IDEAL GASES

Ideal gases :
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Some constants :

K = Boltzmann's constant = 1.38 x 10723 v~
NA = Avagadro's number = 6.023 x 10%° .~
R = molar gas constant = (K)(Na) = 8.31 +—

Q. What is an ideal gas?
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Assumptions of Kinetic Model theory :

Particles are always in random motion <

1) No intermolecular forces between particles

2) The time of a specific particulate collision is comparable to
the time between successive collisions

3) The collisions are perfectly elastic * (o loss = AE)

4) The volume of the particles themselves are negligible
compared to the volume of gas *%

5) There are always a large number of particles present for
statistical approximations to be applied on the population.
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Derivation of ideal gas equation :
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(@) (i) The kinetic theory of gases leads to the equation
§m<02> = gkt =0

Explain the significance of the quantity  m<c®>.
]4wﬁncwefrm%cﬁv\fLPWM€wW3m

(ii) Use the equation to suggest what is meant by the absolute zero of temperature.
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(b) Two insulated gas cylinders A and B are connected by a tube of negligible volume, as
shown in Fig. 3.1.

tap

Ig,/

cylinder A Via Vz cylinder B
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Fig. 3.1
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Each cylinder has an internal volume of 2.0x1072m?, Initially, the tap is closed and cylinder A
contains 1.2mol of an ideal gas at a temperature of 37 °C. Cylinder B contains the same
ideal gas at pressure 1.2 x10°Pa and temperature 37 °C.

(i) Calculate the amount, in mol, of the gas in cylinder B.
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(ii)) The tap is opened and some gas flows from cylinder A to cylinder B. Using the fact
that the total amount of gas is constant, determine the final pressure of the gas in

the cylinders.
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The pressure p of an ideal gas is given by the expression

_1Nm__.
p= 3y <c>.

(a) Explain the meaning of the symbol <¢?>.
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(b) The ideal gas has a density of 2.4kgm™ at a pressure of 2.0x 10°Pa and a
temperature of 300 K.

(i) Determine the root-mean-square (r.m.s.) speed of the gas atoms at 300 K.
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r.m.s. speed = §QO ms-1 (3]

(ii) Calculate the temperature of the gas for the atoms to have an r.m.s. speed that is
twice that calculated in (i).
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pV = constantx T

2 (a) The equation

relates the pressure p and volume V of a gas to its kelvin (thermodynamic)
temperature T.

State two conditions for the equation to be valid.
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(b) A gas cylinder contains 4.00x 10*cm? of hydrogen at a pressure of 2.50x107Pa and a
temperature of 290 K.

The cylinder is to be used to fill balloons. Each balloon, when filled, contains
7.24 x10%cm? of hydrogen at a pressure of 1.85 x 10° Pa and a temperature of 290 K.

Calculate, assuming that the hydrogen obeys the equation in (a),

(i) the total amount of hydrogen in the cylinder,
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(ii) the number of balloons that can be filled from the cylinder.
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(a) Kinetic theory of gases is based on some simplifying assumptions.
Molecules of the gas are assumed to behave as hard elastic identical spheres.

State assumption about ideal gas molecyles based on .
: .,.\& o MRaAL
(1) nature of their movement —> f"‘"‘(ﬁ% ’ﬁ—) A ‘L\

(i1) their volume —> \oluvie % p,«\;JeA :@?ﬁ \'G:Uc (oYV\Py'Vc& 11) volome ﬁ jv’\

(b) Cube of volume V contains N molecules of an ideal gas. Each molecule has a component ¢y of
velocity normal to one side S of the cube, as shown.

side S

Pressure p of the gas due to component ¢y of velocity is given by expression
pV= ch}(3

where m 1s mass of a molecule.
Explain how expression leads to the relation

pV = (1/3) Nm=c?>
where <c”> is mean square speed of the molecules.
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(c) Molecules of an 1deal gas have a root-mean-square (rm.s.) speed of 320 m 571

of 27 2C.
Calculate r.m s. speed of the molecules at a temperature of 100 °C.
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(a) State what is meant by an ideal gas.
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(b) Two cylinders A and B are connected by a tube of negligible volume, as shown in
Fig. 2.1.

C."ﬂinder A /"—\
2.5 x 103cm? q:?
3.4 x 105Pa \ \J 1.6 x 10%em?
300K 49 x 10°Pa
v tube

Fig. 2.1

Initially, tap T is closed. The cylinders contain an ideal gas at different pressures.

(i) Cylinder A has a constant volume of 2.5 x 103cm® and contains gas at pressure
3.4 x 10°Pa and temperature 300K.

Show that cylinder A contains 0.34 mol of gas.
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(ii) Cylinder B has a constant volume of 1.6 x 10°cm® and contains 0.20 mol of gas.
When tap T is opened, the pressure of the gas in both cylinders is 3.9 x 10°Pa.

No thermal energy enters or leaves the gas.

Determine the final temperature of the gas.
PV. nRT B
@-Cfﬁ\o%jéj'l.\ﬁlcl*fcsé>; 62 4—0.3H><g-1'> \

T 356,38

-

temperature = ........... 3 éo ...................... K[2]

reference to work done and change in internal energy, suggest why the tem
in cylinder A has changed.

..................................................................................................................................

..................................................................................................................................
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2 (a) The kinetic theory of gases is based on a number of assumptions about the molecules of a
gas.
State the assumptlon that is related to the volume of the molecules of the gas

(b) An ideal gas occupies a volume x10-%yn* at a pressure of 4.60 x 10°Pa and a
temperature of 23 °C.
(i) Calculate the number of molecules in the gas.
PN AT
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(ii) Each molecule has a diameter of approximately 3 x 107%m.
Estimate the total volume of the gas molecules.
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(c) By reference to your er in (b)(ii), suggest why the assumpborb( (a) is justified.
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(a) Asquare box of volume V contains N molecules of an ideal gas. Each molecule has mass m.
Using the kinetic theory of ideal gases, it can be shown that, if all the molecules are moving
with speed v at right angles to one face of the box, the pressure p exerted on the face of the
box is given by the expression

pV = NmvZ. (equation 1)
This expression leads to the formula

p= %p(cz) (equation 2)

for the pressure p of an ideal gas, where pis the density of the gas and (c2) is the mean-square
speed of the molecules.

Explain how each of the following terms in equation 2 is derived from equation 1:
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(b) An ideal gas has volume, pressure and temperature as shown in Fig. 2.1.

P ~an="
volume 6.0 x 10—3m?3 ‘> V= aRT 0=
pressure 3.0 x 10°Pa Az msS 5 My ?

temperature 17 °C My )
Fig. 2.1 J> PV NIKT = N7
The mass of the gas is 20.7g. Jb}‘&vq.\gs ety
N :

Calculate the mass of one molecule of the gas.
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