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NPTEL – Biotechnology – Cell Biology 

Lecture 4 Alkanes
3.1 Introduction 

Alkanes are hydrocarbons i.e. compounds made of carbon and hydrogen only. There are 

two kinds of alkanes-linear and cyclic alkanes or cycloalkanes. The linear alkanes have 

the general formula CnH2n+2, while cycloalkanes have the general formula CnH2n. Besides 

the simple monocyclic cycloalkanes, there are other forms such as bicyclic and tricyclic 

cycloalkanes with bridges containing any or no carbon atom. Another special class of 

cycloalkanes is the so called spiroalkanes, which have one carbon atom common between 

two rings.  

Alkanes show both constitutional and conformational isomerism. The conformational 

isomerism manifests itself as early as the second member of the alkane family-ethane 

while constitutional isomerism first appears for butane. The issue of conformational 

isomerism is discussed separately under stereoisomerism. 

Constitutional isomerism arises due to compounds having same molecular formula but 

different bond connectivity. Butane has two constitutional isomers: n-butane and 

isobutane. Similarly, pentane has 3 constitutional isomers: n-pentane, isopentane and 

neopentane (Scheme 1).  
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Carbon atoms in alkanes are sometimes labeled as primary (1°), secondary (2°) and 

tertiary (3°) carbon. This classification is based on the number of carbon atoms attached 

to the carbon atom. If a carbon atom is attached to one carbon atom, then it is called a 

primary carbon. Similarly, a carbon atom which is attached to two and three other carbon 

atoms is called secondary and tertiary carbon, respectively. 
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3.2 Nomenclature 

Alkanes are usually referred by their trivial names. However, the IUPAC lays down 

certain rules for the nomenclature of alkanes. These rules are: 

Rule 1.  The name of an alkane consists of two parts- a prefix and a root. The prefix will 

denote the number of carbons present in the chain. Some prefixes for common alkanes 

are given below along with the number of carbons they represent (Table 1).The root is 

always ane. The moiety generated by removing a hydrogen from an alkane is called an 

alkyl group. Its name is given based on the name of parent hydrocarbon from which it is 

derived. 

 

 

 

 

 

 

 

 

 

 

 

 



NPTEL – Biotechnology – Cell Biology 
 
 

Joint initiative of IITs and IISc – Funded by MHRD                                                               Page 3 of 31 

Table 1 

Number of 

Carbons 

IUPAC Prefix Name of 

Hydrocarbon 

Name of Moiety Generated 

by Removing a  Hydrogen 

1 Meth Methane (CH4) Methyl(CH3) 

2 Eth Ethane (C2H6) Ethyl( C2H5) 

3 Prop Propane ( C3H8) Propyl(C3H7) 

4 But Butane (C4H10) Butyl(C4H9) 

5 Pent Pentane (C5H12) Pentyl( C5H9) 

  

Rule 2. In case of cycloalkanes, the word cyclo should be prefixed with the name of 

alkane. Thus, a cycloalkane containing three carbon atoms is called cyclopropane.  

CycloheptaneCyclohexaneCyclopropane  

For substituted cyclohexanes, the name of the substituents is added as prefixes to the 

name of parent hydrocarbon. 
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Rule 3. In case of branched alkanes, the longest carbon chain gives the name of the 

parent alkane. The substituents are to be prefixed using suitable locants. If there are 

multiple same substitutents, then the prefixes di-, tri, tetra- etc are added before the 

substituent name. Thus, the name of 1 is 2,3,7,8-tetramethylnonane. 
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If there is more than one type of substituents, then they are usually arranged in an 

alphabetical order. Thus, in compound 2, ethyl group is mentioned before the methyl 

groups. 

5-Ethyl-2,5-dimethylheptane
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If more than one substituent is attached to the parent hydrocarbon, the chain is numbered 

in that direction that will result in the lowest number in the name of the compound (Rule 

of lowest locants). 

5-ethyl-3-methyloctane
but not 

4-ethyl-6 methyloctane
as 3>4
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Rule 4. In case of bridged cycloalkanes, the naming is to be done in the following 
manner- 

I. The number of rings is to be identified. The two rings in compounds 1 and 2 are 

depicted in different colours. The prefix bicyclo is to be added for these 

compounds. 

