
Module 5

Properties of Gas Mixtures



Non Reacting Gas Mixtures

Two ways to describe the composition of a 
mixture:

• Gravimetric analysis

• Molar analysis



𝑚𝑚𝑖𝑥=

𝑖=1

𝑘

𝑚𝑖

• Mass of a mixture is equal to the sum of the 
masses of its components.

𝑁𝑚𝑖𝑥 =

𝑖=1

𝑘

𝑁𝑖

• Total number of moles of a mixture is equal to the 
sum of the number of moles of its components



Mass fraction (x)

• Mass fraction of a component in a mixture is 
ratio of the mass of the component to the 
mass of the mixture.

𝑥𝑖 =
𝑚𝑖

𝑚𝑚𝑖𝑥

𝑨𝒍𝒔𝒐, 

𝒊=𝟏

𝒌

𝒙𝒊 = 𝟏



Mole fraction (y)

• Mole fraction of a component in a mixture is 
ratio of the mole number of the component to 
the mole number of the mixture.

𝑦𝑖 =
𝑁𝑖
𝑁𝑚𝑖𝑥

𝑨𝒍𝒔𝒐, 

𝒊=𝟏

𝒌

𝒚𝒊 = 𝟏



Partial pressure (p)

• Partial pressure of any component in a mixture of 
gases is the pressure exerted by the component if it 
alone occupies the entire volume of the mixture at 
the mixture temperature.



Dalton’s law of additive pressures

• The pressure of a gas mixture of ideal gases is equal 
to the sum of the pressures each gas would exert if it 
existed alone at the mixture temperature and 
mixture volume.

𝑝𝑚𝑖𝑥 =

𝑖=1

𝑘

𝑝𝑖

𝑇𝑚𝑖𝑥,𝑉𝑚𝑖𝑥,

I.e. Total pressure is the sum of the partial pressures.



Amagat’s law of additive volumes

• The volume of a gas mixture of ideal gases is 
equal to the sum of the volumes each gas 
would occupy if it existed alone at the mixture 
pressure and mixture temperature.

𝑉𝑚𝑖𝑥 =

𝑖=1

𝑘

𝑉𝑖

𝑝𝑚𝑖𝑥,𝑇𝑚𝑖𝑥,



Pressure fraction 𝑃𝑓 and Volume fraction 𝑉𝑓

• Pressure fraction of a component in a mixture is ratio 
of the partial pressure of the component to the mixture 
pressure.

𝑖. 𝑒. 𝑃𝑓𝑖=
𝑃𝑖

𝑃𝑚𝑖𝑥 𝑇𝑚𝑖𝑥,𝑉𝑚𝑖𝑥,

• Volume fraction of a component in a mixture is ratio of 
the volume of the component to the mixture volume.

𝑖. 𝑒. 𝑉𝑓𝑖=
𝑉𝑖

𝑉𝑚𝑖𝑥 𝑝𝑚𝑖𝑥,𝑇𝑚𝑖𝑥,



Ideal gas law

To the component (a)

• 𝐷𝑎𝑙𝑡𝑜𝑛′𝑠𝑚𝑜𝑑𝑒𝑙 ⇨ 𝑝𝑎𝑉𝑚𝑖𝑥 = 𝑚𝑎𝑅𝑎𝑇𝑚𝑖𝑥

⇨ 𝑝𝑎 𝑉𝑚𝑖𝑥 = 𝑁𝑎 ത𝑅𝑇𝑚𝑖𝑥

• 𝐴𝑚𝑎𝑔𝑎𝑡′𝑠𝑚𝑜𝑑𝑒𝑙 ⇨ 𝑝𝑚𝑖𝑥𝑉𝑎 = 𝑚𝑎𝑅𝑎𝑇𝑚𝑖𝑥

⇨ 𝑝𝑚𝑖𝑥 𝑉𝑎 = 𝑁𝑎 ത𝑅𝑇𝑚𝑖𝑥

To the mixture      

• 𝑝𝑚𝑖𝑥𝑉𝑚𝑖𝑥 = 𝑚𝑚𝑖𝑥𝑅𝑚𝑖𝑥𝑇𝑚𝑖𝑥

• 𝑝𝑚𝑖𝑥𝑉𝑚𝑖𝑥 = 𝑁𝑚𝑖𝑥
ത𝑅𝑇𝑚𝑖𝑥

1

2

3



• /

• ⇨
𝑝𝑎𝑉𝑚𝑖𝑥

𝑝𝑚𝑖𝑥𝑉𝑚𝑖𝑥
=

𝑁𝑎 ത𝑅𝑇𝑚𝑖𝑥

𝑁𝑚𝑖𝑥 ത𝑅𝑇𝑚𝑖𝑥

•
𝑝𝑎

𝑝𝑚𝑖𝑥
=

𝑁𝑎

𝑁𝑚𝑖𝑥

• 𝐺𝑒𝑛𝑒𝑟𝑎𝑙𝑖𝑧𝑖𝑛𝑔,
𝑝𝑖

𝑝𝑚𝑖𝑥
=

𝑁𝑖

𝑁𝑚𝑖𝑥
𝑖. 𝑒. 𝑃𝑓𝑖 = 𝑦𝑖

• 𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦,
𝑉𝑖

𝑉𝑚𝑖𝑥
=

𝑁𝑖

𝑁𝑚𝑖𝑥
𝑖. 𝑒. 𝑉𝑓𝑖 = 𝑦𝑖

𝑃𝑓𝑖 = 𝑉𝑓𝑖 = 𝑦𝑖
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Gibbs- Dalton law: 

