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Week Four 

HYDROCARBON 

Hydrocarbons are compounds containing carbon and hydrogen only. They occur 

naturally in natural gas, coal and petroleum (crude oil). 

Hydrocarbons are classified into two major groups: Aliphatic and Aromatic. 

 

Sources of Hydrocarbons: 

a. Natural gas 

b. Petroleum and 

c. Coal. 

Methane, CH4 is the main constituent of natural gas. Other hydrocarbon such as 

ethane (C2H6) and propane (C3H8), constitutes 11% and 8% by volume of natural 

gas, respectively. 

When petroleum is fractionally distilled, six major fractions are obtained. Each 

fraction contains group of hydrocarbons. The first four members (methane, 

ethane, propane and butane) are gases at room temperature. The next eleven 

member starting from pentane (C5H12), pentadecane (C15H32) are liquid at room 

temperature from hexadecane (C16H34). Upwards, the carbons obtained are solids 

are room temperature. Destructive distillation of coal produces hydrocarbons 

which range from liquid to solid forms. These include benzene (C6H6), 

methylbenzene (C10H22), and anthracene (C14H30). In coal mines, methane (CH4) 

is obtained which is often responsible for dangerous explosions associated with 

coal mines. 

 

 

 

 



Classification of Hydrocarbons: 

Hydrocarbons are classified into aliphatic and aromatic compounds. 

i. Aliphatic hydrocarbons: They are those in which the carbon atoms form either 

straight or branched chains (alicyclic) or rings (cyclic). They are saturated 

hydrocarbons if only single covalent bonds exist between any two carbon atoms 

in the molecule, and unsaturated, if there is a multiple covalent bond (double or 

triple) between two adjacent carbon atoms. Saturated hydrocarbons are the 

alkanes, while unsaturated hydrocarbons are the alkenes and alkynes. 

ii. Aromatic hydrocarbons: They are cyclic and highly unsaturated, the 

commonest being benzene. Others are naphthalene and anthracene. 
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The Alkanes (Homologous Series) 

The alkanes are a series of hydrocarbons with a general molecular formula 

CnH2n+2 where n= a whole number 1, 2, 3…et cetera. They make up an 

homologous series. A family of organic compounds which follows a regular 

structural pattern in which each successive member differs in its molecular 

formula by a -CH2 group is referred to as homologous series. The first member 

of the alkanes series is methane CH4 where n=1, Ethane C2H6 where n=2 et cetera. 

Characteristics of Homologous Series 

i. Have the same general molecular formula. 

ii. Show similar chemical properties. 

iii. Have physical properties that change regularly as the molar mass increases. 

iv. Have members that differ in formula by a constant mass of (14) that is –

CH2
- 

v. Have physical state that changes gradually from gas to liquid and then to 

solid. 

vi. Have a general formula which is CnH2n+2 where n is the number of carbon 

atoms in the alkane. 

vii. Have similar general methods of preparation. 

Alkanes are the saturated aliphatic hydrocarbons that form homologous series 

with the general molecular formula CnH2n+2. Any hydrocarbon having only single 

covalent bonds between adjacent carbon atoms is a saturated alkane. 

 

Properties of the First Ten Members of the Alkane Series 

IUPAC 

Names 

Molecular 

Formula 

Relative 

Molecular 

Mass 

Melting 

(oC)Point 

Boiling  

(oC)Point 

Physical 

State 

Methane CH4 16 -183 -162 Gas 

Ethane C2H6 30 -172 -89 Gas 

Propane C3H8 44 -187 -42 Gas 

Butane C4H10 58 -138 -1 Gas 

Pentane C5H12 72 -130 36 Liquid 

Hexane C6H14 86 -94 69 Liquid 

Heptane C7H16 100 -91 98 Liquid 

Octane C8H18 114 -57 125 Liquid 

Nonane C9H20 128 -54 151 Liquid 

Decane C10H22 142 -30 174 Liquid 

 

 



Classes of Carbon Atoms: 

The four classes of carbon atoms are on the basis of the number of carbon atoms 

directly attached to a particular carbon atom in a molecule. 

 

1.  Primary (1o) Carbon: 

A primary (1o) carbon is directly bonded to only one carbon atom; hence, it can 

accommodate three hydrogen atoms. A primary carbon is called a terminal 

carbon. It is either at the beginning or at the end of a chain of carbon atoms. 

 

2.  A Secondary (2o) Carbon: 

A secondary (2o) carbon is bonded separately to two carbon atoms. It can 

accommodate two hydrogen atoms. 

 

3.  A tertiary (3o) Carbon: 

A tertiary (3o) carbon is attached separately to two carbon atoms. It 

accommodates one hydrogen atom. 

 

4.  A Quaternary (4o) carbon: 

A quaternary (4o) carbon is attached separately to four carbon atoms. It cannot 

accommodate any hydrogen atom. 

A secondary, tertiary or quaternary carbon atom is called a non-terminal carbon 

atom. 

 

 

C – C – C – C – C – C  

 

 

In the above arrangement, any carbon atom labelled 1 is a primary or terminal 

carbon atom, 2 is a secondary, 3 is tertiary, while 4 is quaternary carbon atom. 

The carbon atom in methane, CH4 is very unique, it is not attached to any carbon 

atom, but to four hydrogen atoms. 
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ISOMERISM 

Isomerism is the existence of two or more compounds having the same molecular 

formula but different structural formula. The compounds are said to be isomers 

of one another. 

When two or more compounds differ in the arrangement of carbon atoms in their 

molecules, then they are structural isomers. Alkanes with four or more carbon 

atoms exhibit structural isomerism.  

Structural isomers have identical chemical properties but different physical 

properties, such as boiling point, melting point, and density. 

 

Hints on How to Obtain Structural Isomers: 

I. Arrange all the carbon atoms in the molecular formula as a continuous 

chain, then insert the required number of hydrogen atoms on each carbon. 

The structure obtained represents one isomer. 

II. Reduce the chain length by one carbon atom then place this one carbon-

chain on any of the non-terminal carbon. Insert the required number of 

hydrogen atoms. Each possible position produces one isomer. 

