest ?

At what temperature is the root mean square speed of an atom in an argon gas
cylinder equal to the rms speed of a helium gas atom at - 20 °C ? (atomic mass of Ar

= 39.9 u, of He = 4.0 u).



138,
10 Estimate the mean free path

and collision [requency of a nitrogen molecule in a

cylinder containing nitrogeng{i ,2.0 atm and temperature 17 °C. Take the radius of a
"} 1.0 A. Compare the collision time with the time the

nitrogen molecule to be rofighl
ive collisions (Molecular mass of N, =

molecule moves freely Qn/réen two success

28.0 u). %

Additional Exercises

18.11 Ametre long{irfow bore held horizontally (and clos

13.12 P‘fr\(}f‘;\ia cerlain apparatus, Lhe diffusion rat
'y <Z_.8.‘?7"cm3 s-!. The diffusion of another gas un

R

13.18 A gas in equilibrium has uniform density and

*)k

13.14

ed at one end) contains a 76 cm

long mercdry .thread, which traps a 15 cm column of air. What happens if the tube

is held "ié?i‘cally with the open end at the bottom ?

e of hydrogen has an average value of
r A4 der the same conditions is measured to
héve an average rate of 7.2 cm?® s7. Identify the gas.

=(M, /M, )1/2, where R, R, are dilfusion

[Hint : Use Graham's law of diffusion: R, /R,
lecular masses. The law is

rates of gases 1 and 2, and M, and M, their respective mo
a simple consequence of kinetic theory.]

pressure throughout its volume. This

is strictly true only if there are no externalkinfluences. A gas column under gravity,
for example, does not have uniform density (and-pressure). As you might expect, its
density decreases with height. The precise dependchééfjis given by the so-called law
of atmospheres b vy

6 a«%}.

N

ny =, exp [ -mg [, - h)/ T . PENY

Lo o7

where n,, n, refer to number density at heights h, and g@;{@géeéﬁvely. Use this

relation to derive the equation for sedimentation equili ri“’fi"ﬁl.g}of”ﬁ suspension in a
. ¢ s

liquid column:
n, =n, exp [-mgN, (p -P’) (h,-h)/ (p RT)]

where p is the density of the suspended partj
[N, is Avogadro’s number, and R the unive
principle to find the apparent weight

|| Density (10°Kgm?)

2.29

Gold 197.00 19.32
~Nitrogen (liquid) 14.01 1.00
Lithium 6.94 0.53
Fluorine (liquid) 19.00 1.14

[Hint : Assume the atoms to be ‘tightly packed’ in a solid or liquid phase, and use
the known value of Avogadro's number. You should, however, not take the actual
numbef's you oblain for various alomic sizes Loo literally. Because of the crudeness
of the tight packing approximation, the results only indicate that atomic sizes are in
the range of a few AJ.



