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• An older name for alkanes is paraffin hydrocarbons. Paraffin is derived from the Latin words parum affinis
(“with little affinity”) and testifies to the low level of reactivity of alkanes.

• Although essentially inert in acid–base reactions, alkanes do participate in oxidation–reduction reactions as 
the compound that undergoes oxidation. Burning in air (combustion) is the best known and most important 
example. Combustion of hydrocarbons is exothermic and gives carbon dioxide and water as the products.

Combustion of alkanes: The fuels of our world

The heat released on combustion of a substance is called its heat of combustion and is equal to −DH° for the 

reaction. By convention,

DH° = H°Products - H°Reactants

where H° is the heat content, or enthalpy, of a compound in its standard state, that is, the gas, pure liquid, or 

crystalline solid at a pressure of 1 atm. In an exothermic process the enthalpy of the products is less than that 

of the starting materials, and DH° is a negative number.
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Combustion of alkanes: The more you burn, the greater energy
you get
The following table lists the heats of combustion of several alkanes. Unbranched alkanes have slightly higher 

heats of combustion than their 2-methyl-branched isomers, but the most important factor is the number of 

carbons. The unbranched alkanes and the 2-methylbranched alkanes constitute two separate homologous series

in which there is a regular increase of about 653 kJ/mol (156 kcal/mol) in the heat of combustion for each 

additional CH2 group. The more matter you burn, the greater energy you get, as expected.

Heat of Combustion of representative alkanes

Alkanes (unbranced) Molecular Formula −DH° (kJ/mol) −DH° (kcal/mol)

hexane CH3(CH2)4CH3 4163 995

heptane CH3(CH2)5CH3 4817 1151.3

octane CH3(CH2)6CH3 5471 1307.5

nonane CH3(CH2)7CH3 6125 1463.9

2-Methyl-branched alkanes Molecular Formula −DH° (kJ/mol) −DH° (kcal/mol)

2-methylpentane (CH3)2CH(CH2)2CH3 4157 993.6

2-methylhexane (CH3)2CH(CH2)3CH3 4812 1150

2-methylheptane (CH3)2CH(CH2)4CH3 5266 1306.3
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Using heat of combustion to estimate the relative stability of 
isomeric alkanes:
Heats of combustion can be used to compare the relative stability of isomeric hydrocarbons. They tell us not 

only which isomer is more stable than another, but also by how much. The following figure compares the heats 

of combustion of several C8H18 isomers on a potential energy diagram. Potential energy is comparable with 

enthalpy; it is the energy a molecule has exclusive of its kinetic energy. These C8H18 isomers all undergo 

combustion to the same final state according to the equation:
𝐶8𝐻18 +

25

2
𝑂2 = 8𝐶𝑂2 + 9𝐻2𝑂

Therefore, the differences in their heats of 

combustion translate directly to differences in their 

PEs. When comparing isomers, the one with the 

lowest potential energy (in this case, the smallest heat 

of combustion) is the most stable. Among the C8H18

alkanes, the most highly branched isomer, 2,2,3,3-

tetramethylbutane, is the most stable, and the 

unbranched isomer octane is the least stable. It is 

generally true for alkanes that a more branched 

isomer is more stable than a less branched one.
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Using heat of combustion to estimate the relative stability of 
isomeric alkenes:

𝐶4𝐻8 + 6𝑂2 = 4𝐶𝑂2 + 4𝐻2𝑂

We have seen how heats of combustion can be used to compare the stabilities of isomeric alkanes. When a 

similar analysis of heats of combustion data is applied to the four alkenes of molecular formula C4H8, we

find that l-butene is the least stable isomer and 2-methylpropene (isobutene) the most stable. Of the pair of 

stereoisomeric 2-butenes, trans-2-butene is more stable than cis-. All of these undergo combustion to yield the 

same products according to the equation:

Similar data for a host of alkenes tell us that the most 

important factors governing alkene stability are:

1. Degree of substitution of C=C (an electronic effect)

2. van der Waals strain in the cis stereoisomer (a steric 

effect)

3. Chain branching (analogous to the increased 

stability of branched alkane chains relative to their 

unbranched isomers)
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The factors affecting the relative stability of isomeric alkenes:

• Degree of substitution refers to the number of carbons directly attached to the C=C unit. An alkene of the 

type RCH=CH2 has a monosubstituted or terminal double bond regardless of the number of carbons in R. 

Disubstituted, trisubstituted, and tetrasubstituted double bonds have two, three, and four carbon atoms, 

respectively, directly attached to the C=C. Among the C4H8 isomeric alkenes, only 1-butene has a 

monosubstituted double bond; the other three have disubstituted double bonds and are, as measured by 

their heats of combustion, more stable than 1-butene.