III. Again, reduce the length of the parent chain by two carbon atoms. Then 

place these two carbon atoms as one chain (an ethyl group) as two chains 

with one carbon each (two methyl groups). Insert the required hydrogen 

atoms. Each possible structure gives an isomer. 

IV. Continue to reduce the length of parent chain, followed by the formation 

of sidechains, until reduction of chain-length is not possible. 

 

Isomers of Butane C4H10: 

Butane is the alkane with four carbon atoms in its molecule C4H10. You might 

draw the structure of butane as 
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This molecule has the same formula as butane C4H10, but it has different structure. 

One isomer represents the arrangement of the four carbon atoms in a straight 

chain to give butane. When all the carbon atoms in an alkane form a continuous 

chain, it said to be normal. First is normal butane or n-butane or simply butane. 

The second isomer corresponds to a situation in which three carbon atoms form 

the parent chain, while the fourth one is placed on the second (non-terminal) 

carbon, to give 2-methylpropane. 

Butane Isomers Melting Point (oC) Boiling Point (oC) 

Butane  -138 -0.5 

2-Methyl propane -160 -11.7 

 

Isomers of Pentane C5H12: 

There are three structural isomers with the molecular formula C5H12. The isomers 

are pentane, 2-methylbutane and 2, 2-dimethylpropane. 

 

 

 C – C – C – C – C  CH3 – C – CH2 – CH3 

 

 

 

 

 

 

 

 

 

Isomers of Hexane C6H14: 

There are five structural isomers of molecular formula C6H14. They are hexane, 

2-methylpentane, 3-methylpentane, 2,3-dimethylbutane and 2, 2-dimethylbutane. 
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Properties Of Structural Isomers: 

a. Structural Isomers have identical chemical properties but different physical 

properties, such as boiling point, melting point, and density. 

 

 

 

Hexane 2 – methylpentane 



Isomers of alkanes: 

Formula Number of Isomers 

C4H10 2 

C5H12 3 

C6H14 5 

C7H16 9 

C8H18 18 

C9H20 35 

C10H22 75 

C14H30 1858 

C18H38 60523 

C25H52 36797588 

 

Nomenclature of Alkanes (Naming Procedure): 

The International Union of Pure and Applied Chemist (I.U.P.A.C) nomenclature 

has introduced a new dimension to the naming of organic compounds. The 

straight chained alkanes called n-alkane presents no problem as their names 

change with an increase in the number of carbon atoms, 1-meth, 2-eth, 3-prop, 4-

but, 5- pent, 6-hex, as earlier illustrated. However, branched chain alkanes are 

named as alkyl substituted compounds of the hydrocarbon with the longest 

straight chain of carbon atoms. Alkyl groups are alkanes with one hydrogen atom 

less than the parent compounds. They cannot exist freely. Example: 

o CH3-Methyl from methane 

o C2H5- Ethyl from Ethane 

o C3H7-Propyl from Propane 

o C4H9-Butyl from Butane 

o C5H11-Pentyl from Pentane. 

 

 

The IUPAC Rules for Naming Organic Compounds: 

1. The longest continuous carbon chain determines the parent name of the 

compound. 

2. Numbering of C-atom should start from the shortest distance from the 

functional group. 

3. Branching does not occur on the first and last carbon atoms. 

4. If more than one substitutes are in the molecule, alphabetical order should be 

used to place one head of the other and substituent name shortened. 



FUNCTIONAL GROUPS 

A functional group is an atom, group of atoms or a bond common to a 

homologous series and which determines the chemical properties of the 

compound in which they are present. 

Let’s apply the rules to name some organic compounds 

Examples:  
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2-methylbutane 

2, 3 - dimethylpentane 

2-bromo 2-chloro 4-methylpentane 

Propan – 1 – ol  3 – methylhexane  

Butan – 2 – ol   



Week Five 

SATURATED HYDROCARBONS 

Structure of the alkanes: 

The simplest organic molecule is methane, CH4. It is formed by the covalent 

combination of one carbon atom and four hydrogen atoms. Molecular orbital 

theory shows that the central atom, carbon is Sp3 hybridized. Its structure is 

therefore tetrahedral and non-planar. Each hydrogen atom occupies the apex of a 

regular tetrahedron, with the carbon atom at the center. Each of the carbon-

hydrogen bonds is single with a pair of electrons. They are of the same bond 

length and form an angle of 109o 28’ with another. The 3-dimensional structures 

of methane and other organic compounds are usually drawn in two dimensions. 

Here, each single covalent bond, which contains a pair of electrons, is represented 

by a hyphen (-) and distributed in a plane. Examples are structures of methane 

and ethane. 

 

3 – dimensional structure (non – polar) 

2 – dimensional structure (planar) 
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Structures of other alkanes 

 

 
 

 

 

 

 

General Methods of Preparation of Alkanes: 

1. From anhydrous Sodium Alkanoate.  

Alkanes can be prepared in the laboratory by heating a mixture of anhydrous 

Sodium Alkanoate and soda lime. 

Soda lime is anhydrous mixture of sodium hydroxide and calcium oxide, it is non-

deliquescent and does not attack glass. 

NAOH alone cannot be used because it is deliquescent and can attack glass. 

Methane is prepared by the action of heat on a mixture of anhydrous sodium 

ethanoate and soda lime. Soda lime is a mixture of sodium hydroxide and calcium 

hydroxide. The methane is collected over water. 

 

Equation for preparation 

CH3COONa(aq) + NaOH            CH4(g) +Na2CO3(aq) 

Sodium ethanoate    from soda-lime         Sodium Trioxocarbonate (iv) 

                                   Methane 

 

Butane    (C4H10) 

Propane    (C3H8) 

Hexane   (C6H14) Pentane   (C5H12) 



 

 

 

 

 

 

 

 

The reaction is described as decarboxylation reaction because the carboxyl group 

of sodium ethanoate is replaced by hydrogen atom. 

2.  From Aluminum Carbide 

Methane gas is evolved by the action of steam on aluminum carbide. 

