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Combustion releases energy stored in the form of molecular bonds. Therefore, it is sensible to calculate the net

energy released (as heat) from a combustion reaction based on the dissociation/association of the bonds bro-

ken/formed during a reaction. The following tabley lists bond energies required to dissociate gaseous substance

to their constituent elements at 25�C.
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Bond energies are typically written as positive values, but they are energies released upon formation of the bond

so they are equivalent to ��H0. Recall that the enthalpy of reaction is

�cH
0 =

∑
k2Products

�H0
k �

∑
k2Reactants

�H0
k :

Example

We will calculate the heat of combustion for methane, a primary constituent of natural gas. Some heating

values consider the latent heat recovered from condensation of the water vapor product, but in this case we

will assume the water vapor remains in the gas phase.

CH4 + 2O2 ! CO2 + 2H2O

�cH
0 =

(
2�H0

C=O + 2 � 2�H0
O-H

)
�

(
4�H0

C-H + 2�H0
O=O

)
= [2 � (�192) kcal/mol + 4 � (�110:6) kcal/mol]� [4 � (�98:7) kcal/mol + 2 � (�118:9) kcal/mol)�

= �193:8 kcal/mol

Next we calculate the mass of CO2 formed (MCO2
= 44.01 g/mol) per unit of heat generated (the magnitude

of negative �cH
0) as kJ (1 kcal = 4.184 kJ):

1mol CH4

193:8 kcal
�

1mole CO2

1mole CH4

�

44:01 g CO2

mol CO2

�

1 kcal

4:184kJ
= 0:0543 g/kJ

Assignment

Calculate the mass of CO2 per unit of heat generated in units of g/kJ for C8H18 and C14H30 (both are saturated

alkane compounds) as surrogates for gasoline and diesel fuel, respectively. Among CH4, C8H18, and C14H30,

which compound produces the least CO2 per unit of energy produced from combustion* (i.e., which is \cleanest"

with resepect to CO2)?

(*technically, heat produced from hypothetical case of complete combustion)

Hint for shortcut

Recall that

CxHy +
(
x +

y

4

)
O2 ! xCO2 +

y

2
H2O

Saturated alkanes with carbon number of x can be represented as CH3(CH2)(x {2)CH3 or H(CH2)xH. So y can

be written as a function of x . Also, you will need to consider the breaking of C{C bonds. The number of these

bonds can also be written as a function of x .

ySource: Roberts, John D. and Caserio, Marjorie C. (1977) Basic Principles of Organic Chemistry, 2nd edition.

W. A. Benjamin, Inc. , Menlo Park, CA. ISBN 0-8053-8329-8.
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