11

AA BB AA BB

22  

II. The number of carbon atoms in each ring is to be counted including the carbons in 

the bridge but excluding those at bridge heads. Thus, in compound 1, there are 2 

carbons in both rings A and B while only 1 carbon in the bridge. Similarly, in 

compound 2, there are 2 carbons in the ring A while 3 carbon atoms in the ring B 

but no carbons in bridge. This number of carbon atoms in each ring is written in a 

square bracket separated by a dot after the prefix bicycle in a descending order. 

1

A B A B

2

Bicyclo[2.2.1] Bicyclo[3.2.0]  
III. The suffix consists of the name of alkane as described for linear alkanes. The 

number of carbons (for determining the prefix of alkane’s name) is determined by 

the formula: x + y + z + 2 where x and y are the number of carbon atoms in each 

of the rings and z is the number of carbons in the bridge. Thus, the name for 

compound 1 (x + y + z + 2 = 2+2+1+2 = 7) is bicyclo[2.2.1]heptane while that for 

compound 2 (x + y + z + 2 = 3+2+0+2 = 7)  is bicyclo[3.2.0]heptane.   
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2

Bicyclo[2.2.1]heptane Bicyclo[3.2.0]heptane  
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IV. If there is more than one bridge, as in case of polycyclic compounds, a main ring 

and a main bridge is to be selected. The main ring should contain as many carbon 

atoms as possible from the main skeleton.  This count should begin from one of 

the bridge heads. If there is more than one bridge, then a main bridge is selected 

to include as many atoms as possible which are not contained in the main ring.   

Main ring
Main bridge

3 4

 
A prefix indicating the number of rings is to be prefixed. Thus, 3 and 4 both have 

3 rings (tricyclo). Numbers for indicating lengths of carbon chains in each ring are 

to be placed in square brackets as in case of bicyclic compounds. In this case the 

secondary bridges are to be neglected while counting the atoms in the main ring. 

If however, there are secondary bridges, there should be additional superscript 

locants (the rule of lowest locants is valid) are to be written. The x + y + z +2 rule 

may be also applied here to find the parent name of the alkane. 
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Tricyclo[2.2.1.02,6]heptane
 

3.3 Physical Properties 

The lower members of alkanes are gases. As the molecular weight increases, they 

become liquids while still higher members are solids. Thus, the physical state changes 

from gas to liquid to solid as the molecular weight increases. Branching of alkanes also 

leads to lower boiling points. Thus, among the isomers of n-pentane, neopentane has the 

lowest boiling point.  A similar effect is noticed in case of alkyl halides. 

Alkanes are non-polar compounds and as such they are insoluble in water. In fact, solid 

alkanes behave as water repellents. Thus, the water proofing property of wax is an 

example of this property. 
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3.4 Preparation of Alkanes 

The principal source of alkanes is naturally occurring  petroleum and gas. Natural gas 

consists of mainly methane whereas petroleum consists of a complex mixture of various 

hydrocarbons which are then fractionally distilled to obtain either a mixture of 

hydrocarbons corresponding to boiling range or a pure hydrocarbon. Some of important 

constituents obtained by fractional distillation of petroleum are listed below (Table 2). 

Table 2 

Names of Fraction Carbon Atoms 
Present Boiling Range (°C) Use 

Fuel gas, LPG 1-4 <25 
Used as fuel for 

domestic purposes 

Petrol 5-7 25-75 
Fuel for light 

automobiles 

Naphtha 6-10 75-190 
Feedstock for 

cracking 

Kerosene 10-16 190-250 
Domestic fuel, Air 

turbine fuel 

Diesel 14-20 250-350 
Fuel for heavy 

automobiles 

Residue (Fuel oil, 

lubricating oil, 

waxes) 

20-70 >350 

Used as lubricating 

agents for 

machinery 

Asphalt Over 70 Non volatile Used on roads 
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The high boiling or non-volatile higher fractions obtained by fractional distillation of 

petroleum can be further converted into useful lower hydrocarbons by cracking. The 

process involves treatment of these non-volatile components under high pressure and 

temperature to generate the smaller hydrocarbons (thermal cracking). In hydrocracking, 

the reaction is carried out in presence of hydrogen and catalyst. This process requires a 

much lower temperature (250-450 °C) as compared to thermal cracking.  Similarly, 

catalytic cracking (a process to improve the quality of petrol) involves treatment of high 

boiling petroleum fractions with a finely divided silica–alumina catalyst. 