Al4C3(s) + 6H2O    2Al2O3(s) + 3CH4(g)  

Physical Properties of Methane: 

i. Methane is a colourless and odourless and non-poisonous gas. 

ii. It is less dense than air. 

iii. It is only slightly soluble in water. 

iv. It has no action on litmus. 

Chemical Properties of Methane: 

1. Combustion: 

Methane burns with a bright blue flame to give carbon (iv) oxide and water. Heat 

is also given out. 

CH4(g) + O2                 CO2+2H2O(g) + heat 

The general equation for combustion of alkane can be represented as follows 

CxHy(g) + (x+y/4)O2(g)            
    y/2H2O(g) +xCO2(g) 

All alkanes burn in the same way in plenty of air to give same products. Alkanes 

(methane) will not react with acids, alkalis or ordinary reagents. They are 

generally quite unreactive apart from burning well.                      

 

CH4 (g) + CL2       UV Light        CH3Cl(g) + HCL(g)- Chloromethane 

CH3CL(g) + CL2           UV Light       CH2Cl2(g) + HCL(g)-Dichloromethane 



CH2Cl2(g) + CL2      UV Light      CH3Cl(g) + HCl(g)-Trichloromethane 

CHCl3(g) + CL2        UV Light      CCl4(g) + HCL(g)-Tetrachloromethane 

 

2. Substitution Reactions: 

One or more hydrogen atoms in the alkane molecule can be replaced with chlorine 

or bromine atoms (halogens). The products are halogenated compounds. 

Methane reacts with chlorine in the presence of an ultraviolet light (which as a 

catalyst to give halogenated compounds and hydrogen chloride. 

Uses of Methane: 

i. Methane is mainly used as fuel. 

ii. It is used for making trichloromethane (chloroform) an anesthetic used in  

surgical operations and tetrachromethane (carbon tetrachloride) used as an 

organic solvent to remove grease stain from cloths (dry cleaning). 

Physical Properties of alkanes: 

I. Alkanes with 1 to 4 carbon atoms are colourless and odorless gases those  

with 5 to 16 carbon atoms are colourless liquids (paraffin oils), while the rest are 

amorphous waxy solids. 

II. They are non-polar, hence, insoluble in water, but soluble in organic  

solvents, but like benzene et cetera. 

III. Their physical properties, such as boiling points, melting points and density  

increase regularly as the number of carbon atoms per molecule increases. This is 

due to an increase in Vander Waal forces of attraction between the molecules as 

the molecular mass increases. 

 

Uses of Alkanes and Derivatives: 

Uses of alkanes: 

Alkanes, especially gases and liquids are useful sources of heat. For instance: the 

heat of combustion of gaseous methane, ethane and propane are -890KJmol-1, -

1555 KJmol-1and -2215KJmol-1 respectively. 

 

a. Natural gas, which is about 95% methane is used as industrial fuel. 

 



b. Methane is used in the production of lampblack (pure carbon) for  

printers, ink, shoe polish, paints, et cetera and in production of hydrogen. 

c. A mixture of liquefied propane and butane is used in the industry  

and laboratory and as a household cooking gas. It is stored in steel cylinders and 

tanks, and sold under trade names such as Nidogas, Eagle gas and Sun gas. 

d. Alkanes (except methane) are used in the production of ethene by a  

process known as cracking. 

 

Uses of Halogenated Alkanes: 

a. Trichloromethane (chloroform, CHCL3) is a colourless liquid,  

immiscible with water, non-flammable, but toxic. It is used as an anesthetic, in 

preserving biological specimens, as solvent for fats, greases and wax. 

b. Tri-iodomethane (iodoform, CHI3) is a yellow solid with a  

characteristic antiseptic smell. It is insoluble in water but soluble in organic 

solvents. It is used as a disinfectant, and as an antiseptic to kill fungi. 

c. Tetrachloromethane (CCL4) (Carbontetrachloride) is a colourless  

unreactive liquid hence an excellent solvent. Used in laundry (dry cleaning) to 

remove stain and in fire extinguishers, however, its vapour is toxic. 

d. Bromoethane, CH3CH2Br, is used in the production of tetraethyl  

lead-an addictive to petrol. 

e. Chlorofluorocarbons (tradename freons) e.g  

Dichlorodifluoromethane, CCL2F2, B.pt -30oC, is used as a refrigerant and as 

aerosol propellant. It is non-toxic, but causes air pollution by the depletion of the 

ozone layer. 

f. Monohaloalkanes (Alkyl halides), RY are used in the synthesis of  

many classes of organic compounds. 

 

 

 

 

 



Week Six 

UNSATURATED HYDROCARBONS 

ALKENES: 

Alkenes are unsaturated molecules. They have at least one double bond. The 

alkenes are a group of organic compounds that form a homologous series with 

general molecular formula CnH2n. The first member of the alkenes series is ethene 

n=2, C2H4 which has the structural formula.  

 

Each carbon atom uses two electrons to bond 

with the two hydrogens and both of the 

remaining electron form a double bond with 

other carbon atom. All alkenes have a 

carbon-carbon double bond. 

Each member of the series has two hydrogen 

atoms less than that of the corresponding 

alkane and is named by replacing the suffix -ane in the corresponding alkane with 

-ene. 

The names of other alkenes include hexene, heptene, octene, nonene and decene. 

Alkenes are characterized by the presence of a double bond between two adjacent 

carbon atoms. 

The alkenes are given names similar to the alkanes depending on the number of 

carbon atoms in the molecule. The –ane of corresponding alkanes is replaced by 

ene. For example, the alkene with three carbon atoms is called propene, C3H6 

which has the structural formula. 

  

 

 

 

 

 

By the structural arrangement, the double bond is between carbon no 1 and 2 

hence the IUPAC name will be prop-1-ene or 1-propene. There is however no 

compound called methene because first member of the series has n=2, that is n=1. 

