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Mixtures of Ideal Gases
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Energy Referencing
• The issue with mixtures is energy 

referencing. The usual method is to 
reference the enthalpy using the “enthalpy 
of formation.” This is the enthalpy 
referenced to the “standard reference state.”

• The usual notation is        , or
• So the enthalpy is

Δ f H
o hf

0

Where the last term accounts for the change in 
enthalpy from the standard reference state



The Standard Reference State

• For liquids and solids, the standard state is the 
thermodynamically stable state at a pressure of 1 
atm and a specified temperature. The stable state 
could be liquid or solid.

• For gases, the standard state is the gaseous state at 
a pressure of 1 atm and a specified temperature, 
based on the assumption of ideal gas behavior.

• For dissolved species, the standard state is a 1 M 
solution at a pressure of 1 atm and specified 
temperature, based on the assumption of ideal 
solution behavior.



Mixture internal energy/enthapy
hmix = yihi

i
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hi (T ) = hf ,i
0 + Δhi (T )

How to reference internal energy and enthalpies of each 
species wrt each other:

hf ,i
0 are the internal energy/enthalpy of formation 

defined at a standard reference state. 
Tref = 25C = 298.15K
pref = 1 Atm = 101325 Pa

And the enthalpies of formation are zero for the elements in their 
naturally occurring state at the reference state conditions.
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Note that:

Δhi (T ) = hi (T ) − hi (T0 ) = cpdT
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Mixture entropy
• We have to be careful with entropy because 

it is a function of both temperature and 
pressure.

• Therefore, use the partial pressure when 
evaluating the component entropy.



Reactant and Product Mixtures
Stoichiometry - The reaction balance equation is a 
statement of conservation of mass. 

CxHy + a(O2 + 3.76N2 )→ xCO2 + (y / 2)H2O + 3.76aN2

a = x + y / 4

This, of course, is a global reaction. But the conservation 
concept applies to elementary reactions. 

In combustion, the mixture of fuel and oxidizer that 
results in complete combustion is called the 
stoichiometric mixture.



Enthalpy of Formation Data

• Tabulated in a 
number of 
sources, in 
particular in the 
NIST database: 
janaf.nist.gov



Various Ratios

• Air/Fuel Ratio

• Equivalence Ratio

mair

mfuel

     or     Nair

Nfuel

φ =
(A / F)stoic
(A / F)

=
(F / A)
(F / A)stoic

Just make sure you know whether mass or moles are being used!



First Law Analysis

• Control Mass (Change in Time)

Q

W

E2 − E1 = Qin −Wout

E = m(u + 1
2
V 2 + gz)



First Law Analysis

• Control Volume (Steady State)

Q

W



Adiabatic Flame Temperature

• AFT - Temperature following reaction in 
absence of heat transfer or work



Heat of Combustion

• Heat of Combustion - Heat transfer 
achievable when products are cooled to 
reactant temperature

Q


