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3 The Law of gases

The state of a gas depends on the volume (V ), pressure (P ), and temperature (T ). The
relation between the volume, pressure, temperature and mass of the gas is called an equation
of state. The equation of state can be applied for a state in equilibrium, i.e. the pressure
and temperature are uniform over the volume and do not change with time.

3.1 Ideal gas laws

Gas laws are:

• Boyle’s law: PV is constant when T is kept constant, for a given quantity of gas.

• Charles’s law: V is proportional to T (in Kelvin) when P is kept constant.

• Gay-Lussac’s law: P is proportional to T (in Kelvin) when V is kept constant.

• Avogadro’s law: Gasses with identical P, T and V contain the same number of
molecules.

The first three laws lead to:
P × V ∝ T. (1)

From the dimensional point of view,

P :

[
N

m2

]
, V : [m3] (2)

thus
P × V : [Nm = Joule] (3)

has a dimension of energy.

3.2 The equation of state of ideal gas

By combining four laws, we introduce the following equation of state for an ”ideal”
gas:

PV = NkT (4)

where N is the number of gas molecules and k is called Boltzmann constant given by

k = 1.38× 10−23J K−1 (5)

Let us recall the atomic mass unit, where 1u corresponds the mass of the 12C divided by
12 and

1u = 1.6605× 10−27kg = 1.6605× 10−24g. (6)

Therefore, in 12g of 12C, there are

12g

12× 1.6605× 10−24g
=

1

1.6605× 10−24
= 6.02× 1023 ≡ NA (7)
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of 12C atoms. NA is called Avogadro’s number. We introduce a new unit, called Mole,
corresponding to NA particles.

We can then rewrite the equation of state for ideal gas to be

PV = nRT (8)

where,

R = NA × k = 8.314
J

mol K
(9)

is called the universal gas constant and

n =
N

NA
mol (10)

is the number of moles for a given gas.

Let us say that the mass of a gas molecule is r u. Then the mass of the gas for one mole
can be calculated as

r ×NA =
r × 1.6605× 10−24g

1.6605× 10−24g
= rg (11)

i.e. one mole is the quantity of gas, whose mass in gram is numerically equal to the molec-
ular mass of that gas.

Examples:

• For Hydrogen gas (H2) the atomic mass is 2.0 u (twice that of the hydrogen atoms),
thus 1 mole of H2 gas corresponds to 2 g.

• For Carbon dioxide (CO2) the atomic mass is 44 u, thus 1 mole of CO2 corresponds
to 44g. So, 220 g of CO2 is equal to 220/44 = 5 moles.

Exercises:

• What is the volume of 1 mol of gas at room temperature?
The standard temperature, T = 273K(≈ 0◦), and standard pressure, P = 1.00 atm =
1.013× 105N/m2 : STP.

The volume of 1.00 mole of any gas at STP, assuming that it behaves like an ideal
gas, is given by:

V =
nRT

P
=

1mol × 8.314Nm/(mol K)× 273K

1.013× 105Nm−2
= 22.4× 10−3m2 (12)

or 22.4 liters. → does not depend on the type of gas!
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• What is the mass of a room full of air?
The mass of air in a room with a size of 5m× 3m× 2.5m at STP: the volume of the
air in the room is V = 5m× 3m× 2.5m = 37.5m3. Since 1 mol of an ideal gas at STP
gives 22.4 litres, 37.5m3 of an ideal gas at STP corresponds to

37.5/22.4× 10−3 = 1674mol. (13)

The air is composed of 20% O2 and 80% N2. The atomic mass numbers for O and N
are 16 and 14, respectively. The molecular mass of air is then given by

0.2× (2× 16) + 0.8× (2× 14) = 28.8, (14)

i.e. 1 mole of air is 28.8 g. Therefore 1674 mole of air is 48.2 kg.

Let us assume that a system of ideal gas is in an equilibrium state with, (V1, P1, T1), where

P1V1

T1
= nR. (15)

We then change the same gas to a different equilibrium state (V2, P2, T2). Since it is the
identical gas to what was in the state of (V1, P1, T1), nR remains constant. Thus, we have

P1V1

T1
=

P2V2

T2
(16)

3.3 Real Gases
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Correction terms for real gases:
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Examples:
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