Compound of the alkene series does not exist. 
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General Procedure for Naming Alkenes: 

i. Select as the parent chain, the longest continuous chain of  

carbon atoms, which must include the two carbon atoms containing the double 

bond, then name it as that of the corresponding alkane. 

ii. Assign number (1,2,3, et cetera) serially to the carbons in the parent chain  

such that the first carbon containing the double bond is given the lowest possible 

number regardless of positions of the substituents on the parent chain. 

iii. If the position of the double bond is unaffected when the parent chain is  

numbered forward or backward, preference is then given to the position of the 

substituent. 

iv. When naming an unsubstituted alkene, the number assigned to the first  

carbon of the multiple bond may be placed before or in between the parent name 

and rated by hyphens. Example: 2-pentene or pent-2-ene. 

v. When naming a substituted alkene, each substituent with its number  

separated by hyphens becomes the prefix to the parent name for instance 2-

ethylbut-1-ene  (or 2-ethyl-1-butene), 5 is 2-methylbut-2-ene (or 2-methyl-2-

butene). 

vi. When there are two or more double bonds, the parent chain must contain as  

many double bonds as possible, even if it is not the longest continuous chain. The 

numbers assigned to the positions of the double bonds must be as low as possible.   

Examples: 

 

 

 

 

2 – methylbut – 2 – ene  

or 2 – methyl – 2 – butene  

Propene  

2 – ethylbut – 1 – ene  or 

2 – ethyl – 1 – butene  

2 – pentene  

or  pent – 2 - ene  

a).  b).   

e).   

d).   

c).   



          CH CH3 Br 

       

CH2 = C – CH = CH2  CH2 = CH – CH = C – CH = CH2 

 

In the case of ethene and propene, there is no need to specify the position of the 

double bond since it must be on a terminal carbon atom. Sometimes when the 

double bond of an alkene is on the first (or terminal) carbon, the position may not 

be mentioned in the name. 

Rule no(6) is applied in (f) and (g) 

The Alkene Series: 

Name Formula Melting Point 
oC 

Boiling Point 
oC 

Physical state at room 

temperature 

Ethene C2H4 -169 -104 gas 

Propene C2H6 -185 -48 gas 

But-1-ene C4H8 -185 -6 gas 

Pent-1-ene C5H10 -138   30 Liquid 

 

Isomerism in Alkenes: 

Alkenes with four or more carbon atoms exhibit the following types of isomerism. 

▪ -Positional 

▪ -Structural 

▪ -Geometrical 

 

▪ -Positional isomers have identical arrangement of carbon atoms in their  

molecules but differ in the positions of the double bond. 

▪ -Structural isomers differ in the arrangement of carbon atoms as well as in  

the positions of the double bonds in the molecules. 

Butene C4H8 has three structural isomers but-1-ene (or butane), but-2-ene (2-

butene) and (2 methyl propene) 

 

 

 

 

 

 

1 3 5 4 2 6 2 – ethyl – 1, 3 – butadiene 

f).   g).   

(a) (b) (c ) 



(a) and (b) are positional isomers.  

Pentane, C5H10 has five isomers which are : 1 – pentene, 2 – pentene, 2 – 

methyl – 1 – butene, 3 – methyl – 1 – butene , and 2 – methyl – 2 – butene. 

(a)  CH3 – CH2 – CH2 – CH = CH2    (1 – pentene) 

(b)   CH3 – CH2 = CH – CH2 – CH3   (2 – pentene) 

(c)   CH3CH2C = CH2     (2 – methylbut – 1 – ene) 

 

     CH3 

(d)    CH3CHCH = CH2    (3 – methyl – 1 – butene) 

                

                   CH3 

(e)   CH3C = CHCH3     ( 2 – methyl -2 – butene)  

                  CH3 

 

Geometric (Cis trans) Isomerism in Alkenes: 

Geometric (or cis trans) isomerism is the existence of two compounds with the 

same structural formula but differ only in the arrangements of the groups attached 

to the carbon atoms containing the double bonds. The two compounds are 

geometric isomers. 

1. When identical groups are on the same side of the double bond, the isomer  

is called cis (Latin cis = same) 

Example: 

 

  

 

A and B are Cis isomers. In A the methyl groups or the hydrogen atoms are on 

the same side of the double bond while in B the methyl groups are on the same 

side of the double bond. 

A B 



2.  When identical groups are on the opposite sides of the double bond, the  

isomer is called trans (Latin: trans = across) Example: 

   

 

In C the methyl groups or the hydrogen atoms are on the opposite sides of the 

double bond while in D the methyl groups are on the opposite sides of the double 

bond. 

Physical Properties of Alkenes: 

1. As the sizes of the molecules increase, the van der Waal’s forces increase and 

so the melting and boiling point also increases. 

2. Alkenes with 2-4 carbon atoms are colourless gases. Those with 5 to 15 carbons 

are colourless liquids, while the others are waxy solids. 

3. Like alkanes, alkenes are insoluble in water. 

4. Unlike alkanes, alkenes are soluble in alcohols being more polar than the 

alkanes. 

5. Cis Isomers of alkenes are unsymmetrical while the trans-isomers are 

symmetrical about the double bond. That is, Cis Isomers are polar than the trans 

Isomers. 

Uses of Alkenes: 

1. Alkenes are generally used as starting materials in the organic chemical 

industry. 

2. Ethene and propene are sources of plastic, organic solvents and detergents. 

3. Ethene is used in the production of ethanol as a fuel and in ripening fruits in 

Agriculture. 

4. It is used in making 1, 2-dibromoethane (a petrol additive). 

5. Ethene is an important raw material used in making polythene, 

polychloroethene also known as poly vinyl chloride (PVC), poly phonylethane 

also known as polystyrene. 

C 
D 



Week Seven 

THE ALKYNES 

Alkynes have the general molecular formula CnH2n-2 and all contain carbon-

carbon triple bond. Like alkenes, they are unsaturated Hydrocarbons that form 

homologous series. The first member of the homologous series is ethyne 

 𝐻 − 𝐶 − 𝐶 − 𝐻, 𝑤ℎ𝑒𝑟𝑒 𝑛 = 2. (𝐶2𝐻2) 

The three bond has three pairs of electrons, shared between carbon atoms. In 

ethyne, the four atoms lie in a straight line and the molecules is linear with a 

carbon-hydrogen bond angle of 180 oC. 

