SECTION 9

GASESAND THE GASLAWS

The mass of a gas cannot easily be measured by weighing as i1s done for a liquid or solid.
However the volume of the gas’s container, and the pressure and temperature of the gas can
be measured. This section tells you about experimental laws and a famous hypothesis which
allow the determination of the amount of a gas from its volume, pressure and temperature.
Then it briefly gives the simple theory that rationalises these laws.

Ideal gas. A gasthat obeys Boyle'slaw and Charles's law, and hence the | deal gas
equation.

Boyle'slaw: The pressure, p, of afixed mass of gasisinversely proportional to its volume,
V, at constant temperature (i.e. p o< 1/V).

Charlesslaw: Thevolume, V, of afixed mass of gasis proportional to its absolute
temperature, T, at constant pressure (i.e. Vo< T).

It is found experimentally that at constant pressure and temperature the volume of agasis
directly proportional to the amount of gas, n, and at constant volume and temperature the
pressure is directly proportional to the amount of gas, n.

Avogadro's hypothesis: Equal volumes of different gases at the same temperature and
pressure contain the same number of molecules (or atoms for monoatomic gases).

All thisis expressed by the ideal gas equation.

Ideal gasequation: pV=nRT Riscalledthe universal gas constant, and has the value
8.314 JK™ mol™. Thisequation is particularly useful in determining the amount of a gas
from its volume, pressure and temperature.

[e.g. Calculate the mass of dinitrogen in 500 litres at a pressure of 200 kPa and a temperature
of 100°C. n(N,) is obtained from the ideal gas equation, and the mass from the molar mass:

3 3
n(Ny = BY - 20010 _lPax ?.500 LR
RT  8314JK*mol™ x 373K

m(N2) = nM =32.2mol x (2x 14.0gmol™) =903 g]

Ideal gas. agasfor which the individual molecules or atoms occupy negligible volume, and
for which there are no attractive or repulsive forces between the molecules (or atoms).

Dalton'slaw of partial pressures. Thetotal pressure of a mixture of gasesisthe sum of the
partial pressuresof the individual gasesin the mixture. All real gases deviate from ideal
behaviour, the deviation increasing with increasing p and decreasing T.

Partial pressure: The pressure that a particular gasin amixture of gases would exert if it
alone occupied the container.
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Thekinetic theory of gases makes the following assumptions for an ideal gas:

1.
2.
3.
4.

5.

Gases are made up of molecules whose sizes are negligible compared with the
distance between them.

There are no forces between the molecules (except in a collision).

Between collisions the molecules are constantly moving in straight lines and their
motion is completely random.

The molecules are constantly colliding with one another and with the walls of the
container, al collisions being elastic (i.e. no loss of kinetic energy).

The collisions with the walls of the container give rise to the measured gas pressure.

Vapour: An aternative term for gas. It isusually used whenitisin contact with the liquid
form, solid form or solution of the same substance, or is at atemperature at which it could be
made to condense by increasing its pressure. The term evapor ation illustrates this.

EXERCISES

Assuming the ideal gas equation is obeyed determine:

1.

2.

The volume of 50 g of dioxygen at 500 K and 200 kPa
The mass of 5 L of HBr at 1000 °C and 4 mPa
The pressure of 5 kg of argonin a5 litre cylinder at 25 °C

The changein pressure if agiven volume of xenon at 100 kPais heated from 298 K to
800 K

Thetotal pressurein a2 litre cylinder containing 2 g of N,O and 3 g of O, at 298 K