• Like the sp2-hybridized carbons of carbocations and free radicals, the sp2-hybridized carbons of double 

bonds are electron-withdrawing, and alkenes are stabilized by substituents that release electrons to these 

carbons. Recall from our discussions relating to inductive effects, alkyl groups are better electron-releasing 

substituents than hydrogen and are, therefore, better able to stabilize an alkene. We need to consider the 

electron release by alkyl groups by the hyperconjugative mechanism as well. In general, alkenes with more 

highly substituted double bonds are more stable than isomers with less substituted double bonds.

• An effect that results when two or more atoms or groups interact so as to alter the electron distribution in a 

molecule is called an electronic effect. The greater stability of more highly substituted alkenes is an 

example of an electronic effect.
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The factors affecting the relative stability of isomeric alkenes:

• van der Waals strain in alkenes is a steric effect most commonly associated with repulsive forces between 

substituents that are cis to each other and is reflected in the observation that the heat of combustion of cis-2-

butene is 3 kJ/mol (0.7 kcal/mol) greater than trans-2 butene. The source of this difference is illustrated in 

the space-filling models, where it is can be seen that the methyl groups crowd each other in cis, but not 

trans-2-butene.

The difference in stability between stereoisomeric alkenes is 

especially pronounced with bulky alkyl groups as substituents on the 

double bond. The heat of combustion of the cis stereoisomer of 

2,2,5,5-tetramethyl-3-hexene, for example, is 44 kJ/mol (10.5 kcal/

mol) higher than that of the trans because of van der Waals strain 

between cis tert-butyl groups.
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The factors affecting the relative stability of isomeric alkenes:

Chain branching, as we have seen earlier, has a stabilizing effect on alkanes. The same is true of carbon chains 

that include a double bond. Of the three disubstituted C4H8 alkenes, the branched isomer (CH3)2C=CH2 is more 

stable than either cis- or trans-CH3CH=CHCH3.

In general, alkenes with branched chains are more stable than unbranched isomers. This effect is usually less 

important than the degree of substitution or stereochemistry of the double bond.

Pop-Up Problem:

Write structural formulas for the six isomeric alkenes of molecular formula C5H10 and arrange them in order of 

increasing stability (smaller heat of combustion).

The small differences in stability between branched and unbranched isomers result from an interplay between 

attractive and repulsive forces within a molecule (intramolecular forces). These forces are nucleus–nucleus 

repulsions, electron–electron repulsions, and nucleus–electron attractions, the same set of fundamental forces 

we met when talking about chemical bonding plus the van der Waals forces within the molecule. When the 

energy associated with these interactions is calculated for all of the nuclei and electrons within a molecule, it 

is found that the attractive forces increase more than the repulsive forces as the structure becomes more 

compact.
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The problem of comparing the heats of combustion: Heats of
hydrogenation as an alternative means 

• As you must have noticed, the difference of the heats of combustion values among isomeric alkanes and alkenes is 

very small while the values themselves are pretty big in magnitude. Thus extreme precision is required to measure these 

parameters and a small error can affect the experimental result considerably, so that the actual stability order may even

get reversed among two isomers.

• To avoid this sort of stringency, one can adopt an alternative

reaction, namely, the hydrogenation of isomeric alkenes that afford 

the same alkane and compare the heat change associated with the 

hydrogenation process. The principle is the same, the more stable 

alkene has the lowest heat of hydrogenation. Consider the three 

isomeric alkenes of molecular formula of C4H8 all of which on 

hydrogenation give n-butane:

• As you can see, the values are not that big and the differences 

are pretty significant w.r.t. the actual values, and, as expected,

the stability order is same as that found from the combustion

data. However, this method stipulates that only those isomers are compared that

afford the same product alkane. For example, isobutene cannot be included in this comparison study as it affords a 

different alkane, isobutane, when hydrogenated. For this purpose, we must rely on combustion data.
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Heats of hydrogenation as a tool for measuring alkene 
stability:
Arrange the following isomeric alkenes in the increasing order of heat of hydrogenation values associated with them:

We know that conjugated dienes are more stable than non-conjugated ones. So a) and d) are more stable than either b) and c).

Also, greater the degree of substitution, greater the stability of the alkene/diene.

Now, higher the stability, lower is the heat of hydrogenation.

Thus the increasing order of heat of hydrogenation is: d < a < c < b.
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Learning Outcome:

After Completion of this lesson you should :

• Understand the factors (electronic as well as steric) responsible for controlling the relative stability 
of isomeric alkanes and alkenes.

• Have a clear idea about how heats of combustion data can be used to measure the relative stability 
of isomeric alkanes and alkenes, and the limitation associated with the method.

• Have a clear idea about how heats of hydrogenation data can be used to measure the relative 
stability of isomeric alkenes that afford the same alkanes upon hydrogenation.
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