The second member correspond to n=3, where the molecular formula is C3H4. 

Each member of the series has two hydrogen atoms less than that of the 

corresponding alkene and is named by replacing the suffix-ane in the 

corresponding alkane with –yne. 

Examples: 

N Molecular formula IUPAC Name Boiling point 

2 C2H2 Ethyne -84 

3 C3H4 Propyne -23 

4 C4H6 Butyne 8 

5 C5H8 Pentyne 39 

The names of other alkynes include hexyne and heptyne. 

Alkynes are characterized by the presence of triple covalent bond between two 

adjacent carbon atoms. 

IUPAC Nomenclature of Alkynes1: 

The general procedure for naming alkynes is the same as in naming alkenes. 

When the procedure is applied you will have 

Examples: 

  

  

 

 

 

 

 
1  Visit https://www.proprofs.com/quiz-school/story.php?title=3dq-what-do-you-know-about-ethyne  

Propyne 

Prop -1 – yne  

But – 2 – yne   
4 – methylpent – 2 – yne    

https://www.proprofs.com/quiz-school/story.php?title=3dq-what-do-you-know-about-ethyne


Isomerism in Alkynes: 

As in alkenes, alkynes with four or more carbon atoms exhibit structural 

isomerism. 

i. Butyne, C4H6   has two positional isomers but-1-yne and but-2-yne. 

H – C           C – CH2 – CH3   but – 1 – yne  

CH3 – C           C – CH3  but – 2 – yne  

ii. Pentyne, C5H8 has three structural isomers pent-1-yne, pent-2-yne and 3  

methylbut-1-yne 

  

 

 

 

Physical Properties of Alkynes: 

i. Alkynes with 2 to 4 carbon atoms are colourless and odourless  

gases (except ethyne that has a particular sweet odour) 

ii. They burn with smoking luminous flame due to high carbon  

contents. 

iii. They have higher boiling points than the corresponding  

alkenes or alkanes-due to higher carbon contents. 

iv. Their boiling and melting points increase with increasing  

molecular mass, due to increasing van der Waal’s forces between the molecules. 

3 – methylbut – 1 - yne 

Pent – 1 - yne 

Pent – 2 - yne 



Laboratory Test of Alkynes: 

Like an alkene, an alkyne being unsaturated, will decolorize bromine water in 

tetrachloromethane, bromine water or acidified solution of KMnO4 

 

Uses of Ethyne (Acetylene): 

a. A mixture of oxygen and ethyne is called oxy-ethyne or oxy- 

acetylene, it burns to give a very hot flame which is used in welding. 

b. Ethyne is a source of ethanol and the solvent 1, 1, 2-trichloroethene  

and tetrachloroethene, which are widely used in industry and dry cleaning for 

dissolving grease. 

c. Ethyne is sometimes used as fuel in lamps such as miners’ lamp. 

d. Ethyne is used in the production of polyethnyl chloride (polyvinyl  

chloride, pvc) which is used in making floor tiles, plastic pipes et cetera. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WEEK EIGHT 

AROMATIC HYDROCARBONS 

Benzene Structure, Properties and Uses 

The best known example of an aromatic hydrocarbon is benzene C6C6. It is the 

most common compound. Others are naphthalene, anthracene. They have 

fragrant (sweet) odour, hence, in this molecule the carbon atoms are joined in a 

ring. The structure of benzene may be written as; 

 

 

 

 

 

 

Benzene is a six-membered monocyclic compound with alternating single and 

double bonds. Each carbon atoms is SP2 hybridized, hence it is hexagonal and 

planar. If the structure is correct, benzene must behave like the unsaturated 

alkenes, but it does not. 

Resonance in Benzene 

There are two possible structures of benzene. 

  

 

The two structures differ only in the positions of the double bonds. The benzene 

molecule exists as neither structure. The electrons move between the different 

positions of the double bond. The benzene ring is often represented by 

 

This indicates that the electrons are in a common energy 

level around all six carbon atoms. Compounds with a 

benzene ring are aromatic compounds. For example: 

phenol, C6H5OH. 

 



IUPAC NAMES OF SIMPLE COMPOUNDS OF BENZENE: 

1. Monosubstituted benzene compounds are named as being derived of 

benzene. 

  

 

 

2. When there are two or more substituents on benzene ring, their positions are 

identified by the use of the lowest possible number starting from one of the 

substituents. (Note in alphabetical order) 

  

 

3) Benzene ring may be treated as a substituent, its name becomes phenyl 

 C6H5. For instance: 

 

 

 

CH3 – CH – CH = CH2 

Ethylbenzene 
Chlorobenzene 

Aminobenzene 

Methoxybenzene 
1, 3 - dimethylbenzene 

2 – bromo – 1 – methyl – 4 - nitrobenzene 
Phenylbut – 1 – ene  



Isomerism in Substituted Benzenes: 

Monosubstituted benzene does not exhibit isomerism. This is because all the 

carbon atoms in benzene are equivalent in the hexagonal planar, structure, 

however, when benzene is disubstituted, the carbon atoms are no longer 

equivalent. One of the substituents can occupy three different positions relative 

to the other. For a disubstituted compound of benzene there are three structural 

isomers. Examples: 

 

 

 

 

 

 

 

 

Are structural isomers. Similarly,  

  

 

are structural isomers 

 

1, 2 – dimethylbenzene  1, 3 – dimethylbenzene  
1, 4 – dimethylbenzene  

1-chloro – 2 - methylbenzene  1-chloro – 3 - methylbenzene  

1-chloro – 4 - methylbenzene  



Natural Sources of Benzene: 

The main source of benzene and its derivatives, such as methylbenzene (toluene), 

naphthalene and anthracene is coal. Another source is by cracking of petroleum. 

Preparation of Benzene 

Benzene can be obtained by the following methods. 

1.Ethyne: 

When ethyne vapour is passed through a hot tube in the presence of finely divided 

iron as a catalyst, a colourless liquid, which is benzene is produced. 

 

3C2H3        

2. From Benzene carboxylic acid: 

When a nature of quicklime, Cao and benzoic acid (benzene carboxylic acid) is 

heated, benzene is formed with the liberation of carbon (iv) oxide. The reaction 

is called decarboxylation reaction. 

