
Hydrocarbon Frameworks. Alkanes 

SUMMARY 

Section 2.1 The classes of hydrocarbons are alkanes, alkenes, alkynes, and arenes. Alkanes are hydrocarbons in which 

all of the bonds are single bonds and are characterized by the molecular formula CnH2n12. 

Section 2.2 Two theories of bonding, valence bond and molecular orbital theory, are based on the wave nature of an 

electron. Constructive interference between the electron wave of one atom and that of another gives a region 

between the two atoms in which the probability of sharing an electron is high—a bond. 

Section 2.3 In valence bond theory a covalent bond is described in terms of in-phase overlap of a half-filled orbital of one 

atom with a half-filled orbital of another. When applied to bonding in H2, the orbitals involved are the 1s 

orbitals of two hydrogen atoms and the bond is a s bond. 

 

Section 2.4 In molecular orbital theory, the molecular orbitals (MOs) are approximated by combining the atomic orbitals 

(AOs) of all of the atoms in a molecule. The number of MOs must equal the number of AOs that are 

combined. 

Section 2.5 The first three alkanes are methane (CH4), ethane (CH3CH3), and propane (CH3CH2CH3). 

Section 2.6 Bonding in methane is most often described by an orbital hybridization model, which is a modified form of 

valence bond theory. Four equivalent sp3 hybrid orbitals of carbon are generated by mixing the 2s, 2px, 2py, 

and 2pz orbitals. In-phase overlap of each half-filled sp
3 hybrid orbital with a  

half-filled hydrogen 1s orbital gives a s bond. 

 

Section 2.7 The carbon–carbon bond in ethane is a s bond in which an sp3 hybrid orbital of one carbon overlaps with an 

sp3 hybrid orbital of 

the other. 

 

 

Section 2.8 Two constitutionally isomeric alkanes have the molecular formula C4H10. One has an unbranched chain 

(CH3CH2CH2CH3) and is called n-butane; the other has a branched chain [(CH3)3CH] and is called 

isobutane. Both n-butane and isobutane are common names. 
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Section 2.9 Unbranched alkanes of the type CH3(CH2)xCH3 are often referred to as n-alkanes, and are said to belong to a 

homologous series. 

Section 2.10 There are three constitutional isomers of C5H12: n-pentane (CH3CH2CH2CH2CH3), isopentane 

[(CH3)2CHCH2CH3], and neopentane [(CH3)4C]. 

Sections A single alkane may have several different names; a name may be a common  

2.11–2.15 name, or it may be a systematic name developed by a well-defined set of rules. The most widely used system 

is IUPAC nomenclature. Table 2.6 summarizes the rules for alkanes and cycloalkanes. Table 2.7 gives the 

rules for naming alkyl groups. 
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Section 2.16 Natural gas is an abundant source of methane, ethane, and propane. Petroleum is a liquid mixture of many 

hydrocarbons, including alkanes. Alkanes also occur naturally in the waxy coating of leaves and fruits. 

Section 2.17 Alkanes and cycloalkanes are nonpolar and insoluble in water. The forces of attraction between alkane 

molecules are induced-dipole/induced-dipole attractive forces. The boiling points of alkanes increase as the 

number of carbon atoms increases. Branched alkanes have lower boiling points than their unbranched isomers. 

There is a limit to how closely two molecules can approach each other, which is given by the sum of their van 

der Waals radii. 

Section 2.18 Alkanes and cycloalkanes burn in air to give carbon dioxide, water, and heat. This process is called 

combustion. 

 

 The heat evolved on burning an alkane increases with the number of carbon atoms. The relative stability of 

isomers may be determined by comparing their respective heats of combustion. The more stable of two 

isomers has the lower heat of combustion. 

Section 2.19 Combustion of alkanes is an example of oxidation–reduction. Although it is possible to calculate oxidation 

numbers of carbon in organic molecules, it is more convenient to regard oxidation of an organic substance as 

an increase in its oxygen content or a decrease in its hydrogen content. 

Section 2.20 Carbon is sp2-hybridized in ethylene, and the double bond has a s component and a p component. The sp2 

hybridization state is derived by mixing the 2s and two of the three 2p orbitals. Three equivalent sp2 orbitals 

result, and their axes are coplanar. Overlap of an sp2 orbital of one carbon with an sp2 orbital of another 

produces a s bond between them. Each carbon still has one unhybridized p orbital available for bonding, and 

“side-by-side” overlap of the p orbitals of adjacent carbons gives a p bond between them. 
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Section 2.21 Carbon is sp-hybridized in acetylene, and the triple bond is of the s 1 p 1 p type. The 2s orbital and one of the 

2p orbitals combine to give two equivalent sp orbitals that have their axes in a straight line. A s bond between 

the two carbons is supplemented by two p bonds formed by overlap of the remaining half-filled p orbitals. 

 

Section 2.22 Lewis structures, orbital hybridization, and molecular orbital descriptions of bonding are all used in organic 

chemistry. Lewis structures are used the most, MO descriptions the least. All will b used in this text. 
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