• The Internal energy, Enthalpy and entropy of mixture
of gases are respectively equal to the sum of the
individual Internal energies, Enthalpies and Entropies,
if each component occupied the volume of the
mixture at the temperature of the mixture



Molecular weight of the mixture (𝑀𝑚𝑖𝑥)

• 𝑚𝑚𝑖𝑥 = 𝑚𝑎 +𝑚𝑏 +𝑚𝑐

• 𝑁𝑚𝑖𝑥𝑀𝑚𝑖𝑥 = 𝑁𝑎𝑀𝑎 + 𝑁𝑏𝑀𝑏 +𝑁𝑐𝑀𝑐

• ∴ 𝑀𝑚𝑖𝑥 =
𝑁𝑎

𝑁𝑚𝑖𝑥
𝑀𝑎 +

𝑁𝑏

𝑁𝑚𝑖𝑥
𝑀𝑏 +

𝑁𝑐

𝑁𝑚𝑖𝑥
𝑀𝑐

By defenition, 𝑦𝑖 =
𝑁𝑖

𝑁𝑚𝑖𝑥

𝑀𝑚𝑖𝑥 = 𝑦𝑎 𝑀𝑎 + 𝑦𝑏 𝑀𝑏 + 𝑦𝑐 𝑀𝑐

𝐻𝑒𝑛𝑐𝑒, 𝑀𝑚𝑖𝑥=𝑦𝑖𝑀𝑖

The molecular weight of the mixture equals the sum of the products of 
the mole fraction and the molecular weight of each component.



• 𝑝𝑎𝑉𝑚𝑖𝑥 = 𝑚𝑎𝑅𝑎𝑇𝑚𝑖𝑥

• 𝑝𝑏𝑉𝑚𝑖𝑥 = 𝑚𝑏𝑅𝑏𝑇𝑚𝑖𝑥

• 𝑝𝑐𝑉𝑚𝑖𝑥 = 𝑚𝑐𝑅𝑐𝑇𝑚𝑖𝑥

𝑝𝑎 + 𝑝𝑏+ 𝑝𝑐 𝑉𝑚𝑖𝑥 = 𝑚𝑎𝑅𝑎 +𝑚𝑏𝑅𝑏 +𝑚𝑐𝑅𝑐 𝑇𝑚𝑖𝑥

• 𝑖. 𝑒., 𝑝𝑚𝑖𝑥𝑉𝑚𝑖𝑥 = 𝑚𝑎𝑅𝑎 +𝑚𝑏𝑅𝑏 +𝑚𝑐𝑅𝑐 𝑇𝑚𝑖𝑥

• 𝐵𝑢𝑡, 𝑝𝑚𝑖𝑥𝑉𝑚𝑖𝑥 = 𝑚𝑚𝑖𝑥𝑅𝑚𝑖𝑥𝑇𝑚𝑖𝑥



• 𝑅𝑚𝑖𝑥 =
𝑚𝑎𝑅𝑎+𝑚𝑏𝑅𝑏+𝑚𝑐𝑅𝑐

𝑚𝑚𝑖𝑥

•
ത𝑅

𝑀𝑚𝑖𝑥
= 𝑥𝑎

ത𝑅

𝑀𝑎
+ 𝑥𝑏

ത𝑅

𝑀𝑏
+ 𝑥𝑐

ത𝑅

𝑀𝑐

• 𝑀𝑚𝑖𝑥 =
1

𝑥𝑎
𝑀𝑎

+
𝑥𝑏
𝑀𝑏

+
𝑥𝑐
𝑀𝑐

𝑀𝑚𝑖𝑥 =
1

σ
𝑥𝑖
𝑀𝑖



Gas constant of the mixture (𝑅𝑚𝑖𝑥)

• 𝑝𝑚𝑖𝑥 = 𝑝𝑎+𝑝𝑏 + 𝑝𝑐

• 𝑝𝑚𝑖𝑥 =
𝑚𝑎𝑅𝑎𝑇𝑚𝑖𝑥

𝑉𝑚𝑖𝑥
+

𝑚𝑏𝑅𝑏𝑇𝑚𝑖𝑥

𝑉𝑚𝑖𝑥
+

𝑚𝑐𝑅𝑐𝑇𝑚𝑖𝑥

𝑉𝑚𝑖𝑥

• 𝑝𝑚𝑖𝑥 =
𝑚𝑚𝑖𝑥𝑅𝑚𝑖𝑥𝑇𝑚𝑖𝑥

𝑉𝑚𝑖𝑥

• 𝑅𝑚𝑖𝑥 =
𝑚𝑎

𝑚𝑚𝑖𝑥
𝑅𝑎 +

𝑚𝑏

𝑚𝑚𝑖𝑥
𝑅𝑏 +

𝑚𝑐

𝑚𝑚𝑖𝑥
𝑅𝑐

• 𝑅𝑚𝑖𝑥 = 𝑥𝑎𝑅𝑎 + 𝑥𝑏𝑅𝑏 + 𝑥𝑐𝑅𝑐

𝑅𝑚𝑖𝑥 =𝑥𝑖𝑅𝑖