 

   CO2H    +  CO2  

Physical Properties of Benzene: 

1. Benzene is a colourless liquid, its vapour is unpleasant, toxic and induces 

headache. 

2. It is highly inflammable, burns with a hot sooty flame and boils at 800C. 

3. It is higher than water, but immiscible. 

4. A non-electrolyte, but an excellent organic solvent. However, its vapor is 

carcinogenic. 

5. It is insoluble in water. 

 

Chemical reactions of benzene: 

1. Combustion: 

Benzene burns in air/oxygen with a hot sooty flame, due to unsaturation, to 

produce carbon (iv) oxide and steam. 

2C6H6 + 15O2                         CO2 + 6H2O 

 

   Fe/Heat 

CaO/Heat 



2. Substitution Reactions: 

The usual and typical reaction of benzene is substitution reaction-usually in the 

presence of an organic catalyst. In these substitution reactions, the aromatic 

character of benzene is preserved. Example: 

a)Alkylation of Benzene 

Benzene reacts with haloalkanes, such as chloromethane in the presence of 

aluminum chloride as a catalyst to produce methyl benzene and hydrogen 

chloride gas. 

 

 

 

 

 

b) Halogenation of Benzene 

i) Chlorination-Benzene reacts with chlorine in the presence of AlCl3 to produce 

chlorobenzene and hydrogen chloride gas. 

 

 

ii) Bromination. Benzene decolorizes bromine only in the presence of iron (iii) 

bromide, FeBr3 as the catalyst and heat, to produce bromobenzene with the 

evolution of hydrogen bromide gas. 

 

 

 

 

 

 

 

+ HCl 



c) Nitration of Benzene 

Benzene reacts with concentrated HNO3 in the presence of concentrated H2SO4 

as a catalyst, to form nitrobenzene and water. 

 

 

 

 

3) Addition Reactions of Benzene: 

Benzene can undergo addition reactions. In such reactions, the aromatic character 

of benzene is lost. 

a) Hydrogenation-Benzene is hydrogenated in the presence of nickel catalyst at 

200 0C to give cyclohexane. 

 

 

b) Chlorination of benzene under the influence of sunlight or ultraviolet light 

produces benzene-hexachloride an important insecticide. 

 

 

 

 

C6H6 + 3H2        C6H12 

UV        



Uses of Benzene: 

1. Benzene is used as a solvent in organic reactions and in dissolving rubber to 

obtain vulcanizer’s solution. 

2. It can be converted to styrene which is used in the manufacture of synthetic 

fiber like nylon. 

3. It is an important source of phenol, anatine and chemicals which are used as 

pesticides and detergent. 

4) It is used as fuel. 

5) Benzene derivatives (toluene and phenol) are used in making explosives 

(T.N.T) Trinitrotoluene and disinfectants (Dettol) respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WEEK NINE: 

ALKANOLS 

Alkanols are group of compounds that contain the hydroxyl (OH) functional 

group. They form an homologous series with general molecular formula 

CnH2n+10H. The alkanols are named by replacing the final in the name of the 

corresponding alkane by-ol. The first two members of the series are methanol 

(CH3OH) and ethanol (C2H5OH).  

When hydroxyl group, OH replaces one hydrogen atom in an alkane, the 

compound formed is a saturated alcohol called alkanol. Alkanols with only one 

hydroxyl group per molecule are said to be monohydric, those with two or more 

hydroxyl groups are said to be dihydric, trihydric, or polyhydric alcohols. 

Monohydric alkanols form homologous series with the general formula 

CnH2n+10H (n=1,2,3,4, etc.) The simplest and the first member of the alkanol 

series corresponds to n=1. Its structural formula is written as CH3OH, the second 

C2H5OH or CH3CH2OH. 

  

The general structural formula of monohydric alkanols can be written as R-O-H 

or ROH. R represents an alkyl group, CnH2n+1, while OH is the functional group. 

The term functional group is used to describe a non hydrocarbon group that 

determine the physical and chemical properties of organic compounds. The 

hydroxyl group is responsible for the properties of alcohols. 

 

 

 

Classes of Alkanols: 

There are three classes of alkanols. 

1. Primary (10) Alkanols: 

In a primary alkanol, the hydroxyl group is attached to a primary (or terminal) 

carbon atom in the molecule. It is characterized by –CH2OH 

 

 

Methanol Ethanol 



2. Secondary (20) Alkanols: 

In a secondary alkanol, the –OH group is on a secondary carbon atom, it is 

characterized by (C-OH) 

 

Methanol is unique in that the hydroxyl group is attached to an isolated carbon 

atom. 

 

Isomerism in Alkanols 

Isomerism in alkanols starts from the third member of the series (CH3OH). When 

isomerism is based on the position of the functional group (OH) in the molecule. 

When isomerism is based on the branching of the carbon chain of the molecule it 

is called chain isomerism. Example: 

CH3CH2CH2CH2OH-1-butanol, CH3CHCH3CH2OH2 2 methyl-propanol. 

The number of possible isomers that can be written will increase as the number 

of carbon atoms increases in a series. 

Examples: 

Propan-1-ol and Propan-2-ol are the two isomers of the third member of the 

series. 

 

 

(10) (30) (20) 

Propan – 1 – ol  
Propan – 2 – ol  



The next member butyl alkanol C4H9OH has four isomers. 

 

 

  

 

Preparation of Alkanols 

Alkanols can be prepared in the laboratory by several methods. The methods are 

general because they can be applied to any member of alkanol. 

1) Hydrolysis of Alkyhalides with aqueous alkali 

RX +NaoH                           ROH +NaX 

Where R= alkyl group, X=halogen. 

CH3I + NaOH                                     CH3OH +NaI 

CH3CH2CH2Br + KOH                       CH3CH2CH2OH + KBr 

 

2) Hydrolysis of esters with alkali 

-ROO5R
2 + NaOH                                 R1CO2Na + R2OH 

Where R and R = alkyl groups. 