Some other methods for preparation of alkanes are discussed below. These methods are 

mostly used only in the laboratory as most of the industrial supply is obtained from 

naturally occurring petroleum. 

1. Halogenation of alkenes. Alkenes can be hydrogenated by hydrogen gas in the 

presence of a finely divided metal catalyst. The most commonly used metals 

include Pt, Pd or Ni. 

2. Reaction of alkyl halides with organometallic reagents.  This method involves 

the treatment of an alkyl halide with another organometallic reagent usually an 

organocopper reagent (Corey-House method). For good yields, the alkyl halide 

should be a primary halide but there is no constraint on the alkyl group in the 

organocopper reagent (Scheme 2). 
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3. Reduction of alkyl halides. The reduction of alkyl halides can be carried out in 

the presence of a metal and acid (Scheme 3). 
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3.5 Reactions of Alkanes  

The halogenation of alkanes to generate alkyl halides is an important reaction. However, 

it is seldom of any preparative value. This is because alkanes usually give a mixture of 

isomeric alkyl halides when they are treated with a halogen. Usually, chlorine is more 

reactive towards the alkane than bromine. Among the alkanes, the reactivity decrease on 

going from tertiary to secondary to primary alkanes. Thus, when propane is chlorinated in 

the presence of chlorine gas under photochemical conditions, both 1-chloropropane and 

2-chloropropane are formed. An analogous result is observed for bromination of propane 

(Scheme 4). The selectivity observed in case of bromination is due to the lower reactivity 

of the bromine atoms compared to the chlorine atoms.  

Me Me
Cl2, 25 °C

uv light
Me

Cl +
Me Me

Cl
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Me Me
Br2, 125 °C
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Br +
Me Me

Br

3% 97%  
Scheme 4 

 The mechanism for the halogenation of alkanes follows the pathway of radical initiated 

reaction and thus it consists of the following steps: 

Step 1 X2

light
Initiation

Step 2 X +   RH HX    +     R

R     +     X2 RX    +    X
Propagation

Step 3 X + X X2

X + R RX
Termination

2X

 

The abstraction of the proton is the rate limiting step in this reaction.   
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The combustion of alkanes generates carbon dioxide and water on complete oxidation. 

The energy liberated (known as heat of combustion) for this complete oxidation is an 

important factor determining the efficiency of a hydrocarbon as fuel. The reaction is 

exothermic in nature but requires a very high temperature for its initiation.  Heats of 

combustion of some hydrocarbons are given in Table 3. 

Table 3. 

Alkane  Heat of Combustion (ΔHcomb) (kJmol-1) 

Methane -802 

Ethane -1560 

Butane -2874 

Isooctane -5466 

Hexadecane (Cetane) -10699 

  

 Most automobiles use petrol or diesel as a fuel. The efficiency of an internal 

combustion engine depends upon the compression ratio of the fuel-air mixture in the 

engine. However, increasing this ratio leads to “knocking”( knocking,  in an internal-

combustion engine, sharp sounds caused by premature combustion of part of the 

compressed air-fuel mixture in the cylinder) where the power of the engine is greatly 

reduced. The problem of knocking can be met with in two different ways: (a) proper 

selection of hydrocarbons in fuel and (b) addition of additives. The second approach 

employed the addition of tetraethyl lead (TEL) as an additive but recent concern about 

environmental pollution has seen the decline of its use. The first approach is still used. It 

employs addition of specific hydrocarbons having high octane number (octane number is 

measure of the ability of a fuel to resist knocking when ignited in a mixture with air in the 

cylinder of an internal-combustion engine).  
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