CH3CO2C2H5 + NaOH                            CH3CO2Na + C2H2OH 

Sodium Ethanoate                                               Ethanol 

This method is important industrially for preparing certain alkanols that occur 

naturally in esters. 

Butan – 1 – ol  Butan – 2 – ol  

2-methylpropan – 2 – ol  2-methylpropan – 1 – ol  



3. Reducing alkanals with nascent hydrogen 

RCHO           H+  RCH2OH 

C2H5CHO         H+           C2H5CH2OH 

Propanal                                  Propanol 

4. Heating ethers with dilute tetraoxosulphate (vi) acid under pressure. 

ROR + H2O        H2SO4          2ROH 

C2H5OC2H5 + H2O      H2SO4           2C2H5OH 

Diethyl ether                                         ethanol 

 

Physical Properties of Alkanols: 

The physico-chemical properties of alkanols are due to the presence of the 

hydroxyl group, -OH, as the functional group. 

1. The lower members of the alkanols homologous are colourless liquids. 

2. The straight chain members show a steady increase in boiling point as the 

molecular mass increases.  

Examples: 

S/N IUPAC NAME STRUCTURAL FORMULA BOILING 

POINT 

1 Methanol CH3—OH 650C 

2 Ethanol CH3---CH2—OH 780C 

3 1-propanol CH3---CH2—CH2---OH 980C 

4 1-Butanol CH3---CH2—CH2---CH2---OH 1180C 

 

3. Alkanols have much higher boiling points than expected when compared with 

the non hydroxyl compounds of similar molecular masses. Examples: 

Compound Molecular Mass BOILING 

POINT 

n-Pentane 72 36 0C 

1-Chloropropane 79 47 0C 

N Hexane 86 69 0C 

Benzene 80 80 0C 

1-Butanol 74 118 0C 

 



4. Lower members of the series are miscible with water in all proportions to give 

neutral solutions. 

5. Generally solubility in water decreases as the length of carbon chain in alcohols 

increases. This is due to the increasing size of the non-polar alkyl group R. 

6) Among the Isomeric alkanols, there is a decrease in boiling point as the number 

of alkyl groups bonded to the hydroxyl carbon atom increases. 

Chemical Properties of Alkanols: 

A) Combustion: 

The lower members of the alkanol series burn in plenty of air. The lower alkanols 

burn in air with clean blue flame carbon(iv)oxide and water are the products of 

the combustion. 

ROH(l) + O2(g)                              RCO2(g) + H2O(g) 

Eg 2CH3OH(l) + 3O2(g)                          3O2(g) + 4H2O(g) 

B. Oxidation: 

Alkanols are oxidized by strong oxidizing agents. Potassium tetraoxomanganate 

(vii) KMnO4 and potassium heptaoxodichromate (vi) K2Cr2O7 are strong 

oxidizing agents commonly used. 

The oxidation products of alkanols depend on whether the alkanol is primary, 

secondary, or tertiary. Therefore, oxidation can be used to distinguish between 

the three classes of alkanols. 

1. Primary alkanols are oxidized first, to alkanal. Further oxidation of the alkanal 

gives alkanoic acid. 

Example: 

RCH2OH     acidified            RCHO   acidified                                                

                    

CH3CH2OH        (o)                      CH3CHO       (0)     CH3COOH 

Ethanol                                Ethanal                   Ethanoic acid   

Oxidation is addition of oxygen to a molecule or removal of hydrogen from a 

molecule. The oxidizing agent in the above reaction removes one molecule of 

hydrogen from ethanol to give ethanal. Similarly, it added one atom of oxygen to 

ethanal to give ethanoic acid. The alkanal and alkanoic acid contain the same 

number of carbon atoms as the original alkanol. 

 

KMnO4 KMnO4 



2. Secondary alkanols are oxidized to Ketones. 

RR’CHOH   RR’C = O 

 

 

 

 

 

2. Tertiary alkanols are difficult to oxidize in neutral or alkaline  

solution. They are readily oxidized by acidified oxidizing agent to a mixture of 

ketone and acid, each containing fewer carbon atoms than the original alcohol. 

 

     CH3 – C – C2H5   (CH3)2CO + CH3CO2H 

 

C) Reactions of Alkanols with Phosphorus Halides 

When phosphorus halides react with alkanols, alkyl halides are produced. 

Phosphorus (iii) Chloride (PCL3) or Phosphorus (v) Chloride (PCL5) are usually 

used. 

Phosphorus (v) chloride gives variably yields depending on the alkanol. 

ROH + PCl3      RCl + H3PO3 

CH3CH2OH (aq) + PCl(s)   CH3CH2Cl (g) + HCl(g) + H3PO3(aq) 

D) Dehydration of Alkanols 

When water molecule is removed from a compound the compound is said to be 

dehydrated. Alkanols may be dehydrated to alkene. It is easier to dehydrate a 

tertiary alkanol than a secondary alkanol. It is also easier to dehydrate a secondary 

alkanol than a primary alkanol. At about 170 0C primary alkanols are dehydrated 

by concentrated H2SO4  at about 170 0C. 

CH3CH2CH2OH + H2SO4   CH3CH2CH2HSO4 + H2O 

 

E. Reaction of Alkanols with Electropositive metal 

F. Esterification reaction of Alkanols with Alkanoic acid 

 

Acidified  

 
K2Cr2O7 

(0) 

OH 

CH3 

Propan – 1 – ol  Conc acid  Prophydrogen tetraoxo sulphate (vi)  Water 



WEEK TEN 

ESTERIFICATION 

The esters are a group of organic compounds formed when an alkyl group, R1 

replaces the ionizable hydrogen atom in a carboxylic acid, RCOOH to form 

RCOOR. They are usually written as 

 

 

Where R is hydrogen atom or an alkyl group, and R1 is an alkyl group. The alkyl 

groups R and R1 may be the same or different. The functional group in an ester is 

the Alkanoate group. 

 

 

An ester is formed when a water molecule is eliminated between a carboxylic 

acid and an alcohol. 

     R – COOH + H – O - R       RCOOR’  + H2O 

 

When the two alkyl group ends R and R are saturated, the esters are simply called 

Alkanoates. The general formula for Alkanoates is CnH2n+2, where n=2,3,4, etc. 

The first member of the Alkanoate series corresponds to n=2 and has the 

molecular formula C2H4O2. Its structural formula is HCOOCH3. 

 

 

The second member in the series corresponds to n=3 and has the molecular 

formula C3H6O2. Its structure is either  

 

   H – C – O – C – C – H    H – C – C – O – C – H  

 

Which can be written as HCOOCH2CH3 or CH3COOCH3 respectively. 

Natural Sources of Esters: 

Animal and vegetables and oils are esters with high relative molecular masses. 

Simple esters are present in fruits and plants,  and are responsible for the natural 

sweet smell of flowers. 

 

R – C – O – R’    or 

O  

RCOOR’ 

 

R’ – O – C –– R’    or 

O  

R’OOCR 

 

    – C – O – R’    or 

O  

COOR’ 

 

R’ – O – C –– R’    or 

O  

R’OOC 

(Acid) (Alcohol) (Ester) (Water) 

H – C – O – C – H  

 

O 

H 

H 

O H H 

H

H 

H 

O H 

H

H 

H 

H 



IUPAC Nomenclature: 

The name of an Alkanoate ester is obtained from the corresponding alkanol and 

alkanoic acid where it is formed. 

The Alkanol portion R is named first, as alkyl. It is then linked to the acid portion 

RCOO- named as Alkanoate. In fact, from the name of an ester, it is very easy to 

name the alkanol and the alkanoic acid from where it has been formed. 

S/N Formula/IUPAC Name of Ester Alkanoic acid Alkanol 

1. HCOOCH3  

Methyl methanoate 

Methanoic acid Methanol 

2. CH3COOCH2CH3     

Methyl ethanoate 

Ethanoic acid Methanol 

3. HCOOCH2CH3  

Ethyl methanoate 

Methonic acid Ethanol 

4. CH3COOCH2CH3  

Ethyl ethanoate 

Ethanoic acid Ethanol 

5. CH3CH2COOCH3  

Methyl propanoate 

Propanoic acid Methanol 

 

 

Isomerism in Alkanoates 

Differences and Similarities between Neutralization and Esterification  

S/N Neutralization Reaction Esterification Reaction 

1. An acid reacts with a base A carboxylic acid reacts 

with an alcohol. 

2. Products of reactions are salts 

and water. 

Products are Alkanoate 

(ester) and water. 

3. Requires indicator to show the 

end-point 

Does not require an 

indicator. 

4. Reaction is irreversible. Reaction is reversible. 

5. It requires no catalyst. It is acid-catalyzed. 

6. Ions react in a solution hence, 

very fast 

Molecules react, hence 

very slow. 

7. Heating is not required Requires heating. 

 

 

 

 



FATS AND OIL 

Fats and oil occur naturally in living things. There are thus two main sources.  

1.Tissues of Animals: 

Marine (water) animals, like fish, provide fish oil and cod liver oil, while 

terrestrial (land) animals provide butter, lard and fallow. 

2. Fruits and seeds of plants: 

They contain edible fats and oil such as Cocoa butter, fat, palm oil, coconut oil, 

cotton seed oil, olive oil, corn oil and soya bean oil. They are called vegetable 

oils. 

Physical Properties of Fats and Oil: 

i. Pure fats and oils are colourless or white, and almost  

odourless. The colour and odour of Fats and oils are due to the presence of 

small quantities of non fatty substances. 

ii. Fats and oils do not have sharp melting or boiling points,  

because they are complex mixtures of two or more different triglycerides 

(esters). 

iii. They are insoluble in water, but soluble in organic solvents  

such as alcohols.  

iv. When heated to temperature to give irritating fumes. 

 

Difference between Fats and oil 

i. There is no sharp difference between fats and oil. However, fats are solid or 

semi-solids at room temperature. This is because their triglycerides contain 

more of saturated fatty acids such as palmitic and stearic acids than the 

unsaturated oleic acid. Vegetable oils are liquids at room temperature since 

their triglycerides (esters) contain more of unsaturated oleic acid. 

ii. There are no pure forms of natural fats or oils, they are homologous mixtures 

of two or more triglycerides (esters). 

iii. Generally, vegetables oil are more unsaturated than animal fats. 

 

Laboratory Test for Fats and Oils 

When a fat or oil is treated with a few drops of Sudan III reagent, a distinct red 

colouration is obtained. This is the laboratory test for a fat or oil. 



Chemical Reactions of Fats and Oil 

The reactions of natural fats and oils are extremely important in the chemical 

industry. 

i. Hydrogenation of vegetable oils production of margarine. 

ii. Acid Hydrolysis of fats and oils 

iii. Alkaline Hydrolysis of fats and oils Saponification. 

Uses of Fats and Oil 

i. Fats and oil are widely distributed in foods, when eaten, they provide nutrients 

for body building, and are oxidized in the body to provide energy for 

metabolic processes, which are accompanied by a release of CO2. 

ii. Commercially used in production of soaps and propanetriol (glycerol). 

iii. As solvents for paints. 

N.B: Saponification is the process in which fat or oil is boiled with an alkali, that 

is alkaline hydrolysis of Alkanoate, to produce, as the main product the salt of the 

fatty acids called soap, while the by-product is propane 1,2,3 triol used in making 

paint. 

Isomerism in Alkanoates 

Structural Isomerism: 

Alkanoates with three or more carbon atoms exhibit structural isomerism. 

Example: 

  

 

 

 

 

Ethylmethanoate 

Propylmethanoate 
Ethylethanoate 

1 – methylethyl methanoate 
Methylpropanate 



Functional Isomerism: 

Every Alkanoate is isomeric with one or more alkanoic acid (carboxylic acids) 

1. Methylmethanoate HCOOCH3 is isomeric with ethanoic acid CH3COOH, they 

are functional isomers. That is, isomer s that belong to different homologous 

series. 

2. Methylethanoate CH3COOH3 is isomeric with propanoic acid CH3CH2 COOH- 

both are functional isomers. 

 

 

 


